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Chapter 5 

A neuroendocrine field study during and after work 
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chapter 5 

5.1 Neuroendocrine reactivity and recovery from different 
natures of work. 

Abstract 

Objectives The purpose of this study was to examine the extent to which nature of work 
and work characteristics are related to the course of neuroendocrine reactivity and recovery 
from work. 

Methods Neuroendocrine reactivity and recovery were studied by measuring urinary 
excretion of adrenaline, noradrenaline, and Cortisol during and after three working days, 
one consecutive day off, and a baseline day. This was assessed in three groups of Dutch 
male workers (n=60), differing in the nature (mental, physical, and combined 
mental/physical demands) of their work. Multi-level analyses were performed to fit linear 
mixed-effects models for each hormone. 

Results Main and/or interaction effects with time of day were found between the 
mental/physical workers and the two other groups of workers for Cortisol, adrenaline, as 
well as for the noradrenaline excretion. In addition, the baseline levels of the three 
hormones were higher in the mental/physical workers compared to the other two groups. 
The excretion rates during the working days were higher than those on the day off-work, 
but a trend towards mobilising less activity was found from the first to the third working day. 
Job demands were negatively related to Cortisol excretion. Job control and social demands 
at work did not effect the excretion rates of the hormones. 

Conclusions Unfavourable effects in Cortisol and adrenaline reactivity and/or recovery were 
found for workers with combined mental/physical demands compared to mainly mental or 
mainly physical workers. The results of the present study are in accordance with the 
cognitive activation theory. 

Keywords adrenaline, Cortisol, mental work, mental/physical work, noradrenaline, physical 

work 

Judith K. Sluiter, Monique H.W. Frings-Dresen, Allard J. Van der Beek, Theo F. Meijman, and Slem H. 
Heisterkamp. Scand J Work Environ Health (Submitted). 
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Introduction 

High workload seems to be a problem in many branches of industry, although the 

nature of work may account for some differences in workload among workers. 

Three of the four most common work-related health problems of European Union 

workers are stress, overall fatigue, and muscular pains (Paoli 1997). On the 

European level, most stress and burnout complaints are found in occupations with 

high job strain (i.e. high workload and low job control) (Dhondt 1997). Almost 

eighty percent of the Dutch society's total costs on absence from work and 

disablement insurance benefits was spent on psychological and musculoskeletal 

disorders during the last years (Koningsveld & Mossink 1997). 

Most studies concerning the work-relatedness of fatigue, need for recovery, stress 

symptoms, and temporary psychological overload use self-reported information. On 

the other hand, psychophysiological measurements can play a relevant role in the 

assessment of the interaction between work, stress, and health (e.g. Frankenhaeuser 

et al. 1989; Lundberg 1995; Gaillard & Wientjes 1996). This is because a change in 

activation level in bodily systems is needed in every situation where there is a 

difference between the set value of a certain homeostatic variable and the value of 

that variable which is needed to be able to cope with the situation (Ursin et al. 

1978). Increased activation will persist until the balance between the two is re

established. Persistence of the neuroendocrine reactivity level despite cessation of 

the situational stressor has been called sustained activation (Knardahl & Ursin 1985), 

and the return to the set value has been labelled unwinding (Frankenhaeuser 

1980a). The three concepts - reactivity, sustained activation, and unwinding - are 

useful in studies where the focus is neuroendocrine recovery. In studies on work 

stress, the neuroendocrine parameters most often used to monitor human reactions 

to different activities are adrenaline, noradrenaline, and Cortisol. Thus, reactivity in 

catecholamines and Cortisol during work are normal and essential neuroendocrine 

responses enabling contextual coping, and neuroendocrine recovery from 

occupationally induced exertions during and after work is considered essential to 

the prevention of work-related disorders. It is hypothesised that repeated insufficient 

recovery from work-related neuroendocrine reactivity may start a vicious circle in 

which extra effort must be exerted at every new working period to rebalance the 

sub-optimal psychophysiological state of sustained activation and to prevent 

performance breakdown (Meijman et al. 1990, 1992). In turn, this extra effort 

increases the risk of insufficient recovery. Iterations of a sub-optimal 

psychophysiological state and corresponding poor recovery and unwinding are 
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thought to be responsible for the development of health complaints in the long run 

(Ursin 1980, Knardahl & Ursin 1985, Meijman etal. 1990). 

In one of the classic neuroendocrine studies, Jenner et al. (1980) assessed urinary 

catecholamines at three points in time during one working day and one day off in 

980 subjects from a general population in the UK. After categorisation into different 

occupations, adrenaline excretion during the working day was found to be higher in 

professions where mental tasks dominate than in professions where physical tasks 

are primary, whereas the opposite was found for noradrenaline. Jenner did not 

assess the extent to which neuroendocrine recovery took place. Sustained activation 

of the catecholamines during the first (evening) hours after work was assessed in 

urine by Frankenhaeuser et al. (1989), Rissler (1977, 1993), Meijman (1992), and 

Kuiper et al. (1998), amongst others. However, the measurements performed in 

these studies did not allow the authors to assess a longer course of neuroendocrine 

recovery. Not many occupational studies assessed sustained activation of urinary 

Cortisol, and the results were not conclusive (e.g. Frankenhaeuser et al. 1989, Ragatt 

& Morrissey 1997, Sluiter et al. 1998). A systematic review of neuroendocrine 

reactivity and recovery after different types of tasks found a lack of studies that 

assessed the course of recovery in relation to different job demands (Sluiter et al. 

submitted). 

To assess the course of neuroendocrine reactivity and recovery, the present study 

used a categorisation in recovery time proposed previously (Sluiter et al. submitted). 

Because 'working life' most often is organised in fixed time schedules, this 

categorisation distinguishes reactivity and micro recovery, meso recovery, and meta 

recovery. Reactivity concerns the time during which a task or activity is performed. 

Because of the micro-pauses that people take during task performance, reactivity is 

entangled in part with what might be called micro-recovery, which takes place 

during the first minutes after task performance. Meso recovery is the recovery period 

that falls between ten minutes and about one hour after task performance. Meta 

recovery is the time period after task performance that occurs between two days or 

periods of work. This period starts about one hour post-work (e.g. the evening) and 

may expand to two days (the weekend). 

In order to study the differential neuroendocrine reactivity and recovery in relation 

to work characteristics, three groups of male workers were compared in this study. 

The nature of the workers' main task or activity has been defined as the most 

dominant work characteristic in which jobs may differ. (De Zwart et al. 1997). The 
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demands that tasks or activities place on people can be categorised as mental, 

physical, or a combination of mental and physical. Examples of mental demands are 

found in tasks requiring focussed and sustained attention, decision making, or other 

cognitive processes. Physical demands are found in tasks that put static and/or 

dynamic biomechanical loads upon the body or require a high percentage of the 

maximal oxygen uptake for long periods. 

Because psychosocial work characteristics are known to influence the perceived 

work load and health status of the worker, the types and levels of psychological 

demands (e.g. job demands and decision latitude) and social demands (e.g. relation 

to superiors or colleagues) are also of interest (e.g. Karasek et al. 1981, Toomingas et 

al. 1997, Theorell et al. 1998). Fran ken haeuser et al. (1980b) found that both the 

catecholamines and Cortisol excretion were significantly elevated in a low-control 

situation, while Cortisol levels were low or depressed in the high-control situation. 

This was in contrast to the elevated levels of the catecholamines. Studies of different 

occupations - for example insurance company workers (Rissler 1977), prison staff 

(Härenstam & Theorell 1988), nurses (Doncevic et al. 1988), physicians (Theorell et 

al. 1990), driving examiners (Meijman et al. 1992), and engineers (Rissler 1993) -

have found these psychosocial factors to be associated mainly with the level of 

adrenaline reactivity during work, possibly influencing the catecholamines' recovery 

after work as well. Whether nature of work plays a more important role in 

neuroendocrine reactivity and recovery than psychosocial work characteristics, is 

not clear. 

The main objective of this study, therefore, was to determine the extent to which 

the nature of work (mental, physical, and the combination of both demands) and 

psychosocial work characteristics (job demands, job control, and social demands) 

are related to the course of urinary reactivity and recovery of adrenaline, 

noradrenaline, and Cortisol. It is hypothesised that, irrespective of levels in 

psychosocial work characteristics, a difference exists between the three groups in 

neuroendocrine reactivity as well as in recovery from work. A second hypothesis, 

concerning the work characteristics, is that it is expected for job demands to be 

related to adrenaline reactivity and recovery, while job control is expected to be 

related to Cortisol reactivity and recovery. This was studied in the natural work 

environment in 60 male workers in the Netherlands. 
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Method 

Study sample 

Sixty male workers were randomly selected from the involved companies to be part 

of one of three groups that performed either mainly mental, mainly physical, or 

combined mental/physical tasks during their daily work. Inclusion criteria were: 1) 

experience in the job of one year minimally, and 2) performing their normal 

routines of work during time of measurements. The mental group (n=20) consisted 

of (middle) management and supervisors from a flower auction and work-foremen 

from a construction company. The physical group (n = 20) included manual flower 

transport workers from a flower auction, construction workers, and garbage 

collectors. The combined mental/physical group (n = 20) included male nurses and 

drivers working for a municipal ambulance service. All subjects gave informed 

consent, and all measurements took place between November 1997 - November 

1998. 

Measurements of demographic variables and psychosocial work characteristics 

Data on demographics (age, body weight, body height, years of experience in the 

job) and psychosocial work characteristics (job demands, job control, and social 

demands) were gathered through self-report by questionnaire. Some questions were 

adapted for the populations in this study and others were taken from existing 

questionnaires. The new questions asked for details of workers' personal life, work 

experience, and some aspects of psychosocial work characteristics. Work 

characteristics were operationalised in terms of job demands, job control, and social 

demands. Job demands were reflected by a validated Dutch 11-item scale of 'work 

pace and amount of work' (Cronbach's a=0.88), which is part of the VBBA 

(Questionnaire on Perception and Judgement of Work) (Van Veldhoven 1996). Job 

control was reflected by a 3-item scale on 'break control and influence on work' 

(Cronbach's a=0.94), an 11-item validated scale on autonomy (Cronbach's 

a=0.90), and an 8-item validated scale on 'participation in work' (Cronbach's 

a=0.85), the last two scales also being part of the VBBA. Social demands were 

reflected by two validated 9-item scales of the VBBA, one of which concerned the 

relation with direct superiors (Cronbach's ot=0.88) and the second the relation with 

colleagues (Cronbach's a=0.86). In all questions on work characteristics, subjects 

had to make a choice between 'never', 'sometimes', 'often', or 'always'. 
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Observational measurements 

Observations were performed in order to assess the expected differences in nature 

of work among the three groups of workers. All subjects were observed in real time 

by means of TRAC (Task Recording and Analysis on Computer) (Frings-Dresen & 

Kuijer 1995) during one working day in order to assess the tasks and physical 

activities they performed. Additionally, frequencies of manual handling (i.e., lifting, 

lowering, carrying, pushing, or pulling) of material over 10 kg in the mental group 

and over 25 kg in the other two groups were observed. This difference in 

observation between the mental group and the other two groups was necessary 

because no loads over 25 kg are usually handled in jobs with mental demands only. 

Neuroendocrine measurements 

The hormones adrenaline, noradrenaline, and Cortisol were assessed in urine. For 

the calculation of the excretion rate per minute of adrenaline, noradrenaline, and 

Cortisol, the exact volume of the urine sample must be known as well as the exact 

range of time between two urinations. Urine was collected for five consecutive days, 

i.e. three working days and two days off-work. This protocol allowed measurements 

of the within-subject reactivity during three working days, meso and meta recovery 

from work during three evenings and nights after the working days, and baseline 

concentrations of the three hormones. Thus, urine was collected during a 

consecutive period of five days, the fifth day of which was considered baseline. To 

be able to compare the three groups of workers and to control for time of day 

(circadian rhythmicity), urine samples were collected at six fixed points in time 

during the day. These points were 7 am, 11 am, 14 pm, 17 pm, 20 pm, and 23 pm. 

To remind the workers of the sample times, they were given 'buzzers'. At the six 

points of time, the buzzers were activated by the researchers. When workers 

needed to urinate between these time points, they collected this urine and recorded 

the time of urination. The subjects were asked to record the time of the last 

urination the night before the measurements began. Because of the 'real life 

character' of the study, it was decided not to restrict the subjects in terms of 

behavioural habits. However, data on consumption of coffee, tea, alcohol, nicotine, 

and medicine during all five days were collected to be able to control for 

differences. Furthermore, subjects were asked whether emotional events, like a 

quarrel or other traumatic incidents, had occurred. All times of urination were 

recorded and all samples were collected in different jars containing 0.7 g of citric 

acid. After collection, jars were kept as cold as possible until further preparation 

started within 24 h. After assessment of the volume per urine jar, 40 ml was kept, of 

which 20 ml was acidified with 0.1 ml 10 M HCl. These two 20 ml samples were 
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kept frozen (-20° C) until analysis. The urinary catecholamine concentrations were 

determined from the acidified 20 ml part by high performance liquid 

chromatography with fluorescence detection by the method of Boos et ai. (1987). 

The urinary Cortisol concentrations were determined from the unacidified 20 ml 

part by high performance liquid chromatography upon a C18 column with UV 

detection (240 nm). 

Data analysis and statistics 

All preparatory data handling and calculations were performed with the SPSS-

package for Windows 7.5. A demographic description of the entire sample and of 

the three groups was made at first. F-tests were performed to test possible 

demographic differences between the three groups and to confirm whether the 

three groups differed in duration of activities and frequencies of manual material 

handling. To control for differences in medicine intake between the five days, a 

repeated measures analysis of variance (F-test) was performed. Chi square tests and 

paired t-tests were used to control for differences between the three groups in 

number of smokers, alcohol and caffeine users, and differences within the groups 

between the days of measurement respectively. In all analyses, differences were 

accepted as significant at p<0.05. 

Age (yr) in 1998 and Body Mass Index (BMI) were calculated for all subjects. The 

BMI was calculated by dividing the body weight (kg) by the squared body height 

(m2). 

All answers to the work characteristics questions were recoded from 'never'=0 

points, to 'always' = 3 points. All items were asked or recoded in such way that a 

higher score meant more unfavourable work characteristics. For job demands, the 

sum score of the 'work pace and amount of work' scale was calculated, and the 

percentage score of the maximal possible sum score was established. For job 

control, the sum score was calculated of the three separate scale scores after 

assessing the reliability of the combined 'job control' scale (Cronbach's a=0.80). 

The percentage score of the maximal possible sum score for the 'job control' scale 

was then calculated. For social demands, the sum score and percentage score of the 

two 'relation' scale scores was calculated after assessing the reliability of the 

combined 'social demands' scale (Cronbach's <x=0.62). 

The urinary concentrations (ng/mi) were multiplied by the volume of the 

corresponding urine sample (ml). This amount (ng) was divided by the period of 
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time (min) between the urination sample and the previous urination to obtain the 

mean excretion rate for that period (ng/min). 

Multivariate multi-level analyses were performed using the nlme functions of the S-

plus package for Windows (Beta release 7 of Pinheiro & Bates). Three linear mixed-

effects models were fit by restricted maximum likelihood (method REML), using AIC, 

BIC, and LogLik as criteria, and allowing for nested random effects (Laird & Ware 

1982; Venables & Ripley 1997). The nested structure was defined as sample times 

within days within subjects. After defining the nested structure, the random 

structures were fitted before the fixed structures were added. The fixed effects were 

added stepwise, using the criteria BIC, Loglik, and AIC to control for the number of 

variables. This procedure was repeated for the analyses of all three hormones. 

As independent variables the hormone baseline, sample time, nature of work (three 

factor levels: mental, combined mental/physical, or physical), day (four factor levels: 

3 working days and one day off-work), work characteristics (job demands, job 

control, and social demands), age and BMI were entered into the model. To fit the 

models for nature of work and day, the combined mental/physical group, and the 

day off were chosen as reference level respectively. Sample time was used as a 

continuous variable and estimated as a combination of a linear and quadratic term. 

Dependent variables were the excretion rates during and after work of adrenaline, 

noradrenaline, and Cortisol after log transformation. Random effects were estimated 

on subject level per day, and subject level within days. Fixed main effects were 

estimated for hormone baseline, sample time, nature of work, day, work 

characteristics, age, and BMI. In addition, a fixed interaction effect was estimated 

for nature of work and sample time and its quadratic component (if necessary). 

Because no unique splitting of sum of squares is possible in unbalanced models, no 

estimation of explained variance could be given. 

Results 

Demographics 

All neuroendocrine data on the 40 subjects in the mental and combined 

mental/physical group were gathered. Because of illness, one of the 20 subjects in 

the physical group was not able to fulfil the criteria of five consecutive days of urine 

sampling. Thus, in the physical group neuroendocrine data were collected for 19 

subjects. Because of personal reason, the questionnaire was not completed by one 
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subject in the combined mental/physical group. Thus, data on work characteristics 

were gathered for 59 subjects. 

The mean age (range) of all workers was 39 (25-55) years, and their average BMI 

(range) was 25.3 (17.6-34.4) kg/m2. On average, they worked 10.4 years with their 

companies (range 1-26). No differences between the three groups were notable for 

these variables (F-test). 

Control variables 

No significant difference was found for number of smokers in the three groups (Chi 

square: p>0.05) nor for the number of subjects in the three groups that consume 

more than 15 glasses of alcohol per week (Chi square: p>0.05). However, 

significantly less alcohol was consumed on the first and second working day 

compared to the baseline day in the mental group (paired t-tests: p<0.05). No 

differences were found in alcohol use on the working days and day off-work 

compared to the baseline day in the mental/physical group (paired t-tests: p>0.05). 

In the physical group, significantly less alcohol was used on the first working day and 

significantly more alcohol was used on the day-off compared to the baseline day 

(paired t-tests: p<0.05). No differences were found in the number of subjects in the 

three groups that consume more than three caffeinated drinks per day (Chi square: 

p>0.05). However, significantly less coffee/tea was consumed during the baseline 

day compared to the other four days in the mental group (paired t-test: p<0.05), 

and significantly more cups of coffee/tea were used during the second working day 

compared to the baseline day in the combined mental/physical group (paired t-test: 

p<0.05). No difference in coffee/tea usage was found between the four days and 

the baseline day in the physical group (paired t-tests: p>0.05). No differences in 

medicine intake was found between the three groups nor for the five days. 

Observations 

Mean percentage of working time for the activities standing, sitting and walking, and 

mean frequency per working day of manual material handling for each group of 

workers are shown in Figure 1 and 2, respectively. 
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Figure 1 . Mean and standard deviation of the percentage of total working t ime for the 
activities sitting, standing, and walking. 
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Figure 2. Mean and standard deviation of the frequency of manual handling of material 
over 10 kg in the mental group and over 25 kg in the combined and physical 
group of workers. 

A significant difference was found between the three groups for sitting, standing, as 

well as walking (p<0.001) in the expected direction indicating more sitting and less 

standing and walking in the mental group compared to the two other groups. A 

significant difference between the groups was found for the frequency of manual 

handling (material over 10 kg in the mental group and over 25 kg in both other 

groups) during a working day (p<0.001), indicating far more manual material 

handling in the physical group compared to the two other groups. In addition, more 
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manual material handling was found during the working day in the combined 

mental/physical group compared to the mental group. 

Psychosocial work characteristics 

The mean and range of the scores on the three psychosocial work characteristic 

scales for the three groups are shown in Table 1. There was a significant difference 

between the three groups on job demands and job control (F-test). A marginally 

significant difference on social demands was found between the three groups (F-

test). 

Table 1. Mean percentage scores (range) on scales of psychosocial work 
characteristics per group of workers (higher scores reflect more 
unfavourable work characteristics). 

job demands job control social demands 

Group: 
Mean (range) Mean (range) Mean (range) 

Mental work 56.4 (33-85) 29.0 (4-49) 21.9 (4-52) 

Mental/physical work 39.7 (24-67) 67.4 (46-79) 32.2 (11-65) 

Physical work 43.8 (27-70) 62.0 (16-85) 29.5 (0-63) 

A significant negative relationship was found for job demands and job control (r=-

0.30; p<0.05) indicating more control over the job if the demands were higher. In 

addition, a positive significant relationship between job control and social demands 

was found (r=0.45; p<0.01) indicating less favourable social relations with 

superiors and colleagues if less control over the job was experienced. 

Catecholamines and Cortisol 

In Table 2, the mean excretion rates (in ng/min) of Cortisol, adrenaline, and 

noradrenaline are shown per group of workers for four time periods during the 

working days and during the days off-work as well. These periods are: during the 

night up to 07:00 hr (before work), between 07:00 and 17:00 hr (during work or 

daytime), between 1 7:00 and 20:00 hr (first period after work or early evening), and 

between 20:00 and 23:00 hr (second period after work or second part of evening). 
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Table 2. Urinary excretion rates (ng/min) of Cortisol, adrenaline, and noradrenaline. Mean values 
(standard deviation) per day and time period, and per group of workers 
(l = mental group, 11= mental/physical group, 111= physical group). 

Cortisol Adrenal ine Noradrenaline 

Group Group Group 

I II III I II III 1 II III 
Work day 1 

before 07:00 35.7(34) 31.0(34) 44.3 (39) 4.2 (3) 4.1 (6) 5.5 (5) 29.9(16) 30.6 (27) 27.7(19) 
07:00-17:00 31.6(21) 34.8 (25) 35.7 (20) 13.2(8) 13.8(8) 11.5(6) 48.6(18) 50.3 (22) 52.5 (22) 
17:00-20:00 11.9(12) 14.5 (14) 18.9(20) 10.4(6) 9.0(5) 8.0 (6) 41.2(16) 43.7(20) 37.4(21) 
20:00-23:00 8.9 ( 7) 10.9 ( 7) 8.9 (6) 7.1 (7) 6.4 (4) 5.0(5) 38.5(19) 38.3 (24) 28.1 (16) 

Work day 2 
before 07:00 26.7(18) 18.9(17) 43.0(36) 4.6(4) 2.1 (2) 4.9(5) 30.4(19) 22.1 (13) 28.0(18) 
07:00-17:00 27.9(16) 34.5 (22) 31.0(17) 12.4(7) 13.7(6) 11.5 (6) 49.3 (20) 52.0 (24) 54.7 (24) 
17:00-20:00 12.4(14) 22.2(31) 16.2(11) 9.5 (8) 9.3 (5) 8.2 (6) 36.8(14) 44.1 (20) 36.0(19) 
20:00-23:00 10.7 ( 7) 10.0 ( 6) 13.6(15) 9.4 (7) 7.8 (8) 5.2 (3) 49.1 (22) 41.5(23) 36.4 (21) 

Work day 3 
before 07:00 37.6 (40) 31.1 (30) 44.7 (37) 5.0(5) 3.0(3) 4.8(3) 33.9(21) 24.4 (16) 30.4 (20) 
07:00-17:00 22.9 (14) 31.4 (17) 32.6(24) 11.7(8) 11.9(5) 10.8(5) 45.8(18) 49.8(19) 56.1 (22) 
17:00-20:00 11.9(10) 19.2(21) 17.4(13) 7.2 (7) 7.7(3) 9.0 (6) 36.6(19) 42.7(14) 46.0 (26) 
20:00-23:00 8.1 ( 7) 17.8(25) 10.5 (11) 5.6 (7) 5.1 (2) 4.2 (2) 36.9(17) 36.0(14) 32.0(17) 

Day off-work 
before 07:00 22.7(14) 24.9(14) 27.0 (20) 2.3(2) 1.8(1) 2.2 ( 2) 21.9 ( 9) 21.0 ( 9) 20.2 (10) 
07:00-17:00 24.1 (18) 26.1 (16) 29.7 (20) 8.4 (7) 9.2 (6) 7.9 ( 5) 43.0(17) 43.3(19) 38.4(21) 
17:00-20:00 12.1 (10) 19.0(15) 16.1 ( 8) 7.5 (6) 7.1 (4) 8.3(10) 38.7(15) 43.0(19) 33.9(21) 
20:00-23:00 10.8 (12) 11.7(10) 10.6 ( 8) 6.2 (6) 4.8(3) 3.8 ( 2) 38.0(17) 31.7(14) 31.2 (16) 

Baseline day 
before 07:00 18.5 (11) 26.2 (17) 24.3(16) 1.6(1) 1.7(1) 1.9(1) 17.1 ( 7) 22.3(11) 20.2(11) 
07:00-17:00 22.5(16) 27.0(16) 28.1 (17) 6.6 (4) 7.9 (5) 6.4 (4) 36.0(16) 37.9(18) 35.6 (20) 
17:00-20:00 10.6 ( 7) 12.5 ( 9) 15.4(15) 7.0 (8) 6.7 (4) 7.0(5) 36.3 (17) 37.9(15) 31.4(14) 
20:00-23:00 6.2 ( 3) 12.8(9) 6.7 ( 3) 3.5(3) 4.2 (2) 4.2(3) 30.0(11) 32.6(14) 28.0(15) 

The circadian rhythmicity is notable for all hormones on all days. The linear mixed-

effects models with Cortisol, adrenaline, and noradrenaline excretion rates as 

dependent variable are shown in Table 3,4, and 5, respectively. In addition, the 

predictions from these models on nature of work level and their excretion rate 

during the days are shown in Figure 3,4, and 5, respectively. Time is modelled by 

taking the midpoints of the time periods of the samples (i.e., 03:00 and 9:00 a.m., 

12:30, 15:30, 18:30, and 21:30 p.m.). The standard deviation of the random 

effects is the variation within days, compared to the first recovery day. The residual, 

mentioned under random effects, is the total variance per subject within days. 
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Table 3. Estimated linear mixed-effects model with age, BMI, job demands, job control, social 
demands, baseline, sample time, day, nature of work, and the interaction between 
sample time and nature of work as explanatory variables for the excretion of Cortisol 

(In). 

Dependent variable is Cortisol 
Estimation method = REML 

Estimated 
regression 

coefficients standard error t-values p-values 

Fixed effects: 

Intercept 2.384 0.433 5.500 0.00 

Age 0.005 0.007 0.721 0.47 

BMI 0.001 0.015 0.069 0.95 

Job demands -0.011 0.004 -2.550 0.01 

Job control 0.003 0.004 0.705 0.48 

Social demands 0.000 0.004 0.040 0.97 

Baseline Cortisol 0.061 0.031 1.944 0.05 

Sample time 0.129 0.014 8.982 0.00 

Square of 
sample time -0.007 0.001 -12.120 0.00 

Day off - - - -
Work day 1 0.124 0.053 2.346 0.02 

Work day 2 0.089 0.053 1.686 0.09 

Work day 3 0.067 0.058 1.152 0.25 

Mental/physical gr. - - - -
Mental group 0.542 0.226 2.395 0.02 

Physical group 0.517 0.161 3.201 0.00 

Sample time x 
Mental group -0.025 0.007 -3.448 0.00 

Sample time x 
Physical group -0.026 0.007 -3.465 0.00 

Random effects: 
Standard 
deviation 

Residual 

Day | Subject: 
Day Off 0.354 

Workday 1 0.082 

Workday 2 0.071 

Workday 3 0.197 

WithinDayl Subject 0.675 
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Prediction Cortisol 
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Figure 3. Prediction from all explanatory variables in table 3 for the In of the excretion rate of 

Cortisol during three working days and one day off in three groups of workers. 
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Interpretation of the Cortisol model 

The Cortisol results (Table 3) showed a significant main effect of nature of work; 

compared to the mental/physical group both other groups had higher levels. In 

addition, the interaction between nature of work and sample time revealed a 

significant effect between the mental/physical group and the two other groups. 

Regarding other fixed effects, the baseline of Cortisol contributed only marginally 

(p=0.05) to the model, suggesting higher levels of Cortisol when the baseline level 

was higher. Both estimates of sample time were highly significant in the model. The 

estimated regression coefficient of working day 1 differed significantly from the day 

off-work, indicating higher levels of Cortisol during the working day. For the second 

working day, this was only marginally significant and this effect was not found for the 

third working day, suggesting a decrease in levels from working day 1 to the day off. 

For psychosocial work characteristics, only job demands showed a main effect on 

the excretion of Cortisol. The direction of the regression coefficient of job demands 

indicated lower levels of Cortisol when the demands were perceived as higher. Age 

and BMI did not contribute significantly in the estimated model. 

In Figure 3, the prediction outcomes for Cortisol are modelled for the three groups 

of workers. Two points are notable: i) The interaction during the days is seen. The 

mental/physical group had lower starting levels of Cortisol compared to both other 

groups of workers, but equal levels at the end of the day, suggesting less favourable 

recovery in this group of workers, ii) No notable cumulation in excretion occurred 

over the four days, but there was a trend towards a slow levelling off in Cortisol 

excretion over the four days from the first working day up to the day off. In addition, 

post-hoc analysis with Bonferonni correction were performed to test whether 

differences existed between the three groups for the mean baseline measurements 

and for the excretion rates during the evenings. For Cortisol, the baseline was 

significantly higher in the mental/physical group compared to both other groups of 

workers (p<0.01 ), explaining the marginally significant main effect of the baseline in 

the model. As could be predicted from Figure 3, no differences between the three 

groups were found in excretion rate levels during the evenings. 
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Table 4. Estimated linear mixed-effects model with age, BMI, job demands, job control, social 
demands, baseline, sample time, day, nature of work, and the interaction between 
sample time and nature of work as explanatory variables for the In of the excretion rate 
of adrenaline. 

Dependent variable is adrenaline 
Estimation method = = REML 

Estimated 
regression 

coefficients Standard error t-va lues p-values 

Fixed effects: 

Intercept 0.145 0.421 0.345 0.73 

Age 0.006 0.007 0.904 0.37 
BMI -0.032 0.015 -2.155 0.04 
Job demands -0.004 0.004 -1.002 0.32 
Job control 0.001 0.004 0.244 0.81 
Social demands -0.001 0.004 -0.228 0.82 

Baseline adrenaline 0.071 0.029 2.475 0.01 
Sample time 0.350 0.016 21.736 0.00 
Square of 
sample time -0.013 0.001 -21.066 0.00 

Day off - - - -
Work day 1 0.451 0.060 7.534 0.00 
Work day 2 0.433 0.059 7.368 0.00 
Work day 3 0.304 0.056 5.389 0.00 

Mental/physical gr. - - - _ 
Mental group 0.423 0.221 1.911 0.06 
Physical group 0.527 0.155 3.392 0.00 
Sample time x 
Mental group -0.023 0.007 -3.512 0.00 
Sample time x 
Physical group -0.039 0.007 -5.603 0.00 

Random effects: 
Standard 
deviation 

Residual 

Day | Subject: 
Day Off 0.400 
Workday 1 0.271 
Workday 2 0.257 
Workday 3 0.227 
WithinDayl Subject 0.620 
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Figure 4. Prediction from all explanatory variables in table 4 for the In of the excretion rate of 
adrenaline during three working days and one day off in three groups of workers. 
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Interpretation of the adrenaline model 

The adrenaline results (Table 4) revealed a marginally significant and significant main 

effect of nature of work, indicating higher levels of adrenaline in the mental and 

physical group compared to the mental/physical group, respectively. However, the 

interaction between nature of work and sample time revealed a highly significant 

difference between the mental/physical group and both other groups. Regarding 

other fixed effects, the baseline of adrenaline contributed significantly (p=0.01) to 

the model, indicating higher levels of adrenaline when the baseline level was higher. 

Again, both estimates of sample time were highly significant in the model. The 

estimated regression coefficient of all working days differed significantly from the 

day off-work, indicating higher adrenaline levels during the working days. None of 

the psychosocial work characteristics showed a main effect on the excretion of 

adrenaline in the model. BMI contributed significantly in the estimated model, but 

age did not. The direction of the regression coefficient of BMI indicated higher 

mean levels of adrenaline when the BMI is lower. 

In Figure 4, the prediction outcomes for adrenaline are modelled for the three 

groups of workers. Although the excretion in the mental/physical group was lower 

early in the morning, this difference was reversed in the middle of the day, and at 

the end of each day the excretion level fell between the other two groups. This 

finding suggests that relatively more reactivity is needed during the day in the 

mental/physical group and that recovery was less favourable. This can be seen in 

Figure 4 by comparing the levels of 03:00 hr with the 21:30 hr levels. In addition, a 

trend towards slower recovery was seen in the evening for the mental compared to 

the physical group of workers. As was found for Cortisol, a trend towards a slow 

levelling off in adrenaline excretion was seen over the four days from the first 

working day up to the day off. As the main work demands are the same on all 

working days, this finding suggests that less activity was mobilised to cope with the 

demands over the work week. The post-hoc analysis for adrenaline revealed that the 

baseline was significantly higher in the mental/physical group compared to the 

mental group of workers (p< 0.01). No significant differences between the three 

groups were found in excretion rates during the evenings. 
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Table 5. Estimated linear mixed-effects model with age, BMI, job demands, job control, social 
demands, baseline, sample time, day, nature of work, and the interaction between 
sample time and nature of work as explanatory variables for the In of the excretion rate 
of noradrenaline. 

Dependent variable is noradrenaline 
Estimation method = = REML 

Estimated 
regression 

coefficients standard error t-va lues p-values 

Fixed effects: 

Intercept 1.534 0.356 4.315 0.00 

Age 0.009 0.006 1.481 0.15 
BMI 0.014 0.012 1.117 0.27 
Job demands 0.002 0.003 0.516 0.61 
Job control <0.001 0.003 0.073 0.94 

Social demands -0.002 0.003 -0.580 0.56 

Baseline 
noradrenaline 0.062 0.032 1.962 0.05 
Sample time 0.172 0.011 15.411 0.00 
Square of 
sample time -0.006 <0.001 -14.816 0.00 

Day off - - - -
Work day 1 0.172 0.052 3.323 0.00 
Work day 2 0.189 0.056 3.396 0.00 

Work day 3 0.157 0.059 2.660 0.01 

Mental/physical gr. - - - -
Mental group 0.127 0.183 0.694 0.49 

Physical group 0.204 0.127 1.600 0.11 

Sample time x 
Mental group -0.009 0.005 -1.742 0.08 

Sample time x 
Physical group -0.018 0.006 -3.374 0.00 

Random effects: 
Standard 
deviation 

Residual 

Day | Subject: 
Day Off 0.329 

Workday 1 0.262 

Workday 2 0.304 

Workday 3 0.338 

WithinDayl Subject 0.496 
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Figure 5. Prediction from all explanatory variables in table 5 for the In of the excretion rate of 

noradrenaline during three working days and one day off in three groups of workers. 
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Interpretation of the noradrenaline model 

For noradrenaline results (Table 5) no significant main effect of nature of work was 

found. The interaction between nature of work and sample time, however, was 

marginally significant and significant between the mental/physical group and the 

mental and physical group, respectively. These effects suggest higher levels of 

noradrenaline on certain times a day for the mental/physical group compared to the 

physical group. Regarding the other fixed effects, the baseline of noradrenaline 

contributed only marginally significant (p=0.05) to the model, suggesting higher 

levels of noradrenaline when the baseline level was higher. Once more, both 

estimates of sample time were highly significant in the model. A significant main 

effect of all working days compared to the day off-work was found, indicating higher 

levels of noradrenaline during the working days. None of the psychosocial work 

characteristics showed a main effect on the excretion of noradrenaline in the model. 

Neither age nor BMI contributed significantly in the estimated model of 

noradrenaline excretion. 

In Figure 5, the prediction outcomes for noradrenaline were modelled for the three 

groups of workers. During part of the day, the excretion in the physical group was 

lower. In addition, the evening level (21:30 hr) of the physical group returned to 

morning level (03:00) on all days, whereas a trend towards an increase in reactivity 

is seen in the other two groups. Once more, a trend towards a slow levelling off in 

excretion was seen over the four days from the first working day up to the day off. 

As the main work demands are the same on all working days, this finding suggests 

that less activity was mobilised to cope with the demands over the work week. The 

post-hoc analysis for noradrenaline revealed that the baseline was significantly 

higher in the mental/physical group compared to the physical group of workers 

(p=0.01). Only marginally significant differences between the three groups were 

found for the absolute excretion rate late in the evenings. 
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Discussion 

The present study examined neuroendocrine reactivity during work and recovery 

from work in fifty-nine male employees working in jobs with either mainly mental, 

combined mental/physical, or physical work demands. What should be emphasised 

is that the outcomes of the fitted models show the differences in the three groups of 

workers in their relative level of hormone excretion. A main effect of nature of work 

was found in Cortisol and adrenaline excretion, irrespective of levels of psychosocial 

work characteristics. The interaction effects of nature of work and time of the day, 

the higher adrenaline reactivity during the day, as well as the differences in baseline 

level all pointed to possibly more unfavourable effects of double demands work. For 

all workers, the findings suggested the trend that less activity is mobilised to cope 

with the same demands over the workweek. Regarding the work characteristics, the 

expected effect of level of perceived job demands was found to be related to 

Cortisol reactivity and recovery, but was not to adrenaline reactivity and recovery. 

With respect to the influence of job demands, a relation was found between higher 

levels of perceived job demands and lower levels of Cortisol excretion. No relations 

were found between hormone excretion and perceived job control in the models 

that were fitted. 

The neuroendocrine baseline measurement within-subjects was represented by the 

second consecutive day off in the present study, and was controlled for in the 

analyses. To a large extent, western working life is structured in a way that five days 

of work are followed by two days off, suggesting that these two days give enough 

time to recover from work-related exertions. Because the time of examination was 

chosen at random for each person, the resulting baseline measurement is thought to 

reflect the subject's mean personal baseline. Nonetheless, it is still unclear what a 

fair personal neuroendocrine baseline actually is and a choice for measuring more 

baseline days was made in the study by Meijman et al. (1992). In the analyses, the 

day off-work was used as a reference for comparison with the three working days. 

Neuroendocrine effects of experimental and occupational studies have been shown 

up to 24 hr post-test (e.g. Nieman et al. 1989, Berk et al. 1990, Heitkamp et al. 

1996, Sluiter et al. 1998). However, it might be expected that more neuroendocrine 

effects are found on the working days compared to the day off-work when work is 

taken as exposure to demands that influence the neuroendocrine activation level. 

Studying workers in their natural environments restricts the ability to control every 

possible confounding variable. In this study, it was decided not to restrict the 
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subjects in their natural habits of smoking, caffeine and alcohol intake, but to collect 

information of use of these substances during the days under study. Smoking, as well 

as caffeine and alcohol intake, might influence the magnitude of the 

neuroendocrine responses (Kirschbaum et al. 1997, Al'Absi et al. 1998). Because no 

significant differences in the mean caffeine and alcohol intake and the number of 

smokers between the three groups were found, it is not expected that the main 

results over the groups were influenced by these variables in the present study. 

Other personal factors known to influence the reactivity in the hormones adrenaline 

and Cortisol include Type A personality and having higher defense mechanisms, 

respectively (Ursin et al. 1978, Ursin 1998). Defense mechanisms have been found 

more often in extreme situations, in which anxiety and emotional load are 

combined (Ursin & Knardahl 1985). In addition, more defense was found to lead to 

lower physiological stress response and is shown as denial of problems and 

complaints (Olff et al. 1995). The results suggested that the combination of mental 

and physical work had less impact on the height of Cortisol excretion when 

compared to either only mental or physical work. Thus, the repeated emotional 

component in the work of the ambulance employees in the combined 

mental/physical group might have contributed to the Cortisol effects in this study. 

However, it is stated that ambulance workers do represent other jobs with 

combined mental/physical demands, because these kinds of jobs are found mostly 

in occupations in the health care branch. No effects of age were found in the 

present study, unlike earlier findings (Meijman et al. 1990, Lundberg 1996, 

Frankenhaeuser 1989). In contrast with multi-level analyses, however, other analyses 

used on clustered data might find significant effects due to less valid confidence 

limits for estimates of the variables' standard error of the mean (Reijneveld & 

Boshuizen 1999). The finding in the present study of the negative relationship 

between body mass index and adrenaline excretion was in accordance with data 

that have been reviewed by Landsberg (1994), in contrast with the fact that no 

positive relation was found between BMI and noradrenaline. A reason for the 

difference in this last finding could be that Landsberg found the relation in a large 

study (n = 572) in people with a BMI over 27.6 while the range in BMI in the present 

study might not have been broad enough to show the relation. 

According to activation theory (Ursin & Knardahl 1985), one might expect more 

discrepancy between activation set point and the actual level of activation needed 

by workers exposed to double demands. At first glance, this was not the case for the 

workers in the combined mental/physical group in the present study. The study 
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found a lower mean level of Cortisol and adrenaline excretion in the group of 

workers with combined mental/physical demands than in the other two groups. 

Thus, being exposed to different demands might be interpreted as an advantage, as 

often suggested in intervention studies on task rotation. However, the lower 

excretion rates might not give the argument without comparing the activity levels in 

the beginning of the day compared to working time, or without confirmation that 

the baseline levels in this group would have been lower too. It was found, however, 

that the Cortisol and adrenaline baselines were higher in the mental/physical group 

compared to the mental and physical group. This would indicate even more 

discrepancy in needed activation in the two groups compared to the 

mental/physical group. This was found for Cortisol, but in contrast more reactivity in 

adrenaline during the day was shown in the mental/physical group. The second fact 

that was found is that the neuroendocrine recovery from work was less favourable 

for the workers in the combined mental/physical group. According to the cognitive 

activation theory of stress (CATS) (Ursin 1998), this finding indicates sustained 

activation in this group of workers. The higher Cortisol and adrenaline baseline 

excretion levels are consistent with the idea of the development of a vicious circle, 

in which repeated insufficient recovery from work (i.e. sustained activation) leads to 

higher hormone baseline levels. Therefore, the less favourable recovery after work 

questions the aforementioned possible advantage of double demands in this group 

of workers as well. A practical consequence of this finding might be that expected 

positive outcome of task rotations, neuroendocrinologically spoken, might turn out 

for the negative in workers. 

Considering the noradrenaline outcomes found in this study and the fact that 

noradrenaline can not be used to represent psychological activation (Knardahl & 

Ursin 1985), the use of noradrenaline as a research parameter on workload and 

work-related fatigue might be questioned. Plasma and urinary levels of 

noradrenaline are thought to reflect sympathetic activity and, therefore, are mainly 

related to physical exercise (e.g. Dimsdale & Moss 1980). In the extensive study of 

Jenner et al. (1980), however, the noradrenaline effect was less clear than the 

adrenaline effect they found. Although the task analysis clearly indicated higher 

physical demands in the physical group, the present study did not find a main effect 

in noradrenaline excretion. The evening values of the physical group return to 

morning level on all days, whereas a trend towards an increase in reactivity was 

found in the other two groups. This suggested more physical activity in the evening 

hours in the mental and mental/physical group in their off-work time. 
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At first glance, the finding that higher perceived job demands is related to lower 

Cortisol excretions does not appear consistent with findings described by Lundberg 

(1989) and Ursin (1998). Even more so because no relation was found between job 

demands and adrenaline nor between job control and Cortisol. At least two 

explanations can be offered for this finding: i) The scores on the work characteristics 

job demands, job control, and social demands suggested that the mental group had 

higher job demands, but more control over work than the other two groups. As 

described by Karasek & Theorell (1990) this might indicate active rather than high 

strain jobs in the mental group of workers and, therefore, less stress, ii) The mean 

excretion of Cortisol during the day is disproportionately influenced by the peak 

level values in the morning. Because the peak values in the combined 

mental/physical group were lower than in the two other groups, the predictions 

might have been influenced. No differences in social demands were found among 

the three groups. The social demands scale was reflected by the sum of two scales: 

1) The relation towards superiors and 2) The relation with colleagues. Exploration of 

the variability in scores of the original scales found that it was mainly the relation 

with superiors that differed among the workers, with little variance in scores in the 

scale regarding relation with colleagues. In addition, the reliability of the formed 

scale was found to be moderate only. 

The conclusion that the neuroendocrine effects found in this study were probably 

caused by the main demands in jobs might have important implications for research 

on workload, as well as on planned interventions on the work organisational level. It 

is recommended in evaluation of task enrichment studies, for example, to include 

neuroendocrine measurements of Cortisol and adrenaline as possible effect 

parameters before and after an intervention takes place. 
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5.2 The relation between work-induced neuroendocrine reactivity 
and recovery, subjective need for recovery, and health status. 

Abstract 

Objectives The purpose of this study was to find out to what extent neuroendocrine 
reactivity during and neuroendocrine recovery from work, and work characteristics are 
related to subjective need for recovery and perceived health status. The main hypothesis 
was, whether high reactivity during working hours and poor recovery after work were 
positively associated with need for recovery and health status. 

Methods Neuroendocrine reactivity and recovery were studied by measuring urinary 
adrenaline and Cortisol during and after three working days, during a consecutive day off-
work, and during a baseline day in 60 male workers exposed to differential work demands. 
Four neuroendocrine measures were assessed for both Cortisol and adrenaline. Measures of 
work characteristics, subjective need for recovery, and health status were obtained by self-
reports. Two multiple linear regression analyses were performed. 

Results The model explained 50% of the variation in subjective need for recovery. The only 
significant neuroendocrine contributor was Cortisol recovery during the day off work. Job 
demands and social demands in work contributed significantly to the need for recovery, as 
well. Fifty-four percent of the variation in level of health status was explained. Significant 
neuroendocrine contributors were found for Cortisol in reactivity during work and recovery 
immediately after work and recovery during the day off-work, and for adrenaline in 
baseline level and recovery during the day off-work. Job demands and social demands in 
work contributed significantly, as well. 

Conclusions Both neuroendocrine measures and work characteristics were predictors for 
the amount of perceived need for recovery after work as well as for health status. The 
results are consistent with the Cognitive Activation Theory of Stress. 

Keywords: adrenaline, Cortisol, health complaints, job demands, job control, recovery, 

social demands 

Sluiter JK, Frings-Dresen MHW, Van der Beek A], Meijman TF. Psychosom Med (Submitted) 
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Introduction 

Stress, overall fatigue, and muscular pains are the most common work-related health 

problems of European Union workers (Paoli 1997). In his analyses of European data 

and analogous to Karasek & Theorell, Dhondt (1997) found that most stress and 

burnout complaints were reported in occupations with high job strain (i.e. high 

workload and low job control). Accumulated exposure to occupational psychosocial 

risk factors is seen as possible cause of general health complaints, sleep problems, 

and non-specific musculoskeletal pain, but also of high blood pressure and even 

heart problems (e.g. Karasek et al. 1981, Karasek & Theorell 1990, Goldstein 1995, 

Toomingas et al. 1997, and Theorell et al. 1998). In their classic study, Karasek and 

Theorell (1990) found these complaints to be reported most frequently when the 

psychological demands of the job were high and the worker's decision latitude was 

low. 

Occupationally induced fatigue is experienced primarily after a day of work. This is 

not thought to be a problem if enough recovery time is offered between two periods 

of work (Meijman 1989, Brown 1994, Frankenhaeuser 1994). Feelings of temporary 

overload after work are recognisable in the immediate off-work situation by feelings 

of 'leave me alone for a while', or 'I have to lay down for a while', and might be a 

useful indication of the personal psychophysiological homeostatic balance of that 

moment. These feelings of temporary overload were shown to be good indicators of 

current health status in a study on coach drivers (Sluiter et al. 1999). 

Psychophysiological measurements play an important role in the assessment of the 

interaction between work, stress, and health (e.g. Ursin & Knardahl 1985; 

Frankenhaeuser et al. 1989; Lundberg 1995; Gaillard & Wientjes 1996; Kuiper et al. 

1998). The neuroendocrine parameters most often used in monitoring human 

reactions to different occupational activities are adrenaline, noradrenaline, and 

Cortisol. Although reactivity in levels of catecholamines and Cortisol during work are 

seen as normal and essential neuroendocrine responses enabling contextual coping, 

neuroendocrine recovery from occupationally-induced exertions is thought to be 

essential for workers (Meijman & Mulders 1994). It is hypothesised that repeated 

insufficient recovery from work-related neuroendocrine reactivity may start a vicious 

circle in which extra effort has to be exerted at the beginning of every new working 

period to rebalance the sub-optimal psychophysiological state of sustained 

activation, and to prevent performance breakdown (Meijman et al. 1990, 1992). 
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The question remains, however, whether a relation can be found between the level 

of neuroendocrine reactivity and/or recovery, and perceived health status. The 

hypothesis on the cause of psychological overload and development of health 

complaints has its origin in the theory of sustained activation (Knardahl & Ursin 

1985). When a person is exposed repeatedly to mild stressors in the workplace 

without intermittent recovery, a vicious circle might develop in which the 

homeostatic setpoints of the hormones adrenaline and Cortisol change in 

accordance with the environmental demands. The non-optimal psychophysiological 

balance that develops will get worse in time, and acute occupationally induced 

fatigue might eventually develop into chronic fatigue (Ursin & Baade 1978). In 

studying patients with chronic fatigue syndrome, contemporary clinical research 

efforts have documented neuroendocrine disturbances (Demitrack 1997). 

Adrenaline and Cortisol levels are used mostly in analysing effects of psychological 

load, because plasma and urinary noradrenaline may not be used as indicators of 

sympathetic effects of psychological activation (Ursin & Knardahl 1985, Ursin 1998). 

A systematic review of neuroendocrine reactivity and recovery after different types 

of tasks measured by catecholamines and Cortisol found a lack of studies that assess 

the course of recovery in relation to different job demands (Sluiter et al. submitted). 

The ideal assessment of neuroendocrine recovery from work would involve 

measurements during and after several working days. 'Baseline' measurements also 

are needed, as a measure of set point and to be able to control for time of day. The 

neuroendocrine recovery of interest in this study starts shortly after work and 

expands through the evening hours to two days after the cessation of work 

(weekend period). These periods of recovery have been labelled meso and meta 

recovery in the aforementioned study of the literature. 

The main objective of this study was to determine the relationship between the level 

of reactivity during work and recovery from work in adrenaline and Cortisol and the 

subjective need for recovery and perceived health status. It is hypothesised that: i) 

irrespective of psychosocial work characteristics, both high reactivity during working 

hours and poor recovery after work are related to subjective need for recovery and 

health status, and ii) the set point (baseline) of the hormones adrenaline and Cortisol 

are related to the level of health complaints. This was studied in the natural work 

environment and during the leisure time of 60 male workers in the Netherlands, 

from four companies where they performed either mental, physical, or combined 

mental/physical work. 
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Method 

Study sample 

Sixty male workers were randomly selected in four companies for inclusion in one 

of three groups that performed either mainly mental, mainly physical, or combined 

mental/physical tasks during their daily work. Inclusion criteria were: 1) experience 

in the job for at least one year, and 2) performing their normal routines of work 

during the time of measurements. Workers of a flower auction (n = 20) consisted of 

(middle) management or supervisors and manual flower transport workers. Workers 

of a construction company (n=13) consisted of work-foremen and physical 

construction workers. The workers of a household refuse collecting firm (n = 9) were 

all manual garbage collectors. Workers of the fourth company, a municipal 

ambulance service, consisted of male nurses and drivers (n=20) who performed 

combined mental/physical work. All work time measurements took place during day 

shifts between November 1997 - November 1998, and all subjects gave informed 

consent. 

Measurements of demographic variables 

Data on demographics (age, body weight and height) were gathered through self-

report by questionnaire. 

The questionnaire also collected information about work characteristics, needs for 

recovery from work, and health complaints. Part of this information is used in this 

study. 

Measurements of work characteristics 

Work characteristics were assessed by parts of the validated VBBA scale 

(Questionnaire on Perception and Judgement of Work) (Van Veldhoven 1996), and 

partly by questions developed specifically for this study. Work characteristics were 

operationalised in terms of job demands, job control, and social demands. Job 

demands were reflected by a validated 11-item scale of 'work pace and amount of 

work' (Cronbach's a=0.88) which is part of the VBBA (Questionnaire on Perception 

and Judgement of Work) (Van Veldhoven 1996). Job control was reflected by a 3-

item scale on 'break control and influence on work' (Cronbach's a=0.94), an 11-

item validated scale on autonomy (Cronbach's a=0.90), and an 8-item validated 

scale on 'participation in work' (Cronbach's cc=0.85), the last two scales being part 

of the VBBA too. Social demands were reflected by two validated 9-item scales of 

the VBBA, one of which concerned the relation with direct superiors (Cronbach's 
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a=0.88), and the second the relation with colleagues (Cronbach's <x=0.86). In all 

questions on work characteristics, subjects had to make a choice between 'never', 

'sometimes', 'often' or 'always'. 

Neuroendocrine measurements 

The hormones adrenaline and Cortisol were assessed in urine. The excretion rate of 

adrenaline and Cortisol can be calculated from urine sampling. For this calculation, 

the exact volume per sample must be known, as well as the exact range of time 

between two urinations. The measurements of adrenaline and Cortisol were 

performed during three consecutive days of work and two consecutive days off 

work in order to establish the within-subjects reactivity during work, recovery from 

work, and baseline concentrations of the hormones. Thus, urine was collected 

during a consecutive period of five days, the fifth day of which was considered 

baseline. To be able to compare the workers and to control for time of day 

(circadian rhythmicity), urine sampling were collected at six fixed points of time 

during the day. These points of time were 7 am, 11 am, 14 pm, 17 pm, 20 pm, and 

23 pm. To remind the workers of the sample times, they were provided with 

'buzzers'. At the six points of time, the buzzers were activated by the researchers. 

When workers needed to urinate in between these time points, they collected this 

urine and recorded the time of urination. Because of the 'real life character' of the 

study, it was decided not to restrict the subjects in terms of behavioural habits. 

However, data on consumption of coffee, tea, alcohol, nicotine, and medicine 

during all five days were collected to be able to control for differences. Furthermore, 

subjects were asked whether emotional events, like a quarrel or other traumatic 

incidents, had occurred. All times of urination were recorded and all samples were 

collected in different jars containing 0.7 g of citric acid. After collection, jars were 

kept as cold as possible until further preparation started within 24 h. After 

assessment of the volume per urine jar, 40 ml was kept, of which 20 ml was 

acidified with 0.1 ml 10 M HCl. These two 20 ml samples were kept frozen (-20° C) 

until analysis. The urinary adrenaline concentrations were determined from the 

acidified 20-ml part by high performance liquid chromatography with fluorescence 

detection by the method of Boos et al. (1987). The urinary Cortisol concentrations 

were determined from the unacidified 20-ml part by high performance liquid 

chromatography upon a C18 column with UV detection (240 nm). 

Measurements of need for recovery and perceived health complaints 

The short-term effects of a day of work was assessed by the 11 item dichotomous 

Need for Recovery Scale developed by Van Veldhoven and Meijman (1994) (see 
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Appendix). The three health scales used in the questionnaire were all validated 

scales, widely used in The Netherlands. The Sleep Quality Scale (Meijman 1988) 

consists of 14 dichotomous items such as 'Often, I sleep less than five hours' and 

'After waking up, I often feel tired'. The second health scale was the Psychosomatic 

Complaints Scale (Dirken 1967), that consists of 11 dichotomous items such as 'Do 

you have headaches fairly often?' and 'Do your bones and muscles ache fairly 

often?'. The third health scale is part of the Maslach Burnout Inventory: the 

Emotional Exhaustion Scale (Schaufeli and Van Dierendonck 1994) with items such 

as 'I feel burned out by my work', 'I feel empty at the end of a working day', and 'I 

feel mentally exhausted by my work'. 

Analyses 

Firstly, age (yr) in 1998 and Body Mass Index (BMI) were calculated for all subjects. 

The BMI was calculated by dividing the body weight (kg) by the squared body 

height (m2). 

Secondly, all answers on the work characteristics questions were recoded from 

'never' = 0 points, to 'always' = 3 points. All items were asked or recoded in such 

way that a higher score meant unfavourable work characteristics. For job demands, 

the sum score of the 'work pace and amount of work' scale was calculated, and the 

percentage score of the maximally possible sum score was established. For job 

control, the sum score of the three separate scale scores was calculated after 

assessing the reliability of the combined 'job control' scale (Cronbach's a=0.80). 

The percentage score for the 'job control' scale was then calculated. For social 

demands, the sum score and percentage score of the two 'relation' scale scores was 

calculated after assessing the reliability of the combined 'social demands' scale 

(Cronbach's a=0.62). Higher scores meant less favourable work characteristics. 

Thirdly, per sample the urinary excretion rate per minute (ng.min"1) was calculated 

for adrenaline and Cortisol (method in Sluiter et al. 1998). Reactivity for each sample 

was calculated by subtracting the baseline value of each sample from its value on 

the other four days. The mean reactivity during work hours was calculated by 

averaging the reactivity values of the 11 am, 14 pm and 17 pm samples of the three 

working days. This calculation yielded the mean reactivity over three working days 

during work between 07:00 - 17:00 hr. Analogous to the working days, the mean 

reactivity during the day off was calculated for the same time period. The mean 

reactivity of the three working days after work was calculated for the time period 

between 17:00 - 20:00 hr. Finally, the mean excretion rate during the baseline day 
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for the group was calculated and subtracted from each personal mean excretion rate 

during the baseline day. Summarising these preparatory calculations, four measures 

were obtained: 1) The mean reactivity during work, 2) The mean recovery after 

work, 3) The mean reactivity during the consecutive day off representing the course 

of meta recovery, and 4) A baseline measure. To control for differences in coffee, 

tea, alcohol, and medicine intake across the five days, a repeated measures analysis 

of variance (MANOVA; F test) was performed. 

Fourthly, some items of the health scales were recoded and the sum scores and 

percentage scores of the maximally possible scores of the need for recovery scale 

and the three health scales were calculated. All items were asked or recoded in such 

way that a higher score meant more complaints. A mean score of 'health 

complaints' was calculated by calculating the mean of the scores on sleep quality, 

emotional exhaustion, and psychosomatic complaints per subject. 

Fifthly, two multiple linear regression analyses (method backward) were performed 

in the SPSS-package 7.5 for Windows. All independent variables (age, BMI, the 

work characteristics job demands, job control, and social demands, and the four 

neuroendocrine variables for adrenaline and for Cortisol) were entered at once into 

the equation. Dependent variables were Need for Recovery and Health Complaints. 

For the stepping method criteria, the p value for including a variable was set at 0.05 

and the p value for excluding a variable at 0.10. The Durbin-Watson test was 

performed to check for auto correlation of consecutive residuals, and tolerances 

were checked to control for multicollinearity. Outliers above two standard 

deviations were excluded. The model with the highest adjusted R2 was chosen. 

Before the analyses were performed, it was tested (F-test) whether differences 

existed in scores on the dependent variables between the four companies or in the 

nature of work. In all analyses, differences were accepted as significant at p<0.05. 

Results 

One of the subjects in the combined mental/physical group did not complete the 

questionnaire for personal reasons. Thus, questionnaire data were gathered for 59 

subjects. Because of illness, one of the 20 subjects in the physical group was not 

able to fulfil the criteria of urine sampling. Thus, neuroendocrine data were 

gathered on 59 subjects. Because of missing values and list-wise exclusion, the final 

analyses were performed on 55 subjects. 
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Demographics, work characteristics, and health scales 

Table 1 shows the mean scores (standard deviation and range) of the variables that 

were included. 

Table 1. Mean percentage score (SD, range) of age, bmi, work characteristics, neuroendocrine 
measures for adrenaline and Cortisol, and need for recovery and health complaints of 
55 male workers (higher scores are worse work characteristics and more health 
complaints). 

Variables: Mean SD Range 
Age 39.53 7.6 25 - 55 
BMI 25.41 3.6 17.6 - 3 4 . 4 
Job Control 51.31 21.8 4.4 - 8 5 . 3 
Job Demands 47.41 14.7 24.2 - 8 4 . 9 
Social Demands 27.95 15.6 0 - 6 4 . 8 
Adrenaline Baseline 0.00 2.3 -4 .0 - 7.7 
Adrenaline Reactivity during work 5.38 4.8 -6 .7 - 1 7 . 0 
Adrenaline Recovery after work 1.99 5.4 -21.4 - 1 7 . 4 
Adrenaline Reactivity during day off 1.50 4.5 - 5.9 - 1 5 . 8 
Cortisol Baseline 0.00 8.0 - 11.9 - 2 2 . 0 
Cortisol Reactivity during work 5.10 11.4 - 18.0 - 2 8 . 7 
Cortisol Recovery after work 4.08 13.7 -22.4 - 5 8 . 3 
Cortisol Reactivity during day off 0.66 14.0 -26.8 - 3 7 . 0 
Need for Recovery 33.55 31.2 0 - 100 
Health Complaints 25.09 16.1 2.4 -- 75.2 

The mean age (range) of all workers was 39.5 (25-55) years, and their average BMI 

(range) was 25.4 (17.6-34.4) kg/m2. On average, they worked 10.4 years with their 

companies (range 1-26). A significant negative relationship was found between job 

demands and job control (r=-0.30; p<0.05), suggesting that subjects with higher 

job demands were more likely to have higher control over their work. In addition, a 

significant positive relationship was found between job control and social demands 

(r=0.45; p<0.01), suggesting that subjects with more control over their work are 

more likely to have better social relationships at work. No significant differences 

were found in the mean scores on need for recovery and health complaints 

between workers of the four companies or workers performing different natures of 

work. 

Multiple linear regression analyses 

Table 2 shows the chosen model of the analysis with Subjective Need for Recovery 

as dependent variable. The ten fitted models ranged in adjusted R2 s between 0.47 

and 0.50, indicating only small differences. The outcome of the Durbin-Watson test 

was 1.76, indicating no problems with auto-correlation of consecutive residuals. 
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Table 2A shows the statistics of the chosen model and model summary. Table 2B 

shows the coefficients of the chosen model. 

Table 2. Multiple linear regression analysis to predict Subjective Need for Recovery (n=55). 

A) 
Model Need for Recovery Sum of Squares df Mean Square F Sign. 
Regression 
Residual 
Total 

30286.30 
22419.94 
52706.24 

46 
54 

3785.79 
487.39 

7.77 0.000 

St.error of 
Model summary: R R square Adj. R 

square 
estimate 

0.76 0.58 0.50 22.08 

B) 
Model Need for Recovery: 

Standardised 
Regression p-value of 

Independent variables: coefficient 
Beta 

tolerance t-value t-test 

Constant -3.2 0.00 

Age 0.08 0.93 0.8 0.43 
Job Demands 0.54 0.91 5.4 0.00 
Social Demands 0.30 0.90 2.9 0.01 

Adrenaline Baseline 0.20 0.84 1.9 0.06 
Adrenaline Reactivity during work 0.18 0.90 1.8 0.08 

Cortisol Reactivity during work 0.18 0.72 1.6 0.11 
Cortisol Recovery after work 0.16 0.82 1.5 0.13 
Cortisol Recovery during day off -0.29 0.77 -2.7 0.01 

The model explained a considerable percentage (50%) of the variance in subjective 

need for recovery. Excluded variables were BMI, job control, adrenaline recovery 

after work, adrenaline recovery during day off, and the baseline of Cortisol. 

Tolerance levels were good and above 0.70 for all variables included in the model. 

Age did not contribute significantly in the model. The significant work characteristics 

in the model were job demands and social demands. Interpretation of the direction 

of the standardised regression coefficients for the work characteristics reveals that 

subjects who reported more job demands also reported more need for recovery 

after work. In addition, subjects with less favourable social relations at work 

reported more need for recovery. 
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The only significant neuroendocrine measure in explaining the variance in level of 

need for recovery was the Cortisol recovery during the day off. Marginally significant 

contributors were the baseline of adrenaline (p=0.06), and the adrenaline reactivity 

during work (p=0.08). The Cortisol recovery during the day off showed a negative 

beta, indicating that lower reactivity of Cortisol during the day off was associated 

with higher levels of need for recovery after working days. Considering the range of 

values in this last variable, it is suspected that subjects with lower Cortisol levels 

during their day off compared to their baseline level reported more need for 

recovery. 

Table 3 shows the model chosen for the analyses with Health complaints as the 

dependent variable. The range in adjusted R2 of the eight models that were fit was 

between 0.51 and 0.54, indicating small differences. The outcome of the Durbin-

Watson test was 2.34, indicating no problems with auto-correlation of consecutive 

residuals. Table 3A shows the statistics of the chosen model and model summary. 

Table 3B shows the coefficients of the chosen model. 
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Table 3. Multiple linear regression analysis to predict Health complaints (n=55). 

A) 
Model Health Complaints Sum of Squares df Mean Square F Sign. 
Regression 8860.68 11 805.52 6.75 O.t 
Residual 
Total 

5128.77 
13989.45 

43 
54 

119.27 

St.error of 
Model summary: R R sqi jare Adj. R estimate 

square 
0.80 0.63 0.54 10.92 

B) 
Model Health Complaints: 

Independent variables: 

Standardised 
Regression 
coefficient tolerance 

Beta 

0.17 0.85 
0.27 0.64 
0.34 0.89 

0.22 0.71 
0.13 0.72 

-0.14 0.67 
0.26 0.57 

-0.12 0.45 
0.39 0.56 
0.31 0.76 

-0.56 0.53 

t-value 
p-value of 

t-test 

Constant 

Age 
Job Demands 
Social Demands 

Adrenaline Baseline 
Adrenaline Reactivity during work 
Adrenaline Recovery after work 
Adrenaline Recovery during day off 

Cortisol Baseline 
Cortisol Reactivity during work 
Cortisol Recovery after work 
Cortisol Recovery during day off 

-2.0 0.05 

1.7 0.09 
2.3 0.03 
3.4 0.00 

2.0 0.05 
1.2 0.23 
1.2 0.23 
2.2 0.04 

0.9 0.39 
3.1 0.00 
3.0 0.01 
4.4 0.00 

The model explained a considerable percentage (54%) of the variance in health 

complaints. The only two excluded variables were BMI and job control. Age was 

marginally significant in the model (p=0.09). Again, the work characteristics that 

significantly contributed to the model were job demands and social demands. The 

direction of the standardised regression coefficients for the work characteristics 

showed that subjects who reported more job demands also reported more health 

complaints. Furthermore, subjects with less favourable social relations at work 

reported more health complaints. 

Significant neuroendocrine measures in explaining the variance in level of health 

complaints were the baseline measure of adrenaline (p = 0.048), adrenaline recovery 

during day off, Cortisol reactivity during working days, Cortisol recovery after working 

days, and Cortisol recovery during the day off. The higher the adrenaline baseline of 
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a subject compared to the group mean, the more health complaints were reported. 

Subjects with higher adrenaline levels during their day off compared to their 

baseline level reported more health complaints. The higher the Cortisol reactivity 

during working hours, the more health complaints were reported. The higher the 

reactivity in Cortisol during the first hours after work (indicating poor recovery), the 

more health complaints were reported. Again, the Cortisol recovery during the day 

off had a negative beta, indicating that lower reactivity of Cortisol during the day off 

was associated with higher levels of health complaints. Considering the range of 

values in this last variable, it is suspected that subjects with lower Cortisol levels 

during their day off compared to their baseline level report more health complaints. 

The somewhat lower tolerance levels for adrenaline and Cortisol recovery during day 

off, Cortisol reactivity during working days, and Cortisol baseline can be explained by 

the rather high intercorrelations between these four variables. 

In summary, Cortisol recovery during the day after work was related to subjective 

need for recovery as well as the perceived work characteristics. Additionally, the 

adrenaline baseline, Cortisol reactivity during work, adrenaline and Cortisol recovery 

from work, and work characteristics were related to perceived health status. 

The first hypothesis was that higher reactivity during working hours and poorer 

recovery directly after work would be positively related to the subjective need for 

recovery. The present study found that only lower reactivity in Cortisol during the 

day off was associated with higher levels of need for recovery. An additional 

expectation was that higher reactivity during working hours and poorer recovery 

directly after work would be positively related to health complaints, focussing on the 

importance of meso and meta recovery. The present study found this to be true for 

Cortisol, but for adrenaline only during recovery. In Cortisol, the level of recovery 

immediately after work, as well as during the day off contributed significantly to the 

reported health status. During the day off, the relationship was negative. The second 

hypothesis that the set point (baseline) of the hormones adrenaline and Cortisol are 

related to the level of health complaints was partly confirmed by the study findings. 

Only the baseline in adrenaline contributed significantly to experienced health 

status. 
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Discussion 

The fifty-nine male workers studied, with substantial differences in nature of work 

and work characteristics, reported broad ranges in perceived health complaints and 

subjective need for recovery. The present study showed that Cortisol recovery from 

work was negatively related to subjective need for recovery. In addition, a strong 

relation was shown between neuroendocrine reactivity during work and (meso and 

meta) recovery from work and perceived health status for Cortisol as well as 

adrenaline. 

In the present study, the consecutive second day off was chosen as to reflect the 

neuroendocrine baseline measurement within-subjects. To a large extent, western 

working life is structured in a way that five days of work are followed by two days 

off, suggesting that these two days give enough time to recover from work-related 

exertions. Because the time of examination was chosen at random for each person, 

the resulting baseline measurement is thought to reflect the subject's mean personal 

baseline although it is still unclear what a fair personal neuroendocrine baseline 

actually is. Neuroendocrine effects of experimental situations have been shown up 

to 24 hr post-test (e.g. Nieman et al. 1989, Berk et al. 1990, Heitkamp et al. 1996). 

In an occupational field study on coach drivers, Sluiter et al. (1998) found 

neuroendocrine effects of interest on the first day off-work as well. In addition, the 

outcomes in reactivity during the first day after work in this study oblige the 

recommendation not to use a first day off after work as baseline in this kind of 

research. 

Because of what might be predicted from activation theory, all eight neuroendocrine 

measures were entered at once in the analyses. However, this methodological 

choice, in a sense, was more explorative than theory based in nature. For this 

reason, the backward procedure was used in the regression analyses and the 

decision was made beforehand to use the model with highest R2 . It is 

acknowledged that chance capitalisation might be a problem when using the 

backward procedure. However, the differences in explained variance of need for 

recovery and health status between the models with lowest and highest R2 was 

found to be neglectable. 

Age was only marginally significant in the prediction of health status and not at all in 

the prediction of need for recovery. This finding is not consistent with other studies 

(Meijman et al. 1990, Kuiper et al. 1998), which found an effect of age on 
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neuroendocrine unwinding. The range in age among the subjects in this study was 

broad enough (between 25 and 55 yr). One explanation could be the different 

dependent variables used. The former studies used neuroendocrine unwinding as 

the dependent variable while the present study used subjective need for recovery as 

the dependent variable. Another possible explanation for this absence of an effect 

on age could be found in the healthy worker effect. However, no figures on 

turnover rates in the different companies were examined. 

In contrast to job demands and social relations at work, job control did not 

contribute to explaining the variance in health complaints and need for recovery. 

This finding is not consistent with the findings of Karasek & Theorell (1990) and 

other studies that followed them (e.g. Theorell & Karasek 1996, Dhondt 1997, 

Theorell et al. 1998). The possibility of spontaneous variation in levels of reported 

job strain (Theorell et al. 1988) could have been responsible for the self-reported 

findings in the present study. Furthermore, the fact that most of the subjects that 

performed mental work in the present study (managers and supervisors), had high 

demands in addition to more control may have had implications on the proportion 

of subjects with high strain jobs. 

Subjective need for recovery was found to be an important predictor of health status 

in a study of coach drivers (Sluiter et al. 1999). The present study is inconclusive 

regarding the question of whether a relation exists between neuroendocrine 

recovery and subjective need for recovery. The influence of Cortisol reactivity during 

the day off on the reported need for recovery was significant, but the interpretation 

of the negative relationship is difficult. Additionally, the adrenaline baseline level 

and the adrenaline reactivity during work had only a marginally significant influence 

on the reported need for recovery levels. This might have occurred because higher 

baseline levels attenuated the outcomes of the relative levels in reactivity of 

adrenaline during work. 

A sustained activation of the sympathoadrenal system during the (evening) hours 

after work haven been reported in other studies (e.g. Rissler 1977, Meijman et al. 

1992), although the workers in both studies were exposed to higher than normal 

workloads. In Rissler (1977), this was due to working overtime for a considerable 

amount of time; in Meijman et al. (1992), the working days of driving examiners 

were experimentally intensified. A recent study in the natural work environment of 

truck drivers found an association between incomplete recovery of adrenaline 

reactivity in the evening and psychosomatic complaints (Kuiper et al. 1998). The 
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subjects in the present study were also examined in their natural work environment, 

with their normal workload. 

Frankenhaeuser et al. (1989) found incomplete unwinding after work in female 

managers. The authors concluded that the total workload, i.e. the combination of 

job and home demands, were responsible for the results. Person's home demands 

are variable. Only men were assessed in the present study but the reactivity in 

Cortisol and adrenaline during their day off was found to be associated with need for 

recovery and health complaints. At least three reasons might be thought if in 

explaining this finding. Firstly, consistent with the sustained activation theory, it is 

possible that the adrenaline reactivity during the day off is part of the load of the 

personal environment, and off-work demands require sympatho-adrenal activation 

as well. Secondly, because the baseline in adrenaline was related to the level of 

health complaints as well, it could be that unwinding continues during the day off. 

Thirdly, the negative association of Cortisol with health complaints and need for 

recovery during the day off could be part of the sympathetic overload syndrome 

described in sports literature, i.e., a decrease in levels of Cortisol with associated 

health symptoms. This sympathetic overload syndrome is one of two types of 

overtraining syndromes found in athletes in which chronic fatigue is one of the 

major complaints (e.g. Kuipers & Keizer 1988, Lehmann et al. 1991, Heitkamp et al. 

1996). In the occupational study on coach drivers, Sluiter et al. (1998) labelled this 

same finding of lower excretion rates compared to baseline as 'fatigue debt'. 

One hypothesis on the development of work-related illness is that repeated 

insufficient recovery from work-related neuroendocrine reactivity starts a vicious 

circle that requires the exertion of extra effort at the beginning of every new working 

period in order to rebalance the sub-optimal psychophysiological state and to 

prevent performance breakdown. Examining workers during their work by definition 

means that they are still able to perform their job and, therefore, are not yet at the 

'end of the negative spiral'. The results of the present study suggest a predicting 

influence of the levels of neuroendocrine reactivity during work and 

neuroendocrine recovery from work on the experienced health status and a 

somewhat weaker influence of neuroendocrine baseline level. Because the 

hypothesis suggests that the endpoint might be an increase of the hormone baseline 

levels, it could be that the workers in this study were assessed somewhere in the 

middle of the time course between work(over)load and illness. The aforementioned 

relationship, however, is only suggested because the measurements in this study 

were cross-sectional in nature. The present study gathered self-reported symptoms 
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through different health scales. It did not diagnose illness through physical 

examination. It is, however, possible that the symptoms are precursors for the 

development of illnesses like chronic fatigue syndrome or mental overload. The 

results of this study plead for further attention to neuroendocrine measures in future 

studies with longitudinal measurements and physical examinations. 

The course of neuroendocrine recovery might be an important outcome to assess 

the relation between workload and work-related illnesses. A signalling function of 

neuroendocrine measures during health surveillance at the workplace could be 

thought of, although this will be a laborious way of performing research with health 

screening as objective. Still, the (subjective) need for recovery is probably important 

enough to consider in work-related health screening. 
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Appendix 

Need for Recovery scale: 11 items, dichotomous (yes/no), 

Translated from Dutch into English 

(Item 4 has to be recoded; scale score is the sum score of "yes"-items): 

1. I find it hard to relax at the end of a working day yes / no 

2. At the end of a working day I am really feeling worn-out yes / no 

3. My job causes me to feel rather exhausted at the end of a 

working day yes/no 

4. Generally speaking, I am still feeling fresh after supper yes / no 

5. Generally speaking, I am able to relax only on a second day off yes / no 

6. I have trouble concentrating in the hours off after my working day yes / no 

7. I find it hard to show interest in other people when I just came 

come from work yes / no 

8. In general, it takes me over an hour to feel fully recovered after work yes / no 

9. When I get home, people should leave me alone for some time yes / no 

10. After a working day I am often too tired to start other activities yes / no 

11. During the last part of the working day I cannot optimally perform 

my job because of fatigue sometimes yes / no 
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