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Objectives   The aims of this study were (i) to describe the trends in the work environment in 1990–2000 among
employees in Denmark and (ii) to establish whether these trends were attributable to labor-force changes.
Methods   The split-panel design of the Danish Work Environment Cohort Study includes interviews with three
cross-sections of 6067, 5454, and 5404 employees aged 18–59 years, each representative of the total Danish
labor force in 1990, 1995 and 2000. In the cross-sections, the participation rate decreased over the period (90%
in 1990, 80% in 1995, 76% in 2000). The relative differences in participation due to gender, age, and region did
not change noticeably.
Results   Jobs with decreasing prevalence were clerks, cleaners, textile workers, and military personnel. Jobs
with increasing prevalence were academics, computer professionals, and managers. Intense computer use, long
workhours, and noise exposure increased. Job insecurity, part-time work, kneeling work posture, low job
control, and skin contact with cleaning agents decreased. Labor-force changes fully explained the decline in low
job control and skin contact to cleaning agents and half of the increase in long workhours, but not the other work
environment changes.
Conclusions   The work environment of Danish employees improved from 1990 to 2000, except for increases in
long workhours and noise exposure. From a specific work environment intervention point of view, the develop-
ment has been less encouraging because declines in low job control, as well as skin contact to cleaning agents,
were explained by labor-force changes.
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Surveillance of the work environment needs to include
both cross-sectional assessments at specific points in
time and longitudinal assessments of changes in the
work environment. Longitudinal assessments are impor-
tant for the identification of new risk factors, for the
evaluation of previous interventions, and for the quan-
tification of the health impact of various hazards. From
a public health point of view it is important to know
the overall changes in the work environment. But from
a specific work environment intervention point of view,
it is necessary to analyze why these changes take place.

Observed changes in the work environment of the
total labor force in a country is a result of within-job
changes, as well as changes in the occupational distri-

bution of the labor force. Within-job changes occur for
specific jobs. Not only attempts to improve the work
environment, but also new technology and new work
organization can explain within-job changes in the work
environment. For the total labor force, changes in the
occupational distribution of the labor force may also
explain changes of the work environment. We refer to
these changes as labor-force changes. Imagine a past
and present exposure to heavy lifting among a labor
force consisting of only two jobs (table 1). In this hypo-
thetical example, exposure to heavy lifting would change
drastically among the total labor force even if the expo-
sure in each job did not change, solely due to the altered
occupational distribution of the labor force.
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From a work environment intervention point of view,
it is important to evaluate whether the occupational
health system, as set up by Danish legislation (ie, the
Danish Work Environment Authority, company-based
health and safety committees, and occupational health
services) has improved the work environment. Howev-
er, other explanations of changes must be eliminated,
such as labor-force changes, new technology, or new
work organization. In this study, we focused on wheth-
er trends in the Danish work environment can be ex-
plained by labor-force changes.

To our knowledge, only three national representa-
tive interview studies (1–3) have analyzed changes of a
number of work environment factors over time. In ad-
dition, trends in workhours have been well described for
several countries (4). We are aware of only one study
that has distinguished between within-job and labor-
force change (3).

In the Danish Work Environment Cohort Study it
was possible to compare three representative cross-sec-
tions of employees from 1990, 1995 and 2000. In 1990,
a random sample of the adult population was drawn, and
employees were interviewed about their work. In 1995
and 2000, the 1990 panel was reinterviewed together
with two additional random samples of newcomers in
the labor force (ie, young people and immigrants). The
Study therefore contained three representative cross-sec-
tions of the working population and two cohorts, a
1990–1995–2000 cohort and a 1995–2000 cohort. The
Study made possible cross-sectional studies dealing with
the prevalence of health problems (5, 6) or work envi-
ronment (7) and follow-up studies relating the work en-
vironment to changes in health (8–11) or changes in la-
bor-market status (12). The Danish Work Environment
Cohort Study has also been used to generate exposure
matrices (13) and to provide a reference population in
case-referent studies (14).

One of the aims of our present study was to describe
changes in the work environment among employees in
Denmark from 1990 to 2000. Work environment factors
were chosen to cover three different exposure areas
(physical and chemical, ergonomic, and psychosocial),

including workhours and use of computers. A second
objective was to estimate to what extent any changes
are attributable to (i) within-job changes or (ii) labor-
force changes.

Subjects and methods

Population

The Danish Work Environment Cohort Study has used
a split panel design (figure 1). The 1990 panel consist-
ed of a simple random sample of people aged 18–59
years as of 1 October 1990 (table 2). The sample was
drawn in 1990 from the central population register. The
people in this panel were reinterviewed in 1995 and
2000 irrespective of participation in previous rounds.

Four other additional panels are represented in the
study. The “1995 age panel” and “2000 age panel” were based
on random samples drawn in 1995 and 2000, respectively.
They consisted of people who were 18–22 years of age as
of 1 October in the relevant year. These samples were
drawn to adjust for the aging of the 1990 panel.

The “1995 immigration panel” and “2000 immigra-
tion panel” were based on samples drawn in 1995 and
2000, respectively. They consisted of people who lived
in the country on 1 October in the relevant year but who
did not live in Denmark exactly 5 years earlier. These
samples were drawn to adjust for migration.

Table 1. Hypothetical example: exposure to heavy lifting past and present in a labor force comprising only two jobs with considerable
labor-force changes and no within-job changes.

Past Present

Proportion of Exposure to Proportion of Exposure to
total labor force heavy lifting total labor force heavy lifting
         (%)       (%)          (%)       (%)

Job 1 20 5 70 5
Job 2 80 40 30 40

Total labor force 100 33 100 16

Figure 1. Panels of the Danish work environment cohort study in
1990, 1995, and 2000.
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People in the age and immigration panels from 1995
were reinterviewed in 2000 irrespective of participation
in the first round. The relative size of each panel reflect-
ed the proportion of the relevant groups of the total
population—each panel representing around 0.003 of
the national population.

The participation in the study was high, but it de-
clined, from 90% to 76%, among those in the panels
aged 18 to 59 years (table 2). The participation of the
immigration panels was much lower in each of the
rounds. Participation was highest among the women,
people in their 30s, and in rural areas (table 3). Partici-
pation was the lowest among the men, people aged 18–
29 years in 1990, and people in their 50s in 1995 and
2000, and in the city of Copenhagen. In a multiple re-
gression analysis, a log binominal model was used to
estimate the prevalence proportion ratios (15). The

regression analysis revealed that region played a major
role for participation in the study in all three rounds (ta-
ble 3). The relative differences in participation increased
slightly from 1990 to 2000.

Variables
Data on age, gender, and region were obtained from the
central population register. A regional classification
based on municipality codes was used (16). All the other
variables were based on telephone interviews with the
respondents at home—or, if not possible, personal
interviews in the respondents’ homes. The interviewers
were staff of the Danish National Social Research In-
stitutes Survey Unit (SFI Survey) with extensive expe-
rience in interviewing. They received 6 hours of train-
ing with the questionnaires used, and the researchers and
interview managers took part in this training.

Table 2. Number of participants and response rates for the panels of the Danish Work Environment Cohort Study in 1990, 1995, and 2000.

Sample

Age (years) Deaths or            Living in Denmark Response

Round sample  Range Total a emigrations b       Total Participants      rate

All participants
1990

1990 panel 18–59 9 700 47 9 653 8 664 90
1995

Combined 1995 panel 18–64 11 026 324 10 702 8 583 80
Original 1990 panel 23–64 9 653 318 9 335 7 532 81
Additional 1995 immigrant panel 23–64 212 3 209 121 58
Additional 1995 age panel 18–22 1 161 3 1 158 930 80

2000
Combined 2000 panel c 18–69 11 955 518 11 437 8 583 75
Original 1990 panel c 28–69 9 342 405 8 937 6 754 76
Original 1995 immigrant panel 28–69 209 40 169 103 61
Original 1995 age panel 23–27 1 158 48 1 110 841 76
Combined 1995 panel c 23–69 10 709 493 10 216 7 698 75
Additional 2000 immigrant panel 23–69 289 8 281 171 61
Additional 2000 age panel 18–22 957 17 940 716 76

Participants <60 years of age
1990

1990 panel 18–59 9 700 47 9 653 8 664 90
1995

Combined 1995 panel 18–59 9 932 13 9 919 7 959 80
Original 1990 panel 23–59 8 561 7 8 554 6 908 81
Additional 1995 immigrant panel 23–59 210 3 207 121 58
Additional 1995 age panel 18–22 1 161 3 1 158 930 80

2000
Combined 2000 panel c 18–59 9 919 98 9 821 7 428 76
Original 1990 panel c 28–59 7 362 21 7 341 5 606 76
Original 1995 immigrant panel 28–59 168 4 164 101 62
Original 1995 age panel 23–27 1 158 48 1 110 841 76
Combined 1995 panel c 23–59 8 688 73 8 615 6 548 76
Additional 2000 immigrant panel 23–59 274 8 266 164 62
Additional 2000 age panel 18–22 957 17 940 716 76

a In 1995 and 2000: except those who emigrated or died during the previous round.
b In 1990: between sampling date (1 October) and date of interview (October – January next year); in 1995 and 2000: between date of interview in the

previous round and date of interview in the actual round (October – January next year).
c Including seven people who re-immigrated after 1995, of which two participated. Among the participants <60 years, five people re-immigrated after

1995, of which two participated.
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On the basis of information on job, education, and
social status, the participants were classified into job
groups by means of the 1968 Danish extended version
(17) of the International Standard Classification of Oc-
cupations (ISCO).

In this paper, we covered the following three aspects
of the work environment with two variables each: (i)
physical, thermal and chemical, (ii) ergonomic, and (iii)
psychosocial. In addition, we covered workhours and
computer use. The selected variables had the ability to
discriminate and reasonable validity and were important
predictors of health outcomes. Part-time work and long
workhours defined the potential length of exposure for
several work environment factors. Computer use may
not only cause musculoskeletal complaints (18), but also
affect the work organization and work content. Job con-
trol (19–21), job insecurity (22, 23), and sedentary work
(24) were considered important contributory factors in
the development of several health problems, for exam-
ple, cardiovascular diseases. Kneeling work posture was
related to musculoskeletal complaints (25). Occupation-
al noise and skin contact to cleaning agents (26) had
been subject to efforts to reduce these exposures and
have well established health consequences.

The length of workhours was based on the total of
paid and unpaid weekly workhours for the main job
and—as appropriate—the second job. Part-time work
was defined as work lasting less than 30 hours a week.

Long workhours was defined as working ≥48 hours per
week.

Intense computer use was defined as using a person-
al computer at work and working at least three-fourths
of the workhours with a visual display unit (VDU).

A job insecurity scale was constructed on the basis
of the following four questions: “Are you worried about
becoming unemployed?”, “Do you worry about being
involuntarily transferred to another job?”, “Do you wor-
ry that the implementation of new technology will make
you redundant?”, and “Do you worry about the difficul-
ty of finding a new job with your present qualifica-
tions?” Cronbach’s alpha for the three rounds equaled
0.61–0.58, and the interitem correlation varied between
0.16 and 0.36. Job insecurity was defined as belonging
to the highest quartile of the scale.

A job control scale was constructed on the basis of
the following three questions: “Do you participate in plan-
ning your own work (eg, what to do, how to do it, or
who to work with)?”, “Does your work require that you
repeat the same work tasks many times per hour?”, and
“Is your work varied?” The Cronbach’s alpha for the three
rounds equaled 0.60–0.67, and the interitem correlation
varied between 0.29 and 0.47. Low job control was de-
fined as belonging to the lowest quartile of the scale.

Kneeling work posture was defined as answering at
least “one-fourth of the workhours” to the question
“Does your work involve squatting or kneeling?”

Table 3. Participants in the Danish Work Environment Cohort Study by gender, age, and region—proportion of participants in the total
population. Participation, prevalence proportion ratios (PPR), was predicted by gender, age, and region in a multiple logistic regression
analysis.

1990 1995 a 2000

Characteristic Participants Participation b Participants Participation b Participants Participation b

N % c (PPR) N % c (PPR) N % c (PPR)

Gender
Female 4341 0.29 1 4020 0.26 1 3835 0.25 1
Male 4323 0.28 0.97 3939 0.25 0.98 3593 0.23 0.94

Age
18–29 years 2704 0.29 0.97 2369 0.26 0.99 1989 0.24 0.98
30–39 years 2157 0.29 1 2032 0.26 1 1994 0.24 1
40–49 years 2160 0.28 0.98 1942 0.25 0.97 1777 0.24 0.98
50–59 years 1643 0.30 0.98 1616 0.25 0.97 1668 0.22 0.93

Region
Rural 2667 0.29 1 2540 0.27 1 2293 0.25 1
Cities

10 000–100 000 inhabitants 2017 0.29 0.98 1905 0.27 0.97 1819 0.25 0.98
>100 000 inhabitants 1109 0.30 1.00 1053 0.27 0.97 989 0.25 0.99

Metropolitan area
Other 688 0.30 0.99 596 0.25 0.92 544 0.23 0.93
Suburbs 1252 0.29 0.94 1046 0.24 0.89 887 0.21 0.87
City 931 0.25 0.87 808 0.20 0.76 896 0.21 0.81

a Eleven participants in 1995 were not classified with regard to region.
b PPR calculated in a multiple logistic regression.
c Proportion of participants of total national population. See  Statistics Denmark: www.dst.dk.
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Sedentary work was defined as answering “Almost
all workhours” to the question “Does your work involve
sitting?”

Noise exposure was defined as exposure for at least
“one-fourth of the workhours” to the question “Are you
exposed to noise that is so loud you have to raise your
voice when more people are together?”

Cleaning agents was defined as having exposure of
at least “one-fourth of the workhours” to the question
“Are you exposed to skin contact with cleaning agents
or disinfectants?”

Analyses

Changes in the occupational distribution of the labor force
from 1990 to 2000. The proportions of employees in jobs
were analyzed by comparing the cross-sections of 1990
and 2000. In each round, the cross-sections consisted
of employees aged 18–59 years. The number of employ-
ees in each cross-section was 6067 in 1990, 5523 in
1995, and 5404 in 2000. Job was defined by categories
of the ISCO that were combined into 55 job groups cov-
ering two-thirds of the employees, the rest were divid-
ed into groups defined by the first three digits of the
ISCO.

Changes of selected work environment factors from 1990
to 2000. The prevalence of the work environment fac-
tors among the employees was analyzed by comparing
cross-sections from 1990, 1995, and 2000. In each
round, the cross-sections consisted of employees aged
18–59 years. With calendar year as a continuous varia-
ble, we used logistic regression to analyze changes over
time.

In order to distinguish between (i) changes attribut-
able to labor-force changes and (ii) within-job changes,
we did two things. First, we calculated the prevalences
when the composition within jobs in 1995 and 2000
were standardized to be the same as in 1990. Second,
we controlled for job category in the logistic regression
of changes over time. The first three digits in the job
classification of the ISCO in 1968 defined the job cate-
gories.

Changes of selected work environment factors from 1990
to 2000 in selected jobs. In order to analyze whether
changes in work environment factors occurred in all jobs
or if these changes occurred in different directions in
different jobs, we analyzed all the changes in nine im-
portant jobs. The jobs were selected to cover work with
information, work with people, and work with materi-
als requiring skills of various levels. The prevalences
of the work environment factors among the employees
were analyzed by comparing employees within the se-
lected job titles in cross-sections from 1990, 1995, and

2000. In each round, the cross-sections consisted of em-
ployees aged 18–59 years. With calendar year as a con-
tinuous variable, we used a logistic regression to ana-
lyze changes over time.

Results

Distribution of the labor force

The distribution of employees into job groups changed
from 1990 to 2000 (table 4). Among the office jobs, the
proportion of clerks among the total number of employ-
ees dropped considerably after 1990 (from 9.6% to
7.4%), whereas the proportion of computer profession-
als, designers, academics, and managers increased.
Among the service jobs, the proportion of cleaners de-
creased, whereas the proportion of salesmen and home
help increased. Among the industrial jobs, the propor-
tion of textile workers, printing workers, and composi-
tors decreased.

Changes in the work environment of the total
population

We found increases in the observed proportions of em-
ployees with intense computer use, long workhours, and
noise exposure (table 5). The observed proportions of
employees with job insecurity, part-time work, kneel-
ing work posture, low job control, and skin contact with
cleaning agents declined. The observed proportion of em-
ployees with sedentary work remained at the same level.

The declines in low job control and skin contact to
cleaning agents were, to a large extent, explained by la-
bor-force changes. For example, the observed propor-
tion of employees with low job control declined from
22.0% in 1990 to 18.4% in 2000. When we controlled
for labor force changes, however, the proportion of em-
ployees in 2000 was 21.5%—not significantly different
from the level in 1990. A total of 84% of the change
could be explained by labor-force changes. In addition
about half of the change in long workhours was ex-
plained by labor-force changes.

The declines in part-time work, high job insecu-
rity, and kneeling work posture were not explained
by labor-force changes. Nor did labor-force changes
explain the increases in intense computer use and loud
noise.

Changes in the work environment in selected jobs

The prevalence of sedentary work and skin contact to
cleaning agents changed in opposite directions in some
of the selected jobs (table 6). In contrast to the overall
absence of change in sedentary work (table 5), clerks
experienced a decrease, whereas sales assistants
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Table 5. Changes in selected work environment factors from 1990 to 2000 in Denmark—observed changes and changes controlled for
labor-force change.

Employees aged 18–59 years Trend 1990 to 1995 to 2000

1990 1995 2000
(N=5929) (N=5447) (N=5404)

Physical factors Observed Observed Observed Observed Observed
     (%)      (%)     (%) (P-value)      (%)

(P-value) (%)

Workhours
Part-time work 13.4 11.6 11.8 9.2 9.7 0.000 0.000 -32 –28
Long workhours 8.3 9.1 8.5 11.3 10.0 0.000 0.001 36 20

Computer use
Intense computer use 4.4 11.3 11.7 20.9 20.5 0.000 0.000 371 361

Psychosocial factors
Low job control 22.0 20.1 20.8 18.4 21.5 0.000 0.118 –16 –3
High job insecurity 25.9 16.1 16.5 15.6 17.0 0.000 0.000 –40 –34

Ergonomic factors
Kneeling work posture 17.0 12.1 12.0 13.4 13.4 0.000 0.000 –21 –21
Sedentary work 19.6 15.4 15.6 18.5 17.7 0.101 0.001 –5 –9

Physical and chemical factors
Loud noise 24.8 29.1 29.2 30.3 31.0 0.000 0.000 23 25
Cleaning agents, skin contact 9.5 8.5 9.1 8.1 9.1 0.006 0.990 –15 –5

a Difference between 2000 prevalence and 1990 prevalence as the percentage of the 1990 prevalence.
b A weight was given so that the weighted number of employees in each job in 1995 and 2000 was the same as in 1990.

Controlled
for labor-
force
change b

Controlled
for labor-
force
change b

Controlled
for labor-
force
change b

Controlled
for labor-
force
change b

Relative change
from 1990 to 2000 a

Table 4. Proportion of total number of employees in increasing and declining jobs in Denmark, 1990 – 2000 — employees 18–59 years
in each year.

Employees Change

1990 (N=5916) 2000 (N=5386)
        (%)         (%) Ratio a 95% CI

Jobs with a decreasing proportion of employees (P<0.01)
Clerks 9.6 7.4 0.78 0.69–  0.89
Cleaners 2.8 1.6 0.58 0.44–  0.74
Textile workers 0.6 0.2 0.29 0.14– 0.58
Repairmen (machines) 0.3 0.1 0.24 0.08–  0.72
Compositors (printing industry) 0.3 0.0 b 0.12 0.03–  0.50
Military personnel 1.6 0.6 0.37 0.25–  0.56

Jobs with an increasing proportion of employees (P<0.01)
Academics 2.0 2.8 1.38 1.08–  1.75
Computer professionals 1.0 2.3 2.39 1.75–  3.27
Designers 0.3 0.7 2.20 1.25–  3.87
Managers 4.6 5.8 1.26 1.07–  1.48
Sales people 0.1 0.6 8.79 3.11–24.85
Home help 0.2 0.5 2.47 1.25–  4.88

a Proportion 2000/proportion 1990.
b 0.0% indicates a proportion below 0.05%.

(from 1990 to 2000)

experienced an increase (table 6). And, in contrast to
the overall absence of change in skin contact to clean-
ing agents (table 5), cleaners experienced a decrease,
while nurses reported an increase (table 6).

Regarding all the other work environment factors, the
significant changes in the jobs were the same as the over-
all changes. The decreases in part-time work, kneeling

work posture, and job insecurity also occurred in most
of the selected jobs. This was also the case with the in-
creases in intense computer use and loud noise. The in-
crease in loud noise was highest in two nonindustrial
jobs and among teachers and sales assistants. Regard-
ing intense computer use and kneeling work posture,
changes were only found in jobs in which the work
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environment factor was present in 1990. Among the se-
lected jobs, the increase in long workhours was only
found among drivers.

Discussion

We found that the work environment of Danish employ-
ees in 1990–2000 has generally improved, except for in-

creases in the proportions of employees with long
workhours and with noise exposure. Decreases were found
in the proportions of employees with kneeling work pos-
ture, skin contact with cleaning agents, and some psy-
chosocial work environment factors (decreasing propor-
tions with low job control and with job insecurity). From
a public health point of view, these findings can
be judged as encouraging as they suggest that the

Table 6. Work environment in Denmark during 1990–2000 in selected jobs.

Employees aged 18–59 years in each round

Part time Long Intensive Low job High job Kneeling Sedentary Loud Cleaning
work work- computer control insecurity work work noise agents,

hours use posture skin contact
Group of employees (%) (%) (%) (%) (%) (%) (%) (%) (%)

Engineers and architects
1990 (N=96)   2   8   9   1 17   3 42   8   0
1995 (N=75)   3   4 24   1 20   1 33   9   3
2000 (N=90)   0   9 48   2 11   1 36 10   0
P-value a 0.279 0.902 0.000 0.514 0.341 0.327 0.413 0.676 0.964

Computer professionals
1990 (N=57)   2 11 46   4 16   4 53   5   2
1995 (N=59)   2   7 63   7   7   3 56   7   0
2000 (N=124)   3 15 85   6 12   1 44 12   0
P-value a 0.511 0.309 0.000 0.635 0.672 0.208 0.175 0.118 0.891

Teachers (primary school)
1990 (N=169) 26   8   1   2 26   8   4 40   0
1995 (N=135) 10   4   1   0   6   4   1 51   1
2000 (N=174)   6   6   1   2   8   9   3 68   1
P-value a 0.000 0.607 0.921 0.976 0.000 0.896 0.476 0.000 0.272

Nurses
1990 (N=113) 34   1   0   9 18 24   4 12 19
1995 (N=105) 28   1   0   4   7 18   0 10 12
2000 (N=117) 14   1   2   6   5 16   3   8 29
P-value a 0.001 0.980 0.883 0.379 0.002 0.145 0.645 0.333 0.047

Clerks
1990 (N=565) 21   3 15 19 32   1 54 10   0
1995 (N=446) 15   1 40 17 19   1 41 14   1
2000 (N=400) 11   3 62 17 23   0 46 12   0
P-value a 0.000 0.853 0.000 0.221 0.001 0.284 0.008 0.241 0.726

Smiths
1990 (N=218)   0   7   0 18 21 42   2 50   6
1995 (N=206)   1   7   1 14 14 41   2 55 11
2000 (N=163)   1 10   4 19 15 39   3 61 10
P-value a 0.168 0.225 0.008 0.960 0.081 0.588 0.443 0.037 0.154

Sales assistants
1990 (N=161) 35   1   1 22 17 13   8 10   6
1995 (N=174) 40   0   5 39 18   9   8 18 10
2000 (N=133) 17   1 20 25 14 11 16 18   5
P-value a 0.003 0.557 0.000 0.480 0.500 0.452 0.038 0.044 0.842

Cleaners
1990 (N=168) 62   0   0 58 35 38   1   8 79
1995 (N=144) 54   1   0 54 15 19   0 14 60
2000 (N=88) 38   1   0 56 33 28   0 13 62
P-value a 0.000 0.248   ·· b 0.614 0.245 0.022 0.896 0.211 0.001

Drivers (freight)
1990 (N=98)   5 19   0 41 22   5 19 16   2
1995 (N=105)   7 36   0 34 14   4 18 13   2
2000 (N=113)   4 36   0 33   9   7 24 16   5
P-value a 0.817 0.013   ·· b 0.230 0.007 0.402 0.402 0.957 0.176

a P-value for continuous change over time.
b P-value could not be calculated.
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contribution of several work environment factors to the
disease burden in the Danish population is declining.

However, from a specific work environment inter-
vention point of view, the trend in the last decade has
been less encouraging. The changed distribution of em-
ployees with regard to jobs explained most of the de-
creases in the proportions of employees with low job
control and skin contact with cleaning agents. Only two
of the observed four encouraging changes took place
within jobs, namely, the decrease in kneeling work pos-
ture and job insecurity.

For all the factors it is possible that the within-job
changes and lack of changes could have been due to the
effects of the occupational health system, changes in tech-
nology, and changes in the organization of labor. For ex-
ample, the decrease in job insecurity can probably be as-
cribed to the economic progress made during the 1990s.

 Some trends were not explained by labor-force
changes. Increases in workhours, noise exposure, and
intense computer use and a decrease in part-time work
are therefore of interest both from a general public health
point of view and from a work environment interven-
tion point of view. The number of workhours defines
the limits for exposure to most work environment fac-
tors except job insecurity. Before we discuss our find-
ings in more detail, we need to consider the strengths
and weaknesses of the study.

Methods

This study has some possible drawbacks. First, the ex-
posure information was based on self-reports, which
may have been biased by changes in public interest.
However, we have no indications of increased report-
ing due to growing public interest. For example, from
1990 to 2000 the proportion reporting passive smoking
at work during at least one-fourth of the workhours
dropped from 30% to 20% (27), and the proportion re-
porting violence or threats of violence at work remained
at the same level (data not shown) even though these
two themes gained public awareness during the last dec-
ade. In addition, job data are also based on self-reports.
One might speculate that the respondents’ reporting of
“neighboring” job titles (such as clerks, computer pro-
fessionals, and managers) would change independently
of job content and lead to irrelevant control for labor-
market changes. Our data do not indicate that a large
proportion of employees with neighboring job titles
change job titles in the course of time. For example, only
1% of the clerks in 1990 who were still in the labor
market in 2000 reported being computer professionals
in 2000, and only 5% reported being managers in 2000
(data not shown). Third, participation in the study de-
creased. However, contrasts in participation between
various groups with respect to age, gender, or region

increased slightly (table 3). Especially the increased
contrast with respect to region may indicate that lower
social classes tended to be increasingly underrepresent-
ed in later rounds of the study. However, this increase
caused only a slightly measurable tendency towards
overreporting beneficial occupational exposures and
underreporting harmful occupational exposures.

In addition, our study had several advantages. First,
it contained data from three relatively large representa-
tive samples. Second, it included information on vari-
ous occupational exposures that yielded a relatively
broad picture of the work environment. Third, it
contained job data on the distribution of the labor force
and therefore control for labor-force changes was pos-
sible. A study that is characterized by these traits has
the possibility to follow changes in the work environ-
ment and analyze the possible relation of these changes
with labor-force changes.

Trends in the Danish work environment

In the following text we discuss labor-force changes and
changes in the Danish work environment with emphasis
on part-time work, low job control, noise, and cleaning.

Labor-force changes. This study found that jobs with a
decreasing proportion of the labor force were clerks,
cleaners, textile workers, and military personnel. Fur-
thermore, it found an increase in the proportion of aca-
demics, computer professionals, and managers. Only a
quarter of the decrease in the number of cleaners was
explained by the decrease in part-time work (data not
shown). A decrease in part-time work would lead to a
smaller number of people holding full-time jobs if the
same total number of workhours in that job is carried
out. A major part of the decrease in the number of clean-
ers may be explained by increasing efforts (eg, contract-
ing out) to reduce costs in this labor intense industry. It
seems that the increasing use of computers is related to
the decrease in the number of clerks and the increase in
the number of computer professionals. The move out of
the textile industry (to, eg, Poland) explains the decrease
in textile workers, and the cuts in defense budgets have
led to the decrease in military workers. The increase in
the number of academics can be ascribed to the in-
creased number of newly qualified academics. The in-
creased number of managers is unexplained. Perhaps an
increased functional specialization of organizations has
led to more managerial positions. Perhaps our results
reflect only a formal upgrading of job titles.

Part-time work. The observed decrease in part-time work
in Denmark seems to be almost unique in a European con-
text. In the Eurostat study (4), only Finland and Denmark
had increases in workhours, Sweden had no changes,
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and all other countries had considerable decreases. Our
analyses show that part-time work decreased also in jobs
in which part-time work used to be more prevalent, such
as among cleaners, nurses, primary school teachers, and
clerks. In these traditional female jobs, the consequence
is that the individual exposure to several work environ-
ment factors is stronger today than in the past. It should
be noted, however, that Danish agreements in the labor
market do not make part-time work easily available and
that the welfare system provides day care to almost all
children from 2 to 6 years of age.

Low job control. The observed proportion of employees
with low job control decreased. This development was
also found when we looked at the average of the job
control scale, which increased over time (data not
shown). In Finland, developments occurred in the op-
posite direction (2, 28), and in Sweden no changes (1,
3, see also www.scb.se) were found. Two analyses of
one of the latter studies found that the absence of change
was a result of an increase in skill discretion
(www.scb.se) and a decrease in job decision latitude (3).
This decrease in job decision latitude would have been
even greater if an altered distribution of the labor force
had been controlled for—on the job level, especially
industries such as the primary sector experienced a de-
crease in job control (3). In our study, the observed de-
crease was explained by labor-force changes—at the job
level, no changes were found. In Denmark, improve-
ments in the psychosocial work environment have been
on the agenda of The Danish Working Environment
Authority (29), as well as on that of the labor-market
organizations, for several years.

Loud noise. The observed increase in loud noise, meas-
ured as noise at a level at which one needs to raise one’s
voice to carry out a conversation, seems to be at least a
Nordic trend (1, 2, 28). Our data show that the increase
also took place in nonindustrial jobs, such as jobs in
which people were working with children. Among
schoolteachers, we found a considerable increase
in noise exposure. Noise also increased among pre-
school teachers (data not shown). Also in Sweden, noise
exposure increased among people working with children
(1). As our data are self-reported, we are not able to
judge whether our results reflect a change in the over-
reporting of noise exposure among people working with
children or whether there are more situations with a
noise level at which teachers must raise their voices.
There has, in fact, been an increasing awareness of noise
exposure among teachers. According to teachers and
observers, this awareness is due to changes in the be-
havior of preschool and school children. In addition, a
possible worsened work environment as a whole could
have influenced teachers’ general views of their work

conditions. However, teachers have not experienced less
control in the last decade (table 6).

Skin contact with cleaning agents. In Denmark we found
an observed decrease in skin contact to cleaning agents,
whereas a slight increase was found in Sweden (1). In
Denmark, when labor-force changes were controlled for,
there was no overall change in exposure to cleaning
agents. However, on a job level, there have been chang-
es in exposure. In Denmark, a considerable effort has
been made to minimize skin exposure to cleaning
agents. This intervention seems, however, only to have
been successful among cleaners, not among nurses. It
seems relevant to carry out interventions against skin
exposure to cleaning agents in occupational groups other
than the one most exposed. In the evaluation of the work
environment of cleaners, it is worth repeating that part-
time work in this group has declined considerably, and
this decline has led to more hours of exposure to clean-
ing work for each individual. Along with the decrease
in the number of cleaners, this finding indicates an in-
tensification of cleaners’ work.

Changes in work environment factors and priorities of the
occupational health system. The observed prevalence of
four work environment factors (high job insecurity,
kneeling work postures, low job control, and skin con-
tact with cleaning agents) has decreased over the last
decade. However, neither the removal of job insecurity
nor the lessening of kneeling work postures has been a
priority of the occupational health system. From a work
environment intervention point of view, only the devel-
opments of job control (29) and skin contact with clean-
ing agents (26) are therefore of interest in the evalua-
tion of changes in the work environment. When labor-
force changes were controlled for, the observed—and
desired—decreases in low job control and skin contact
with cleaning agents disappeared. In addition, noise was
the only other work environment factor that has been
prioritized by the occupational health system and also
included in our study. For it, our findings show an in-
crease. However, only noise above 85dB (A) has been
mentioned in the national strategic plan (29), whereas
the type of noise measured in our study was noise at
which one has to raise one’s voice in at least one-fourth
of the workhours—approximately equivalent to noise
levels above 70–75dB (A). We are therefore unable to
establish whether there has been a desired decrease in
exposure to noise above 85dB (A).

Concluding remarks

Our results indicate that changes in the occupational dis-
tribution of the labor force in a country may explain at
least some possible observed trends in the prevalence
of work environment factors. In our study, all the desired
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beneficial overall trends in Denmark were explained by
labor-force changes. This finding suggests that none of
the beneficial trends of the selected factors studied can
to be attributed to work environment intervention.

When intervention is evaluated on a national level,
labor-force changes should be measured in order to con-
trol for such changes in analyses of trends in the work
environment. In addition, knowledge of labor-force
changes may help to predict the work environment of
the future.
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