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ABSTRACT

The effects of explanatory variables derived from a work stress
model (the effort-reward imbalance model) on salivary cortisol were
assessed. A multilevel analysis was used to distinguish the effects of
single occasion and multiple occasion measurements of work stress and
effect on cortisol. The single (or cross-sectional) factors include
Effort—Reward Imbalance (ERI), need for control, negative affect, and
other enduring factors (type of occupation, gender, and smoking). The
multiple occasion measurements include momentary negative mood,
Momentary Demand-Satisfaction Ratio (MD-SR), sleep guality, work
load (workday versus day off), at work (versus not being at the
workplace), and lunch. The effect of time of day on cortisol was
controlled for before the effects of these variables were determined.

Momentary negative mood but not trait negative affect was
positively associated with ambulatory measured cortisol. The
variables from the work stress model—effort, reward, need for
control, and the multiple occasion measurements of demand and
satisfaction—did not affect cortisol. As could be expected, time of
day had an effect on cortisol, but a hypothesised interaction with
momentary negative mood was not found. Additionally, the results
show that the time course of cortisol differs between individuals
and that the effect of sleep quality on cortisol can vary from person
to person. This points to the necessity of continued efforts to single
out sources of individual variability.

The finding that variables derived from the effort-reward
imbalance model are not related with cortisol does not support the
hypothesis that ERI leads to short-term changes in cortisol,
indicating no relation with hypothalamic—pituitary—adrenal (HPA)
axis activity. On the other hand, the present results invite further
qualification of negative affect as a potential determinant of HPA
activity, at least, as far as can be deduced from cortisol
measurements.
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INTRODUCTION

It has been established that a chronic increase in hypothalamic-
pituitary—adrenal (HPA) axis activity and the subsequent increase
in cortisol is associated with negative health outcomes (1). HPA
axis activity and increases in cortisol have been associated with life
stress (2-5), work stress (6,7), negative affect (8—10), and loss of
sleep (11-13). A number of authors argue that affect is the major
cause of cortisol increases (8), but the evidence for this, particu-
larly in daily life, is still lacking (8,10). The present study focuses
on this issue, also providing information about the relative
contribution of affect and work stress on cortisol throughout the
day.

The Effort-Reward Imbalance (ERI) theory (14) provides a
model for enduring work stress, resulting from low reward
considering the demanded efforts. The work stress theory also
states that conditions of high effort and low reward induce adverse
emotional consequences and possibly affect the physiological
functioning of an individual (15). Employees with a high ERI have
been shown to have a higher risk of developing cardiovascular
disease (16). To date, the short-term underlying mechanisms of this
process still remain unclear. It has been demonstrated that high
chronic work stress is associated with a slower decrease of cortisol
towards the end of the day (17). This is of potentially great
importance, since the shape of the cortisol curve (lower than
normal values in the morning and higher than normal in the
evening) has been related to lower well-being and health (18). The
same is hypothesised for ERI. Furthermore, the ERI theory states
that individuals with a high need for control are less likely to
disengage from stressful experiences caused by high ERI (19).
Therefore, the effect of ERI on cortisol is expected to be moderated
by need for control (i.e. an interaction is expected between ERI and
need for control).

As was mentioned above, repeated measurements of ongoing
situations have also revealed that daily stressors are associated
with increased cortisol (9,10). In the present study, the ratio of high
demand and low satisfaction is considered a momentary assess-
ment of stress throughout the day at work and at home. Thus, a
high self-reported Momentary Demand-Satisfaction Ratio (MD-
SR) at a given time of the day is expected to be associated with a
higher cortisol at that moment. By controlling for time of day, it is
determined whether this effect is superimposed on the well-known
cortisol thythm throughout the day. Evaluations of events through-
out the day can be performed using an Ecological Momentary
Assessment (EMA) technique (20). To our knowledge, this is the
first study that measured demand and satisfaction using EMA.
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Reich and coworkers (21,22) also measured demand and satisfac-
tion, but the ratings were given at the end of the day. In their
studies, subjects had to rate the demand frequency of 30 daily
events and whether he/she had actually responded to the event. The
outcome of the activity was then rated on a 5-point dissatisfaction/
satisfaction scale. An average demand/satisfaction ratio was ob-
tained by dividing the number of activities reported by the total of
all satisfaction ratings. Another difference with the present study
was that an estimate of occurrence frequency was used to reflect
demands rather than an appraisal of the distress caused by the
demands. The effect of daily work load on cortisol dynamics has
yielded equivocal results. Lundberg et al. (23,24) found a higher
cortisol on days with a higher work load in comparison to days
with a low (or no) work load, but Pollard (7) did not find cortisol
differences between a day off and working days. A possible
explanation is the mediating effect of negative affect (8).

According to the literature, increases in cortisol are the result
of negative affect involving fear, anxiety, helplessness, and loss of
control (25-28). Negative affect is the experience of a wide range
of traits and negative emotions like trait anxiety, depression, and
negative mood (29,30). It is described as *“. . . a general dimension
of subjective distress and unpleasurable engagement ...” (31).
Popular instruments used to indicate negative affect are the
Positive Affectivity/Negative Affectivity Schedule (PANAS) (31)
or the Spielberger State-Trait Anxiety Inventory (STAD) (30). In
the present study, trait negative affect was measured by seven items
reflecting anxiety and depression (32). In addition to this, momen-
tary negative mood was also measured. This is a person’s
self-report of mood at different moments of the day (9,33). In the
literature, negative affect is considered to cause inflated correla-
tions between stressors and self-reported health symptoms (34,35).
Buchanan et al. (8) argue that negative affect rather than stress is
expected to be associated with increases in cortisol.

Cortisol has been found to increase if the amount of sleep in
the preceding night was small (11). Subjects with lower durations
of sleep who experienced less recovery after sleep showed altered
cortisol curves during the day, reflected as a delay in the recovery
of the hypothalamic—pituitary-adrenal axis from early morning
circadian cortisol stimulation (12,13). This is interesting, as sleep
is important in restoration of biological functioning (36), and a
delay in recovery may involve an alteration in negative glucocorti-
coid feedback regulation (13). In this respect, sleep loss can be
assigned a role in the stress—health relation.

Other factors like smoking (10), gender (37), and food
consumption at lunch time (38—40) also influence cortisol dynam-
ics. These effects are superimposed on the well-known time of day
effect (10,41) and therefore will be taken into account in this study.

Summarising, cortisol patterning throughout the day is ex-
pected to vary as a function of negative affect, work stress, and
sleep quality, superimposed on the effect of time of day. The
following hypotheses are tested, after controlling for the well-
known effects of lunch consumption, gender, occupation, and
smoking: (a) Negative affect (i.e. trait negative affect and momen-
tary negative mood measured throughout the day) is positively
associated with cortisol; (b) Subjects with high work stress (i.e.
high ERI, a high need for control [and their interaction], a high
MD-SR) have higher cortisol; (c) Cortisol is elevated on workdays
and when subjects are at the workplace; and (d) Cortisol is elevated
in subjects that have some difficulty sleeping.
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METHOD

Subjects

A total of 104 subjects in two companies were invited to
participate in the study. After a meeting in which the objectives of
the study were explained, 77 subjects agreed to participate in the
present study. Thirty-six of the participants were health profession-
als (mean age = 39.8, SD = 4.7; 20 males, 16 females) and 41
were office clerks (mean age = 32.9, SD = 9.8; 23 males, 18
females). The age and proportion of male subjects did not differ
significantly between the occupations. The work tasks of both
professions were usually performed sitting down and had a low
physical component. A large part of the day was spent answering
telephone calls, communicating with clients, or typing data into a
computer. The majority of the health professionals were nurses
working at a “911" emergency line and a drug rehabilitation centre
in Amsterdam (the Netherlands). The office clerks worked at the
complaint department of a large telecommunication company in
the Netherlands. All subjects reported the confrontation with
clients (e.g. emergency telephone calls, drug addicts, and dissatis-
fied customers) as rather stressful. Based on the similarities
between the groups, it may be concluded that the entire sample is
homogeneous. However, to ensure this, the variable “occupation”
was added to the analysis.

Materials

Effort, Reward, and Need for Control: Effort, reward, and
need for control were measured using the revised Dutch Effort—
Reward Imbalance Questionnaire (42). Effort was measured by 6
items that refer to demanding aspects of the work environment
(e.g. “I have constant time pressure due to a heavy work load”). If
the statement was affirmed, the subjects were then asked to rate its
severity from ‘“not at all distressed” (1 point) to “very distressed”
(4 points). A negative answer to the statement scored 1 point.
Reward was measured by 12 items that refer to the three following
topics: esteem reward (6 items), monetary gratification (1 item),
and status control (S items) (e.g. “My promotion prospects are
poor”). These items were scored in the same way as the effort
items, so that a minimum score of 1 point and a maximum score of
4 points per item could be obtained. In this study (n = 77) an
internal consistency (Cronbach’s alpha) of .67 and .78 was found
for respectively extrinsic effort and reward. A score for effort--
reward imbalance was calculated by dividing the score on effort by
the weighted score on reward: effort/(reward * (0.5)). The reward
scale has twice as many items as the effort scale. Multiplying
reward by 0.5 corrects for this. The need for control scale consists
of 9 dichotomous items (e.g. “I don’t let others do my work.”
Agree/Disagree). Affirmative answers to the question scored 1 and
disagreement scored 0. The internal consistency of the need for
control scale in this study (n = 77) was 0.92.

Trait Negative Affect: Negative affect was measured using a
Dutch translation (33) of the Well-Being Questionnaire (32). The
questionnaire consisted of four subscales: anxiety, depression,
energy, and positive well-being. A factor analysis performed on the
anxiety and depression subscales resulted in a new subscale (7
items) called negative affect. The items used to measure negative
affect refer to feelings of depression (e.g. “‘I have crying spells or
feel like it’’) and anxiety (e.g. “I feel nervous and anxious”). Both
depression and anxiety are associated with negative affect (29,30).
Each item was rated on a 4-point numeric scale (with the labels
never and always on the extremes). The range of the scores was 21.
A psychometric analysis performed on the scale revealed a
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satisfactory internal consistency (Cronbach’s alpha = .86) (33). In
the present study, an alpha of .82 (n = 77) was obtained.

Sleep Quality: The Groningen Sleep Quality Scale (14 items)
was used to measure subjective sleep quality of the preceding night
(43,44). The scale covers various complaints about sleep such as,
sleep quality in the previous night, insufficient sleep, difficulty
falling asleep, etc. Higher scores on the scale indicate a lower sleep
quality. A score between 24 is considered normal in a healthy
population. The internal consistency (Cronbach’s alpha) was .85
on the first day and .87 on the second day.

Smoking, Lunch, and Occupation.: Subjects were asked whether
they smoked, at what time they went for lunch, and their
occupation (i.e. office clerk or health professional). The time
subjects went for lunch and whether they were smokers were
coded as dummy variables and added to the analysis (0 = no
lunch, 1 = lunch; 0 = nonsmoker, 1 = smoker).

Workday and Being at the Workplace: Cortisol samples were
collected throughout the entire day, on a workday and a day off. On
the workday, samples were collected at the workplace (at work) or
elsewhere (not at the workplace, e.g. at home). The variables at
work and workday were coded as dummy variables and added to
the analysis (0 = at work, 1 = not at the workplace; 0 = workday,
1 = day off).

Momentary Demand, Satisfaction, and Negative Mood: An
EMA diary was used to measure momentary demand, satisfaction,
and negative mood. The diary contained three questions about the
perceived demands: (a) “Since the last beep I was interrupted a
lot.” yes/no), (b) “Since the last beep I was under time pressure.”
yes/no), and (¢) “Since the last beep I experienced physical
demands.” yes/no). Two questions referred to perceived satisfac-
tion: (a) “Since the last beep my actions were worth the trouble.”
yes/mo) and (b) “Since the last beep my input was acknowledged.”
yes/no). An appraisal was obtained reflecting the level of distress
caused by each of the demand and satisfaction items. Distress was
rated on a scale running from 1 (Not at all distressed) to 4 (very
distressed). The scores for the total demand scale were obtained by
summing the answers of the three items together with the scores on
the yes/no items, leading to a minimum of 0 points and a maximum
of 12 points. The scores for the total satisfaction scale were
obtained by adding the answers of the two items together, leading
to a minimum of 0 points and a maximum of 8§ points. Finally, a
score for the momentary demand-—satisfaction ratio was obtained
by dividing the scores on demand by the scores on satisfaction:
((>s)*demand)/satisfaction. The demand scale has three items, and
the satisfaction scale has two items. Multiplying demand by 24
corrects for this difference in number of items.

The subjects were asked to rate their momentary negative
mood using four mood adjectives. The scores on negative mood
(e.g. “Ifeel sad”) were obtained using a numerical scale (ranging
from 1 = not at all to 7 = very much). The items used to rate
negative mood were a selection of 4 out of 5 variables used by
Smyth et al. (9): sad, angry, unhappy, and worried. The minimum
score for negative mood was 4 and the maximum score was 28
(range = 24). In this study, we found an internal consistency
(Cronbach’s alpha) of .80, .76, and .85 for negative mood, demand,
and satisfaction, respectively.

Cortisol: Cortisol was determined from saliva samples. Sali-
vary cortisol is considered a reliable index of free plasma cortisol
(45). The secretion of cortisol is episodic and pulsatile (46), and the
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amount of cortisol in saliva increases within minutes after the
occurrence of a stressful experience. The amount of cortisol found
in saliva reaches its peak approximately 20 minutes after the
stressor (47).

Cortisol samples were obtained as follows. Subjects were
asked to chew on a cotton swab until it was saturated in saliva. This
swab was then placed in a plastic tube (called *Salivette”
manufactured by Sarstedt), capped, and placed in a refrigerator at
the subject’s home or workplace. After the experiment, the
Salivettes were stored at —20°C. In the present study, cortisol
collection rate was 85% (956 cortisol samples were collected).
Five samples were discarded due to extreme values (>50 nM).
Initially, salivary cortiso! values were determined by employing a
time-resolved immunoassay with flnorometric end point detection
(see 48). To increase cost-efficiency, the remaining saliva samples
were analysed using radioimmunoassay employing a polyclonal
anticortisol-antibody (K7348). [1,2-3H(N)]-Hydrocortisone (NET
185,NEN-DUPONT, Dreiech, Germany) was used as a tracer
following chromatografic verification of its purity. The lower
detection limit of both assays was less than 0.43 nM. A separate
test was performed to determine whether the two assay types
produced the same results. To achieve this, cortisol was determined
from the same saliva samples with both detection methods. The
values did not differ significantly as was determined by a r-test,
confirming that the assay types produced identical values. The
intraclass correlation of the initial batch (0.11, n = 274) and the
remaining batch (0.19, n = 576) showed some difference in the
variance at the subject level. The difference between the batches
was more likely the result of a larger variation in sampling
moments than of assay types. Since the effects of sampling
moments (time of day) were controlled for, it was concluded that
the samples from the two batches could be combined in the
analysis reported in the Results section.

Procedure

The data in this study were collected by means of question-
naires, Salivettes (test tubes for saliva collection), and diaries. Two
days before the diary data collection started, the subjects were
asked to complete questionnaires about effort, reward, need for
control, and negative affect. They were also questioned about their
medical history (hypertension, etc.), work environment (type of
occupation), and personal characteristics such as sex and age. The
diaries were used to obtain within-day measurements of demands,
satisfaction, and mood. These measurements were carried out
according to the principles of Ecological Momentary Assessments
or the Experience Sampling Method (ESM) (6,10,49,50). Subjects
were asked to fill out a diary several times a day. The diary
questions were presented to the subjects via a palm-top computer
(HP-100 LX) that beeped at semirandom intervals throughout the
day. In total, 1,123 beeps were generated (for all subjects), 1,014 of
which were answered (compliance rate = 90%). The first beep was
after 8:00 a.m., and the last beep was not later than 10:30 p.m. In
the subsample of health professionals, beeps were generated 6
times a day, at semirandom intervals of approximately 140
minutes. Beeps were clustered 20 minutes before and 20 minutes
after these 140-minute intervals. In the subsample of office clerks,
beeps were generated 10 times a day at semirandom intervals of
approximately 90 minutes. In this subsample, beeps were clustered
20 minutes before and 20 minutes after the 90-minute intervals.
Saliva was collected on 2 days, a workday and a day off (see
measurement of cortisol). Subjects were instructed to collect saliva
at the moment of the beeps and to label and preserve the salivettes.
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Statistical Analysis

In the present study, cross-sectional data from questionnaires
as well as within-day and daily diary data were collected (see
Table 1). The questionnaires were used to measure effort, reward,
need for control, and trait negative affect. The diaries were used to
collect information about momentary negative mood, work stress,
and sleep quality on 2 days (a workday and a day off). Erroneously,
the relation between the independent variables and cortisol is
sometimes determined by performing a series of regression
analyses. Performing a large number of regression analyses to
determine multilevel data may be problematic if not addressed
adequately. Examples of problems that may arise are omission of
entire subjects due to missing values or measurement points,
aggregation bias, capitalisation of chance due to multiple testing,
unequal timing of assessment, and correlated assessments (51,52).
As can be understood from the previous sections, a subject was
randomly prompted (by a beep) throughout the day. This leads to
measurements that vary in time throughout the day (within-day
level) as well as between subjects (subject level). To avoid the
above-mentioned problems and to adequately analyse this multi-
level data, a two-level linear model (or random coefficient model)
(53-55) was performed.

In this paper, several models were explored to test the
relationships between cortisol and explanatory variables at each
level. Model 1 was used to decompose the total variance of
cortisol®? into between-person and within-person variance and
serves as a baseline model. The effects of time of day were
determined in Model 2, and the effects of the remaining variables
were tested in Model 3. All nonsignificant effects were removed
from the model (see Table 2).

All estimates were obtained using the program MLn (54). The
significance of a fixed effect was determined by comparing it to its
standard error. To achieve significance, the fixed effect should be at
least twice the standard error. The significance of a random effect
was determined by the likelihood ratio test (53). Only significant
fixed effects are presented in the tables. Where necessary, ex-
plained variance and random effects are reported in the text.

RESULTS

Descriptive Statistics

To increase the comprehensibility of the data, some descrip-
tive statistical analyses have been performed: mean, Standard
Error of Mean (SE Mean), and their quartile scores (see Table 3).
Mean and SE Mean for within-day variables were derived by
aggregating the scores at each beep over subjects and days. The
mean Effort-Reward Imbalance ratio (0.49) shows that the present
sample was not highly stressed. According to a criterion provided
by the theory, only subjects with an ERI ratio larger than 1 are at
risk of developing cardiovascular disease. The average sleep
quality is 3.73, which is normal for a healthy working population.

Time of Day Effects on Cortisol

Before testing whether the explanatory variables had a
significant effect on cortisol, the amount of variance at each level
(the within-day level and subject level) was assessed. The amount
of variance at each level was derived from an empty model
(Model 1, Table 2). A simple calculation shows that 16% of the
variance is at the subject level and 84% at the beep level (see Table
2). After controlling for time of day, the beep level or within-
person variance decreases from 0.0348 (Model 1) to 0.0198
(Model 2). This means that time of day accounts for as much as
43% of the within-person variance.
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TABLE 1
Measurement Levels and Variables

Within-Day Subject
Variable Level Level

Time

Cortisol

Momentary negative mood

Momentary Demand—Satisfaction Ratio
(MD-SR)

Sleep quality

Lunch

Work day

Effort-Reward Imbalance (ERI)

Need for control

Negative affect

Occupation

Gender

Smoking

ERI * time *

ERI * need for control

Momentary negative mood * time *

* * ¥

* ¥ ¥ *

* X X X X ¥ ¥ *

To adequately control for the effect of the time of day on
cortisol, a cortisol curve was first estimated and plotted against
time of day. Before this curve was estimated, a fifth root
transformation was performed on cortisol (cortisol®?) data to
correct for skewness. In accordance with Ockenfels et al. (6), this
transformation resulted in normally distributed cortisol values
(skewness = —0.19, minimum = 0.63, maximum = 1.91). As is
shown in Table 2 (Model 2), the cortisol curve can be described by
a third degree polynomial, including the time variables “time” and
“time3.” Time* had no significant effect on cortisol. No other
higher order time variable was calculated. Both the observed and
the estimated curves are plotted in Figure 1. The estimated values
closely follow the observed values, showing an adequate fit. A
random term for time was introduced into the model, and its effect
was tested. A random term allows for individual differences in
cortisol at different times of the day. The effect of this term was
significant. This means that the effect of time differs between
subjects. The other time variables (“time?” and “time3) had no
significant random effect.

Effects of Negative Affect on Cortisol

Negative affect was measured at two levels: trait negative
affect (measured cross-sectionally) and momentary negative mood
(measured throughout the day). The results show that momentary
negative mood but not trait negative affect had a significant
positive effect on cortisol, after controlling for time of day, food
consumption, and smoker effects. To illustrate the size of the
effects of momentary negative mood, observed cortisol levels of
the highest and lowest quartile were calculated and presented in a
figure (see Figure 2). The interaction between time and momentary
negative mood was not significant. This means that although
momentary negative mood has an effect on cortisol, this does not
depend on the time of the day.

In the exploratory analysis performed during the preparation
of statistical analyses, it was established that the variables trait
negative affect and negative mood exhibited considerable skew
(1.34 and 2.03, respectively). To determine whether this may affect
the outcome of the analyses, skew was corrected for by performing
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TABLE 2
The Effect of Explanatory Variables at the Beep Level on Cortisol
Estimate + (s.e.)

Fixed Effects Model 1 Model 2 Model 3
Intercept 1.365 (0.0118)* 1.523 (0.0178)* 1.509 (0.0342)*
Time —0.0144 (0.004)* —0.0522 (0.0146)*
Time? 0.0059 (0.0023)*
Time? —0.00008 (0.00002)* —0.0003 (0.0001)*
Lunch 0.0504 (0.0168)*
Momentary negative mood 0.0050 (0.0017)*
Sleep quality —-0.0052 (0.0031)
Smoking 0.0324 (0.0105)*
Random effects variance
Subject level

Var (intercept) 0.0068 (16%) 0.0068 0.0038

Var (time) 5575

Var (sleep) 8.7°5
Within-day level

Var (intercept) 0.0348 (84%) 0.0198 0.0189

A deviance — 392.66 43571

For all models: n cases = 850, 77 subjects; * = p < 0.05. The deviance of each model with respect to the null model was calculated (A deviance).
Model 1: An intercept only model (empty model), for estimating variance at the subject and within-day levels. The percentage of the total variance is given

within parenthesis ( ).

Model 2: The variables ‘time,” ‘time?,” and ‘time?’ (in hours after 8:00 a.m,) were introduced. The random effect of the ‘time” and ‘time® variable was

significant (deviance change Var (time) = 14.70 df = 1, p < 0.001).

Model 3: Final model including all significant effects. The fixed effects of time?, momentary negative mood, and the random effects of sleep quality

(deviance change Var (sleep) = 8.39 df = 1, p < 0.001) are significant.

TABLE 3

Mean and Standard Error of Mean (SE Mean) for the Momentary Demand-Satisfaction Ratio (MD-SR), Effort-Reward Imbalance (ERI),
Need for Control, Trait Negative Affect, Momentary Negative Mood, and Sleep Quality

Need for Negative Momentary Sleep
MD-SR ERI Control Affect Negative Mood Quality

N 850 77 7 850 144
Mean 2.03 49 3.70 295 6.45 3.73
Standard Error of Mean .05 .01 1 10 13 .10
Percentiles

25 .83 38 1.00 1.00 4.00 1.00

50 1.50 46 3.00 2.00 4.00 3.00

75 2.50 58 7.00 4.00 8.00 5.00

1.7
a square root transformation, and the analyses were repeated.
These results support those reported in Table 2, confirming that 164
momentary negative mood but not negative affect was related to @
cortisol. 15 .
f Y
Effects of Work Stress, Work Load, and » G oa ¥
Being at Work on Cortisol “1 * y)
The variables ERI, need for control, MD-SR, work load, and T 134 - -
being at work had no significant effect on cortisol and neither did < =
the interaction between ERI*time, ERI*need for control. To Q 124 '
determine whether the effects of work stress, work load, and being @ ' -
at work could be masked by negative affect, their effects were T - ® Estimated Cortisol
determined after omitting negative affect. The results remained the § "1 I SEMean
same; no effect on cortisol was found. 2 0 ., Observed Cortisol
The Effects of Other Explanatory Variables on Cortisol ‘e ’q"o ,"‘tv ’"?’o "‘% ,Q‘b ’)"’a {?% vb"a e’"a
After controlling for time of day, the effects of all other time of day

variables on cortisol were tested (Table 2, Model 3). The results
show a significant fixed effect for momentary negative mood, FIGURE 1: Estimated and observed cortisol throughout
lunch, and smoking. The variables sleep quality, trait negative the day.
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affect, occupation, and gender did not have an effect on cortisol;
neither did the interaction between momentary negative mood and
time. A random effect was found for sleep quality. This means that
the effect of sleep quality differs between subjects. All other
random effects were not significant.

DISCUSSION
Negative Affect

Momentary negative mood but not trait negative affect had a
significant positive effect on cortisol, after controlling for time of
day, lunch, and smoker effects. This means that a high momentary
negative mood at a given time of the day is associated with a high
cortisol at that moment. The interaction between negative mood
and time was not significant. Thus, the relation between negative
mood and cortisol does not vary systematically by time of day.
Neither does it depend on a subject’s trait negative affect (i.e. the
tendency of subjects to perceive events as negative). These results
are in contrast to the results of van Eck et al. (10). Possibly, cortisol
is only affected if levels of trait negative affect are extremely high.
As can be seen in Table 3, the mean trait negative affect is 2.95
which is rather low (minimum score = 0, maximum score = 18).
Correcting this skew by performing a square root transformation
does not change the observed relation between affect and cortisol.
Another explanation may be the differences in questionnaires used
to measure negative affect. Van Eck used the Spielberger Trait
Anxiety Scale to indicate negative affect. The scale used in the
present study has items referring to both anxiety and depression.
Thus, it may be anxiety rather than depression that is related to
cortisol.

An increase in momentary negative mood by 1 unit (e.g. from
4 to 5 on a scale ranging from 4-28) is associated with a cortisol%?
increase of 0.0050 (that is 0.13 nmol/L). The mean level of cortisol
is 7.49 nmol/L. Thus, for every 1 unit increase in negative mood, a
(7.49 + 0.13)/7.49 = 1.7% increase in cortisol is found above the
mean. To enable comparison with other reports in the literature, the
range of the mood scales have to be identical. For example, the
mood scale in van Eck et al. (10) ranges from 1-7, because the
mood score was divided by the number of items. After this
transformation, a 1 unit increase in the revised mood scale (range
1-7) was associated with a cortisol®? increase of (7.49 + 0.52)/
7.49 = 6.9%. Van Eck et al. (10) found a 4.7 ng/dl increase of
agitation above the mean (81.3 ng/dl), which is (81.3 + 4.7)/
81.3 = 5.8%. According to van Eck et al. (10), the effects of the
agitation scale (restless, irritated, hurried, and nervous) and
negative mood on cortisol are of the same magnitude. Thus, it is
concluded that the effects of mood on cortisol in both studies are
comparable. Smyth et al. (9) estimated the magnitude of this effect
by evaluating cortisol levels related to a shift in mood from the first
to the fourth quartile (from <25% to >75%). Higher levels of
negative mood were related to 0.81 nmol/l higher average levels
(12% increase). In the present study, a shift from the first to fourth
quartile represents a 4-point change in mood which is a 6.9%
increase. However, it remains unclear exactly which items (if not
all) are responsible for the negative mood effect on cortisol. Future
studies should address this issue. In conclusion, the effect of
momentary negative mood states—as measured in an ecological
valid environment—on cortisol proves to be a robust one, found in
at least three studies.

The relation between negative affect and cortisol is important,
because of hypothesised relations with health (1). In the present
study, we have seen that an increase in negative mood at any given
moment of the day is related to a cortisol increase. Differences
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FIGURE 2: Cortisol throughout the day for the first and

fourth quartiles of momentary negative mood.

between subjects in trait negative affect, on the other hand, do not
affect cortisol. Unfortunately, measures of negative health were not
included in the present study. Without such measures, the true
importance of within-day cortisol increases on health cannot be
determined. We therefore suggest that future studies of cortisol
throughout the day should also include indices of somatic symp-
toms of negative health outcomes.

Work Stress

The finding that neither trait ERI nor its within-day counter-
parts (demand and satisfaction) had a significant effect on cortisol
is of particular importance for the ERI theory. In the introduction, it
was argued that high trait ERI would be associated with higher
cortisol and a slow cortisol decrease towards the end of the day.
This relationship with cortisol was suggested because a high ERI is
conceptually related to perceived chronic stress, which some
authors have linked with higher cortisol (6). Furthermore, the
effects of ERI were expected to be moderated by need for control.
None of the hypothesised interaction effects were found. As
mentioned in the introduction, the studies relating chronic stress
with cortisol have yielded unequivocal results. Pollard et al. (7)
found evidence for catecholaminergic effects of high demands in
the work situation, but no effects of either demand or control on
cortisol. In line with this, van Eck et al. (10) showed that
chronically perceived stress did not affect cortisol. This is in
contrast with Ockenfels et al. (6), who did find an effect of
perceived stress on cortisol. Summarising, at closer look, the
evidence for an association of chronic stress with cortisol is not
uniform. As outlined by Hellhammer and Kirschbaum (56), in
order to evoke or sustain HPA activation, it is necessary to have
extremely stressful situations and/or situations characterised by
novelty, taxing social interactions, or limited predictability. The
present population is selected from a working population that was
expected to suffer from high levels of work stress. The ERI scores
that were obtained show that the population is probably not
extremely stressed. By its very nature, the work situation—even
for subjects high in Effort-Reward Imbalance—is not novel and
cannot be considered unpredictable.

It was also hypothesised that the MD—SR measured through-
out the day (an index derived from ERI [57]) would have a
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significant effect on cortisol. This was not the case and seems to be
in contradiction with Smyth et al. (9) and van Eck et al. (10), both
showing an effect of momentary stressors on cortisol. Again, it
may be argued that the absence of an effect may be due to the
characteristics of the perceived situation. Dissatisfying work
situations are usually not novel or unpredictable and, as such, may
be different from the kind of stressors assessed in the other studies.
Additionally, there is increasing evidence (8,9,18,58) that negative
mood mediates the effects of stressful events (i.e. only those events
that evoke adverse affective changes result in cortisol enhance-
ment). By their very nature, ongoing daily work-related stressors
probably do not evoke strong enough emotional reactions to affect
cortisol.

Alternatively, simultaneous psychological assessments and
cortisol measurement is questionable, because peak cortisol secre-
tion does not occur until 20 minutes after a stressful event. On the
other hand, accounting for this by collecting saliva (for cortisol
analysis) 20 minutes after being beeped (e.g. Smyth et al. [9]) is
also debatable. Stressful events do not always occur at the moment
of the diary beeps, but may have occurred several minutes before.
Collecting saliva 20 minutes after the beep therefore does not
guarantee that the time lag between event and saliva collection is
20 minutes, leaving some uncertainty. This time-lag uncertainty
will remain as long as the exact times stressful events occur are
unknown. Moreover, in the present study, appraisals of mood and
saliva were collected simultaneously, indicating that the present
set-up (i.e. not accounting for the time lag in peak cortisol
response) clearly allowed detection of the effects of mood states on
cortisol.

Workday and Being at the Workplace

The hypothesis that cortisol values on a workday are higher
than on a day off could not be confirmed. Neither were there any
differences between cortisol measured at work or elsewhere. While
being at variance with Lundberg and Frankenhaeuser (24), this
confirms the results of Sluiter et al. (59). A regular working day
presumably—and fortunately—is not an extreme stressor, nor is it
novel or unpredictable. Future studies should concentrate on
assessing these situational characteristics in order to determine
their effects on cortisol.

Sleep Quality

The relationship between sleep quality and cortisol shows
some consistency with the results of studies (11-13,36) that
showed that sleep deprivation resulted in elevated cortisol. Interest-
ingly, our study shows the relationship between sleep quality and
cortisol to vary from subject to subject (random effect). Differ-
ences between subjects regarding the circadian cortisol rhythm
was also demonstrated by Hennig et al. (12). Atypical rhythms
were associated with neuroticism. In future research, identification
of these subjects will further improve our understanding of cortisol
dynamics. From a similar point of view, it is worthwhile mention-
ing that the cortisol decrease throughout the day is probably not
equally large for all subjects, because the effect of time of day on
cortisol is also random. Slow unwinding is claimed to contribute to
accumulating fatigue and to health problems (60). In the present
study, we could not identify the individual differences accounting
for these random effects, although we have determined that
Effort-Reward Imbalance did not help explain them. We expect
that clarifying the individual characteristics determining both the
decrease during the day and the relationship between sleep quality
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and cortisol will contribute towards an understanding of the
psychobiological concomitants of fatigue or burnout.

Future Studies

In conclusion, the present study has provided insight into
cortisol dynamics throughout a working day and a day off. Data
obtained from within-day measurements can be used in addition to
other assessment methods, such as repeated exposure and aggrega-
tion (61). The results from the present study can be used to design
future experiments in the field. More specifically, if most cortisol
variance is to be explained at the subject level, the effects will be
ascribed to differences between subjects on the explanatory
variable. In this example, the effects vary with subjects and are
therefore referred to as ‘“‘subject-dependent.” If most of the
variance is to be explained at the within-day level, the effects are
probably due to differences within a day. Thus, the effects vary
from situation to situation, and are referred to as ‘“‘situation-
dependent.”” Table 2 shows that 84% of the variance in cortisol is at
the within-day level, and 16% at the subjects. This means that even
if all the variance is explained, only 16% is due to differences
between subjects. The remaining 84% is situation-dependent. This
variance can only be explained by other within-day variables
including time of day, which may explain 40% of that variance.
The finding that cortisol is substantially situation-dependent has
implications for future research. The largest portion of cortisol
variance is at the within-day level. To explain this variance,
explanatory within-day variables, rather than subject-level vari-
ables, should be tested.

The present study shows ample leads to future studies that
focus on ambulatory measurement of cortisol variations. The
impact of a psychological state, momentary negative mood on
cortisol could be confirmed and seems to be a robust one by now.
This study confirms the hypothesis that affect rather than work-
related stress (e.g. ERI or MD-SR) is related to cortisol in a
healthy population. On the other hand, it is comforting to realise
that experiencing minor stressors in normal daily life does not lead
to increased cortisol that in the long run may be connected with
negative health outcomes. Furthermore, the Effort-Reward Imbal-
ance model explicitly states that although distress and negative
emotions ate important, a direct pathway (not via negative affect)
to negative health also exists (16). The present study could not test
this hypothesis, but could determine the relative importance
between work stress and affect on cortisol throughout the day in a
working population. The results show that, at least for the present
healthy population, affect (momentary negative mood) is related to
cortisol responses and not ERI or the demand/satisfaction ratio.

It is interesting to see whether increases in negative affect may
be responsible for other behavioural changes, such as sleep
deprivation, and if relations with health can be established through
such alternative routes. Individual differences in both daily varia-
tions and the effect of sleep quality on cortisol offer promising
links to understand psychobiological mechanisms for fatigue,
burnout, or even other health problems.
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