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Little is known about the natural course of fatigue among employees.
An adequate understanding of its development and risk factors is
important to prevent chronic health complaints and absenteeism. This
longitudinal study investigated associations between positive changes in
perceived work characteristics (ie, a decrease in job demands, an increase
in decision latitude, and an increase in social support) and changes in
fatigue by performing hierarchical regression analyses. The work char-
acteristics of the demand–control–support model were selected as predic-
tors. The outcome measures emotional exhaustion and psychologic
distress were investigated as secondary outcomes. The results showed
that, compared with a stable work situation, positive changes in
perceived social support, decision latitude, and psychologic job demands
went together with a decrease in fatigue. Similar results were found for
the secondary outcomes emotional exhaustion and psychologic distress.
(J Occup Environ Med. 2004;46:866–875)

F atigue is a commonly found problem
among general practitioner pa-
tients1–3 and in the general popula-
tion.4–6 The severity of fatigue fol-
lows a continuous distribution.1,5–7

In the literature, a distinction is made
between acute fatigue and prolonged
fatigue.8–10 Acute fatigue is task-
specific and tends to disappear after
taking some rest. Prolonged fatigue
is assumed to be the result of a
cumulative process that could occur
if the individual is continuously ex-
posed to 1 or more stressors while
there are no or inadequate opportu-
nities to recover.10 Prolonged fatigue
is not task-specific and compensa-
tion mechanisms such as having
some rest or switching to different
methods of working are ineffective
to reverse it on short notice.11 Pro-
longed fatigue refers to a debilitating
state, which could have negative ef-
fects on the quality of life.8,12,13

Another distinction found in the lit-
erature is that between explained and
unexplained fatigue.13 If fatigue can-
not be explained by a medical con-
dition, the fatigue is referred to as
unexplained. Swain notes that “. . . in
present-day society, significant, pro-
longed fatigue commonly occurs in
the absence of chronic medical ill-
ness.”13 A recent study in a working
population showed that general, pro-
longed, unexplained fatigue was a
risk factor of sickness absence, par-
ticularly long-term sickness ab-
sence.14 It will be clear that, practi-
cally, high social and economic costs
are involved here if one is aware of
the fact that approximately 22% of
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an employee population could be
regarded as (explained and unex-
plained) fatigue “cases” in 1998.15

Seen from the perspective of pre-
venting more chronic types of fa-
tigue and sickness absenteeism,
therefore, it is important to study the
risk factors that could be involved in
the course of fatigue at work. In this
article, the subject of study is the
course of general, prolonged, and
unexplained fatigue that has lasted
for 2 weeks.

Still, little is known about the fac-
tors that could affect the course of
this fatigue among employees. A
well-known work stress model mak-
ing specific statements about the re-
lation between work characteristics
and—the etiology of—health com-
plaints is the demand–control (D-C)
model,16 which was later developed
into the demand– control–support
(DCS) model.17,18 The model is
based on combined effects of work
characteristics. One of the hypothe-
ses in the D-C model is that work
situations that are characterized by
high job demands and poor decision
latitude (“high-strain jobs”) will
have a greater likelihood of develop-
ing stress reactions than work situa-
tions characterized by low job de-
mands and a great deal of decision
latitude (“low-strain jobs”). Then the
support variable was added to the
D-C model: in addition to decision
latitude, social support at work was
also thought to reduce the negative
effects of job demands.17,18 The em-
piric evidence of interaction effects
thus far has not been unambiguous,
although direct effects of DCS work
characteristics on stress reactions
have frequently been demonstrat-
ed.19 A study conducted within the
same research framework as the
present study demonstrated a strong
relation between DCS work charac-
teristics and fatigue.20 Although the
DCS model primarily predicts the
etiology of health complaints, it
could also be that its hypotheses can
be generalized to include the course
of health complaints. Thus, in the
present study, positive changes in

DCS work characteristics are as-
sumed to be associated with a reduc-
tion in health complaints.

The purpose of the study was to
examine the relation between posi-
tive changes in perceived work char-
acteristics and changes in fatigue. A
deliberate choice was made to in-
clude 2 measurements rather than a
single measurement of both the inde-
pendent and dependent variables in
the analyses. The difference between
both designs is that in the latter
cross-sectional design, so-called
“third” variables that were not in-
cluded in the study design might
have unintended effects on the study
outcome. In a study design based on
intraindividual changes, however,
the influence of stable third variables
is eliminated.21,22 For this reason,
and because we wanted to study
changes, we preferred the latter study
design. Still, however, the potential
disturbing influence of unstable third
variables cannot be ruled out in the
present study.

Another observation that can be
made about the purpose of this study
is that it investigated only the effect
of positive or favorable changes in
work characteristics as seen from the
DCS model perspective. This deci-
sion was based on the high “face
value” of the relation between posi-
tive changes in work characteristics
and a reduction in fatigue. Another
reason to study positive changes only
is that positive and negative changes
in work characteristics could differ
in the power of their effects or in the
period of time required before any
effects can be measured.23 Trying to
find at the same time effects of both
positive and negative changes in a
single variable thus could lead to
biased effect parameters.

The present study’s main hypoth-
esis refers to the question of whether
positive changes in DCS work char-
acteristics (ie, an increase in decision
latitude, a reduction in job demands,
and an increase in social support) are
associated with a reduction in fa-
tigue. A stable work situation (ab-
sence of change), on the other hand,

is assumed to be associated with
fatigue scores that remain unchanged
or else with a less substantial reduc-
tion in fatigue complaints than is
found in case of positive changes in
work characteristics. Apart from the
main outcome fatigue, 2 other health
measures were included as second-
ary outcomes, ie, emotional exhaus-
tion and psychologic distress. This
was done to get a more complete
picture of health developments and
to state whether changes in work
characteristics have any differential
effects on the conceptually different,
although highly interrelated, psycho-
logic outcome measures.24,25 The
second hypothesis, therefore, is
whether an increase in decision lati-
tude, a reduction in job demands, and
an increase in social support, respec-
tively, are associated with a reduc-
tion in emotional exhaustion and
with a reduction in psychologic dis-
tress.

Methods

The Maastricht Cohort Study
In 1998, a large-scale epidemio-

logic study was started by Maastricht
University to investigate fatigue
among employees. The Maastricht
cohort study is part of a national
research program on “fatigue at
work.” The Maastricht cohort study
has been designed to establish the
prevalence and incidence of fatigue
among employees, to identify the
risk factors involved in both its eti-
ology and course, and to investigate
how fatigued employees are treated
and supported. The results are meant
to produce specific suggestions for
prevention measures and policymak-
ing.26 In May 1998, the baseline
questionnaire was sent out to a het-
erogeneous population of nearly
27,000 employees. The respondents
came from 45 companies and orga-
nizations. All sectors were repre-
sented in the study. Once every year
the respondents received an exten-
sive questionnaire to measure both
risk factors (work, home, personal-
ity) and outcome measures (sickness
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absence, fatigue, secondary health
outcomes) in great detail. In addi-
tion, a brief questionnaire was sent
out to the respondents twice a year to
measure only outcome measures in
detail. The respondents were fol-
lowed during a period of 3 years. At
baseline a total of 12,140 respon-
dents participated in the study (a
response rate of 45%).

Taris noted that nonresponse rates
of 30% to 40% are not unusual now-
adays.27 In the Maastricht cohort
study, the extensiveness of the base-
line questionnaire on work and
health, that employees received at
the home address, might have put
people off from participation in the
study. Second, although the study
self-evidently was based on volun-
tary participation, the 3-year fol-
low-up period might have held back
potential participants who were
asked to fill out a total of 9 question-
naires. Third, the fact that potential
participants were asked to give their
written informed consent for partici-
pation, which included the collection
of their sickness absence data on the
basis of organizational records,
might have held them back from
participation. A nonresponse analy-
sis revealed that, in comparison with
respondents, baseline nonrespon-
dents reported less often having ex-
perienced fatigue complaints and
less often having been sick-listed in
the last 4 months before the baseline
measurement. No differences were
found between respondents and non-
respondents regarding subjective
general health, gender, age, and ed-
ucation.

Two extensive measurements
were used in the present study, ie, the
baseline measurement (T0) and the
extensive measurement 1 year later
(T3). Seasonal effects are neutralized
by administering follow-up measure-
ments during the same time of
year.28 One-year follow ups are fre-
quently applied in occupational–
psychologic studies.23 At T3, ie, 1
year after T0, a total of 9655 respon-
dents completed the questionnaire
(79.5% of the initial number of re-

spondents). A comparison between
the respondents who participated at
T0 only and those who participated at
both T0 and T3 showed that young
and lower educated employees, who
reported a relatively poor fatigue
state and a relatively high recent
sickness absence rate at baseline, had
discontinued participation at T3.26

Because variety in fatigue and
other characteristics in cohort partic-
ipants was still guaranteed, explana-
tory analyses are not likely to be
affected to a great extent by selection
bias as a result of initial or follow-up
nonresponse.

Study Population
People with long-term physical

and psychologic illnesses were ex-
cluded from the analyses. They were
those who made explicit mention of
having a long-term illness at T0

and/or T3 and/or who marked 1 of
the illnesses (eg, asthma, cancer,
psychiatric condition) specified in
the follow-up question (T0 � T3: n �
4058). Pregnant women were also
excluded from the analyses (T0 �
T3: n � 181). These 2 categories are
likely to perceive fatigue, and possi-
bly their work situation as well, dif-
ferently from “healthy” employees.
Also, as a result of other factors such
as medication, their physical condi-
tion could affect both the level of
their fatigue scores and their fatigue
development in ways that are not
found among other employees. Fi-
nally, the study population did not
include employees who were sick-
listed for more than 1 month at the
time of administering the question-
naire (T0 � T3: n � 468). This was
done because they might have dis-
torted views of their work situation
as a result of long-term sickness
absence or because of work-related
sickness absence. The implication of
the applied exclusion criteria and
panel design is that a large group of
workers was excluded in advance;
however, a more accurate assessment
of the relation between health and
work can be achieved if disturbing
external influences are removed. Af-

ter applying the exclusion criteria,
6108 respondents were left. The
study involved a panel group with a
follow up of 1 year who did not have
any missing values on the study vari-
ables at both T0 and T3. As a result,
the final study population included
5256 employees. A Pearson correla-
tion analysis showed that the corre-
lations between the study variables
for the group of those who did not
have any missing values (n � 5256)
hardly differed, if at all, from the
correlations found when respondents
with missing values were also in-
cluded (n � 6108). Thus, excluding
respondents with missing values did
not seem to have any effect on the
relations between the study vari-
ables.

Measures

Outcome Measures
Fatigue. Fatigue was measured by

using the Checklist Individual
Strength (CIS), a 20-item question-
naire. Respondents indicated on a
7-point Likert scale how they gener-
ally felt during the past 2 weeks.
The questionnaire has 4 subscales:
subjective fatigue (8 items), re-
duction in motivation (4 items),
reduction in activity (3 items), and
reduction in concentration (5 items).
Adding the 4 subscales leads to
scores ranging from 20 to 140.
Higher scores imply a higher degree
of fatigue. The CIS was tested exten-
sively in clinical settings,29,30 and it
was validated in a pilot study among
employees.31 Cronbach’s alpha (n �
5256) was 0.93 at T0 and 0.94 at T3.

Emotional Exhaustion. Emotional
exhaustion was assessed with the
Dutch version of the Maslach Burn-
out Inventory–General Survey
(MBI-GS).32,33 The emotional ex-
haustion scale has 5 items, which all
refer specifically to the work situa-
tion. Items are scored on a 7-point
frequency scale. Scale scores vary
between 0 and 6. Higher scores im-
ply a higher degree of emotional
exhaustion. Cronbach’s alpha (n �
5256) was 0.87 at T0 and 0.89 at T3.
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Psychologic Distress. Psychologic
distress was measured by using a
Dutch translation of the General
Health Questionnaire (GHQ-12).34,35

Originally, the GHQ was developed
to measure mild, nonpsychotic psy-
chiatric diseases within the general
population. The list covers elements
such as fear, chronic stress, and de-
pression. Respondents are asked to
identify which complaints they had
during the past few weeks. Items are
scored on a 4-point scale. In this
study, the Likert scoring method was
applied (0, 1, 2, 3). As a result, the
continuous total score for the 12
items ranged from 0 to 36. Higher
scores imply higher levels of psycho-
logic distress. Cronbach’s alpha (n �
5256) was 0.86 at T0 and T3.

Work Characteristics
Decision Latitude. The concept of

decision latitude is a combination of
2 concepts: the amount of skill used
in executing tasks (skill opportuni-
ties) and decision authority, ie, dis-
cretion in planning and executing
tasks and in taking decisions (deci-
sion-making opportunities).36 The
entire decision latitude scale consists
of 9 items. Its score ranges from 24
to 96. Cronbach’s alpha (n � 5256)
was 0.81 at T0 and 0.82 at T3.

Psychologic Job Demands. The
scale of job demands has 5 items. Its
range varies from 12 to 48. Cron-
bach’s alpha (n � 5256) was 0.69 at
T0 and T3.

Social Support. The social support
scale measures support from col-
leagues (4 items) and support from
managerial staff (4 items). The items
measure both socioemotional and in-
strumental support. Its range varies
between 8 and 32. Cronbach’s alpha
(n � 5256) was 0.78 at T0 and 0.79
at T3.

Work characteristics were mea-
sured by using a validated Dutch
translation of the Job Content Ques-
tionnaire (JCQ).37,38 Items are
scored on a 4-point scale (“totally
disagree” to “totally agree”). Higher-
scale scores imply higher levels of

decision latitude, job demands, and
social support, respectively.

Statistical Analysis

Differential Scores
Change scores were calculated by

standardizing the cross-sectional
work characteristics at T0 and T3.
This was done by subtracting the
population mean of the score and
dividing this subtracted score by the
standard deviation. The standardized
scores on the work characteristics at
T0 and T3 were then mutually sub-
tracted.21 Standardization prevents
that change scores are also deter-
mined by general changes in work
characteristics. Furthermore, center-
ing predictors could reduce colinear-
ity between independent variables in
regression analyses.39 For decision
latitude and social support, negative
differential scores (below zero) im-
plied positive change in 1 of the
work characteristics, ie, increased
decision latitude and increased social
support. For the job demands vari-
able, positive differential scores
(above zero) implied a positive
change in job demands, ie, a reduc-
tion of job demands. Higher absolute
differential scores generally implied
more positive change; lower differ-
ential scores (approaching zero) im-
plied marginal positive change,
which could be considered as ap-
proximately equaling a stable work
situation.

Univariate Analyses
To improve our understanding of

the data, several univariate analyses
were carried out before conducting
major multivariate analyses. Paired t
tests were performed to examine any
significant score developments on
the study variables between T0 and
T3. Also, Pearson correlation coeffi-
cients were calculated for the study
variables.

Multivariate Analyses
The relations between positive

changes in work characteristics and
changes in outcomes were investi-

gated by using hierarchical regres-
sion analyses. The first step in the
regressions was to control for the
covariates of age, level of education
(dummies), gender (dummy), and a
previous cross-sectional measure of
the dependent variable involved.23,40

The static scores were associated
quite strongly with the change
scores. To distinguish between the
effects of the 2 predictors, therefore,
the second step was to add as covari-
ates the static work characteristics at
T0. The third step was to control for
changes in the “other 2” work char-
acteristics (depending on the work
characteristic being the focus of at-
tention in step 4). Step 3 made use of
the total range of positive and nega-
tive differential scores, partly be-
cause these factors were included in
the analyses as covariates only and
partly because the study population
would be seriously reduced if selec-
tion was based exclusively on posi-
tive changes found in all 3 work
characteristics. The focus of analysis
is step 4, which was designed to
identify the effect of positive
change—as seen from the perspec-
tive of the DCS model—in 1 of the
work characteristics (increased deci-
sion latitude, increased social sup-
port, and decreased job demands). It
is emphasized that the effect of a
positive change was established in-
dependently of either positive or
negative changes in the other work
characteristics as they were con-
trolled in step 3.

The focus on positive change im-
plied that, beforehand, a sample was
selected that was subject to some
positive change in 1 of its work
characteristics (ie, the selection was
based on getting a continuum from
no change to maximum positive
change). The result of the selection
was that the 3 analyses for separate
work characteristics focusing on a
positive change in job demands, de-
cision latitude, or social support, re-
spectively, differed in the size of
their subsamples.
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Results

Univariate Analyses
The scores on work characteristics

and health characteristics are re-
ported in Table 1. At T3, lower levels
of job demands, social support, and
decision latitude were reported as
compared with T0. However, the
means and standard deviations make
it clear that differences were only
marginal, probably reaching signifi-
cance as a result of the great number
of respondents. As was mentioned
earlier, general changes in mean
group scores on work characteristics
did not affect the results, because
differential scores were not calcu-
lated until after standardization.

To make valid statements, the cor-
relations between (static) work char-
acteristics and (static) outcome mea-
sures should be similar at T0 and T3.
This appeared to be the case (results
not shown).

The correlations between the study
variables are reported in Table 2.
First, the results show that test–retest
correlations were rather low for psy-
chologic distress (r � 0.43**) as
compared with emotional exhaustion
(r � 0.72**) and fatigue (r �
0.68**).

Second, static scores and changes
in those scores appeared to be fairly
strongly associated (r � 0.47** for
social support, r � 0.45** for job
demands, and r � 0.40** for deci-

sion latitude). Unfavorable scores on
specific work characteristics were
associated with more positive change
in those work characteristics. For
example, lower scores on social sup-
port at T0 (little perceived social
support) were associated with in-
creased social support between T0

and T3. It is not strange to find this
correlation; after all, the change
scores are based on the static scores
on work characteristics and ceiling
effects probably influenced the re-
sults. The correlations involved did
not seem to be strong enough to
expect statistical problems as a result
of overly strong associations be-
tween static scores and change
scores if both types of predictors

TABLE 1
Means (M), Standard Deviations (SD) and Paired T-Tests for the Study Variables (n � 5256)

Variable

T0 T3

T-testM SD M SD

Fatigue 52.13 21.36 52.27 21.78 �.61
Emotional exhaustion 1.62 1.04 1.60 1.06 1.27
Psychological distress 10.64 4.41 10.73 4.41 �1.37
Social support 22.56 3.01 22.48 2.96 2.09*
Job demands 33.00 5.56 32.56 5.48 6.50***
Decision latitude 73.31 10.89 73.02 10.49 2.49*

T0 refers to the measurement taken late May ’98; T3 refers to the measurement one year later, end of May ’99.
* P � .05; ** P � .01; *** P � .001.

TABLE 2
Pearson Correlations of the Variables Under Study (n � 5,256)

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fatigue T0 –
Emotional exhaustion T0 .68** –
Psychological distress T0 .59** .51** –
Social support at work T0 �.24** �.24** �.25** –
Job demands T0 .17** .35** .22** �.17** –
Decision latitude T0 �.21** �.17** �.16** .32** .08** –
Age �.01 �.01 .04** �.11** .04** .08** –
Educational level .00 �.02 .02 .07** .05** .33** �.05** –
Gender .02 .03* �.02 �.10** .07** .14** .19** �.01 –
Fatigue T3 .68** .55** .43** �.19** .14** �.17** .02 �.02 .05** –
Emotional exhaustion T3 .56** .72** .41** �.19** .28** �.14** �.01 �.03 .03* .70** –
Psychological distress T3 .36** .33** .43** �.14** .16** �.08** .05** .02 .01 .57** .50** –
Difference social support

at work
�.02 �.04** �.06** .47** �.04** .11** .02 �.03* .01 .07** .06** .08** –

Difference job demands .02 .06** .06** �.08** .45** �.01 .04** �.05** �.01 �.07** �.11** �.08** �.11** –
Difference decision

latitude
�.02 �.03* �.02 .09** .01 .40** .04** .00 .03* .08** .05** .11** .28** .01

Note * P � .05; ** P � .01; gender was coded 0 � female; 1 � male. Educational level coded as 1 � low; 2 � medium; 3 � high. Differential
scores of the work characteristics include negative as well as positive changes. A negative differential score (below zero) implied for the
variables ‘difference in social support at work’ and ‘difference in decision latitude’ a positive change in these variables (i.e. increased support
and decision latitude), whereas a positive differential score (above zero) implied for the variable ‘difference in job demands’ a positive change
(ie, decreased job demands).
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were included in the regression
model.

Third, the correlations between the
change scores reported in Table 2
reveal that an increase in decision
latitude was associated with an in-
crease in social support (r � 0.28**).
A decrease in job demands was
slightly associated with an increase
in social support (r � -.11**).
Changes in decision latitude and
changes in job demands were unre-
lated (r � 0.01).

Fourth, fatigue and emotional ex-
haustion were strongly related (T0:
r � 0.68**; T3: r � 0.70**), and
correlations between psychologic
distress and fatigue were also quite
high (T0: r � 0.59**; T3: r �
0.57**). The correlations between
psychologic distress and emotional
exhaustion were 0.51** at T0 and
0.50** at T3.

Multivariate Analyses
Tables 3, 4, and 5 present the

results of hierarchical regression
analyses. The standardized beta (�)
values of the end model are pre-
sented; for the individual steps made
in the regression analyses, the addi-
tional amount of variance explained
(�R2) is given. The results show that
all the regression models had signif-
icant F tests; all the predictors com-
bined made a significant contribution
to the amount of variance to be
explained in the 3 outcome mea-
sures. The relatively high amount of

TABLE 3
Hierarchical Regression Analyses in Four Steps, in a Population Displaying Between Maximum Positive Change in Decision
Latitude and No Change at All, for the Relation Between Positive Change in Decision Latitude and the Dependent Variables
of Fatigue, Emotional Exhaustion and Psychological Distress, Respectively (n � 2790)

Step Variable

Fatigue T3 Exhaustion T3 Distress T3

�R2 � �R2 � �R2 �

1 Men (women � reference) .45*** .03* .51*** �.01 .16*** .00
Education (low � reference)
Education medium .01 �.02 .03
Education high .02 .00 .02
Age .03 .00 .03
Fatigue/Exhaustion/Distress† .64*** .68*** .37***

2 Decision latitude .00** �.10*** .00* �.05** .01** �09***
Job demands .09*** .14*** .16***
Support �.04* �.03 �.05*

3 Difference job demands .02*** �.12*** .04*** �.20*** .04*** �18***
Difference support .08*** .07*** .10***

4 Difference decision latitude .01*** .10*** .00*** .07*** .01*** .13***
R2 .48*** .56*** .22***

* P � .05; ** P � .01; *** P � .001.
† Fatigue/Emotional exhaustion/Psychological distress at T0 were added as covariates in the first, second and third columns, respectively.

TABLE 4
Hierarchical Regression Analyses in Four Steps, in a Population Displaying Between Maximum Positive Change in Job
Demands and No Change at All, For the Relation Between Positive Change in Job Demands and the Dependent Variables
of Fatigue, Emotional Exhaustion and Psychological Distress, Respectively (n � 2378)

Step Variable

Fatigue T3 Exhaustion T3 Distress T3

�R2 � �R2 � �R2 �

1 Men (women � reference) .45*** .04* .52*** .03 .16*** .00
Education (low � reference)
Education medium .00 �.02 .03
Education high .02 .01 .07*
Age .02 .03* .06**
Fatigue/Exhaustion/Distress† .64*** .68*** .35***

2 Decision latitude .00 �.10*** .00** �.07*** .01*** �09***
Job demands .06*** .11*** .14***
Support �.04* �.04* �.09***

3 Difference support .02*** .09*** .01*** .08*** .03*** .11***
Difference decision latitude .11*** .04* .13***

4 Difference job demands .01*** �.09*** .02*** �.16*** .01*** �.08***
R2 .48*** .55*** .22***

* P � .05; ** P � .01; *** P � .001.
† Fatigue/Emotional exhaustion/Psychological distress at T0 were added as covariates in the first, second and third columns, respectively.
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total variance explained and the dif-
ferences in total explained variance
between the outcome measures were
produced mainly because an earlier
measurement of the dependent vari-
able was included in the analyses
(see also the test–retest correlations
of the outcome variables).

Women appeared to be more
likely to have reduced fatigue scores
1 year later as compared with men.
Demographic variables did not have
any consistent effects on emotional
exhaustion or psychologic distress
(Tables 3, 4, and 5).

The multivariate regression analy-
ses (step 4) showed that decreased
job demands, increased decision lat-
itude, and increased support resulted
in significantly more reduced fatigue
scores as compared with a situation
that did not include any changes in
work characteristics. Similar results
were found for the effects of positive
changes on the outcome measures of
psychologic distress and emotional
exhaustion. Remarkably, the emo-
tional exhaustion reaction was par-
ticularly positive when a decrease in
psychologic job demands was in-
volved as compared with the reaction
of emotional exhaustion to changes
in the other work characteristics. The
latter effect can also be said to be

great as compared with the relation-
ship between a decrease in job de-
mands and a reduction in fatigue or
psychologic distress.

The effect of positive changes in
work characteristics was examined
independently of the initial values of
work characteristics. The contribu-
tions made by the static scores con-
tinued to be significant in the end
model. The direction of the effects of
the static scores on DCS work char-
acteristics proved to conform to the
relevant hypotheses postulated by
the DCS model: low levels of deci-
sion latitude, high job demands, and
low levels of social support predicted
higher levels of fatigue than did high
levels of decision latitude, low job
demands, and high levels of social
support. It can be deduced from Ta-
bles 3, 4, and 5 that of the DCS work
characteristics, generally, the static
job demands variable, had the stron-
gest effect on the outcome measures.

Discussion
The hypothesis that positive

changes in work characteristics are
associated with a decrease in fatigue
was confirmed. The hypothesis that
these positive changes in work char-
acteristics were also associated with
decreases in emotional exhaustion

and psychologic distress was con-
firmed as well. The effects of the
changes in the work characteristics
were stated independently of their
baseline level. Thus, an association
between changes in work character-
istics and changes in fatigue was
observed over and above the effect
of the baseline levels of the work
characteristics on a future change in
fatigue. Hence, this study revealed a
complex interrelationship between
levels of work characteristics and
changes in work characteristics on
the one hand and changes in fatigue
(and related mental health com-
plaints) on the other hand. The re-
sults might point at a bidirectional
relationship.

High correlations were found be-
tween the outcome measures (partic-
ularly between fatigue and emotional
exhaustion). In combination with the
homogeneity of the effects of the
changes in the work characteristics
on the outcomes, the question can be
raised if the effects found for specific
outcome measures were affected by
this strong association. Additional
control in the analyses for the other
outcome measures, however, did not
affect the conclusions. Furthermore,
there is some evidence that fatigue

TABLE 5
Hierarchical Regression Analyses in Four Steps, in a Population Displaying Between Maximum Positive Change in Social
Support and No Change at All, For the Relation Between Positive Change in Social Support and the Dependent Variables
of Fatigue, Emotional Exhaustion and Psychological Distress, Respectively (n � 3180)

Step Variable

Fatigue T3 Exhaustion T3 Distress T3

�R2 � �R2 � �R2 �

1 Men (women � reference) .47*** .03* .54*** �.01 .18*** .00
Education (low � reference)
Education medium .02 �.01 .06*
Education high .02 �.01 .07**
Age .02 �.01 .04**
Fatigue/Exhaustion/Distress† .65*** .70*** .38***

2 Decision latitude .00* �.08*** .00 �.05** .00** �09***
Job demands .09*** .13*** .14***
Support �.04* �.04** �.05**

3 Difference job demands .02*** �.12*** .04*** �.21*** .04*** �16***
Difference decision latitude .09*** .06*** .12***

4 Difference support .00*** .08*** .00*** .07*** .01*** .08***
R2 .50*** .58*** .22***

* P � .05; ** P � .01; *** P � .001.
† Fatigue/Emotional exhaustion/Psychological distress at T0 were added as covariates in the first, second and third columns, respectively.
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and psychologic distress represent
different constructs.15

Fatigue and emotional exhaustion
appeared to be outcome measures
that were relatively stable in time,
even though the study applied rather
severe exclusion criteria that pre-
vented, for example, employees with
long-term illnesses from being in-
cluded in the study population. Thus,
on an individual level, fatigue and
emotional exhaustion are quite per-
sistent phenomena, even among
a—healthy—population of workers.
These results are in agreement with
the conclusions drawn by Schaufeli
and Enzmann, which were based on
a number of studies reporting the
stability of emotional exhaustion.
They concluded that this stability “is
quite high for a construct that is
believed to be affected by current
situational conditions.”28 Based on
the results of the present study, this
conclusion also seems to be justified
for fatigue. Psychologic distress
proved to be far less stable. This is in
agreement with the conclusion
drawn by Lovibond, based partly on
his own research efforts (using in-
struments similar to the GHQ), that
emotional syndromes are quite vari-
able in time.41 Related to the stability
of the outcome measures, the base-
line measurements of the outcome
measures of fatigue and emotional
exhaustion were found to have a
rather dominant influence within the
regression model. Still, despite this
dominating influence, the positive
changes in work characteristics were
found to go together with a reduction
in fatigue and emotional exhaustion.

Reduction in job demands had a
particularly positive effect on the
level of emotional exhaustion (see
also references 28 and 42). Referring
to psychologic health complaints,
Karasek et al. stated that of the DCS
work characteristics, job demands
were especially associated with fa-
tigue and burnout.43 If this proposi-
tion is assumed to apply also to
positive changes in job demands,
then this is confirmed by the rela-
tively strong association between re-

duction in job demands and decrease
in emotional exhaustion. The propo-
sition did not hold for fatigue; fa-
tigue displayed about equally strong
reactions to all 3 changes in work
characteristics investigated.

There are 2 previous studies that
investigated effects of intraindi-
vidual changes in the DCS work
characteristics in a similar way as
was done in the present study. In a
study among clerical workers, a re-
duction in job demands was found to
be associated with decreasing need
for recovery.44 In another study in a
population of nursing and care staff,
associations were found between in-
creasing supervisor social support
and decreasing job demands, on the
one hand, and decreased emotional
exhaustion, on the other.45 Possibly,
subtle differences in study design
(eg, analyses, operationalizations)
are connected with the fact that the
present study did find effects of pos-
itive changes in all 3 DCS work
characteristics on fatigue and related
mental health complaints. Moreover,
the previously mentioned studies re-
ferred to specific occupational
groups.

Study Limitations
First, using questionnaires—and

only questionnaires—could have af-
fected the power of relations as a
result of self-report bias resulting
from common variance of methods,
cognitive consistency, social desir-
ability, overlap between dependent
and independent variables, and so
on.46 In this respect, it should be
observed, however, that the study
made exclusive use of measuring
instruments that were thoroughly
validated.31,43 Karasek et al.43 also
stated on this point that the JCQ
items37,38 were phrased as objec-
tively as possible, focusing on re-
porting rather than on a cognitive
assessment of work characteristics.
Apart from self-report bias, (other)
third variables that were not included
in the study could also have affected
the power of the relations investigat-
ed.23,40 However, stable third vari-

ables such as negative affectivity43,47

hardly played a role in the present
study because it focused on the ef-
fects of intraindividual changes.21

Second, changes in the work situ-
ation were operationalized as posi-
tive changes in perceived work char-
acteristics. Clearer indications on the
practical implications of the present
study would have been present if
supplementary, independent ratings
of changes in work characteristics
would have been assessed and linked
to the self-report data on fatigue and
secondary health outcomes.48 It is,
however, impossible to obtain these
supplementary, independent ratings
on all participants in a large-scale
study such as the Maastricht cohort
study.26 The exclusive reliance on
self-report data entails that it remains
unclear whether the changes in the
perceived work characteristics re-
flect objective changes in work char-
acteristics or whether measured
changes primarily reflect changes in
work attitude. Thus, based on the
present study, it is impossible to say
whether work-oriented interventions
(“job redesign”17) or individual-
oriented interventions (eg, cognitive
behavior therapy) are effective in
reducing fatigue and related mental
health complaints. As for individual-
oriented interventions, for example,
it was demonstrated that, in a popu-
lation of employees experiencing
burnout symptoms, a changed per-
ception of the work situation was
sufficient to have a positive and
long-term effect on psychologic
health or absenteeism, even if this
was not accompanied by actual
changes in work characteristics.49 To
obtain more clarity on this subject, a
(quasi)experimental research could
be initiated on the basis of the
present study results. In this re-
search, the relationships between ob-
jective and subjective changes in
work characteristics and changes in
fatigue could be further explored.

Third, although a longitudinal de-
sign was applied, it was not possible
to draw conclusions about cause-
and-effect relations. This is because
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measurement of the independent
variables (ie, changes in work char-
acteristics) did not precede measure-
ment of the outcome measures.40 As
already stated, theoretically, rela-
tions are possible in both direc-
tions.23,28 Positive changes in work
characteristics could lead to working
conditions that involve fewer health
hazards while offering more oppor-
tunities to recover during task perfor-
mance, resulting in reduced fatigue.
Alternatively, it is possible that high
fatigue causes employees to enter-
tain—more—negative views about
the workplace. Furthermore, it is also
possible that employees with lower
levels of fatigue will be better able to
adjust the objective work situation so
as to meet their wishes or else will be
offered more promotion opportuni-
ties so that they will perceive greater
positive— objective— changes in
their work than fatigued work-
ers.23,50,51 In a longitudinal study,
for example, it was found that de-
pressed workers changed jobs and
got promoted less frequently.51

Moreover, depressed workers who
changed jobs appeared to experience
smaller positive effects as a result of
changing jobs in terms of improved
work characteristics than did work-
ers with less depressed feelings who
changed jobs.51

A fourth limitation of the present
study is that it focused on DCS work
characteristics. Several authors have
criticized the conceptualization and
operationalization of DCS work
characteristics.19 Measuring instru-
ments were said to overlap in terms
of conceptualization. Furthermore,
other work characteristics might also
play some role in the etiology and
course of health complaints.19 Future
studies investigating the course of
fatigue might improve our under-
standing of the effects of more dif-
ferentiated measures of work charac-
teristics such as different types of
support and other sorts of job de-
mands such as physical job demands
and emotional job demands.

Fifth, even though sufficient vari-
ety in exposure and outcomes ap-

peared still present, a more general
limitation of the present study is that
it cannot be ruled out that selective
initial and follow-up nonresponse
(see “Methods”) have affected the
results of the present study.

Sixth, significant relationships
were established between positive
changes in work characteristics and
changes in fatigue and related mental
health complaints. However, the
amount of additional explained vari-
ance for individual positive changes
(ie, the last step in the separate hier-
archical regression models) was very
low; it varied between 0% and 2%. It
is therefore likely that, next to work
characteristics, other factors play a
role in the course of fatigue and
related mental health complaints. In-
tervening in a combination of several
sorts of predictors might then be
more effective than solely in work
characteristics.

Overall Conclusion
The complex relationships that

were found between levels of work
characteristics and positive changes
in work characteristics on the one
hand, and changes in fatigue, emo-
tional exhaustion, and psychologic
distress on the other hand, emphasize
the complexity of the course of fa-
tigue as a subject of study. The
course of fatigue among workers is
still relatively virgin territory and
requires additional study.
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20. Bültmann U, Kant IJ, Schröer CAP, et al.
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