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Berset M, Semmer NK, Elfering A, Amstad FT, Jacobshagen N. Work characteristics as predictors of physiological
recovery on weekends. Scand J Work Environ Health 2009;35(3):188–192.

Objectives This study investigated whether work characteristics predict physiological recovery on a rest day.
Specifically, we aimed to show that high demands and low control at work would lead to higher cortisol values
and thus poor recovery on a rest day.
Methods A total of 69 individuals participated in this study. In addition to analyzing questionnaire responses,
we measured salivary cortisol on two workdays and on a subsequent rest day (a Sunday). We used multiple
regression analysis. We controlled for the workday cortisol level; results reflect the relative change in cortisol
from workday to rest day. In addition, we controlled for gender, since this relates to cortisol levels at work.
Results We found that control at the workplace predicted cortisol levels on a rest day. Specifically, individuals
with less job control had higher cortisol levels, and consequently poorer recovery on the rest day than those
with more control. Neither job demands nor the interaction of demands and control predicted a change in
cortisol levels from workday to rest day.
Conclusions The results indicated that a lack of control at work impairs physiological recovery on the weekend, one of the central recuperation periods. In light of the potential importance of incomplete recovery with
respect to long-term ill health, it should be considered crucial to ensure job control at the workplace.
Key terms cortisol; job ����������������������������������������������������
demand; job ����������������������������������������
control; stress; unwinding; work stress.

Recovery during non-working time from energy expenditure at work can be seen as a crucial link between
acute reactions to stressful work characteristics and
the development of ill health in the long run (1). It is
therefore important to investigate variables that may
affect recovery. Recovery can be seen as a “process of
psychophysiological unwinding after effort expenditure” (p248, 1). It can take place at work during pauses
(ie, internal recovery) and during non-working time, for
instance in the evenings and on weekends [ie, external
recovery (1)]. In this study, we focused on recovery on
a rest day, specifically a Sunday.
Insufficient psychophysiological unwinding from
work demands during rest periods implies a sustained
overactivation of physiological stress systems that
may become chronic in the long run. Researchers
agree that such chronic overactivation can have severe
consequences for health and wellbeing (2, 3). This
process is theoretically well grounded in the Allostatic

Load Model (3) and the Effort-Recovery Model (4).
The Allostatic Load model posits that the activation
of physiological stress systems is functional when
facing a stressful situation. However, parameters should
drop to baseline levels once the stressful situation has
passed. In others words, recovery should take place. If
not, the overactivation can be become chronic (ie, an
allostatic load), which could lead to several physiological
and psychological impairments. The Effort-Recovery
Model (4) puts forth a similar idea. It emphasizes
that unless functional load reactions are followed by
psychophysiological unwinding (ie, recovery), fatigue
will accumulate and must be compensated with more
effort. Again, in the long run, this may lead to a chronic
load reaction and associated health problems.
Based on the assumption that psychophysiological
unwinding should take place to achieve recovery, activation of the body’s stress systems during recovery
periods should indicate a lack of recovery. Cortisol is
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one of the main stress hormones. Like other stress indicators, it should increase in active phases – and, indeed,
there is some research indicating that cortisol levels are
higher at work (5, 6) – but it should decrease in times
of recovery. Assuming that the weekend is typically a
time of recovery (7), lower cortisol levels on weekends,
versus workdays, should indicate recovery.
Demands and control are the main variables of the
Job Demands-Control Model (8). Excessive demands at
work can impair unwinding in several ways. First, they
can imply prolonged working hours, with the consequence that time for recovery may be too short to fully
recover. Second, high demands increase the need for
recovery (4), implying that recovery requires more time,
which may often not be available. Third, high demands
may induce cognitive preoccupation with stress-related
issues (ie, rumination), which prolongs the stress reaction and, therefore, impedes recovery [the so-called
concept of “perseverative cognitions” (9)]. In a similar
vein, lack of job control may also lead to more rumination during free time. This was shown by Grebner
et al (10) who found that low job control was related
to an “inability to switch off after work” – a measure
closely related to rumination. Furthermore, better job
control may provide workers the opportunity to create
mini-breaks at work, during which recovery could take
place. Also, job control allows them to schedule their
tasks in an efficient way with respect to their resources,
which should then lead to a lower need for recovery
after work and on weekends (1). Other researchers
argue that humans have an intrinsic need for control
(11). Not having enough control would, therefore, be a
threat to that need and experienced as stressful.
The empirical evidence for the Job DemandsControl model in general is quite strong for the negative
effects of high demands and low control. The postulated interaction between job demands and control has,
however, found only modest support (12).
Concerning variables indicating recovery, Sluiter et
al (13) showed that both high demands and a lack of
decision latitude at work independently increased the
need for recovery. In addition, Rau (14) showed that,
compared to a low-strain group, women in a high-strain
group had higher systolic and diastolic blood pressure
shortly after going to sleep, and higher systolic blood
pressure during the night. Men had higher systolic and
diastolic blood pressure during leisure time when they
were in the high-strain group. These results indicate
incomplete recovery of the high-strain group.
With respect to cortisol, several studies have investigated the effect of stressors on waking cortisol or
aggregated measures. Field studies using cortisol measures during recovery as a dependent variable are less
frequent, and results are mixed (15–18). Fox et al (19)
presented supporting results. The contact time of

nurses with their patients and its interaction with job
control predicted cortisol levels at home. With regard
to experimental investigations, Dickerson & Kemeny
(20) showed in a meta-analysis that “uncontrollability”
emerged as one of two stressful task characteristics (the
second one being social-evaluative elements) that were
especially predictive of both the level and duration of
cortisol responses.
Overall, existing results are mixed and clearly require
further research on the role of job demands and control
in predicting recovery, especially for responses that
are not based on questionnaires but on independent
measures, such as cortisol. We analyzed cortisol on a
Sunday with job demands and control as predictors.
We controlled for cortisol levels during work, implying
that the dependent variable reflects a relative change in
cortisol from work to rest day. A higher level of cortisol
on the rest day was, therefore, interpreted as an indication of poor recovery.
We hypothesized that high job demands hinder
while control facilitates recovery. Because of the modest empirical support for the interaction between job
demands and control in general (12), we did not formulate an interaction hypothesis.
Study population and methods
Participants and design

We invited employees from three departments of a
large Swiss service provider to participate in our study.
The sample included blue- and white-collar workers
who were not in supervisory positions. Of the 85
participants (approximately 65% of the total eligible
number), 16 were excluded for the following reasons:
(i) no provision of cortisol measures (5), (ii) currently
on medication (9), or (iii) an outlier on the cortisol
measure, (z≥3, 2)������������������������������������
��������������������������������������
. The resulting sample consisted of
69 participants (30 women and 39 men). The age of
participants varied between 16 and 61 years; the mean
age was 37.96 years (standard deviation 11.15).
Measures

Job demands were assessed with an index of taskrelated stressors, based on the Instrument for Stress
Oriented Task Analysis (21). The index consisted of
five different task stressors containing four items each:
(i) time pressure, (ii) concentration demands, (iii) performance constraints, (iv) uncertainty, and (v) work
interruptions. Participants rated each item on a 5-point
Likert scale. Scores on the scale reflected the frequency
of certain situations, for example “How often do you
experience time pressure?”. The range was “very rarely”
(1) to “very often” (5). The exception was the stressor
Scand J Work Environ Health 2009, vol 35, no 3
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“performance constraints”, where two workplaces with
opposing characteristics were described (for example
“(a) must spend a lot of time in order to get information and/or materials to pursue his/her work activity”
versus “(b) always has the necessary information and/
or materials at his/her disposal”). Participants had to
rate how close their own workplace was to (a) versus
(b); 1 = exactly like (a), 3����������������������������
 ���������������������������
= between (a) and (b), 5 =
exactly like (b). Items were re-coded in such a way that
high values reflected a high level of the stressor.
The five scales correlated with each other, but they
were not expected to represent a homogenous construct. The appropriate measure of reliability therefore
was not coefficient alpha, but the composite score
proposed by Nunnally & Bernstein (22). Its value was
rYY = 0.86.
Control was measured with a 6-item scale covering
time control and method control with three items each
[5-point Likert scale and Instrument for Stress Oriented
Task Analysis (21)]. Internal consistency was α=0.87.
A number of control variables might be correlated
with job control, demands, or cortisol. Among them
are age, gender, and level of education. In order to
keep predictors in the regression analysis to a reasonable number, we included control variables only if they
were associated with job demands, control, or cortisol
(either at work or on a rest day). Because age and level
of education were not associated with these variables
but gender was, we only included gender as a control
variable in the regression analysis.
We measured salivary cortisol on two work days and
on a Sunday by having participants chew on a cotton
cylinder. We took all measures at noon. The unit of
measurement for cortisol concentration was nanomole
per liter. We averaged the two workday measures. Individuals were instructed to refrain from eating, drinking
(except water), brushing their teeth, and smoking one
hour before the measurement and, on the rest day, from
physical activity and heavy domestic work. Individuals
were asked to indicate how much time they spent on
domestic work, childcare, work, and sports during a
Sunday morning. None of those activities were correlated with cortisol at noon in this study. Therefore,
we did not include them in our analyses.
Statistics

Using job demands and control at work as predictors,
and controlling for gender and cortisol on work days,
we analyzed data using multiple regression analysis. We
entered all variables simultaneously. In order to allow
for a better interpretation of regression coefficients
representing interactions, we centered job control and
demands at their mean (23). The cortisol level recorded
on the Sunday was the dependent variable.
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Results
Descriptives and correlations are displayed in table 1.
Women have higher cortisol than men on workdays
(r=0.24, P<0.05), but not on rest days. Job control
shows no bivariate association with cortisol levels on
either a work or rest day. Job demands, however, are
negatively associated with workday cortisol (r=-0.38,
P<0.01).
The results of the regression analysis are displayed
in table 2. Job control (b=‑0.25, P=0.04) and workday
cortisol (b=0.345, P=0.010) were the only significant
predictors. Job demands failed to explain the variance
in the cortisol level on a rest day. In a similar vein,
gender did not contribute to cortisol variance on a
rest day. Although we had not predicted it, we tested
the interaction between job demands and control, as
it is an important part of the Job Demands-Control
model. As expected, however, the interaction was not
significant (P=0.827).

Table 1. Descriptives and Pearson correlations.
Mean

SD

Range Gender a

						
Gender (N=69) a

0.57 0.50

0–1

Cortisol

Control

Work Rest

··

··

··

··

Cortisol (N=69)							
Work
Rest

3.70 b 2.50
3.41 b 2.59

0.8–11
0–10.7

0.24 c ··
0.09 0.29 c
0.07

Control (N=69)

3.01 0.88

1–4.8

Demands (N=68)

2.99 0.49

1.7–4.1

··
··

0.03 -0.21

-0.07 -0.38 d -0.05

··
··
··
0.19

0 = male, 1 = female. Pairwise deletion.
Cortisol concentration in nmol/l.
c P<0.05 level (2-tailed).
d P<0.01 level (2-tailed).
a

b

Table 2. Regression analysis predicting cortisol on a rest day
with demands and control. Note: R2=0.162. (B = unstandardized
regression coefficient, SE B = standard error, b = standardized
regression coefficient)
Variable
Cortisol (work) (N=69)
Gender a (N=69)
Control (N=69)
Demands (N=68)
a

B

SE B

b

P-value

0.357
0.150
-0.734
0.708

0.134
0.621
0.350
0.685

0.345
0.029
-0.250
0.133

0.010
0.810
0.040
0.305

0 = male, 1 = female. Pairwise deletion.
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Discussion
Based on theoretical assumptions, we postulated that
work characteristics affect recovery. Our indicator of
recovery was the cortisol level on a rest day, controlling
for cortisol on workdays.
Our assumptions were partly confirmed. Our findings supported the hypothesis that job control facilitates
recovery (ie, an effect of control) but did not support
the postulation that job demands hinder recovery (ie,
an effect of demands). Lack of job control has been
shown to have a main effect on various outcomes
many times (24, 25). It seems likely that there is a basic
need for job control (11), which implies that a lack of
such control is likely to be stressful regardless of job
demands.
Given the many findings that show the effects of
job demands on strain (12) and recovery (26), it is difficult to explain the lack of effect of such demands on
cortisol levels on a rest day. We therefore tested several
possibilities that might account for this result. First, we
wanted to rule out that one of the specific stressors
contained in the demand index showed an effect that
may have been covered by the other stressors. This was,
however, not the case. Second, the effect of demands
might show at very high levels only, implying a nonlinear association. We tested such a nonlinear association
(more specifically, a quadratic effect), but could not
confirm it.
The negative correlation between job demands and
workday cortisol levels is somewhat surprising and
counterintuitive. We do not have an explanation for this
effect and hope that further research will shed light on
it. Note, however, that a recent review of field studies
involving mental demands and cortisol concluded that
the results were inconsistent (27). Our results concerning the variables of the Job Demands-Control model
are in line with evidence that control is a more consistent predictor of health than demands, as shown in the
Whitehall-Study (24, 25).
As expected, we did not find an interaction between
job demands and control. We tested this interaction by
using a multiplicative term, because we believe this to
be the appropriate way to test the hypothesis that the
effect of one variable, for example demands, depends
on the level of another one, in this case control (23).
We also tested the ratio of demands to control as a
predictor, but no effect emerged. Another possible
explanation is a three-way interaction. Based on the
same data set as the current analyses, but using dependent variables assessed by self-report, Meier et al (28)
found the interaction postulated by the Job-Demands
Control model to apply only for people high in personal
resources (ie, internal locus of control and, partly, selfefficacy). We therefore tested this three-way interaction

with regard to relative changes in cortisol levels, but
again the findings were insignificant.
Our study had several limitations. First, the sample
size was quite small. Second, due to resource constraints, only one cortisol measure could be sampled
per day and per individual, which might be an issue
with respect to the reliability of the measure. We
decided to collect the samples at noon because we
wanted to measure cortisol during the workday and
not after work. This procedure had a further important advantage. We were able to visit the participants
at their workplace, coach them in using the cotton
cylinders, and take the samples with us to freeze
them. It is our experience that participants appreciate both the effort and the contact involved, and that
fewer problems with attrition and missing data arise
if we proceed that way. Third, there is a possibility
that individuals with low job control wake up later on
Sunday mornings and that this might have affected
the measurement of cortisol levels at noon. As part
of the general instructions, we asked the participants
to get up at about the same time on Sunday as during the work week. Unfortunately, we did not assess
awakening time and, therefore, cannot be certain that
they did, indeed, comply with this request. Fourth,
our results indicated that individuals with low control
show a lack of physiological recovery on Sundays. It
would have been interesting to know if the same effect
would have emerged with more subjective measures,
such as the need for recovery, or fatigue. Unfortunately we did not assess such data on the rest day.
In sum, we recommend replicating our study using
several cortisol measures per day and assessing subjective fatigue. Furthermore, samples that are larger
and include different working populations should be
investigated in order to ensure replication and enhance
generalization.
Despite these limitations, we believe that our results
are relevant. In line with other findings in the literature,
they clearly underscored the importance of job control
for parameters related to health (24, 25). In addition,
however, they added to the literature by showing an
effect of job control on physiological recovery – a
mechanism that is likely to be of pivotal importance
for the “transmission” of stress experiences into longterm health consequences. Furthermore, we used a
physiological parameter that is well established in its
importance in the stress process and that is not subject
to common method variance. Our results, therefore,
add to the growing evidence that providing employees
with improved job control is one of the most important
means of creating healthier workplaces, and that recovery processes may constitute a crucial link between
short- and long-term consequences of working conditions with regard to health.
Scand J Work Environ Health 2009, vol 35, no 3
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