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Reactivity and recovery from diVerent types of
work measured by catecholamines and cortisol:
a systematic literature overview

Judith K Sluiter, Monique H W Frings-Dresen, Theo F Meijman, Allard J van der Beek

Abstract
Objectives—To review occupational
health, laboratory, and sports literature
on neuroendocrine reactivity and recov-
ery from mental, combined mental and
physical, or physical tasks.
Methods—A systematic literature search
was performed in eight databases. Studies
with catecholamines or cortisol as eVect
variables measured in blood, urine, or
saliva were included.
Results—After application of inclusion
and exclusion criteria, 77 studies from the
initial 559 identified were taken into
account. In occupational settings it was
found that relatively few studies were con-
clusive about recovery, which formed a
contrast with sports research. For reactiv-
ity and recovery up to 1 hour after
performing the task, half of the studies
considered physical tasks and more than
two thirds showed incomplete recovery
compared with baseline excretion of cat-
echolamines and cortisol. Recovery ex-
tending to 3 days after the task was
performed was often incomplete for corti-
sol after combined mentally and physi-
cally demanding tasks, and less often after
solely mental or physical tasks. This type
of recovery was more often incomplete for
adrenaline (epinephrine) than for nor-
adrenaline (norepinephrine), which was
the case after mental as well as combined
mental and physical tasks.
Conclusions—The results from laboratory
and sports research may be transferable
to some occupations, but more research is
needed on the course of recovery relative
to health eVects in occupational settings.
(Occup Environ Med 2000;57:298–315)

Keywords: neuroendocrine reactivity; neuroendocrine
recovery; occupational task

Occupationally induced fatigue is thought to
play a major part in causing psychological
overload when, repeatedly, too little oppor-
tunity for recovery is given. This suggests that
the short term eVects of insuYcient recovery
from a working period will lead to long term
eVects on health. The prevalence of burnout,

overtraining, chronic fatigue syndrome,
musculoskeletal disorders, and chronic cardio-
vascular disorders have been rising. As
Frankenhaeuser1 proposed in her biopsychoso-
cial stress model, stress is determined by the
balance between the person’s evaluation of the
demands from the environment and his or her
perceived mental resources to meet these
demands. Physiologically, the human body has
to maintain a balance between catabolic and
anabolic mechanisms to function optimally.
This balance has to be reaquired continuously,
and more time to recover is needed when a
state of dysbalance remains relatively too long.
Reactivity and recovery after physical or mental
exertion takes place in many subsystems of the
human body. The cardiovascular-respiratory
system, for example, reacts naturally with
increases in heart rate, blood pressure, and res-
piration rate when stressful situations occur or
when body movements are asked for during
sporting and working situations. Total recovery
of this system is achieved when the heart rate,
blood pressure, and respiration rate return to
baseline levels.

A review of psychoneuroendocrine research
on stress and coping2 discussed the classic
studies from Canon to Selye, and from Ursin to
Levi and Frankenhaeuser. From these studies,
it can be concluded that, when people unwind
neuroendocrinologically too slowly after exer-
tions, and thereby, show tonic sustained activa-
tion (spillover) of neuroendocrine reactivity,
recovery to baseline levels is incomplete. In the
long term, when accumulated, this might lead
to chronic fatigue that in turn might lead to
health problems. The starting point of this
(partly assumed) vicious circle is the way in
which people recover from tasks. To clarify this
picture, it seems obvious to focus on what is
known about neuroendocrine reactivity and
recovery. By contrast with occupational re-
search, this mechanism is well studied in sports
research. This empirical knowledge can be
transferred to occupational settings.

The two neuroendocrine systems in this
context are the sympathetic-adreno-medullary
system (SAM) and the hypothalamus-
pituitary-adrenal system (HPA). For decades
measurements of these two systems have
formed the basis for psychoneuroendocrine
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stress research starting with Cannon (SAM)
and Selye (HPA).2 3 DiVerences between peo-
ple in HPA activity have been found in cortisol
excretion at baseline and reactivity during
work. Especially the morning baseline concen-
trations were found to increase with chronic or
traumatic stress, and were shown to be associ-
ated with genetic and personality traits.4 The
SAM activity is measured by concentrations of
peripheral catecholamines and indicates gen-
eral arousal reflecting the acute mental
(adrenaline) and physical (noradrenaline)
workload to which the subject is exposed.
Thus, the reactivity of the neuroendocrine sys-
tem is diVerent when mental or physical
exertion is asked for, and the excretion rates of
adrenaline, noradrenaline, and cortisol could
be seen as indicators of the eVect of diVerent
task and environmental demands on healthy
people. A further distinction exists between
acute and chronic eVects, and these eVects may
depend upon short term and long term
demands.

Reactivity and recovery are time and activity
dependent, and both psychological and physi-
ological body systems react at diVerent speeds
and at diVerent times. Most studies use diVer-
ent time lags to assess their recovery variables.
Because working life is most often organised in
fixed time schedules, and to facilitate the com-
parison of outcomes in the diVerent studies a
categorisation of recovery time is proposed:

• reactivity
• mesorecovery
• metarecovery
• macrorecovery.
In this study, the diVerent categories have

been defined.
Reactivity is the time during which a task or

activity is performed. Because of the micro-
pauses that people take during performance of
a task, reactivity is partly entangled with what
might be called microrecovery. The first
minutes after performance of a task might be
seen as microrecovery. Mesorecovery includes
the recovery period between 10 minutes and
about 1 hour after performance of a task.
Metarecovery is the time to recover from
performance of a task that occurs between 2
days or periods of work. This period starts
about 1 hour after work—for example, the
evening, or overnight—and may expand to 2
days (weekend period). Finally, macrorecovery
is defined as that period which begins 2 days
after performance of a task.

This literature overview is focused on the
reactivity and recovery of part of the neuroen-
docrine system (cortisol and the peripheral
catecholamines). Measurements of these hor-
mones in the diVerent studies take place in
urine, blood, and saliva. Urinary measure-
ments of free adrenaline and noradrenaline
provide a reliable measure of the circulating
concentrations of these hormones in blood.5

Also, salivary cortisol was also found to be
highly associated with the free cortisol fraction
in blood.6 Thus, the outcomes of the diVerent
studies are comparable. To investigate relations
between work or task demands, psychological
variables, and reactivity in catecholamines and

cortisol, empirical research has been carried
out in both laboratory and field studies.

Field studies cover a whole range of occupa-
tions with diVerent natures of work, as well as
diVerent sports. The main focus of work
related studies is on work stress and work
related fatigue relative to health complaints—
such as, burnout or chronic fatigue. In
neuroendocrine sports research, two major
research lines are distinguishable: assessments
among endurance (aerobic) athletes, and
assessments among sportsmen who mainly
perform resistance training (anaerobic work-
outs). The main topic in both kinds of research
is “overtraining”. Overtraining is defined as an
increase in training volume or intensity of exer-
cise with inadequate recovery periods between
workouts, resulting in long term performance
decrements (several weeks or months).7 8 A
shorter or less severe variation of overtraining is
referred to as overreaching.7 9 Recovery from
overtraining is said to take weeks to months,
whereas recovery from overreaching would
take just a few days. The jargon used in
occupational and sports research seems to be
compatible, and both make a distinction in
severity of symptoms, in which the acute
fatigue and overreaching occur in advance of
both chronic fatigue and overtraining.

In laboratory settings, mostly short term
controlled tasks are used to assess neuroendo-
crine reactivity. Well known, work related men-
tally demanding tasks in the laboratory are
arithmetic tasks, the Stroop test, public speak-
ing tests, emotionally loaded films, word search
tasks, and simulated work tasks. In laboratory
sports research, submaximal or maximal tests
on cycle ergometer, treadmill, and row ergom-
eter are used as stressors. Compared with work
related research, sports research often com-
bines laboratory measurements with real life
training or competition measurements. An
exception is the study of Lundberg et al10 who
compared the same group of workers in
laboratory and naturally mentally demanding
settings, and showed that the correlation within
subjects between measurements in the labora-
tory and those in real life situations were high.
Furthermore, they reported consistency within
a person in urinary catecholamine and cortisol
excretion over diVerent experimental condi-
tions and time intervals ranging from 24 hours
to 12 weeks.

The nature of tasks under study can be
divided into mainly mental tasks, mainly physi-
cal tasks, and a combination of mental and
physical tasks. In occupational laboratory
research the focus is often on mental perform-
ance of a task, while laboratory sports research
mainly focuses on physical tasks. In occupa-
tional field studies, some occupations may be
classified as a combination of mental and
physical tasks, and the same goes for sports
research in which subjects are studied during
games or races.

The purpose of this literature overview is
threefold. Firstly, to get insight into the extent
to which neuroendocrine reactivity and recov-
ery is investigated, in terms of the definitions of
the four recovery periods, relative to work as
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well as sports. Secondly, to get insight into
which bodily fluids have been measured in
these studies, and thirdly to find out what is
known about the reactivity in stress hormones
during the diVerent periods of recovery and
consecutive periods of recovery relative to the
diVerent natures of tasks at hand.

Methods
The present literature search on reactivity and
recovery includes occupational as well as sports
research, as the diVerentiation between physi-
cal, mental and physical, and mental work
demands is used. Classification on job title only
has been used often in diVerentiating the
nature of work according to physical, mental
and physical, or mental work demands.11 12

Fewer studies—for example, Ainsworth et
al13—have diVerentiated the nature of work on
the basis of energetic demands in terms of
metabolic equivalent (MET), creating the
opportunity to include professional sports as
occupational jobs.

Search for literature was started in Medline,
Psycom, Nioshtic, Psyc Med, Current contents
life sciences, Current contents med sciences,
Psyclit, and Sportdisc. Initially, two broad
searches on keywords were performed—
namely: (1) catecholamines; adrenaline, nor-
adrenaline, epinephrine, norepinephrine, corti-
sol, corticosterone, and (2) health complaints;
fatigue, recovery, workstress, workload.

These two searches were combined 1+2 to get
a first inclusion criterion, resulting in 559 iden-
tified publications. Studies were included which
measured SAM and HPA reactivity as well as
recovery relative to performed jobs or tasks.
Subsequently, the following criteria were used:

Inclusion criterion: publication between
1983 and August 1998.

Exclusion criteria: animal experimentation;
toxicological experiments or specific patient
groups; language other than English; reviews
(no original article); general knowledge experi-
ments in which no physical or work task was
performed.

After application of these criteria 158 identi-
fied publications remained, of which the
abstracts and methods were read. The final
exclusion criterion was studies without re-

peated measurements per subject, because
such studies would not permit the evaluation of
the four recovery terms. No more exclusion
criteria were set because the purpose of this
study was to give an overview of what
assessments were made up to now, and
acknowledging the fact that most studies in this
field of research would not comply with the
criteria of high methodological quality—such
as case-control design. Finally, from the 158
studies, 77 studies that investigated neuroen-
docrine reactivity and recovery with repeated
measurements per subject were taken into
account for this systematic review.

Results
The neuroendocrine results from the 77 stud-
ies will be described in the four diVerent
categories of recovery, and subdivided into the
nature of the work where measurements were
made. Apart from these four paragraphs, the
results from studies that examined reactivity,
mesorecovery, and metarecovery will be pre-
sented separately, because this might give
additional information about the neuroendo-
crine reactivity and recovery in time after
certain tasks. As well as the descriptor “number
of studies”, the results will be described in
“number of assessments” because some studies
assessed more than one task or evaluated their
outcome variables at more than one point in
time. The results in reactivity and recovery are
described relative to the baseline concentra-
tions. The term incomplete recovery is used to
describe significantly higher or lower concen-
trations compared with baseline.

REACTIVITY, MICRORECOVERY, OR BOTH

The 51 studies that investigated reactivity or
microrecovery, as defined for this review, are
shown in table 1. From these 51 studies, 28
examined physical tasks,14–18 21 22 25–29 35–37 40 43–46

49 52 53 55 59–61 64 11 studies examined tasks that
contain physical as well as mental
exposures,14 19 20 34 38 39 41 47 51 57 63 and 16 studies
examined mental tasks.18 23 24 30–33 42 48 50 54 56 58

62 65 66 From the 51 studies, eight examined
microrecovery,15 16 28 43 48 54 61 64 six examined re-
activity and microrecovery,14 35 36 53 55 57 and 37
examined only reactivity during some kind of
exertion.14 17–27 29–34 37–42 44–47 49–52 56 59 60 63 66

None of the studies that examined physical
tasks were performed in occupational settings
(all were sports studies or experiments with
healthy people) and none of the studies that
examined mental tasks were performed in
sport settings. Three of the 11 studies that
examined combined physical and mental tasks
concerned occupations—namely, nurses19 34

and lorry drivers.63 Seven of the 15 studies that
examined mental tasks concerned field occu-
pational settings investigating aircraft crew or
aircraft traYc controllers31 32 56 65 66 or bus and
coach drivers.50 58

Reactivity or microrecovery in adrenaline
and noradrenaline were both measured in
29 assessments originating from 24 studies and
cortisol in 43 assessments originating from 36
studies. Microrecovery of adrenaline and
noradrenaline was measured in five studies and

Table 2 Summary of findings from 51 studies that assessed reactivity or microrecovery
(relative frequency (number of subjects))

Studies that assessed microrecovery

Reactivity or
microrecovery
(n=101) Mental task

Mental/
physical
tasks

Physical tasks

TotalAerobic Anaerobic

Adrenaline (n=29):
Increase 6/13 (156) 3 / 4 (83) 7/10 (102) 2/2 (24) 18/29 (365)
No change 7/13 (225) 1 / 4 (10) 3/10 (39) 0/2 (—) 11/29 (274)
Decrease 0/13 (—) 0 / 4 (—) 0/10 (—) 0/2 (—) 0/29 (—)

Noradrenaline (n=29):
Increase 7/13 (252) 4 / 4 (93) 10/10 (141) 2/2 (24) 23/29 (510)
No change 5/13 (111) 0 / 4 (—) 0 /10 (—) 0/2 (—) 5/29 (111)
Decrease 1/13 (18) 0 / 4 (—) 0 /10 (—) 0/2 (—) 1/29 (18)

Cortisol (n=43):
Increase 8/12 (534) 3/7 (74) 15/20 (311) 3 / 4 (31) 29/43 (950)
No change 4/12 (218) 2/7 (18) 5/20 (50) 1 / 4 (40) 12/43 (326)
Decrease 0/12 (—) 2/7 (22) 0/20 (—) 0 / 4 (—) 2/43 (22)

Some studies performed several measurements at the same time. The 101 assessments are catego-
rised by nature of the task and eVect found for the diVerent hormones.
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cortisol in 12 studies. Seven of the 51 studies
measured all three hormones in blood and two
of the 51 measured all three hormones in urine.

In table 2 a summary of the findings of the
51 studies is given by categorising the eVects
per hormone, nature of tasks, and number of
subjects involved. In the studies, a total of 101
assessments were presented.

Table 2 shows that for neuroendocrine reac-
tivity or microrecovery after mental tasks the
adrenaline results remained inconclusive,
whereas noradrenaline and cortisol showed an
increase in most assessments. After mental and
physical tasks, most assessments showed a sig-
nificant increase in both the catecholamines
and cortisol. After physical tasks, most or all of
the assessments showed a significant increase
in the catecholamines as well. Inconclusive
eVects were found in cortisol excretion after
anaerobic physical tasks.

MESORECOVERY

Mesorecovery was investigated in 29 studies,
which are shown in table 3. From these 29
studies, 16 examined physical tasks,16 17 22 25 27 28

36 40 44 52 53 55 59 68 71 72 two studies examined tasks
that contained physical as well as mental
exposure,47 51 and 11 examined mental
tasks.10 18 24 30–33 48 58 67 69 70

No studies that examined physical tasks were
performed in occupational settings (all were
sports studies or experiments with healthy
people) nor were any of the studies that exam-
ined only mental tasks performed in sport set-
tings. Both studies that examined combined
physical and mental tasks concerned parachute
jumpers,47 51 and five out of the 11 studies that
examined mental tasks investigated workers—
such as aircraft cockpit personnel,31 32 military
pilots,69 managers and clerical workers,10 and
coach drivers.58

Mesorecovery of both adrenaline and nor-
adrenaline was measured in 20 assessments
originating from 16 studies and cortisol was
measured in 35 assessments originating from
23 studies. Five out of 29 studies measured all
three hormones in blood, and three out of 29
studies measured all three hormones in urine.
In table 4 a summary of the findings of the 29
studies is given by categorising the eVects per
hormone, nature of tasks, and number of sub-

jects involved. In the studies, the results of a
total of 75 assessments were presented.

Table 4 shows that mesorecovery after men-
tal tasks was complete in noradrenaline excre-
tion in most subjects, whereas adrenaline and
cortisol show an increase in most assessments.
After mental and physical tasks, recovery is
either incomplete (increase) or complete (no
change). Most assessments show incomplete
recovery (increase) in cortisol after combined
mental and physical tasks. Only one of the six
studies that assessed mental and physical tasks
was performed in an occupational setting—
namely in managers and clerical workers.71

Although cortisol excretion decreased in two
studies 1 hour after testing (after Tai Chi, brisk
walking, and reading30; and after a tandem
parachute jump47), the time of measurement,
and therefore the influence of circadian rhyth-
micity could not be ruled out in either studies.
After aerobic physical tasks, recovery was
incomplete (increase) or complete (no change)
in about half of the assessments for all three
hormones. The catecholamines were examined
after an anaerobic physical task in one study
only. This study showed incomplete recovery
(increase) in 12 subjects. No conclusive eVects
were found in cortisol excretion after anaerobic
physical tasks.

METARECOVERY

In table 5, the studies that investigated metare-
covery are shown. From these 22 studies, 10
examined physical tasks,14 15 22 27 28 36 49 59 71 72 six
studies examined tasks that contained physical
as well as mental demands,63 75–77 79 81 and seven
studies examined mental tasks.18 30 58 70 73 74 78 80

Again, none of the studies that examined
physical tasks were performed in occupational
settings (all were sports studies or experiments
with healthy people) and no studies that exam-
ined only mental tasks were performed in
sports settings. All six studies that examined a
combination of physical and mental tasks con-
cerned occupations—namely nurses,76 77 lorry
drivers,63 79 assembly line workers,81 and cabin
crew.75 Five of the seven studies that examined
mental tasks were in field occupational settings
involving insurance employees,73 74 managers
and clerical workers,78 80 and coach drivers.58

Metarecovery in both adrenaline and nor-
adrenaline was measured after 17 assessments
originating from 14 studies and cortisol in 17
assessments originating from 13 studies. Five
out of 22 studies measured all three hormones
in urine. In table 6 a summary of the findings of
the 22 studies that assessed metarecovery is
given by categorising the eVects per hormone,
nature of tasks, and number of subjects
involved. In the studies, the results of a total of
51 assessments were presented.

Table 6 shows that metarecovery after men-
tal tasks was incomplete (increase or decrease)
in both catecholamines and cortisol excretion
in most assessments depending on the time of
measurement. Short term metarecovery (1.5–3
hours after the test) showed an increase most
often, and longer term metarecovery (>12
hours after the test) a decrease most often.
Only one study examined 32 subjects with a

Table 4 Summary of findings from 29 studies that assessed mesorecovery (relative
frequency (number of subjects))

Studies that assessed mesorecovery

Mesorecovery (n=75) Mental task

Mental/
physical
tasks

Physical tasks

TotalAerobic Anaerobic

Adrenaline (n=20):
Increase 5/9 (135) 1/3 (43) 3/7 (46) 1/1 (12) 10/20 (236)
No change 3/9 (38) 2/3 (51) 4/7 (54) 0/1 (—) 9/20 (143)
Decrease 1/9 (96) 0/3 (—) 0/7 (—) 0/1 (—) 1/20 (96)

Noradrenaline (n=20):
Increase 2/9 (66) 1/3 (43) 4/7 (53) 1/1 (12) 8/20 (174)
No change 7/9 (203) 2/3 (51) 3/7 (47) 0/1 (—) 12/20 (301)
Decrease 0/9 (—) 0/3 (—) 0/7 (—) 0/1 (—) 0/20 (—)

Cortisol (n=35):
Increase 6/11 (242) 2/3 (86) 10/18 (136) 1/3 (10) 19/35 (474)
No change 4/11 (70) 0/3 (—) 8/18 (147) 2/3 (10) 14/35 (227)
Decrease 1/11 (104) 1/3 (8) 0/18 (—) 0/3 (—) 2/35 (112)

Some studies performed several measurements at one time. The 75 assessments are categorised by
nature of the task and the eVect found for the diVerent hormones.
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mental and physical task, after which incom-
plete recovery (increase) was found in both
adrenaline and noradrenaline excretion. An-
other study examined 136 subjects with a
mental and physical task, after which incom-
plete recovery (increase) was found in cortisol
excretion. After aerobic physical tasks, most
assessments showed complete recovery in
adrenaline and noradrenaline and the results
were inconclusive in cortisol excretion. Recov-
ery was incomplete (increase) in the 20
subjects in whom the catecholamines were
examined after an aerobic physical task. One
third of the assessments of cortisol excretion
after an anaerobic physical task showed incom-
plete (increase) and two third showed complete
recovery. Of the nine studies that found
incomplete recovery of cortisol, six assessments
were on mental or combined mental and
physical demands in occupational settings of
aircraft cabin crew,75 nurses,76 77 managers,78

and oYce workers.80

MACRORECOVERY

The studies that investigated macrorecovery
are shown in table 7 From these 17 studies, 10
examined physical tasks,8 29 35 37 64 72 82–86 three
studies examined tasks that contained physical
as well as mental exposure,38 39 57 and four
studies examined mental tasks.56 80 87 88

Once more, none of the studies that
examined physical tasks were performed in
occupational settings (all were sports studies or
experiments with healthy people), and none of
the studies that examined only mental tasks
were performed in sport settings. One of the
three studies that examined combined physical
and mental demands was on ballet dancers
during a performance season,38 39 and three of
the four studies that examined mental tasks
concerned occupational settings involving of-
fice workers80 88 and cockpit crew.56

Macrorecovery of adrenaline was measured
in seven assessments originating from six stud-
ies, noradrenaline in nine assessments originat-
ing from seven studies, and cortisol in 17
assessments originating from 12 studies. One
of the 17 studies measured all three hormones
in blood, and two of the 17 studies measured
all three hormones in urine. No change in
adrenaline was found in one study, and in one
study a decrease was found in triathletes.72

Only two out of 14 measurements of cortisol
were performed in urine, and no change was
found in both occupational studies on oYce
workers80 and cockpit crew members.56 In table
8 a summary of the findings of the 17 studies is
given by categorising the eVects per hormone,
nature of tasks, and number of subjects that
were involved. In the studies, a total of 33
assessments were presented.

Table 8 shows that macrorecovery after
mental tasks is incomplete (increase) in both
adrenaline and noradrenaline excretion in two
out of three assessments. For cortisol, incom-
plete recovery was shown in most assessments
but half of them showed an increase in the
shorter term macrorecovery, and half a de-
crease (overshoot) in the longer term macrore-
covery. Only one study examined 12 subjectsTa
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with a mental and physical task, after which
incomplete recovery was found in adrenaline
excretion and complete recovery in noradren-
aline. After aerobic physical tasks, an overshoot
in recovery (decrease) was found in adrenaline
and results were inconclusive in noradrenaline.
Recovery was complete (no change) in most
assessments, in which cortisol was examined
after an aerobic physical task. Only one study
(21 subjects) examined an anaerobic physical
task and an overshoot in recovery (decrease)
was found. Cortisol showed incomplete recov-
ery with a significant increase in four studies.
Only one of these four studies was performed
in an occupational setting in oYce workers.88

Probably because of circadian influences, and
thus dependent of the time of measurements, a
relative overshoot of recovery shown by a
significant decrease of cortisol excretion was
found in five studies.

REACTIVITY, MESORECOVERY, AND METARECOVERY

Seven of the 77 studies investigated reactivity,
mesorecovery, and metarecovery.18 22 27 28 36 58 59

Only one study was performed in an occupa-
tional field setting on coach drivers.58 The other
six sports studies all examined physical tasks
and one study also examined a mental task.18

One study measured all three hormones in
urine,58 two studies measured adrenaline and
noradrenaline in blood,18 59 four studies
measured cortisol of which two were in
saliva22 36 and two in blood.27 28 Results from the
occupational study showed significant reactiv-
ity and incomplete recovery indicated by an
increase of adrenaline and noradrenaline dur-
ing and immediately after work, and an
overshoot of recovery indicated by a significant
decrease in adrenaline and cortisol 24 hours
after work. From the other six studies, diVeren-
tial results were shown ranging from significant
reactivity and incomplete mesorecovery, and
metarecovery in noradrenaline18 59 and
cortisol22 27 28 36 to an overshoot in metarecovery
in cortisol.28 For adrenaline, metarecovery was
complete, after significant reactivity18 59 and
incomplete mesorecovery.59

Discussion
The main purpose of this literature overview
was to gain insight into the extent to which

neuroendocrine reactivity and recovery have
been investigated, in terms of the definitions of
the four recovery periods, in both work and
sports. The categorisation in recovery time as it
was defined for this review gave the oppor-
tunity to compare the outcomes of the diVerent
studies. Rationale for the choice of the cut oV
points in time was based on the way working
life is organised in many countries and on the
question of whether these schemes are suY-
cient to recover neuroendocrinologically from
the occupational induced exertions. During a
day of work, most people have of a maximum of
15 minute coVee or tea breaks in the morning
and afternoon, and a lunch break of 30–60
minutes. Between two periods of work, in gen-
eral a minimum of 12 hours (during the work-
ing week) and a maximum of 2 days (weekend)
is given as time oV work. Although the tasks in
the diVerent studies reviewed were not per-
formed with the same amounts of time, both
short term and long term tasks show useful
information for work related neuroendocrine
reactivity and recovery. We therefore included
the duration of the tasks under study in the
tables of the studies reviewed.

Many occupational neuroendocrine studies
have been performed. Often, however, neu-
roendocrine data have been gathered without a
proper baseline or without measuring data in a
way that could assess reactivity and
recovery.89–108 In sports research on the other
hand, many neuroendocrine studies have been
performed. Most of them investigated short
term psychophysiological reactivity and micro-
recovery or mesorecovery to some kind of
physical exertion in the laboratory. These stud-
ies have good designs and are able to control
several variables. The results from laboratory
and sports research may be transferable to
some occupations, but more research is needed
on the course of recovery relative to health
eVects in occupational settings in which tasks
are repetitive during the working week and
cover more hours a day. Because the sports
studies most often use blood as the bodily fluid
for measurements, few of them monitor their
subjects for much longer than a couple of
hours. Therefore, not many results are found
on metarecovery and macrorecovery.

In all, a respectable number of studies, espe-
cially in sports research, have been published
on neuroendocrine reactivity, microrecovery
and mesorecovery in the past 15 years. Fewer
studies on metarecovery have been found, and
only a few on macrorecovery probably due to
the methodological problems and eVorts those
studies give rise to. During the selection proce-
dure of the studies, it was decided not to add
more qualitative exclusion criteria because
high qualitative methodological designs have
not been used often in the diVerent studies.
Furthermore, the diversity in populations
tested in the diVerent studies was high, and
therefore, no overall eVect size was calculated.

The first reason for the inclusion of sports
research in this review was that the diVerentia-
tion into mental, combined mental and physi-
cal, and physical tasks can be applied to both
work and sports activities.

Table 6 Summary of findings from 22 studies that assessed metarecovery (relative
frequency (number of subjects))

Stusies that assessed metarecovery

Metarecovery n=28 Mental task
Mental/
physical tasks

Physical tasks

TotalAerobic Anaerobic

Adrenaline (n=17):
Increase 4/10 (51) 1/1 (32) 1/5 (6) 1/1 (20) 7/17 (109)
No change 3/10 (37) 0/1 (—) 4/5 (51) 0/1 (—) 7/17 (88)
Decrease 3/10 (70) 0/1 (—) 0/5 (—) 0/1 (—) 3/17 (70)

Noradrenaline (n=17):
Increase 6/10 (91) 1/1 (32) 2/5 (13) 1/1 (20) 10/17 (156)
No change 2/10 (27) 0/1 (—) 3/5 (44) 0/1 (—) 5/17 (71)
Decrease 2/10 (40) 0/1 (—) 0/5 (—) 0/1 (—) 2/17 (40)

Cortisol (n=17):
Increase 2/5 (42) 1/1 (136) 4/8 (60) 1/3 (10) 8/17 (248)
No change 2/5 (30) 0/1 (—) 2/8 (50) 2/3 (10) 6/17 (90)
Decrease 1/5 (10) 0/1 (—) 2/8 (20) 0/3 (—) 3/17 (30)

Some studies performed several measurements at one time. The 51 assessments are categorised by
nature of the task and the eVect found for the diVerent hormones.
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Secondly, and more importantly, neuroendo-
crine occupational research obviously lags
behind the neuroendocrine sports research,
and the similarity of complaints and symptoms
between overtrained sportsmen and people
with occupationally induced chronic fatigue is
amazing. The symptoms accompanying over-
training are characterised by fatigue, sleeping
problems, increased irritation or excitement,
and emotional lability. These symptoms are
supposed to be due to a lack of proper rest and
recovery, and thus a lack of tapering within
periods of training. Synonyms mentioned by
Fry and Kraemer7 are: overtraining syndrome,
staleness, burnout, chronic overwork, physical
overstrain, overfatigue, chronic fatigue syn-
drome, and failure to adapt. To classify sports-
men as overtrained or not overtrained is often
diYcult because the process is seen as a
continuum from well trained to overreached
and eventually to overtrained.8 This idea is
analogous to the development of chronic
fatigue in occupational settings in which
repeated lack of recovery is seen as the start of
a vicious circle from acute to chronic fatigue.
Reasons for the occurrence of overtraining, are:
repeated insuYcient recovery between work-
outs and increase in training volume, and thus
monotony of training. For decades, two types
of overtraining have been distinguished9: (type
I) sympathetic, and (type II) parasympathetic.
Sympathetic is characterised by increased sym-
pathetic activity at rest reflected by increased
catecholamine concentrations, an increased
resting heart rate, decreased appetite, and
weight loss. Type II parasympathetic overtrain-
ing shows decreased sympathetic activity with
parasympathetic activity predominating at rest
and with exercise. This is accompanied by low
resting heart rate, rapid heart rate recovery
after exercise, and decreased catecholamine
concentrations. Symptoms associated with the
parasympathetic overtraining, are: more hours
sleeping, and a phlegmatic or depressive state.
It is said that the sympathetic syndrome devel-
ops before the parasympathetic syndrome, and
occurs more often in younger people who train
for speed or power.7

Linking this knowledge to work shows
several things. One assumed cause of work
related health problems is a spillover of
neuroendocrine reactivity that occurs when
recovery after exertion is repeatedly incom-
plete. In the long term, this cumulative
spillover will lead to chronic fatigue that in turn
will lead to health problems. Thus, the vicious
circle of spillover is compatible with the
neuroendocrine reactivity found in a sympa-
thetic overtraining syndrome. Also, the kind of
recovery overshoot (the decrease in catecho-
lamine and cortisol excretions) found by
Sluiter et al58 is compatible with the neuroendo-
crine reactivity found in parasympathetic over-
training syndrome, as described by Heitkamp
et al28 and Lehmann et al.37

The second purpose of this review was to get
insight into which bodily fluids these studies
have been sampling. Therefore, some method-
ological issues have to be signalled in the
investigation of neuroendocrine reactivity andTa
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recovery. Urinary measurements of free
adrenaline and noradrenaline provide a reliable
measure of the circulating concentrations of
these hormones in blood.5 Also, salivary corti-
sol was found to be highly associated with the
free cortisol fraction in blood.6 Thus, the
outcomes of the diVerent studies are compara-
ble for the fluids in which the measurements
were performed.

Firstly, because of the circadian rhythmicity
in both catecholamines and cortisol, and the
large variability between subjects in baseline
concentrations and reactivity, studies should
control within subjects. This should be done by
repeated measurements controlled for time of
day, and when possible, baseline measurements
during 1 or more days oV. Studies performed
in this way more easily control for the use of
nicotine, caVeine, and alcohol.

Secondly, the peripheral catecholamines are
measurable in urine and blood (plasma and
platelets) whereas cortisol is also measurable in
saliva. As blood sampling is invasive, and thus
might give additional stress to subjects, most
studies on mental and psychological tasks pre-
fer measurements in saliva or urine. However,
microrecovery seems to be most measurable in
blood or saliva, because acute hormonal excre-
tions can be monitored. A good example of
how blood sampling can be used to measure
reactivity, microrecovery, mesorecovery, and
metarecovery has been discussed.27 Excretion
of cortisol has been found to be in bursts.
These may result in relatively large diVerences
in concentrations especially early in the morn-
ing for two moments close in time. The
outcomes of early morning studies that used
blood plasma or saliva for cortisol in mesore-
covery, metarecovery, and macrorecovery may,
therefore, be criticised. Measurements in saliva
are easy to perform and do not interrupt the
activities of the subjects. In saliva, however, the
reactivity of cortisol is said to be measurable at
best 15 to 20 minutes after the test,58 and the
outcomes of salivary cortisol studies on micro-
recovery may therefore be questioned in tasks
that do not last longer than 15 minutes. In
urine, a buVer of hormonal excretion is
measured, and the mean excretion rate of the
hormones during a certain period is the

outcome. When more than 1 day is examined,
the time of sampling ideally should be the same
for each day to facilitate control for circadian
influences. Also, it is important to register the
activities performed in between two urinary
sample times. For reactivity and microrecovery
in urine, task duration should be relatively long
and the sampling time has to be immediately
before and within half an hour after perform-
ance of a task to measure as accurately as pos-
sible. Because urine provides a reliable meas-
ure of the circulating concentrations of the
catecholamines in blood,5 in our opinion,
metarecovery and macrorecovery ideally
should be measured in urine in occupational
environments.

The third and main purpose of this review
was to find out what is known about the reac-
tivity in stress hormones after the diVerent and
consecutive periods of recovery relative to the
diVerent natures of tasks at hand. The hypoth-
esis of persistent neuroendocrine spillover as a
cause in the development of chronic fatigue is
the reason for paying more attention to the
course of recovery in the diVerent studies.

To assess this course of recovery, some
examples from the seven studies which exam-
ined reactivity, microrecovery, mesorecovery,
and metarecovery relative to mental, combined
mental and physical, and physical tasks are dis-
cussed now. In the laboratory, Carstensen and
Yudkin18 measured plasma and platelet cat-
echolamines during an emotional stressor. In
plasma noradrenaline concentrations, signifi-
cant reactivity remained and incomplete recov-
ery was found up to and including metarecov-
ery, whereas platelet noradrenaline only
showed significant reactivity. No diVerences
were found in adrenaline concentrations. In an
appropriate design, Häkkinen and Pakarinen27

measured plasma cortisol in 10 male top level
athletes (powerlifters, body builders, and
weight lifters) after heavy resistance exercise for
the leg extensors and no diVerences in cortisol
concentrations were found after maximal exer-
tion. The submaximal exercise showed signifi-
cant reactivity and this remained up to and
including the metarecovery level, because a
significant increase in cortisol was found, and
this increase did not return to baseline concen-
trations after 2 hours. Heitkamp et al28

measured plasma cortisol in 14 female mara-
thon runners in two longer term physical test
occasions: (a) in the laboratory during a maxi-
mal test on a treadmill, and (b) during a
non-competitive marathon run. After the
maximal test, no reactivity in cortisol concen-
trations was found after 3 minutes, indicating
suYcient microrecovery, but for mesorecovery,
a significant increase in cortisol concentration
after 30 minutes was found. The marathon test
showed a significant increase in cortisol
concentrations during the marathon (after 2
hours), and no metarecovery was found at 2
hours after the marathon. After 24 hours, how-
ever, an overshoot in metarecovery was shown,
because the cortisol concentrations were signifi-
cantly lower than at baseline. The only study in
an occupational setting (mental task) that
measured urinary reactivity, mesorecovery, and

Table 8 Summary of findings from 17 studies that assessed macrorecovery (relative
frequencies (number of subjects))

Studies that assessed macrorecovery

Macrorecovery n=21 Mental task
Mental/
physical tasks

Physical tasks

TotalAerobic Anaerobic

Adrenaline (n=7):
Increase 2/3 (24) 1/1 (12) 0/3 (—) — 3/7 (36)
No change 1/3 (6) 0/1 (—) 0/3 (—) — 1/7 (6)
Decrease 0/3 (—) 0/1 (—) 3/3 (28) — 3/7 (28)

Noradrenaline (n=9):
Increase 2/3 (24) 0/1 (—) 1/5 (14) — 3/9 (38)
No change 1/3 (6) 1/1 (12) 2/5 (32) — 4/9 (50)
Decrease 0/3 (—) 0/1 (—) 2/5 (20) — 2/9 (20)

Cortisol (n=17):
Increase 2/6 (83) — 2/10 (20) 0/1 (—) 4/17 (103)
No change 2/6 (24) — 6/10 (134) 0/1 (—) 8/17 (158)
Decrease 2/6 (83) — 2/10 (32) 1/1 (21) 5/17 (136)

Some studies performed several measurements at one time. The 33 assessments are categorised by
nature of the task and the eVect found for the diVerent hormones.
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metarecovery in catecholamines and cortisol
was performed by Sluiter et al58 in 10 coach
drivers during and after a 48 hours shuttle bus
trip. For reactivity, a significant increase in
adrenaline and to a lesser extent in noradren-
aline during most of the trip was found.
Mesorecovery was obviously incomplete. An
overshoot in metarecovery was found for
adrenaline and cortisol, with significantly lower
excretion rates compared with baseline. This is
labelled “fatigue debt” and, as was mentioned
before, resembles the phenomenon found in
parasympathetic overtraining syndrome in
sports research.

Plasma concentrations of adrenaline and
noradrenaline are said to increase during all
types of physical activity, varying with the
intensity and duration of the exertion.109 This
was confirmed in the outcomes of 10 of the 11
studies on reactivity or microrecovery that
investigated physical tasks or combined physi-
cal and mental demands and measured both
catecholamines in blood plasma.

Increases in adrenomedullary activity, as
indicated by plasma adrenaline concentrations,
often correlate more closely with increases in
pituitary-adrenocortical activity, as indicated
by plasma concentrations of corticotrophin,
than with increases in sympathoneural activity,
as indicated by plasma noradrenaline
concentrations.3 Because the concentration of
corticotropin determines the concentration of
cortisol, this statement could not be confirmed
from the outcomes of the diVerent studies in
this review that investigated both catecho-
lamines and cortisol in blood. In all but one of
the 15 studies (all examining physical tasks),
the outcomes in the catecholamines were the
same. In seven of the same 15 studies, the out-
comes in both the catecholamines and cortisol
were the same, whereas in six studies diVerent
outcomes in cortisol compared with both
catecholamines were found.

Recommendations for future research on
recovery are twofold. Firstly, occupational
neuroendocrine research should focus more on
the methods used in monitoring the course of
recovery and the nature of tasks that are
assessed relative to health problems. Secondly,
to link clinical presentations with neuroendo-
crine outcomes, repeated simultaneous meas-
urements of health complaints and the working
environment should be made. The overall goal
is to gain knowledge about the (partly)
assumed role of recovery as an aetiological fac-
tor of chronic fatigue relative to work demands,
and thus possibly prevention of future cases of
chronic fatigue.

We thank Dr Kathleen Rest for her textual contribution.

1 Frankenhaeuser M. A biopsychosocial approach to work life
issues. In: JV Johnson, H Johansson, eds. Work organization,
democratization and health. Baltimore, MD: Baywood, 1991.

2 Lundberg U. Human psychobiology in Scandinavia: II.
Psychoneuroendocrinology: human stress and coping
processes. Scand J Psychol 1984;25:214–26.

3 Goldstein DS. Stress, catecholamines, and cardiovasculair
disease. Oxford: Oxford University Press, 1995:1–161.

4 Hellhammer DH, Kirschbaum C, Heim C, et al. Individual
diVerences of pituitary-adrenal reactivity in men. In: Occu-
pational health and safety aspects of stress at modern
workplaces. Berlin: Bundesanstalt fur Arbeitsmedizin, 1996:
62–5.

5 Moleman P, Tulen JHM, Blankestijn PJ, et al. Urinary
excretion of catecholamines an their metabolites in relation
to circulating catecholamines. Arch Gen Psychiatry 1992;
49:568–72.

6 Kirschbaum C, Hellhammer DH. Salivary cortisol in
psychoneuroendocrine research: recent developments and
applications. Psychoneuroendocrinology 1994;19:313–33.

7 Fry AC, Kraemer WJ. Resistance exercise overtraining and
overreaching. Sports Med 1997;23:106–29.

8 Hooper SL, Mackinnon LT, Howard A, et al. Markers for
monitoring overtraining and recovery. Med Sci Sports Exerc
1995:106–12.

9 Kuipers H, Keizer HA. Overtraining in elite athletes: review
and directions for the future. Sports Med 1988;6:79–92.

10 Lundberg U, Melin B, Fredrikson M, et al. Comparison of
neuroendocrine measurements under laboratory and natu-
ralistic conditions. Pharmacol Biochem Behav 1990;37:697–
702.

11 Schellart AJM, Van het Kaar I, Gründeman RWM. Work
consistency of disablement. Section 2: results of the file study
among recently disabled employees. (Arbeidsgebondenheid van
WAO-intrede. Deelrapport 2: Resultaten van het dossieronder-
zoek onder WAO-toetreders.) The Hague: Ministery of Social
AVairs and Work, 1993:S127–2.

12 De Zwart BCH, Broersen JPJ, Van der Beek AJ, et al. Occu-
pational classification according to work demands: an
evaluation study. Int J Occup Med Environ Health 1997;10:
283–95.

13 Ainsworth BE, Haskell WL, Leon AS, et al. Compendium of
physical activities: classification of energy costs of human
physical activities. Med Sci Sports Exerc 1993;25:71–80.

14 Bergeron MF, Maresh CM, Kraemer WJ, et al. Tennis: a
physiological profile during match play. Int J Sports Med
1991;12:474–9.

15 Berk LS, Nieman DC, Youngberg WS, et al. The eVect of
long endurance running on natural killer cells in maratho-
ners. Med Sci Sports Exerc 1990;22:207–12.

16 Nieman DC, Berk LS, Simpson-Westerberg M, et al. EVects
of long-endurance running on immune system parameters
and lymphocyte function in experienced marathoners. Int J
Sports Med 1989;10:317–23.

17 Bonifazi M, Bela E, Carli G, et al. Influence of training on
the response of androgen plasma concentrations to exercise
in swimmers. Eur J Appl Physiol 1995;70:109–14.

18 Carstensen E, Yudkin JS. Platelet catecholamine concentra-
tions after short-term stress in normal subjects. Clin Sci
(Colch) 1994;86:35–41.

19 Costa G, Bertoldi A, Kovacic M, et al. Hormonal secretion
of nurses engaged in fast-rotating shift systems. Int J Occup
Environ Health 1997;3:535–9.

20 Deinzer R, Kirschbaum C, Gresele C, et al. Adrenocortical
responses to repeated parachute jumping and subsequent
h-CRH challenge in inexperienced healthy subjects. Physiol
Behav 1997;61:507–11.

21 Deschenes MR, Sharma JV, Brittingham KT, et al. Chrono-
biological eVects on exercise performance and selected
physiological responses. Eur J Appl Physiol 1998;77:249–
56.

22 Filaire E, Duché P, Lac G, et al. Saliva cortisol, physical
exercise and training: influences of swimming and handball
on cortisol concentrations in women. Eur J Appl Physiol
1996;74:274–8.

23 Gao C, Yang L, She Q, et al. The eVects of VDT data entry
work on operators. Ergonomics 1990;33:917–24.

24 Gerra G, Fertomani G, Zaimovic A, et al. Neuroendocrine
responses to emotional arousal in normal women. Neu-
ropsychobiol 1996;33:173–81.

25 Gillberg M, Anderzén I, Åkerstedt T, et al. Urinary catecho-
lamine responses to basic types of physical activity. Eur J
Appl Physiol 1986;55:575–8.

26 Gratas-Delamarche A, Le Cam R, Delamarche R, et al. Lac-
tate and catecholamine responses in male and female
sprinters during a Wingate test. Eur J Appl Physiol 1994;68:
362–6.

27 Häkkinen K, Pakarinen A. Acute hormonal responses to two
diVerent fatiguing heavy-resistance protocols in male
athletes. J Appl Physiol 1993;74:882–7.

28 Heitkamp H-C, Huber W, Scheib K. â Endorphin and
adrenocorticotrophin after incremental exercise and mara-
thon running: female responses. Eur J Appl Physiol
1996;72:417–24.

29 Hoogeveen AR, Zonderland ML. Relationships between
testosterone, cortisol and performance in professional
cyclists. Int J Sports Med 1996;17:423–8.

30 Jin P. EYcacy of tai chi, brisk walking, meditation, and read-
ing in reducing mental and emotional stress. J Psychosom
Res 1992;36:361–70.

31 Kakimoto Y, Nakamura A, Tarui H, et al. Crew workload in
JASDF C-1 transport flights: I. Change in heart rate and
salivary cortisol. Aviat Space Environ Med 1988;59:511–16.

32 Nakamura A, Kakimoto Y, Tajima F, et al. Crew workload in
JASDF C-1 transport flight: II. Change in urinary catecho-
lamine excretion. Aviat Space Environ Med 1989;60:301–6.

33 Kirschbaum C, Jens C, Prüssner MS, et al. Persistent high
cortisol responses to repeated psychological stress in a sub-
population of healthy men. Psychosom Med 1995;57:468–
74.

34 Kobayashi F, Furui H, Akamatsu Y, et al. Changes in
psychophysiological functions during night shift in nurses:
influence of changing from a full-day to a half-day work
shift before night duty. Int Arch Occup Environ Health
1997;69:83–90.

Reactivity and recovery from work measured by catecholamines and cortisol 313

http://oem.bmj.com


35 Kraemer WJ, Staron RS, Hagerman FC, et al. The eVects of
short-term resistance training on endocrine function in
men and women. Eur J Appl Physiol 1998;78:69–76.

36 Lac G, Pantelides D, Robert A. Salivary cortisol response to
a 30 mn submaximal test adjusted to a constant heart rate.
J Sports Med Phys 1997;37:56–60.

37 Lehmann M, Dickhuth HH, Gendrisch G, Lazar W, Thum
M, Kaminski R et al. Training: overtraining. A prospective,
experimental study with experienced middle- and long-
distance runners. Int J Sports Med 1991;12:444–452.

38 Liederbach M, Gleim GW, Nicholas JA. Monitoring
training status in professional ballet dancers. J Sports Med
Phys Fitness 1992;32:187–95.

39 Liederbach M, Gleim GW, Nicholas JA. Physiologic and
psychological measurements of performance stress and
onset of injuries in professional ballet dancers. Medical
Problems of Performing Artists 1994;9:10–14.

40 Mathur DN, Toriola AL, Dada OA. Serum cortisol and tes-
tosterone levels in conditioned male distance runners and
non-athletes after maximal exercise. J Sports Med 1986;26:
245–50.

41 McKay JM, Selig SE, Carlson JS, et al. Psychophysiological
stress in elite golfers during practice and competition. Aus
J Sci Med Sport 1997;29:55–61.

42 Miki K, Sudo A. An increase in noradrenaline excretion
during prolonged mental task load. Indust Health 1997;35:
55–60.

43 Nieman DC, Tan SA, Lee JW, et al. Complement and
immunoglobulin levels in athletes and sedentary controls.
Int J Sports Med 1989b; 10:124–8.

44 O’Connor PJ, Corrigan DL. Influence of short-term cycling
on salivary cortisol levels. Med Sci Sports Exerc 1987;19:
224–8.

45 O’Connor PJ, Morgan WP, Koltyn KF, et al. Air travel
across four time zones in college swimmers. J Appl Physiol
1991;70:756–63.

46 O’Connor PJ, Morgan WP, Raglin JS. Psychobiologic
eVects of 3 d of increased training in female and male
swimmers. Med Sci Sports Exerc 1991;23:1055–61.

47 Oberbeck R, Schürmeyer Th, Jacobs R, et al. EVects of â
adrenoceptor-blockade on stress-induced adrenocortico-
trophin release in humans. Eur J Appl Physiol 1998;77:523–6.

48 Obminsky Z, Wojtkowiak M, Stupnicki R, et al. J Physiol
Pharmacol 1997;48:193–200.

49 Odagiri Y, Shimomitsu T, Iwane H, et al. Relationships
between exhaustive mood state and changes in stress
hormones following an ultraendurance race. Int J Sports
Med 1996;17:325–31.

50 Raggatt PTF, Morrissey SA. A field study of stress and
fatigue in long-distance bus drivers. Behav Med 1997;23:
122–9.

51 Richter SD, Schürmeyer TH, Schedlowski M, et al. Time
kinetics of the endocrine response to acute psychological
stress. J Clin Endocrinol Metab 1996;81:1956–60.

52 Rudolph DL, McAuley E. Cortisol and aVective responses
to exercise. J Sports Sci 1998;16:121–8.

53 Schnabel A, Kindermann W, Steinkraus V, et al. Metabolic
and hormonal responses to exhaustive supramaximal
running with and without â adrenergic blockade. Eur J
Appl Physiol 1984;52:214–18.

54 Schreinicke G, Hinz A, Kratzsch J, et al. Stress-related
changes of saliva cortisol in VDU operators. Int Arch Occup
Environ Health 1990;62:319–21.

55 Schwartz L, Kindermann W. â Endorphin, adrenoortico-
tropic hormone, cortisol and catecholamines during aerobic
and anaerobic exercise. Eur J Appl Physiol 1990;61:165–71.

56 Shiota M, Sudou M, Ohshima M. Using outdoor exercise to
decrease jet lag in airline crewmembers. Aviat Space
Environ Med 1996;67:1155–60.

57 Sinyor D, Peronnet F, Brisson G, et al. Failure to alter sym-
pathoadrenal response to psychosocial stress following
aerobic training. Physiol Behav 1988;42:293–6.

58 Sluiter JK, Van der Beek AJ, Frings-Dresen MHW. Work
stress and recovery measured by urinary catecholamines
and cortisol excretion in long distance coach drivers. Occup
Environ Med 1998;55:407–13.

59 Strobel G, Hack V, Kinscherf R, et al. Sustained noradren-
aline sulphate response in long-distance runners and
untrained subjects up to 2 h after exhausting exercise. Eur
J Appl Physiol 1993;66:421–6.

60 Strüder HK, Hollmann W, Platen P, et al. Hypothalamic-
pituitary-adrenal and –gonadal axis function after exercise
in sedentary and endurance trained elderly males. Eur J
Appl Physiol 1998;77:285–8.

61 Stupnicki R, Obminsky Z, Klusiewicz A, et al. Pre-exercise
serum cortisol concentration and responses to laboratory
exercise. Eur J Appl Physiol 1995;71:439–43.

62 Tanaka T, Yamamoto S. VDT work aVects urinary excretion
of catecholamines in the young. International Journal of
Human-Computer Interactions 1992;4:173–81.

63 Van der Beek AJ, Meijman TF, Frings-Dresen MHW, et al.
Lorry drivers’ work stress evaluated by catecholamines
excreted in urine. Occup Environ Med 1995;52:464–9.

64 Verde T, Thomas S, Shepard RJ. Potential markers of heavy
training in highly trained distance runners. Br J Sp Med
1992;26:167–75.

65 Zeier H. Workload and psychophysiological stress reactions
in air traYc controllers. Ergonomics 1994;37:525–39.

66 Zeier H, Brauchli P, Joller-Jemelka HI. EVects of work
demands on immunoglobulin A and cortisol in air traYc
controllers. Biology Psychology 1996;42:413–23.

67 Kirschbaum C, Platte P, Pirke K-M, et al. Adrenocortical
activation following stressful exercise: further evidence for

attenuated free cortisol responses in women using oral
contraceptives. Stress Med 1996;12:137–43.

68 Kirschbaum C, Pirke K-M, Hellhammer DH. Preliminary
evidence for reduced cortisol responsivity to psychological
stress in women using oral contraceptive medication.
Psychoneuroendocrinology 1995;20:509–14.

69 Leino T, Leppäluoto J, Huttunen P, et al. Neuroendocrine
responses to real and simulated BA Hawk MK 51 flight.
Aviat Space Environ Med 1995;66:108–13.

70 Lundberg U, Melin B, Evans GW, et al. Physiological deac-
tivation after two contrasting tasks at a video display
terminal: learning v repetitive data entry. Ergonomics 1993;
36:601–11.

71 Sagnol M, Claustre J, Pequignot JM, et al. Catecholamines
and fuels after an ultralong run: persistent changes after
24-h recovery. Int J Sports Med 1989;10:202–6.

72 Sagnol M, Claustre J, Cottet-Emard JM, et al. Plasma free
and sulphated catecholamines after ultra-long exercise and
recovery. Eur J Appl Physiol 1990;60:91–7.

73 Aronsson G, Johansson G. Work content, stress and health
in computer-mediated work: a 7 year follow up study. In: B
Knave, PG Widebäck, eds. Work with display units 86.
North-Holland: Elsevier, 1987;732–8.

74 Johansson G, Aronsson G. Stress reactions in computerized
administrative work. Journal of Occupational Behaviour
1984;5:159–81.

75 Bassett JR, Spillane R. Urinary cortisol excretion and mood
ratings in aircraft cabin crew during a tour of duty involving
a disruption in circadian rhythm. Pharmacol Biochem Behav
1987;27:413–20.

76 Fox ML, Dwyer D, Ganster DC. EVects of stressful job
demands and control on physiological and attitudinal out-
comes in a hospital setting. Academy of Management Journal
1993;36:289–318.

77 Fox ML, Dwyer DJ. Stressful job demands and worker
health: an investigation of the eVects of self monitoring.
Journal of Applied Social Psychology 1995;25:1973–95.

78 Frankenhaeuser M, Lundberg U, Fredrikson M, et al. Stress
on and oV the job as related to sex and occupational status
in white-collar workers. Journal of Organisational Behaviour
1989;10:321–46.

79 Hartley LR, Arnold PK, Smythe G, et al. Indicators of
fatigue in truck drivers. Appl Ergonomics 1994;25:143–56.

80 Korunka C, Huemer KH, Litschauer B, et al. Working with
new technologies: hormone excretion as an indicator for
sustained arousal. A pilot study. Biology Psychology
1996;42:439–52.

81 Lundberg U, Granqvist M, Hansson T, et al. Psychological
and physiological stress responses during repetitive work at
an assembly line. Work Stress 1989;3:143–53.

82 Filaire E, Duché P, Lac G. EVects of amount of training on
the saliva concentrations of cortisol, dehydroepiandroster-
one and on the dehydroepiandrosterone:cortisol concen-
tration ratio in women over 16 weeks of training. Eur J Appl
Physiol 1998;78:466–71.

83 Flynn MG, Pizza FX, Brolinson PG. Hormonal responses
to excessive training: influence of cross training. Int J Sports
Med 1997;18:191–6.

84 Hooper SL, Mackinnon LT, Gordon RD, et al. Hormonal
responses of elite swimmers to overtraining. Med Sci Sports
Exerc 1993;25:741–7.

85 López Calbet JA, Navarro MA, Barbany JR, et al. Salivary
steroid changes and physical performance in highly trained
cyclists. Int J Sports Med 1993;14:111–17.

86 Mackinnon LT, Hooper SL, Jones S, et al. Hormonal,
immunological, and hematological responses to intensified
training in elite swimmers. Med Sci Sports Exerc 1997;29:
1637–45.

87 Malarkey WB, Pearl DK, Demers LM, et al. Influence of
academic stress and season on 24-hour mean concentra-
tions of ACTH, cortisol, and â-endorphin. Psychoneuroen-
docrinology 1995;20:499–508.

88 Theorell T, Orth-Gomér K, Moser V. Endocrine markers
during a job intervention. Work Stress 1995;9:67–76.

89 Costa G, Kovacic M, Bertoldi A, et al. The use of a light
visor during night work by nurses. Biological Rhythm
Research 1997;28:16–25.

90 Evans GW, Carrère S. TraYc congestion, perceived control,
and psychophysiological stress among urban bus drivers. J
Appl Psychol 1991;76:658–63.

91 French J, Bisson RU, Neville KJ, et al. Crew fatigue during
simulated, long duration B-1B bomber missions. Aviat
Space Environ Med 1994;65(suppl 5):A1–6.

92 Fujigaki Y. Longitudinal studies on job stress among
software engineers. Work with Display Units 1993;92:
385–9.

93 Härenstam A, Palm U-B, Theorell T. Stress, health and the
working environment of Swedish prison staV. Work Stress
1988;2:281–90.

94 Härenstam A, Theorell T. Work conditions and urinary
excretion of catecholamines. A study of prison staV in Swe-
den. Scand J Work Environ Health 1988;14:257–64.

95 Hennig J, Kieferdorf P, Moritz C, et al. Changes in cortisol
secretion during shiftwork: implications for tolerance to
shiftwork? Ergonomics 1998;41:610–21.

96 Kalimo R, Harju A, Leskinen J, et al. Work load,
psychophysiological strain and coping of innovation project
management in industry. Scand J Work Environ Health
1992;18:130–2.

97 Lee CA, Zafar HU, Conrad M, et al. Indicators of stress in
relationship to injury: a holistic approach among fire fight-
ers. In: Kumar S, ed. Advances in industrial ergonomics and
safety IV. London: Taylor Francis 1992;207–10.

314 Sluiter, Frings-Dresen, Meijman, et al

http://oem.bmj.com


98 Meijman TF, Mulders HPG, Kompier MAJ, et al.
Individual diVerences in adrenaline/noradrenaline reactiv-
ity and self-perceived health status. Zeitschrift für Gesamte
Hygiene 1990;36:413–14.
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