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Objectives This study attempted to identify work and leisure-time conditions and life-style factors associated
with excess metabolic levels (metabolic demands exceeding one-third of a person’s aerobic capacity) at work
among men and women.

Methods The study focused upon psychological, ergonomic, and physically loading factors and chemical and
physical environmental conditions. Data were obtained through self-reports, interviews, workplace analyses,
technical measurements, and observations. Gender-specific cal culations were used in univariate analyses and in
stepwise logistic regression models for excess metabolic level.

Results Twenty-seven percent of the men and twenty-two percent of the women worked at an excess metabolic
level during their workday. Awkward work postures, heavy manual materials handling, high circulatory strain,
chemical exposures, noise levels, much routine work, and many obstacles to job performance characterized their
work conditions. The women had low skill discretion and more often atypical workhours, while the men showed
high circulatory strain during leisure-time activities. Important negative life-style factors were a high consump-
tion of alcohol for the men and a high body massindex and no or little regular physical exercise for the women.
Conclusions Metabolic demands in worklife today remain high. The women who exceeded the recommended
metabolic level at work in this study were characterized by low pay, poor health, and children a home, in
addition to high physical load and psychosocia strain at work. These characteristics indicate a group with few
possihilities to leave a hazardous job for aless physically demanding one. The men who worked at an excess
metabolic level seemed to be characterized more by alife-style common in some male-dominated work cultures

with monotonous work.

Key terms exposure assessment, gender, metabolic level, paid work, unpaid work.

During recent years, physical demands have been
viewed in a wider perspective in which the total envi-
ronment (both occupational and |eisure-time conditions)
has been considered. Earlier studies of both spheres have
shown that both strain-inducing and supportive factors
in the entire life situation are important for health (1-
3). Thus the focus of our study is very broad—covering
both private and work spheres.

A heavy physical load at work is a potential risk fac-
tor for many different diseases, such as those of the cardi-
ovascular and musculoskeletal systems (4-6). Psychoso-
cia job strain is often associated with muscul oskeletal
symptoms (7—11). Environments with high chemical and
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physical exposures are often found in combination with
heavy physical workload, and an association with mus-
culoskeletal symptoms is obvious (12-14).

The literature proposes an upper general tolerance
limit for an 8-hour workday. It consists of mixed physi-
cal work, including handling operations, of one-third of
a person’s maximal capacity (15-19). A positive rela-
tionship between physical aerobic capacity and physi-
cal workload has been documented for young workers
(20). In studies among middle-aged and elderly work-
erswho have had physically strenuous jobs during their
careers, a negative relationship has been observed be-
tween aerobic capacity and physical activities at work
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(21-24). In contrast to these findings, other studies have
found a positive relationship between muscle strength
and workload among elderly workers (20). The former
findings support the hypotheses that long-term physi-
cally demanding work activities may have a deleterious
effect on physical capacity, possibly in combination with
aging. When these hypotheses are examined by compar-
ing white- and blue-collar workers, differencesin leisure-
time physical activity, life-style factors, and health must
be taken into account (25-26). Training effects can be at-
tained within some weeks or months, but negative effects
due to high strain and frequent overload over the years
may take more time to develop (27-28).

An earlier study investigated the prevalence of ex-
cess metabolic level (metabolic work demands exceed-
ing one-third of a person’s aerobic capacity) among
working men and women today and explored how ex-
ternally assessed metabolic demands match physical
function and capacity in jobs with the lowest and the
highest demands (29). In summary, the calculation of
individual metabolic demands during a “typical work-
day” showed that 27% of the men and 22% of the wom-
en worked at an excess metabolic level.

The aim of our present study was to compare those
with and without an excess metabolic level in respect
to work conditions, leisure-time activities and life-style
factors. A second aim was to identify work and leisure-
time conditions and life-style factors associated with an
excess metabolic level at work among men and wom-
en.

This investigation had a cross-sectional design, and
there has been no intention to identify exposure-re-
sponse relationships (ie, to determine causes of excess
metabolic level). However, it is important to identify
situations in which such causal relations may occur and
to consider a wide range of aspects—ergonomic, psy-
chosocial, occupational hygienic, work and leisure-time
conditions, and life-style factors.

Participants and methods

Our study was part of the interdisciplinary Swedish
MOA study whose data were collected between 1995
and 1997. The full name of the MOA study is “Modern
Work and Living Conditions for Women and Men: De-
velopment of Methods for Epidemiological Studies”
(30).

Selection process and description of the participants

The MOA study strategically selected many different
parts of worklife, including traditional workplaces and
workplaces at which new forms of organization and

364 Scand J Work Environ Health 2003, vol 29, no 5

production had been implemented, to be studied (30).
The main principle for the selection of workplaces was
to obtain a broad range of work conditions with opti-
mal coverage in both the public and private sectors. The
second aim was to achieve a distribution of important
characteristics (ie, blue- and white-collar workers, self-
employed people, level of qualification and type of work
object in occupation, ethnicity, age, and family situa-
tion) typical of the Swedish workforce during the same
work period. The third principle was to achieve a gen-
der-matched sample that included subgroups of men and
women with different qualification levels and types of
work and large enough to permit comparative statisti-
cal analyses.

Current statistics and research reports on labor-mar-
ket and laborforce characteristics, as well as new clas-
sifications of branches and types of worksites (31), were
used to help decide whether the subjects fit the criteria
for selection and evaluation.

On the basis of such criteria, 101 male and 102 fe-
male workers were selected from the approximately
8000 employees in the selected 80 workplaces in 5
counties in Sweden. The selected sample covered 85
occupational titles with “people”, “things’, and “data”
in roughly equal numbers, according to a modified clas-
sification system developed by Kohn & Schooler (32).
In the “people” category, the workers had an occupa-
tion in which they mainly worked with people, for ex-
ample, nurse, dentist, teacher, cashier, and the like. In
the“things’ category, they mainly worked with objects,
for example, construction worker, cleaner, cook. Final-
ly, in the “data’ category, data formed the main object
of the workers' occupations, for example, journalist,
secretary, computer operator, engineer. For each occu-
pation and workplace, the gender representation was
split as follows: percentage of women less than 30%,
30-70%, and more than 70%. The workers were also
classified according to whether they worked in private
or public enterprises and by their socioeconomic group.
They were split into the three age groups of under 31
years, 31-44 years, and over 44 years, as well as into
three education categories, qualification levels, occupa-
tion, and wages (low, medium, and high). Civil status,
such as single, cohabiting, with or without children,
were also recorded (table 1), as well as demands at
home. Seventy-five percent of the sample was matched
pair-wise (man-woman) by type of work and qualifica-
tion level of occupation. Whenever possible, the
matched pairs were chosen at the same workplaces. The
remaining 25% were chosen within gender-segregated
workplaces and occupations. The men and women in the
study group were, however, equally distributed regard-
ing family situation, ethnicity, and qualification level,
and they were similarly distributed regarding age and
education level.



Karlqvist et al

Table 1. Demographic characteristic of the study group, representing cases and noncases, and the relative frequency of the men and

women.
Characteristic Men Women
Cases Noncases Total Noncases Cases Total
(N=25) (N=69) (N=101) (N=21) (N=73) (N=102)
(%) (%) (%) (%) (%) (%)
Education level 2
Low 56 36 42 57° 34 38
Medium 28 41 36 29 34 34
High 16 23 22 14 32 28
Type of work
With people 12 45 36 57 37 40
With things 76° 26 39 43 19 26
With data 12 29 25 0® 44 34
Women in the occupation
<30% 68° 39 46 14 22 24
30-70% 8 38 33 29 33 30
>70% 24 23 21 57 45 49
Employee category
Public sector 20 26 25 52° 27 32
Public company 12 12 12 0 7 5
Private sector 68 62 63 48 66 63
Socioeconomic group
Blue-collar 76° 42 48 90° 23 37
White-collar 16 55 46 10 70 56
Self-employed 8 3 6 0 7 7
Wages®
Low 24 17 20 71b 28 36
Medium 52 46 46 24 53 45
High 24 37 34 5 19 18
Civil status
Single with children 0 4 4 10 8 8
Single without children 24 26 25 24 19 19
Living with partner and children 32 35 34 37 35 36
Living with partner but without children 44 35 37 29 38 37

2 Years of education added to 9 years of compulsory school, low=<2.5 years, medium=2.5-5.5 years, high=>5.5 years.

b Significant difference between the cases and noncases (P<0.05).

¢ Wages based on full-time workhours, including statutory gratuity after which the three groups were defined, low = SEK <14 000/month, medium = SEK

14 000-20 000/month, high=SEK >20 000/month.

The evaluation of the final sample showed that the
MOA study group was similar to a randomly selected,
large sample in most important aspects of demographic
and background data at the individual level. The distri-
bution of blue- and white-collar workers, self-employed
people, occupations with regard to qualification level
and work object, foreign background, parenthood, and
marital status were almost the same as in the general
working population during the chosen period. Howev-
er, older persons were somewhat underrepresented and
middle-aged people were overrepresented. The distribu-
tion of sectors, branches, and types of workplaces was
found to be almost identical to that of the whole of Swe-
den during the same period.

The MOA sample deviated from the national situa-
tion regarding the distribution of women and menin fe-
male-dominated, male-dominated, and gender-mixed
occupations. Gender-mixed occupations of men and
women, men in female-dominated occupations, and

women in male-dominated occupations were overrep-
resented (15-20% difference in each group) as a result
of the gender-matching sampling strategy. Consequent-
ly, when men and women were treated separately, there
were differences with regard to type of work, labor-mar-
ket characteristics, and work conditions when compared
with randomly selected samples. However, for most of
the questionnaire items on work conditions, the distribu-
tion of the responses on the total study group was strik-
ingly similar to that in other large Swedish databases.

Data collection

The MOA study focused on psychologically loading fac-
tors, ergonomic and physically loading factors (ergo-
nomic-physical exposure), and chemical and physical
environmental conditions (chemical-physical exposure).
It used self-reports, interviews, expert evaluations, job
analyses, and technical measurementsto collect the data.
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To begin with, the workers answered a public health
guestionnaire. Then they spent 1 day at the researchers’
department of occupational health, where they answered
several other questionnaires and participated in struc-
tured interviews and tests of their physical function and
aerobic capacity. The data collection continued with
field investigations, in which different quantitative and
qualitative methods were used for several days for each
subject during a 2-month period.

Participants

The ratio between the externally assessed [interviews,
33-35)] physical activities of each person and his or her
aerobic capacity showed that 25 (27%) of the men and
21 (22%) of the women were required to do work that
exceeded their individual aerobic capacity (29).

Occupational category, socioeconomic group, and
employee categories were described for the those with
an excess metabolic level at work (cases) and those
whose metabolic level at work did not exceed the rec-
ommended limits (noncases) (table 1).

Those with an excess metabolic level were mainly
blue-collar workers, 76% of the men and 90% of the
women. The men of this group were, for example, con-
struction workers, house painters, truck drivers, and
cleaners (ie, “thing” workers). Common occupations
among the women of this group were nurse’'s aides,
cooks, waitresses, and cleaners (“people’ and “thing”
workers). Most of the men in this group worked in male-
dominated occupations, while most of the women were
found in female-dominated occupations. Both men with
and without an excess metabolic level worked predom-
inantly in the private sector. Most of the women in the
“with” category worked in the private sector, while more
women with than without a metabolic excess worked in
the public sector.

The age distribution of the two groups was similar
[mean 39 (SD 10.6) years for the men and 37 (SD 10.0)
years for the women in the “with” group and mean 39
(SD 11.7) years for the men and 38 (SD 10.1) for the
women in the “without” group]. More women in the
with group than in the without group had alow level of
education. Medium wages dominated among the men
of both groups, while most of the women in the with
group had low wages. Proportionally more women in
the with group than in the without group lived with chil-
dren.

An examination of the self-reported health status
showed that more women in the with group than in the
without group reported poorer general health, worse psy-
chological well-being, and more eczema, muscu-
loskeletal symptoms and skin symptoms. The women
in the with group also reported more sleeping problems
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and had been on sick leave for musculoskeletal disor-
ders to a higher extent than those in the without group.
In addition more men in the with group than in the
without group reported eczema and rated their general
health status as worse, but they reported better psycho-
logical well-being (29).

Assessment methods

Interview. Exposures during leisure-time activities (fre-
guency and duration), the duration of workhours (paid
work in primary and extra jobs), hours used for com-
muting, hours doing home and household work and oth-
er compulsory tasks, and hours spent on own recreation,
including hours for regular physical exercise, were ob-
tained with the use of a task-oriented interview tech-
nique (33-35).

Technical measurements and observations. During the
field investigations direct technical measurements were
made, and systematic observations of ergonomic-phys-
ical workload were collected. The ergonomic-physical
exposures of each person were recorded during one to
two full workdays by four experienced ergonomists.
Five different instruments were used to quantify the ex-
posures, a heart rate recorder, a pedometer, a posime-
ter, an inclinometer, and systematic observation (36).
During leisure-time activities, the heart rate recorder,
pedometer, and posimeter were used before or after one
to two full workdays to quantify ergonomic-physical
exposure.

Expert assessment of chemical-physical exposures at
the worksites and noise level measurements were made
during one to two full workdays by four experienced
occupational hygienists. The noise level was measured
with the use of a Briel & Kjaa noise meter with the
microphone on the shoulder of the person being studied
(37).

Job analysis. The aim of the job analysis was to de-
scribe each person’swork from a psychosocial perspec-
tive, as objectively as possible, to supplement the per-
son’s own descriptions and experiences of his or her
work. Four well-trained observers, who usually followed
each person throughout one workday, conducted the job
analyses. Each person’ sworktasks and their relative pro-
portion of time constituted the work assignment. The
level of qualification (eg, solving new problems or cre-
ativity, active use of occupational skills, and routine
work or low mental demands), time-pressure, and time-
bound work were assessed as the percentage of the
whole work assignment. Furthermore, possibilities to
influence one’'s work conditions and obstacles to job
performance were categorized into four levels. Further
descriptions have been presented elsewhere (38—-39).



Self-reports. Ergonomic-physical exposure at work (eg,
work postures, manual handling), psychosocia factors
(such as demands, decision latitude, social support),
chemical-physical exposure, and leisure-time activities
were included and self-rated by all the participants who
answered the public health questionnaire from the
Stockholm County Council. Health and the life-style
factors were all self-rated answers from the same ques-
tionnaire.

Data treatment and analysis. Gender-specific calcula-
tions were used. To calculate the statistically significant
differences between the group with and that without an
excess metabolic level at work with respect to work and
leisure-time conditions and life-style factors, t-tests
(p<0.05) were used for the continuous variables (includ-
ing the index variables), whereas categorical variables
were analyzed by chi-square tests.

The univariate analyses of work and leisure-time
conditions and life-style factors were used as support
for the selection of the variables used as determinants
in the stepwise logistic regression models for the excess
metabolic level (figure 1). However, the main principle
was to select variables by hypotheses and to combine
variables that reflect abroad variety of work and living
conditions. When two variables were highly correlated,
one was selected and one was excluded.

As astrong association was expected between aero-
bic demands, ergonomic-physical exposures, and excess
metabolic level, only univariate analyses were per-
formed for these exposures. These analyses had the ob-
jective of investigating in more detail the differrences
in ergonomic-physical exposures between the groups
with and without an excess metabolic level.

In the explanatory search process of the analysesin-
tended to identify the variables associated with an ex-
cess metabolic level, four models of analyses with series
of blocks of variables were performed. In the first model
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(i) psychosocial variables and (ii) chemical-physical var-
iables were analyzed separately to identify work deter-
minants in the second model. The next blocks were (iii)
time distribution variables and (iv) leisure-time activities
that identified time distribution and leisure-time activity
determinantsin a parallel second model. The third model
was built from work determinants and time distribution
and leisure-time activity determinants to create the main
results. In order to investigate the impact of individual-
ly related factors, ablock of (v) life-style factors was an-
alyzed in parallel of the second model, and significant
determinants were added in the fourth model, which cre-
ated the find model. Theindependent variables appeared
as dichotomized variables (work schedule, drinking
high-alcohol beer and regular physical exercise), con-
tinuous variables based on technical measurements, and
the duration of exposures (percentage of worktime), as
well as ordinary scale variables such as sum indices of
the questionnaire items and expert assessments of lev-
els of exposure. The log-linearity was tested and con-
sidered satisfactory. The odds ratios were calculated as
one unit increase in each of the variables.

On account of the aim of identifying the most im-
portant characteristics of those with metabolic levelsin
excess of recommended limits, backwards, stepwise lo-
gistic regressions were chosen. In the final model, age
was adjusted to control for confounding. The point es-
timates of the odds ratio were stronger, but the confi-
dence intervals were wider. Thus no adjustment for age
was made since the distribution was similar for age in
both groups.

Results

As the ergonomic-physical exposures were not includ-
ed in the logistic regressions, the results of the univari-

Psychosocial Chemical-physical Time Leisure-time Life-style
variables variables variables activity variables variables
Model 1 Block 1 Block 2 Block 3 Block 4 Block 5
Model 2 Work Time/leisure-time Individual factor
determinants ‘yi‘m determinants determinants
Main results
Model 3 Paid work/unpaid work
determinants
Model 4 Influence from individual factors

Final determinants

Figure 1. Step-wise logistic regression models for excess of metabolic level.
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ate analyses of these variables are presented more thor-
oughly (tables 2 and 3).

Male and female “cases” spent a significantly long-
er timein most of the awkward body postures, compared
with the “noncases’. The male and female cases spent
an average of 3 and 5 hours more, respectively, of the
total hours per week in loaded postures (standing with
hands above shoulder level or below knee height or
standing or sitting with hands far out from the body)
than the noncases. The standing and walking postures
differed an average of 12 hours per week among the men
and 16 hours per week among the women, whereas the
cases spent most hours in such postures (29).

The male and female cases spent a higher observed
percentage of their worktime with manual handling than
did the noncases. They also had higher circulatory strain,
walked somewhat longer (not significant), and had few-
er sitting worktasks than the noncases. The male cases

also a spent longer time in deep trunk flexion (>40 de-
grees), and the female cases worked a longer time with
their dominant arm elevated more than 60 degrees (an
average of twice as much as the noncases) (table 2).

The male and femal e cases reported that they moved
and exerted themselves physically to a greater extent
than the noncases. In addition, they also reported higher
perceived physical exertion at work (Borg scale 6-20).
Thefrequency of liftsat work or outside work was higher
for the male and femal e cases than for the noncases. The
frequency of lifts above 20 kg was higher for both the
men and women, while the frequency of lifts above
10 kg were higher only for the women (table 3).

Univariate analyses of al the other independent var-
iables were made as support for choosing variables to
be included in the regression analyses.

The results that follow are given according to the
blocks of variables as introduced into the stepwise

Table 2. Ergonomic-physical exposures at work as measured by technical measurements among the cases (25 men and 21 women) and

noncases (69 men and 73 women).

Gender Worktime (%) Walking Heart-rate
distance ¢ range ¢
Trunk Trunk Manual Trunk Elevation Sitting © (m/hour) (%)
flexion 2 rotation @ handling? flexion © angle for
(>20°) (>20°) (>1kg) (>40°) dominant
arm® (>60°)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Men
Cases 13 8 9 17 11 16f 11 6f 6 4 38 20f 589 407 30 9f
Noncases 15 14 6 10 4 7 7 5 5 6 49 23 472 263 20 7
Women
Cases 15 11 8 15 5 5f 10 8 6 47 24 16f 397 195 22 6
Noncases 16 16 6 8 2 4 9 8 3 3 53 24 312 205 17 6

2 Portable ergonomic observation method.

b Inclinometer.

¢ Posimeter.

4 Pedometer.

¢ Heart-rate recorder.

f Significant differences between the cases and noncases (P<0.05).

Table 3. Ergonomic-physical exposures at work as measured by the questionnaire method among the cases (25 men and 21 women)

and noncases (69 men and 73 women).

Gender Worktime (%)
Physical exertion® ~ Move and exert oneself Frequency of lifts >20 kg Frequency of lifts >10 kg
Mean sSD Sitting still and  Moderate heavy >11/day <11/day >11/day <11/day
easy, some and heavy
movement
Men
Cases 14 3° 36 64° 400 60 40 60
Noncases 12 3 64 33 13 87 21 79
Women
Cases 15 20 24 76° 29° 71 43° 57
Noncases 12 3 66 34 0 100 10 90

a Rating of perceived exertion 6-20.
b Significant differences between the cases and the noncases (P<0.05).
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logistic regression analysis. The results are presented in
the appendices.

Psychosocial exposures, block 1

Work for both the male and female cases was charac-
terized by more routine job tasks than for the noncases.
The female cases also had less creative work, less in-
fluence on the work situation, and more obstaclesto job
performance than the noncases. For them work was
characterized by a greater amount of time-bound work,
while male cases showed | ess time-bound work than the
noncases (appendix 1). The male and female cases re-
ported less skill discretion at work than the noncases did

(appendix 1).

Chemical-physical exposures, block 2

The experts classified the male and female cases into
work in environments with higher chemical-physical ex-
posures than the noncases (appendix 2). Both the male
and female cases worked in environments with higher
measured noise levels than the noncases (appendix 2).
Chemical-physical exposures collected from the self-ad-
ministrated questionnaires showed higher exposure lev-
elsfor both the male and femal e cases than for the non-
cases (appendix 2).

Workhours, block 3

The male cases spent more hours commuting than the
noncases, and more female cases had atypical work-
hours than the female noncases (appendix 3).

Activities outside paid work, block 4

For activities outside paid work, only circulatory strain
differed significantly between the male cases and non-
cases. The male cases had higher circulatory strain. No
significant differences were found among the women

(appendix 4).

Life-style factors, block 5

More male cases drank high-alcohol beer (above aver-
age) at least once aweek and were heavy drinkers some-
times during the week than the noncases. Among the
women, the situation was the opposite. The mean body
mass index (BMI) was higher among the female cases
than among the noncases, but a higher proportion of
mal e cases than noncases was classified as “ overweight”
when defined according to the World Health Organiza-
tion. Little regular physical activity (<120 minutes/
week) or no regular physical activity at all was
found for 44% and 62% of the male and female cases,
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respectively, compared with 36% and 23% of the non-
cases (appendix 5).

Stepwise logistic regression analyses

The results of the logistic regression analyses of the as-
sociation of work conditions, leisure-time activities, and
life-style factors with an excess metabolic level are pre-
sented in table 4.

The significant psychosocial variables at work in the
first model (block 1) were, for both the women and the
men, a higher percentage with routine work and more
obstacles to job performance. However, the male cases
had |ess time-bound work than the other men, while the
female cases had more time-bound work than the non-
case women. The women who exceeded their recom-
mended metabolic level also reported lower skill dis-
cretion than the other women.

The only significant chemical-physical exposures at
work (block 2) were more chemical exposures for the
male cases and a higher noise level for the female cas-
€s.

The second model included al work determinants
(blocks 1 and 2). Its analysis showed that chemical-
physical exposures were no longer significant. Howev-
er, routine work and obstacles to job performance re-
mained significant for both the men and the women. For
the male cases, little time-bound work remained signif-
icant, and, for the female cases, low skill discretion re-
mained significant.

Time distribution and exposures during |eisure-time
activities (block 3 and 4) were analyzed in the next step.
For the men, high circulatory strain and, for the wom-
en, an atypical work schedule were significantly asso-
ciated with an excess metabolic level.

The main results are shown in the third model, in
which the work determinants, time distribution varia-
bles, and exposures during leisure-time activities were
analyzed. Still, routine work and obstacles to job per-
formance were significantly associated with an excess
metabolic level for both the men and the women. In ad-
dition low skill discretion for the women and high cir-
culatory strain during leisure-time activities for the men
were significant determinants.

When life-style factors were included (block 5), a
high consumption of high-alcohol beer was significant
for the men, and a high body mass index and little reg-
ular physical exercise were significant for the women.

When the work determinants, the time and leisure-
time activity determinants, and life-style factors were
analyzed together (model 4), only routine work and high
circulatory strain during leisure-time activities showed
asignificant association with an excess metabolic level
for the men. In the analyses of the women, low skill dis-
cretion, many obstacles to job performance, atypical
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Table 4. Gender-specific stepwise logistic-regression models for excess metabolic level. The odds ratios have been calculated for a one-
step increase. (See the text.) (M = men, W = women, OR = odds ratio, 95% CI = 95% confidence interval)

Range Model 1 # Model 2° Model 3¢ Model 49
M w M w M w M w
M W OR  95%ClI  OR  95%Cl OR 95%Cl OR  95%CI OR  95%Cl OR  95%ClI OR  95%Cl OR  95%Cl
Block 1: Psychosocial exposures at work
Skill discretion,
index (8-20) 12 11 0.82¢0.68-0.99 ¢ 0.829 0.68-0.99' . E 0.82 0.67-0.99 0.72 0.55-0.93

Obstacles for job
performance, index (3-9) 6

Routine work,
% of worktime

Time-bound work,
% of worktime

Block 2: Chemical-physical exposures at work

Chemical exposures,
index (10-35)

Physical environment,
index (6-17) 11 9

34 24

Blocks 3 + 4: Time distribution and exposures during leisuretime activities

Measured noise, dB(A) 1.1471.01-1.29¢9

Type of work schedule
(office hours) 2 2

Circulatory strain during

leisure activities (%HRR) 36 24
Block 5: Life-style variables

Drinking high-alcohol
beer at least onceaweek 2 2

Body mass index 15 25
No or low physical
training 2 2

6 1.35¢1.03-1.75¢ 1.56 1.15-2.12¢ 1.41°1.04-1.929 1.55¢ 1.14-2.11" 1.49 1.04-2.13 1.5

100 100 0.98°¢0.96-0.99¢ 1.02 1.00-1.03¢ 0.98¢ 0.95-0.99¢ 1.01¢ 0.99-1.03' 0.99 0.96-1.01 1.0

117" 1.08-1.26"

435" 1.46-12.99'

3.49' 1.07-11.421

N

1.11-2.04 1.44 0.98-2.13 1.45 1.01-2.09

100 100 1.05°¢1.02-1.07¢ 1.04 1.01-1.07¢ 1.05° 1.02-1.089 1.04¢ 1.01-1.06" 1.04 1.01-1.08 1.04 1.01-1.07 1.05 1.01-1.08 1.02 0.99-1.05

=y

0.99-1.02 0.99 0.96-1.01 1.01 0.99-1.03

23 25 1.17'1.06-1.30' 1.0970.99-1.229 1.06' 0.91-1.24f 1.01" 0.87-1.18" 1.11 0.94-1.32 1.00 0.85-1.17 1.14 0.93-1.40 1.04 0.87-1.25

1119 0.95-1.241 . . 1.10 0.94-1.29 1.11 0.93-1.33
0.26" 0.08-0.83" 0.39 0.09-1.62 0.10 0.01-0.83
1.16 1.03-1.31 1.15 1.02-1.28
6.70 0.91-49.7

118" 1.04-1.341 1.26 1.06-1.49

6.461.24-33.67

2 Models 1a and 1b include the variables in blocks 1 and 2, respectively. (See the marked variables in the appendix.)
® Models 2a and 2b include the variables in blocks 1+2 and the variables in blocks 3+4 and 5, respectively. (See the marked variables in the appendix.)

¢ Model 3 includes the variables in blocks 1+2+3+4.

9 Model 4 includes the variables in model 3, as well as the variables in block 5, significant in model 2b.

¢ Model 1a.
f Model 2.

9 Model 1b.
" Model 2a.
i Model 2b.

workhours, a high body mass index, and little regular
physical exercise were significant variables.

Discussion

Work conditions

Most of the “cases’ in this study were associated with
occupations known for their physically strenuous work-
tasks. Both the men and the women who exceeded their
recommended metabolic level were exposed to ergo-
nomic risk factors at work, such as awkward work pos-
tures, manual handling, and high circulatory strain.
These results were expected, but it was revealing to get
detailed information on the differences in work postures
and the different distribution between the men and wom-
en. For example, female cases spent four more hours a
week in a standing posture working with their hands far
out from the body than the female noncases, while,
370
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among the men, no differences between the cases and
noncases were found. By using self-reports and inter-
views, we could show both metric qualities and distri-
butions of means for cases and noncases and could com-
pare data collected with the different methods (inter-
method reliability) (40).

Adverse psychosocial exposures at work were more
common among the women than among the men. The
female cases had more irregular workhours, more rou-
tinework, less creative work, more obstaclesto job per-
formance, more time-bound work, less influence on the
work situation, and less skill discretion than the remain-
ing group of women. This finding agrees with the re-
sults of other studies showing a strong covariation be-
tween adverse psychosocial work conditions and high
physical workload among women but not among men
(8). It has been proposed that such gender differences
may be due to the fact that women tend to remain in
monotonous, physically straining jobs more often than
men instead of moving to higher and less physically



straining positions (2). The male cases al so had less skill
discretion and more routine work, but less time-bound
work than the male noncases. Both the men and the
women who exceeded their recommended metabolic
level worked in environments with high chemical-phys-
ical exposures and high noise levels. Thus those who
exceeded their recommended metabolic level seemed to
be an “exposed” group in most aspects.

In this cross-sectional study of work and leisure-time
activities, an unexpected high percentage was found of
both men and women with jobs in which the work re-
quired a metabolic level that exceeded the recommend-
ed level. Few general population studies have been car-
ried out in which the externally assessed physical activ-
ity of each individual’s work has been related to his or
her own measured aerobic capacity. Many studies have
focused specific occupations, for example, construction
workers, home care workers, airline hostesses, welders,
furniture removers, and the like (36, 41-43). Such oc-
cupations are known to be physically strenuous in the
traditional sense of the word. The work of airline host-
esses, as an example, entails agreat deal of walking and
awork pacethat is constrained to a considerable degree.
Food serving and other duties must be performed with-
in a given period of time, and hostesses have limited
opportunities for determining their work rate. One study
of asmall group of hostesses found a significant corre-
lation between median heart rate during work and max-
imal oxygen uptake expressed in milliliters of oxygen
per kilogram of body weight. The results showed that
the lower the work capacity, the higher the heart rate
(44). When workers are unable to choose their own work
pace, the relative workload varies inversely with work
capacity. Signs of work-related problemsin the form of
fatigue, aching legs, and the like were especialy pro-
nounced among people with low work capacities. To-
day, industrial occupations and the number of indus-
trial workers with physically strenuous worktasks in
this traditional sense of the word have decreased
(45). Several studies have, instead, shown that alack
of security and job decision latitude in combination
with high demand levels increases the risk of ill
health (46—47). For many enterprises and public au-
thoritiesthe need for flexibility and leaner organizations
has resulted in a search for employees with higher qual-
ifications who could, without any lengthy period of
learning or introduction, take on a greater number of
more complicated tasks. Thistype of action has also put
more pressure on many employees (47). Physically
strenuous worktasks have also partly been replaced by
“light”, repetitive, monotonous worktasks performed in
agitting position (48). The number of heavy worktasks,
particularly in the service sector, and often in combina-
tion with time pressure and job strain, has increased
and heavy worktasks in health care are still areality
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(45, 47). The individual's capacity for strenuous
work remains important with respect to successful
work performance. When the work rate is con-
strained, the relative strain of the individual varies
inversely with physical work capacity. In addition,
other risk factors have increased, for example, stat-
ic muscular work, repetitive movements, time pres-
sure, lack of pauses, lack of recovery (46, 48). This
increase may be aresult of a new work organization
with increased work intensity and a down-sized work
force that has to do more tasks and is lacking im-
portant rest breaks and recovery time (49).

Leisure-time activities

Those who exceeded their recommended metabolic level
during paid work were not exposed during leisure-time
activities to increased levels of strain when they were
compared with the male and female noncases. Howev-
er, one exception was found among the men who ex-
ceeded their recommended metabolic level—they had
higher measured circulatory strain during leisure-time
activities during a workday than the remaining group of
men did. Thisfinding could not be explained by more reg-
ular exercise (physical training activities), reported extra
jobs, or domestic work since they showed less time spent
on these activities than the remaining group of men. One
reason could be that they had additional worktasks,
which they did not report, that also gave high circulatory
strain. The exposures during leisure-time activities did not
differ between the femal e cases and female noncases, but
the exposures during paid work did.

Life-style

Physical fitness was poor among both the men and the
women, and this lack may reflect the situation of the
general population (28). Physical demands in worklife
of today are still high, afact that was reflected in amis-
match between the individual’s physical capacity and
the physical demands of the work for 25% of the popu-
lation. In other words, there is a need to be fit enough
to be able to take a physically demanding job and stay
init. Thejob in itself will not allow for atraining effect
(17-18). One needs extra energy resourcesto avoid tear-
ing oneself down during employment. The workload
does not have training effects on individual physical
work capacity similar to those of aerobic exercise (50).

Persons at risk

This study was part of an interdisciplinary research
project and had the advantage of using a comprehen-
sive perspective of work exposures (ergonomic-physi-
cal, psychosocial, and chemical-physical), as well as
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exposures during leisure-time activities and life-style
factors. Through this comprehensive data collection, it
was possible to explorerisk factors, in a broad perspec-
tive, for metabolic levels in excess of the recommend-
ed level. Many risk factors of different kinds accumu-
lated among persons who exceeded their recommended
metabolic level. Different patterns emerged for the men
and women. The male cases showed no decreased health
status when compared with the remaining group of men.
They may have included a selection of men healthy
enough to be involved also in extra jobs. But it is rea-
sonable to ask what will happen in the long run with
the group of men who had an extremely low physical
capacity and unhealthy life-style behavior.

The femal e cases had workloads that were extreme-
ly high. During leisure-time activities, the workload did
not differ from the remaining group of women. Howev-
er, accumulated hazardous exposures in paid work may
be enough to cause ill health (2-3). The women who
exceeded their recommended metabolic level during
paid work showed a poor health status when compared
with the remaining group of women. It could not be ex-
cluded that “double” burden plays arole for women. On
the basis of the cross-sectional data, it is difficult to con-
clude whether these women have had earlier exposures
from unpaid work. As many of them now have reduced
health, as well as a low income, they may manage be-
cause of alower unpaid workload. It may not be possi-
ble for them to avoid a high workload in paid work for
€conomic reasons.

The work exposures were strongly related to an ex-
cess metabolic level, and this finding was more evident
for the women. For the men, life-style factors also
played an important role.

The results presented were based on data of high
quality, obtained by a combination of field measure-
ments, interviews, and questionnaires collected within
atwo-month period for each person.

Methodological considerations

Therelatively small study group, and also the cross-
sectional design of the MOA study, naturally limits
the possibility of analyzing causal relationships.
However, in order to prevent ill health in relation to
excessive physical demands, it would be valuable to
identify characteristic work and living conditions for
those at risk.

The MOA study comprised many different parts of
worklife, both traditional workplaces and workplaces at
which new forms of organization and production had
been introduced. They were strategically selected (ie,
with the support of current statistics and reports on dif-
ferent branches of the Swedish labor market and of con-
ditions of different occupations). The study group has

372 Scand J Work Environ Health 2003, vol 29, no 5

many similarities with randomly selected samples;
hence the results from our study should be valid for gen-
eralizations (49) (table 1). Thus the prevalence of an
excess metabolic level for 22% of the women and 27%
of the men is probably arealistic prevalence rate for the
Swedish working population. Excess metabolic levels
have mainly been studied in specific, physically de-
manding jobs. Consequently, information on the preva-
lence in the general working population has been un-
known. Still, it has often been suggested that the physi-
cal demands of worklife have decreased considerably
during the last several decades (45, 47).

Step-wise models of logistic regression will, in the
end, show the strongest determinants of an excess met-
abolic level. Only variables that were not highly corre-
lated were included in the analyses. Consequently, the
final results should indicate work and living conditions
that are most often found among persons who have a
metabolic level at work in excess of the recommended
level.

The odds ratios in the stepwise models of the logis-
tic regression showed low numbers, although significant
(95% confidence intervals above or below 1.00). One
reason for this result could be that the odds were cal cu-
lated for a one-step increase. Three determinants were
dichotomized, work schedule, drinking high-alcohol
beer and absence of physical training, while other scales
were ranges (0-100, 8-20, or 20-35). Therefore, no
or little regular physical exercise (women) had an
odds ratio of 6.46, while routine work with a range
between 0 and 100 had an odds ratio of 1.05 (men).
In other words, in order to evaluate the importance
of the size of the odds ratios, the range has to be tak-
en into account.

Implications

The possibility that the subjects had selected or avoid-
ed certain kinds of jobs on the basis of physical capaci-
ty cannot be ruled out. Health selection both into and
out of jobs with high physical loadsis well known. For
example, young men in physically demanding jobs have
been found to be stronger than other men (suggesting a
preferential selection into heavy jobs) (23), and women
with health problems working in physically demanding
jobs have been found to change jobs more often than
other women (51). However, changing from physically
demanding and low-skill jobs is much harder today be-
cause of the current trends of the labor market.

Empowerment strategies for avoiding metabolic lev-
elsin excess of recommended levels could be of thefol-
lowing different kinds:

- Physical exercise would undoubtedly be of great val-
ue, both for the individual (keeping healthy) and for
society (keeping the work force in production and



avoiding increased costs from absenteeism). There is
growing concern today about the low general fitness
of the general population—especially among many
children—and some specia programs have been start-
ed to promote higher fitness levels, health and quality
of life [eg, the Bunkeflo project (see http://
bli.fysisktaktiv.nu/)].

- Particularly in jobs with high workload, overall phys-
ical fitness is essential; therefore, physical training
during vocational education would be of value.

- Furthermore, adapting jobs with physical workloads
that are too high to the physical capacity of the work
force is important. Such adaptation calls for technical
or organizational changes.

- Similarly, work organizations in which enough breaks,
recovery, and relaxation periods are a natural compo-
nent should be encouraged.

- Learning and development possibilities at work are
likely to both increase skill discretion and facilitate a
change to less physically demanding jobs.

- Finally, improving life-style behavior would be par-
ticularly important for men with high physical strain.

Concluding remarks

The results of our study indicate that aerobic demands
and exposures in worklife of today remain high. These
high demands and exposures are reflected in amismatch
between workers' physical capacities and the physical
demands of work. This statement holds for a quarter of
the population. Work exposures were strongly related
to an excess of recommended metabolic levels, particu-
larly among women. There seem to be large gender dif-
ferences with regard to the characteristics of women and
men who work at excess metabolic levels. Low-paid
women with poor health and living with children at
home, in addition to having a high physical load and
psychosocia strain at work, have few possibilities to
leave a hazardous job for a less physically demanding
one. Men who work at excess metabolic levels seem to
be characterized more by a life-style common in some
male-dominated work cultures and by monotonous
work.
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Appendix 1

Block 1. Psychosocial exposures at work as measured by observation and questionnaire methods among the cases (25 men and 21
women) and noncases (69 men and 73 women). A higher index or percentage of worktime indicates worse situations in six variables and
better in four variables. The gray area indicates variables included in the logistic regression models.

Gender Expert assessment Self-reports
Influence  Obstacles  Routine Creative Time Time-bound Job de- Control Skill dis- Social
(index 0-3) or job per-  work work pressure  work mands (index cretion support
formance  (%?) (%9) (%) (%%) (index 6-21) 10-24) (index 8-20) (index 3-10)
(index 3-9)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Men
Cases 14 08 43 15 61 28° 48 92 28 39 12 28" 13 30 17 34 111 21° 53 1.7
Noncases 15 1.0 40 15 29 23 78 81 28 40 30 38 13 29 18 33 123 21 53 17
Women
Cases 09 04° 50 21 44 31 41 38° 40 47 46 46° 14 31 17 24 108 15° 57 20

Noncases 15 09 41 16 25 22 73 71 32 41 16 30 13 31 18 35 118 21 50 1.6

2 Percentage of worktime.
b Significant differences between the cases and noncases (P<0.05).

Appendix 2

Block 2. Chemical-physical exposures at work as measured by expert evaluation, technical measurement, or questionnaire methods
among the cases (25 men and 21 women) and noncases (69 men and 73 women). A higher index indicates worse situations. The gray
area indicates variables included in the logistic regression models.

Gender Physical environment? (index 6-17) Measured noise level® [dB(A)] Chemical exposures® (index 10-35)
Mean SD Mean SD Mean SD
Men
Cases 9.8 B 81 6.49 16.6 6.74d
Noncases 7.6 2.0 77 515 12.8 &8
Women
Cases 8.1 2150 78 5.0¢ 14.9 594
Noncases 7.2 1.7 75 3.8 125 3.0

@ Expert assessment.

b Body attached measurement.

¢ Questionnaire.

¢ Significant differences between the cases and noncases (P<0.05).

Appendix 3

Block 3. Workhours and schedules of the cases (25 men and 21 women) and noncases (69 men and 73 women). The gray area indicates
variables included in the logistic regression models.

Gender Atypical or irregular Ordinary work ? Extra jobs Commuting Total time
work schedule (hours/week) (hours/week) in the work sphere
(%) (hours/week)
Mean  Range Mean  Range Mean Range Mean  Range
Men
Cases 38 41 37-50 96° 4-20 5 0-10¢ 49 39-62
Noncases 36 42 15-70 9.7¢ 3-25 3 0-12 46 17-82
Women
Cases 47¢ 38 17-49 - - 4 0-10 42 21-55
Noncases 34 40 17-75 73¢  2-18 4 0-10 45 19-64
2 Including paid breaks and over-time work.
b N=7.
¢ Significant differences between the cases and noncases (P<0.05).
b N=8.
b N=7.
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Appendix 4

Block 4. Activities outside paid work as determined by the interview method among the cases (25 men and 21 women) and noncases
(69 men and 73 women). The gray area indicates variables included in the logistic regression models.

Gender Home and household work Other compulsory tasks Time for own recreation Exercises (included in own recreation)
(hours/week) (hours/week) (hours/week) (hours/week)
Mean Range Mean Range Mean Range Mean Range
Men
Cases 12 1-33 1 0-5 52 32-70 8 0-11
Noncases 14 1-43 1 0-14 51 13-85 5 0-26
Women
Cases 19 5-54 - - 51 16-78 4 0-14
Noncases 19 4-54 1 0-12 48 10-78 4 0-16
Appendix 5

Block 4. Ergonomic-physical exposures during leisure-time activities as determined by the interview method and by technical measure-
ments among the cases (25 men and 21 women) and noncases (69 men and 73 women). The gray area indicates the variable included in
the logistic regression models.

Gender Leisure-time activities Outside paid work per workday
TWA-MET @ TWA-MET @ on Sitting during leisure ~ Walking distance Heart rate range Sitting
outside paid work/  a nonworkday time (hours/week) (meter/hour) (%) (%)
workday
Mean SD Mean  SD Mean SD Mean  SD Mean SD Mean SD
Men
Cases 21 05 2.0 0.4 39 12 433 304 26° 9.3 55 17
Noncases 21 05 2.1 0.4 37 12 436 258 18 56 51 17
Women
Cases 2.1 0.3 2.0 0.3 6 12 562 317 19 48 51 14
Non-ases 21 04 2.2 0.3 35 11 437 282 18 5.0 49 15

2 Time-weighted average of the metabolic equivalent.
b Posimeter.
¢ Significant differences between the cases and noncases (P<0.05).

Appendix 6

Block 4. Domestic work and experienced physical exertion dur-
ing leisure-time activities as measured by questionnaire methods
among the cases (25 men and 21 women) and noncases (69 men
and 73 women). A higher index indicates more straining domes-
tic work. The gray area indicates the variable included in the lo-
gistic regression models.

Gender Domestic work
Index @ Physical exertion
Mean SD Mean sD

Men

Cases 4.1 1.1 12 21

Noncases 4.4 1.2 12 2.9
Women

Cases 4.9 1.3 12 2.7

Noncases 4.6 1.3 12 2.6

2 Index 3-11, based on three questions of the Public Health Question-
naire.
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Appendix 7

Block 5. Life-style factors of the cases (25 men and 21 women) and noncases (69 men and 73 women) according ot their self-report.
The gray area indicates variables included in the logistic regression models.

Gender Self-reports
Smokers Above average alco- Heavy drinking at least Body mass index Overweight No or little regular
(daily) hol consumption @ once a week® | (%) physical
(%) (%) (%) Mean  SD exercise
Men
Cases 21 43¢ 17¢ 26 20-33 68 ¢ 44
Noncases 17 15 4 25 20-35 42 36
Women
Cases 10 0e 0 27 18-42¢ 54 62¢
Noncases 21 10 1 24 17-32 37 25

2 High-alcohol beer at least once a week.

b Above average.

¢ As defined by the World Health Organization.

d Less than 120 minutes per week.

¢ Significant differences between the cases and noncases (P<0.05).
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