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ILMARINEN J, RUTENFRANZ J. Occupationally induced stress, strain and peak loads
as related to age. Scand j work environ health 6 (1980) 274—282. From six different
types of work 120 men, aged 23—60 a, were classified according to the Ergonomic Job
Description Questionnaire into four groups representing specific work content (pro-
ducing forces, coordinating motor and sensory functions, converting information into
reactions, and producing information). Work stress was assessed with measurements of
oxygen consumption (VOg) and with the registration of the minutes spent at different
stress levels. Relative aerobic strain (RAS) was defined as the VOg during work as the
percentage of VOsmax. Strain was measured with continuous recordings of heart rate
during the workday. Peak loads were evaluated according to the relative number of
minutes above the heart rate levels of 130, 150 and 170 beats/min, The VOgz during worl
was virtually identical in the age groups < 35, 35—50 and > 50 a. The RAS tended to
increase with age due to the decrease in VOsmax. The strain remained practically the
same in all the age groups. In the group “coordinating motor and sensory functions”
strain tended to increase with age. Peak loads over 150 beats/min were not rare for
the older subjects. The results suggest that stress and strain during work remain prac-
tically the same as age increases. The RAS, however, tends to increase with age within
groups doing mainly physical work and with exposures to peak loads.
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content.

Because physical work capacity and neuro-
muscular coordination decrease with age,
some safety margins for daily work have
been suggested. According to the World
Health Organization, eg, oxygen consump-
tion (VOy) should not exceed 40—50 %0 of
the maximum (VOymax) during prolonged
occupational work (3). No upper limits
have been given for peak loads however.
It has been suggested that peak loads of
short duration can exceed 509%0 of the
VO,max if the intermittent work intensity
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has been low (1). Any effort exceeding the
VO,max and lasting more than 4 min
causes exhaustion and should be avoid-
ed (4).

Occupations with heavy physical work
and/or high peak loads have decreased
but not totally disappeared. The relative
aerobic strain has been reported to be in-
dependent of age in construction work (2)
but, on the other hand, to increase sys-
tematically with age after the age of 50 a
in nonmotorized mail delivery (18). In a
study on bank fishing (20) it was suggested
that this heavy work need not be unsuit-
able for older fishermen if an effective job
rotation is organized (20).

Our purpose was to study the relation-
ship between strain and age in different
groups of workers classified according to
their specific work content.



Material and methods

The subjects were 120 men aged 23—60 a
from the following six types of work: con-
struction industry (N = 19), iron and steel
industry (N = 23), chemical industry
(N = 17), retail trade (department store,
N = 14), sales employees in the chemical
industry (N = 29), and government em-
ployees (research institute, N = 18). From
each type the most typical jobs were se-
lected. The 120 men were arranged into
four groups (table 1) according to the spe-
cific work content. First the Ergonomic
Job Description Questionnaire was used
(22), and, after a cluster analysis (14), the
subjects were classified into the following
homogeneous groups: group 1: producing
forces (N = 21); group 2: coordinating mo-
tor and sensory functions (N = 37); group
3: converting information into reaction
(N = 21); and group 4: transforming in-
put-information into output-information
(N=30) and producing information
(N = 11) (total N = 41).

Table 1. Characteristics of the subjects.

Within these groups the following three
age groups were formed: < 35, 35—50 and
> 50 a. (The number of subjects in each
age group can be found in table 4.)

To assess the work stress, the VO, dur-
ing work was measured. The gas samples
were collected with a Kofranyi-Michaelis
gas meter and analyzed for oxygen (Ser-
vomex) and carbon dioxide (Unor). Two
typical steady or nonsteady state phases
of work were selected for the measure-
ments. The measurements were carried
out with a sample of 40 subjects, mainly
doing physical work in groups 1 and 2.

The duration of different stress levels of
work was registered with the diary meth-
od (11). A diary was kept by the subjects
who did government and sales work; oth-
erwise trained observers were used. The
activities of the whole workday were
classified into different stress levels ad-
justed to multiples of basal metabolic rates

(MET), eg, S (sitting) = 150, SP (standing

position) = 300, 1 (activity with minimum
intensity) = 500, 2 (activity with medium

Maximal
oxygen Maximal
Age Height Weight Fata consump- heart rateb
Work content (a) (cm) (kg) (%) tion b (beats/
(ml/min X min)
kg)

Producing forces (N = 21)

Mean 38.8 176.6 83.2 23.6 37.5 180.6

SD 6.9 6.5 10.3 8.0 5.5 6.8
Coordinating motor and
sensory functions (N = 37)

Mean 42.5 173.3 78.0 205 36.1 176.0

SD 8.3 5.2 8.2 4.1 5.2 6.6
Converting information into
reaction (N = 21)

Mean 411 171.7 79.9 20.6 35.1 177.0

SD 10.4 47 10.2 8.9 5.1 8.3
Producing information (N = 41)

Mean 41.3 176.6 81.2 23.0 37.6 177.0

sD 8.0 74 7.3 5.6 6.0 6.4
All groups (N = 120)

Mean 41.2 174.7 80.3 21.9 36.7 177.3

SD 8.4 6.3 8.8 6.4 5.5 7.0

a Predicted according to triceps and scapula skinfolds (12).

b Predicted (see the methods section).
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intensity) = 800 and 3 (activity with high
intensity) = 1,000 %0 of the MET (24). The
absolute and relative number of minutes
at each stress level was assessed.

To assess the strain, we recorded the
heart rate continuously over the whole
workday with a small portable cardiocord-
er (23). The mean heart rate (HRmean),
the mean minimum heart rate (HRmin),
and the mean maximum heart rate
(HRmax) during work, as well as the ab-
solute and relative number of minutes in
different heart rate classes, were calcu-
lated.
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Fig 1. Predicted maximal oxygen consumption

(VOemax) in (a) liters per minute and (b) milli-
liters per minute X kilograms as related to age
in the groups classified according to specific
work content.
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To assess the relative strain, we calcu-~
lated the HRmean as the percentage of
heart rate range (°%/0HRR) and as the per-
centage of individual maximal heart rate
(°/0HRmax). The heart rate range was de-
fined as the difference between resting
and maximal heart rate. Standard table
values for resting and maximal heart rates
adjusted for age were used, but, when
lower resting and/or higher maximal val-
ues than standard values were recorded,
they were used for the analysis.

The relative aerobic strain (RAS) was
defined as VO, during work as the per-
centage of the individual VOsmax. To as-
sess the VO,max, a submaximal test on a
magnetically braked ergometer was used
(17). The work load was continually in-
creased up to 85 9% of the age-predicted
HRmax. The VOgymax was predicted (15)
from Wy

The difference in the stress and strain
variables between the three age groups
were tested with the Kruskal-Wallis one-~
way analysis of variance. Otherwise linear
regression was used. The significances
were assessed with two-tailed tests.

The 95 %o confidence curves for HRmean
and RAS were calculated according to
Armitage (5).

Resuits

The characteristics of the subjects, ar-
ranged into four homogeneous groups ac-
cording to work content, are given in ta-
ble 1. Group 1 (“producing forces”), which
involved mainly heavy physical work, in-
cluded the following jobs: bricklayer, car-
penter, concrete reinforcement worker,
and smelter. Group 2, “coordinating motor
and sensory functions,” consisted of iron
workers, switchmen, workers in machine
shops, and butchers. Group 3, “converting
information into reactions,” covered such
jobs as crane operator, foreman, watch-
man, and sales clerk. Group 4, “producing
information,” was a combination of office
employees, government employees, re-
search assistants, and scientists. No statis-
tically significant differences in the physi-
ological characteristics of these four groups
were found (table 1).



Table 2. Oxygen consumptiona (VOg) of different work contents.

Work content

Coordinating ; All
Prfoducing motor and i%?onr\r/r?;clir;% Producting groups
orces sensory into reaction information
functions
VO2 (I/min)
Mean 1.31 0.91 1.08 0.50 1.08
SD 0.31 0.19 0.30 0.04 0.37
Number of
subjects 20 13 3 4 40

a Based on double measurements of each group.

Maximal oxygen conswmption

The predicted VOymax decreased with age
in all four groups (fig 1). The decrease in
VO,max related to the body weight was
larger than when measured only in liters
per minute. From ages 20 to 60 a the mean
decrease in VOpmax was 26 %0 when deter-
mined as milliliters per minute X body
weight (kg) and 219%, when measured as
liters per minute. The corresponding
VOymax values of group 1 were 29 and
24 %y, respectively. This group showed the
greatest decrease for both values.

Stress at work

The mean VO, during work varied be-
tween 0.91 and 1.31 1/min in the groups
(groups 1—3) doing physical work, while
that of the sedentary group (group 4) was
0.50 1/min (table 2). The mean aerobic
stress was highest in group 1 and at about
the same level in groups 2 and 3. Within
the work groups the VO, was at the same
level for the three age groups. A compari-
son of all subjects in the three age groups
showed that the two younger groups had
about the same mean VO, while that of
the oldest group was somewhat higher (ta-
ble 3). The absolute aerobic stress was not
however statistically different between
the age groups; this finding demonstrates
that the VO, during actual work remained
in this sample at practically the same level
as age increased.

The cumulative distribution of minutes
at different stress levels showed only small
differences between the age groups. The
differences were more pronounced at a
low rather than at a high stress level, as

Table 3. Oxygen consumptiona (VOg) in three
age groups at work.

Age group {(a)

< 35 35—50 > 50
VOgz (I/min)
Mean 1.01 1.08 1.24
SD 0.43 0.37 0.13
Number of
subjects 12 23 5

a8 Based on double measurements of each age
group.

shown for group 1 in fig 2 a. Character-
istic of group 1 was that the oldest group
still worked above a stress level of
500 °/oMET for about 5% of the workday.

The distribution of minutes in group 2
was markedly different from that in
group 1; the cumulative curve was shifted
to the left, to a lower stress level. The
younger groups worked for a shorter pe-
riod than the oldest group at the stress
level of 300 ®/eMET (fig 2 D).

Groups 3 and 4 had different character-
istics than group 2 at a low stress level.
They spent about 60—70 9% of their work
time sitting and standing (150 °/oMET),
which was more than double the time
spent in such activities in group 2. A stress
level of 300 *oMET was typical for groups
3 and 4. Characteristic of all the work
groups was that above a stress level of
150 °/oMET the distribution of minutes was
similar in all three age groups. In summa-
ry, the stress at work was not significantly
different between the age groups in this
study.

o
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Relative aerobic strain

The relative aerobic strain (RAS) increased
with age in all groups doing mainly physi-
cal work (groups 1—3). The RAS varied
from 36 to 50°%0 in group 1 between the
ages of 20—60 a (fig 3 a). The level of RAS
in group 1 was systematically higher, but
the increase with age was smaller than in
group 2 or 3.

The RAS in group 2 demonstrated a
marked difference with age; it was esti~
mated to increase from resting level up
to 4790 at an age of 60 a. Also the con-
fidence range was large (fig 3 b).

The regression of group 3 (r = 0.575) in-
creased in parallel to that of group 2 and
reached, at age 50, about the same level
as that of group 2. The increase in RAS
with age was not however statistically
significant for groups 1, 2 and 3.

In contrast to the other groups, group 4,
sedentary workers, showed a decrease in
RAS with age (r = —0.578). With respect
to all subjects, the RAS increased, but in-
significantly, with age (r = 0.300).

Fig 3. Regression line and 95 % confidence
limits of mean heart rate (HR) during work and
age in (a) group 1, (b) group 2, (c) group 3, and
(d) group 4.



Strain at work

The HRmean and age showed some char-
acteristic differences between the work
groups (fig 4 a—d). The HRmean decreased
with age in groups 1 and 3. It was prac-
tically unchanged in group 4 but tended
to increase with age in group 2. The larg-
est decrease was demonstrated for group 1
(r = —0.324). The upper and lower 95 %o
confidence limits in fig 4 show the range
of HRmean with age, which was, in gen-
eral, larger in groups 1—3, which did
physical rather than mental work.

Group 2, which did mainly sensorimotor
work tasks, showed an increasing tendency
for HRmean with age (r = 0.102). At an
older age their strain was at about the
same level as that of the older members
of group 1. When all the groups were taken
into consideration, however, the changes
in HRmean were not statistically signifi-
cant. The HRmin and HRmax during work
changed in a way similar to that of
HRmean with age. In group 3, processing
information into reactions, the HRmin de-
creased significantly with age (r = — 0.402,
p < 0.05).

The results of relative strain (%/0)HRR &
%9yHRmax) demonstrated some character-
istic differences between the work groups
(table 4). In group 1 all the age groups had
a mean relative strain close to 40 % HRR,
It dropped systematically to about
30 °HRR in group 2 and further to about
20 9%oHRR in group 3. The difference was
smallest between groups 3 and 4, the latter
having the lowest relative strain, about
16 % HRR. Within groups 1, 3 and 4 the
relative strain was practically the same
in the three age groups. In group 2, how-
ever, the % HRR increased from 25.3 to
31.5 and the % HRmax from 52.9 to 60.7
from the youngest to the oldest group.
When all of the subjects were taken into
consideration, the relative strain remained
at practically the same level in the three
age groups: YeHRR varied on an average
only from 24.9 to 26.2 and %oHRmax from
52.4 to 56.3.

The cumulative distribution of minutes
at different heart rate levels also illus-
trated only small differences between the
age groups. Generally, the oldest age
group had more minutes at the lower heart
rate levels than the younger groups. In
groups 1, 3 and 4 the differences were ob-

served mainly at a heart rate level below
90 beats/min. In contrast in group 2 the
oldest group had about 10 % more minutes
at the heart rate level of 101—130 beats/
min than the youngest group. The differ-
ences between the age groups were not
statistically significant however. In sum-
mary, strain was more related to work
content than to age. The differences be-
tween the age groups were small and in-
significant. Contrary to other groups,
group 2 showed an increasing tendency
towards strain with age.

Peak loads

The relative number of minutes above the
three heart rate levels of 130, 150, and 170
beats/min are given for the age and the
work groups in table 5. Among the sub-
jects doing heavy work (group 1) the dura-
tion of strain, 130 beats/min, was the
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279



Table 4. Relative strain during work expressed as the percentage of heart rate range (°HRR)
and maximal heart rate (®/0HRmax) according to groups of age and work content.

Producing Coordinating Converting Producing All groups
forces motor and information information
Age group sensory into reaction
(@) functions
HRR HRmax HRR HRmax HRR HRmax HRR HRmax HRR HRmax
(%/0) (%) (/o) (%0) (%/0) (%) (%)) (%) (%/0) (%)
< 35
Mean 447 65.7 25.3 52.9 23.0 51.2 16.1 461 26.0 53.1
sD 13.3 8.1 5.9 3.9 5.1 4.9 4.1 3.8 12.6 8.6
N 6 8 6 9 29
35--50
Mean 38.6 61.8 29.6 57.0 19.7 49.1 16.2 451 24.9 52.4
SD 12.1 7.5 121 8.4 8.3 5.8 5.6 5.9 12,6 9.5
N 12 23 11 25 71
> 50
Mean 40.5 65.6 315 60.7 24.4 54.7 16.6 49.5 26.2 56.3
SD 12.7 7.3 14.7 8.7 6.0 3.3 4.0 53 12.7 8.5
N 3 6 4 7 20
All
Mean 40.6 63.4 29.0 56.7 21.5 50.8 16.3 46.1 25.4 53.2
SD 12.2 7.7 11.4 7.9 7.1 5.4 5.0 5.5 12.5 9.2
N 21 37 21 41 120

Table 5. Mean relative number of minutes during one workday at a heart rate (HR) level of over
130, 150 and 170 beats/min according to groups of age and work content.

Age group Number HR > 130 HR > 150 HR > 170

Work content (a) of beats/min  beats/min beats/min
subjects (%/0) (%o) (%/o)
Producing forces <35 6 31.7 13.3 1.5
35—50 12 22.0 5.3 0.8
> 50 3 171 1.9 0.1
Coordinating motor and <35 8 0.9 0.1 -
sensory functions 35—50 23 6.9 0.7 —_
> 50 6 7.6 0.4 —
Converting information into < 35 6 1.0 0.4 0.1
reaction 35—50 11 15 0.2 e
> 50 4 — — —
Producing information <35 9 — — e
35—50 25 0.4 0.1 —
> 50 7 —_— — —

shortest in the oldest (17.1 %) and longest
(31.7 %) in the youngest group. Calculated
for an 8-h workday, the mean duration
was 82 and 152 min, respectively. Although
a marked difference between the age
groups existed, the results demonstrated
that peak loads were not rare for older
persons. Subjects over 50 worked 1.9 9/y of
the workday (9 min) with a heart rate of
over 150 beats/min. Contrary to group 1,
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group 2 showed that the oldest age group
had more minutes over 130 beats/min (36
min) than the youngest group (4 min). In
groups 3 and 4 peak loads were not com-
mon.

Discussion

The main result of this study was that oc-
cupationally induced strain remained at



the same level in relation to capacity
(°/oHRR and °/HRmax) or tended to in-
crease (°%/0VO,max) with age in groups do-
ing mainly physical work.

The decrease in VOymax with age among
subjects doing heavy physical work
(groups 1 & 2) is in agreement with the
findings of other studies (6, 13). This re-
sult indicates that even hard physical work
does not guarantee the maintenance of
VOymax throughout the working age.

Because the occupational energy re-
quirements did not decrease with age, the
consequence was that the RAS tended to
increase with age (fig 3). It should be em-
phasized, however, that although typical
work tasks were selected for VO, mea-
surements, the values should be considered
as actual stress values for heavy work and
for peak loads rather than as mean val-
ues for an 8-h workday. On the other
hand, the variables of strain covered a
whole 8-h workday including breaks, and
thus gave a more total estimation of the
physical demands of the work. This differ-
ence explains why the variables of strain,
eg, heart rates, were practically un-
changed, while the RAS tended to increase
with age.

An interesting finding was the increas-
ing tendency of strain with age in group 2
(fig 4 b, table 4). The work content of this
group mainly involved coordinating motor
and sensory functions, and the group con-
sisted of subjects from the iron and steel
industry, chemical industry, a department
store, and from a machine shop. The anal-
ysis of their work profile showed that they
were doing about 70°%s static and only
30 %6 dynamic work tasks. About 309 of
the time was spent in static postures,
standing in a normal or bent position.
They did arm work while sitting for about
25 % of the time and arm work with hold-
ing, carrying, or lifting for about 15 % of
the workday (12). The static postures and
work tasks seemed to lead to higher strain
in the older than in the younger subjects.
This result confirms the findings of McDer-
mott et al (16) that static exercise in older
men induces a significantly greater level of
adrenaline than in younger subjects. In
group 1, “producing forces,” the HRmean
at work tended to decrease with age. The
same phenomenon was also found in con-
struction work, for which it has been

pointed out that younger men actually per-
form heavier work than older ones (2).

In our study the actual work load was
about the same for the older and younger
men, and therefore the RAS tended to in-
crease with age. The decreased HRmean
in group 1 with age can be explained by
the observations that older men had breaks
of longer duration and they paused more
often than the younger men doing heavy
physical work.

The finding of practical importance was
that both the older and younger men are
exposed to peak loads. In spite of a rather
spontaneously chosen level of stress and
possibilities to modify the work during the
8-h period, the older men in this study
were not able to avoid peak loads. Similar
situations have been documented recently
for different occupations (9, 20, 21, 25). In
our study, during heavy phases of work,
altogether 26 out of 40 subjects (65 /o) had
a VO, that was higher than the 33°%
VO,max suggested as the upper limit for
continuous work (4). For the present, how-
ever, no upper limits for peak loads of
short duration (4 min) have been set, but
the VO,max has been given (7, 8, 10). These
suggestions allow that occupational peak
loads of 1—2 min should be tolerated also
at the (supra)maximal level, and, eg, a
peak load of 10 min is still tolerable with
a level of 90 % VOymax. We cannot con-
sider this as a margin for peak loads dur-
ing daily work.

Because much of the work in industry
involves varying degrees of static compo-
nents, the VOymax should be measured for
the work being done, as Petrofsky & Lind
(19) did for lifting tasks. They concluded
that an average tolerable work load for
lifting tasks was about 50 * 5% VO,max;
above this level heart rate and arterial
lactates increase rapidly.

From the occupational health and safety
point of view more attention should be
paid to the study of the effects of peak
loads in industry with the aim of keeping
the RAS within reasonable limits with re-
spect to age.
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