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Objectives   The number of employees on sick leave due to stress-related syndromes has increased drastically 
in many industrialized countries. Cognitive dysfunction is a common complaint among patients suffering from 
chronic stress. Previous research on chronic stress has mainly focused on its interpersonal, attitudinal, psycho-
logical, organizational, and physical effects. Less attention has been allocated to effects of chronic stress on 
cognitive functioning. Hence the aim of the present study was to investigate the relationship between chronic 
stress and cognition. 
Methods   The cognitive performance of 19 chronic stress outpatients and 19 matched controls was studied. A 
battery of standard and experimental cognitive tests assessing processing speed, attention, working memory, and 
episodic and semantic memory were administered. 
Results   Performance deficits of the chronic stress patients relative to the performance of the controls were 
found for some but not all cognitive tasks, indicating a selective deficit. Deficits were found for episodic memory, 
particularly for learning across repeated trials and for tasks requiring divided attention during either the encoding 
or retrieval of words. Performance differences were also found for aspects of working memory, mental tempo, 
semantic access, and prospective memory, but not for basic perceptual speed measures.
Conclusions   These findings may suggest suboptimal executive functioning (eg, strategic or attentional control) 
among chronic stress patients. Particularly, poor performance in letter fluency and prospective memory were 
significantly associated with chronic stress, the finding suggesting the usefulness of these tests as clinical tools 
in evaluations of chronic stress states.
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The number of employees on long-term sick leave due 
to prolonged exposure to high levels of work stress has 
increased drastically within the past few years in many 
industrialized countries (1). Chronic stress syndromes 
such as burnout is manifested in the form of such symp-
toms as emotional exhaustion, physical fatigue, tension, 
listlessness, and cognitive weariness (2) and sleeping 
disturbances (3) and can result in glucocorticoid dys-
regulation (4). Depression and anxiety are psychological 
problems that are integral parts of chronic stress, al-
though the causal relation is unclear (5, 6). However, 
psychological conceptualization of work-related chronic 
stress overlaps with other medically unexplained dis-
orders, for example, chronic fatigue syndrome (7), 
fibromyalgia (8), and multiple chemical sensitivity (9). 

The similarities between the syndromes have been sug-
gested to outweigh the differences and are apparent in 
case definitions and reported symptoms (10).

Despite the fact that chronic-stress-related syn-
dromes have become a major concern for the authorities, 
there is still limited documentation of this condition in 
terms of symptoms, underlying mechanisms, agreed di-
agnostic criteria, and treatment (11). A common concern 
with respect to patients suffering from chronic stress 
syndromes such as burnout is that of reported cognitive 
problems, predominantly regarding memory and atten-
tion (12). Since intact cognitive functioning is of critical 
importance in our everyday lives, even mild deficits can 
be of great concern for the afflicted person, as well as 
for their families. 
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It has long been known that prolonged periods of 
physical and psychological stress have adverse effects 
on the structure and circuitry of the brain, notably the 
hippocampus and prefrontal cortex (13–15). Research 
examining the effects of chronic exposure of stress hor-
mones on cognition has found impairment of declarative 
memory and aspects of working memory (14, 16), which 
are cognitive functions subserved by the medial tempo-
ral lobe, as well as by the prefrontal cortex. 

Previous research on work-related chronic stress has 
mainly focused on its interpersonal, attitudinal, psycho-
logical, organizational, and physical effects (2). Less 
attention has been allocated to the effects of chronic 
stress on cognitive functioning. This state of affairs is 
unfortunate given the literature on the averse effects of 
stress on cognition (16, 17) and the reports of cognitive 
complaints among chronic stress patients. It is important 
to deepen our understanding about the consequences 
of work-related chronic stress on behavior in general 
and on cognitive functions in particular, in that it may 
inform us about new approaches to the diagnosis and 
support rehabilitation of the persons in question. To our 
knowledge only two recent studies have investigated the 
cognitive functions of burnout patients (12, 18). Both 
of these studies showed that burnout was associated 
with deficits in select aspects of cognitive functioning, 
more specifically, in nonverbal episodic memory, men-
tal speed, response inhibition, and sustained attention. 
Moreover, the conclusion drawn in these studies was that 
the pattern of cognitive deficits may be indicative of an 
executive control deficit. Executive control is commonly 
referred to as a set of cognitive processes underlying the 
regulation and control of thought and behavior (19, 20), 
and it has been frequently ascribed to the function of the 
prefrontal cortex (21). Compromised executive control 
may manifest itself in several ways, such as deficits 
in working memory, inhibition, divided attention, and 
strategic processing, and, accordingly, can lead to dif-
ferent expressions in a person’s behavior, such as loss of 
thought, problem-solving difficulties, and forgetfulness. 
Noteworthy is that findings of deficient executive control 
have been shown in other stress-related patient popula-
tions, such as in those with posttraumatic stress disorder 
and chronic fatigue syndrome (22, 23).

The objective of our study was to add further under-
standing to the sparse literature on the chronic stress–
cognition relationship by comparing patients on sick 
leave due to work-related chronic stress with a control 
group. We decided to investigate this issue in two ways. 
First, we adopted a rather exploratory approach by 
administering a battery of standard neuropsychological 
tests selected to assess declarative memory (episodic and 
semantic memory), working memory, and attention–pro-
cessing speed and a questionnaire on everyday memory 
failures. On the basis of previous findings (12, 18), we 

hypothesized that the stress group would be impaired 
on some, but not all, of these tests, the most marked 
impairment occurring in more executive demanding 
tasks. Many standard neuropsychological tests have been 
criticized for being insensitive in detecting very mild 
cognitive deficits in some patient populations, despite 
reported everyday memory problems in these patient 
groups (24). Therefore, we complemented this clinical 
approach by adding two experimentally derived tasks to 
investigate the possibility that executive control deficits 
may form a core feature in persons suffering from work-
related chronic stress, as suggested by Sandström et al 
(12) and Van der Linden et al (18). These tasks address 
episodic memory, which many chronically stressed per-
sons express concern about. In the first test, a dual-task 
paradigm was used for which we examined the impact of 
divided attention on episodic memory performance. To 
perform two tasks at the same time requires the ability 
to exert control over the allocation of attention between 
the two tasks, and this need constitutes a problem when 
one’s executive control processes are impaired. Several 
studies have shown that divided attention limits the 
ability to process information in a deep and elaborate 
fashion; in other words, it hampers strategic organization 
(25–27). Thus we expected that divided attention would 
have negative effects on episodic memory performance 
in both groups, but that the chronic stress patients would 
be disproportionately affected under divided atten-
tion conditions when compared with the controls. This 
situation would be in line with the presented argument 
concerning suboptimal executive control processes in 
chronic stress patients.

In the second task, on the recall of concrete nouns 
with selective reminding, we were interested in the 
ability to learn across trials. We argued that gain across 
trials benefits from the strategic organization (eg, deep 
and elaborate processing) of the to-be remembered 
information, and such organization calls for efficient ex-
ecutive control, particularly under a selective reminding 
procedure (28). [See the Methods section for details.] 
Hence we hypothesized that the chronic stress patients 
would show less gain across a trial than the controls 
would. Finally, we were interested in determining which 
cognitive measures are significantly associated with 
chronic stress.

Study population and methods

Study population

Altogether 19 outpatients, 13 women and 6 men, with 
perceived chronic stress were recruited from the Stress 
Clinic, Department of Occupational and Environmental 
Medicine, Umeå University, Sweden (table 1). The 
patient population at the Stress Clinic had initially been 
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diagnosed with chronic stress by physicians in primary 
care and referred to the Stress Clinic for evaluation for 
participation in a 1-year cognitive–behavioral stress 
management group program. The Shirom Melamed 
Burnout Questionnaire (SMBQ) (29) was used by the 
primary care physicians to evaluate perceived chronic 
stress, and the criterion for referral to the Stress Clinic 
was set at a SMBQ index of >4.6. The chronic stress was 
work-related for all of the patients, but a combination of 
stressors at work and outside work was common. 

All of the participants were individually screened at 
the Stress Clinic in a structured interview for the follow-
ing conditions, which also served as exclusion criteria: 
(i) other diseases that could cause fatigue or stress-relat-
ed symptoms, cause future sick leave, or interfere with 
active participation, (ii) posttraumatic stress disorder, 
(iii) known drug abuse, (iv) need for individual therapy, 
(v) >2 years of unemployment, (vi) lack of fluency in 
Swedish, (vii) participation in any other ongoing study, 
and (viii) an age of <25 or >55 years. This screening was 
done by a treating physician and a clinical psychologist. 
Altogether 37% did not fulfill the inclusion criteria, and 
10% declined further participation. 

From this pool of eligible patients, we invited 20 
to participate in our study, of which one declined par-
ticipation, 6 were medicated with selective-serotonin-
reuptake-inhibitor (SSRI) drugs, and 1 used hypnotic 
drugs for insomnia. All of the patients had an ongoing 
sick-leave period of 3–24 (mean 12.00) months.

Chronic stress was assessed according to the criteria 
set by Melamed et al (29) by using the SMBQ (29). 
The SMBQ is a validated questionnaire (30, 31) that 
consists of an overall index comprised of the following 
four subscales: burnout, tension, listlessness, and cogni-
tive weariness. The internal consistencies (Cronbach’s 
alpha) were high for the overall SMBQ index (α 0.98) 
and the SMBQ subscales (α 0.96, α 0.92, α 0.92, α 
0.98, respectively). The subscales were rated on a 7-
point Likert scale, with the end points 1 = almost never 
and 7 = almost always. In a study performed by Grossi 
et al (30), a score of ≥3.75 was classified as high stress 
and that of ≤2.75 as low stress. All of the patients met 
the criteria for high stress according to these guidelines 
(mean 5.53 for the women and 5.72 for the men) when 
compared with the controls (mean 2.51 for the women 
and 1.92 for the men) (table 1). 

A healthy control group, including 13 women and 6 
men, was recruited from various occupational settings 
in Umeå, Sweden, and was matched to the patient group 
for gender, age, years of education and verbal ability 
(table 1). A Swedish, four-alternative multiple-choice 
synonym test was used to assess verbal ability (SRB: 1) 
(32). Separate analyses of variance (ANOVA) on each 
of these background variables indicated no group dif-
ferences (P>0.10). 

The study was conducted in accordance with the 
Declaration of Helsinki, and it was approved by the 
Ethics Committee of the Faculty of Medicine and Odon-
tology, Umeå University (Umdnr 02–311). All of the 
participants gave their informed consent prior to their 
inclusion in the study.

Subjective memory assessment

Subjective memory concerns were assessed with the use 
of a 5-item questionnaire of everyday memory problems 
(33, 34). Each question was analyzed separately when 
the responses on each question served as the dependent 
measure. Questions 1, 4, and 5 were rated on a 5-point 
scale for which 1 indicated never and 5 represented very 
often. Items 2 and 3 were rated on a 5-point scale for 
which 1 indicated much better and 5 represented much 
worse. In table 2 the medians and ranges are presented 
for each of the five questions. In this study, the internal 
consistency (Cronbach’s alpha) was high for the every-
day memory problem questionnaire (α 0.90).

Cognitive assessment

All of the patients participated individually in an ap-
proximately 90-minute test session. All of the cognitive 
tests were paper-and-pencil type. A 15-minute break was 
taken after half of the session. The order of cognitive 
task presentation was invariant for all of the participants, 
and the testing was done prior to the participants’ inclu-
sion in therapy.

Attention and processing speed. Six tasks were used 
to assess aspects of attention and mental speed. Digit 
symbol from WAIS-R (35) was used and administered 
according to standard procedures. The participants were 
required to transcribe as many symbols as possible 

Table 1. Means and standard deviations for the background vari-
ables as a function of group.

Variable	 Chronic stress group	 Control group

		  Mean	 SD	 Mean	 SD

Age (years)	 39.16	 6.37	 39.89	 6.72

Education (years)	 13.47	 2.33	 13.37	 2.13

Verbal ability a	 22.58	 3.93	 24.42	 2.61

Shirom Melamed Burnout Questionnaire b

	 Burnout	 4.89 c	 0.85	 2.04	 0.59
	 Tension	 5.64 c	 0.81	 2.26	 0.86
	 Listlessness	 5.74 c	 0.84	 2.91	 0.87
	 Cognitive weariness	 5.61 c	 1.04	 2.04	 1.03
	 Global	 5.59 c	 0.73	 2.33	 0.70

a A Swedish synonym test (SRB1; maximum = 30).
b Subscales and global score.
c P<0.001.
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into empty boxes according to associations specified 
in a coding key. The key consisted of nine geometric 
symbols uniquely paired with digits from 1 to 9. The 
number of items completed in 90 seconds was the in-
dicator score.

Trail making test A (TMT A) was administered ac-
cording to standard procedures (36, 37). The participants 
were asked to connect the numbers 1 to 25 consecutively 
as fast as possible. The time (seconds) to complete the 
test was used as the outcome measure.

Pattern comparison and letter comparison tasks (38) 
required the participants to make simple perceptual 
comparisons as rapidly as possible within a limited time 
period. For the pattern comparison task, the participants 
compared 30 pairs of line drawings consisting of three, 
six, or nine line segments and responded with the same 
or different judgments for each pair. The number of cor-
rect decisions for two separate 30-second trials was used 
as the indicator measure. Similarly, the letter comparison 
task required the participants to indicate whether pairs 
of letter strings (consisting of three, six, or nine letters) 
were the same or different. As before, the correct deci-
sions for the separate 30-second trials were used as the 
indicator measure.

Motor speed was determined by the number-copying 
and line-marking tests (39). Two forms of the number-
copying test contained 10 rows of 10 box pairs. Empha-
sizing speed, the participants were required to copy the 
number from the top box into the empty box below. The 
indicator measure was the mean number correct for both 
30-second tests. The line-marking test also consisted 
of 10 rows of 10 incomplete squares that were missing 
either a horizontal or vertical line. The participants were 
asked to work as quickly as possible, adding either a 
horizontal or vertical line to complete the square. The 
mean number of correct responses in 30 seconds was 
used as the indicator measure.

Working memory. Working memory was defined by four 
measures. Computational span (38) required storage and 

simultaneous processing during which the participants 
solved arithmetic problems while holding the final digit 
from each problem in their memory for later recall. The 
number of items increased from 1 to 7, with three trials 
at each series length. The highest span (1 to 7) correctly 
recalled for two out of three trials was the outcome 
measure.

Two subtests of the WAIS-R (35), digit span forward 
and backward, were used and administered according to 
standard procedures. Forward and backward digit span 
were analyzed separately. As the outcome measure, the 
number of trials correctly completed was used.

Trail making test B (TMT B) was also administered 
according to standard procedures (36, 37). This task 
required storage, simultaneous processing, and the 
ability to shift. The participants were asked to alternate 
as quickly as possible between numbers and letters fol-
lowing the order of numbers and the alphabet. The time 
needed to complete (seconds) the text was used as the 
outcome measure.

Episodic memory. To measure the ability to explicitly 
recollect a previous episode, a free-recall task of 18 
concrete nouns with selective reminding (40) was used. 
Each noun was presented orally at a rate of 5 seconds 
per noun. The participants were asked to memorize as 
many words as possible, with a free-recall test after the 
presentation of the last noun. In accordance with the 
selective reminding procedure, all of the to-be-remem-
bered items were presented on the first trial (T1). On 
each subsequent learning trial (T2, T3), only the items 
that were not recalled in the previous trial were pre-
sented again, and the participants were asked to recall all 
of the items. The order of presentation was determined 
by the original serial position in the list. A total of three 
trials was used. As the outcome measure, the number of 
items recalled in each trial was used. 

In order to examine the effect of divided atten-
tion on episodic memory performance, we used four 
different lists, each consisting of 12 concrete nouns. 

Table 2. Medians and ranges for the self-reported memory problems as a function of group. (For questions 1, 4, and 5, 1 = never and 5 
= very often; for questions 2 and 3, 1 = much better and 5 = much worse)

	 Chronic stress group 	 Control group	 U-value a

	 Median	 Range	 Median	 Range	

1. Does anyone close to you (family, friends) think you have a poor memory?	 4	 2–5	 2	 1–3	 29.00 b

2. How is your memory today in comparison with your memory 5 years ago?	 5	 3–5	 3	 1–5	 32.50 b

3. How do you perceive your memory in comparison with that of other persons  
your age?	 4	 2–5	 3	 1–4	 22.50 c

4. Do you forget appointments if not prompted by someone else or by a reminder  
such as a calendar or diary?	 4	 1–5	 3	 1–5	 64.50 b

5. Does it occur that you do not remember things that have recently happened?	 4	 2–5	 2	 1–4	 22.00 b

a Mann-Whitney U test.
b P<0.001.
c P<0.01.
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A card‑sorting task was used for distraction (25, 41); in 
this task the participants were required to sort standard 
playing cards into two piles according to their color 
(red versus black). The four test conditions were full 
attention at both encoding and retrieval (full–full), full 
attention at encoding and divided attention at retrieval 
(full–divided), divided attention at encoding and full at-
tention at retrieval (divided–full), and divided attention 
at both encoding and retrieval (divided–divided). The 
order of the test conditions was counterbalanced. The 
participants were instructed to memorize the nouns that 
were orally presented at a rate of 2 seconds per noun 
(time was indicated by a beeper) followed by free recall 
(45 seconds). During the divided attention conditions, 
the participants were asked to sort one card each time 
a word was read (encoding phase), and at retrieval they 
were to sort one card at the sound of a beep. The out-
come measure was the number of nouns recalled.

The Rey Complex Figure Test (RCFT) (42) was used 
to assess visual nonverbal memory. It was administered 
according to standard procedures. First, the participant 
was requested to copy a complex figure as correctly and 
quickly as possible. Thereafter, the participant was asked 
to redraw the figure twice from memory, first immedi-
ately after the copy trial and then again after a 30-minute 
delay (43), during which other tests were performed. 
The copy time and the number of correct recalled items, 
both immediately and at delayed recall, were used as the 
outcome measures.

The reminding task (44) taped prospective memory, 
the ability to remember to execute an intended action in 
the near future. The participants were told at the begin-
ning of the test session to remind the experimenter to ask 
for their addresses at the end of the test session. The out-
come measure was based on the amount of cue support 
needed to remember the action, (i) without a cue within 
15 seconds, (ii) after a cue “Was there not something 
else we were supposed to do?”, (iii) the person being 
asked what he or she was supposed to remember, and 
(iv) the person being retold what he or she was supposed 
to remember. 

Semantic memory. A Swedish version of the Controlled 
Oral Word Association Test (COWAT) (45) was used 
to assess letter and category verbal fluency. In letter 
fluency, the participants were required to generate as 
many words as possible during 1 minute, beginning 
with the letters F, A, and S, with the exception of proper 
names, numbers, and words with the same suffix. In the 
category fluency task, the participants generated as many 
grocery food items, animals beginning with the letter 
S, and occupations beginning with B during 1 minute. 
Both letter and category fluency was assessed after 30 
seconds (early retrieval) and 60 seconds (late retrieval), 
and as the total score. Letter and category fluency was 

averaged across letters and categories, respectively, to 
form a composite score.

The presented tests were administered in the fol-
lowing order: (i) reminding task, instruction; (ii) RCFT, 
copy and immediate recall; (iii) digit symbol; (iv) recall 
of concrete words with selective reminding; (v) TMT A 
and B; (vi) digit span forward and backward; (vii) verbal 
ability, SRB 1; (viii) RCFT, delayed recall, followed by 
a 15-minute pause; (ix) computational span; (x) word 
recall and divided attention; (xi) pattern comparison, 
letter comparison; (xii) line marking, number copy-
ing; (xiii) letter and category verbal fluency; and (xiv) 
reminding task, recall.

Results

The results are presented in two main sections cor-
responding to the principal research questions. First, 
we determined whether the participants with chronic 
stress syndrome experienced more subjective memory 
problems than the controls. Second, we concentrated on 
whether the stress group performed at lower levels than 
the controls in cognitive tasks using a multivariate analy-
sis of variance (MANOVA) followed by a univariate 
analysis of variance (ANOVA). Third, we used logistic 
regression to determine which of the 24 cognitive tests 
were significantly related to chronic stress.

Subjective memory and cognitive performance
First, as can be seen in table 2, the chronic stress pa-
tients experienced significantly more memory concerns 
on all five questions than the controls. This finding was 
confirmed by separate Mann-Whitney tests for each 
question (P<0.01).

Second, a 2 (group) × 24 (cognitive tests) MANOVA, 
revealed a significant overall multivariate effect of group 
[Wilks’ λ=0.14, F (24, 13)=3.46, P<0.012, η2=0.86] 
indicating lower performance on several cognitive tasks 
for the chronic stress group. These significant findings 
are presented in the results under the respective cogni-
tive domain and complemented with follow-up univari-
ate ANOVA.

For illustrative purposes, the relative performance 
of the chronic stress patients across a task is displayed 
in figure 1, portraying the means for the chronic stress 
group expressed in standard Z-scores. As can be seen 
from the figure, a pattern of preserved and inferior per-
formance is present. 

Attention and processing speed. The univariate ANOVA 
revealed no effects of group for the following tests: 
line marking (P<0.30), number copying (P<0.47), pat-
tern comparison (P<0.07), letter comparison (P<0.12), 
or TMT A (P<0.20). However, digit symbol did not 



228	 Scand J Work Environ Health 2007, vol 33, no 3 

Cognitive function and chronic stress

conform to this pattern of results by showing that the 
performance of the chronic stress patients (mean 54.47) 
was significantly inferior [F (1, 36)=5.15, mean square 
error (MSE) 122.75, P<0.03] to that of the controls 
(mean 62.63).

Working memory. The univariate analysis revealed a sig-
nificant effect for TMT B [F (1, 36)=4.53, MSE 617.12, 
P<0.04], reflecting that the chronic stress patients (mean 
77.42) performed worse than the controls (mean 60.26). 
Their computation span was also close to significant [F 
(1, 36)=3.60, MSE 11.10, P=0.06], showing that the 
performance of the chronic stress patients (mean 8.79) 

was inferior to that of the controls (mean 10.84). There 
were no group effects for digit span forward (P<0.84) 
or backward (P<0.64).

Episodic memory. The results from the selective remind-
ing task for the recall of concrete nouns was further ana-
lyzed with a 2 (group: chronic stress, control) × 3 (trial: 
T1, T2, T3) ANOVA with the repeated measure for the 
last factor. The means and standard errors of the means 
are shown in figure 2. A significant main effect of trial 
[F (2, 72)=61.63, MSE 2.22, P<0.001] showed that per-
formance improved significantly from T1 to T2 (P<0.05), 
but not from T2 to T3 (P>0.05). More interestingly, the 
interaction effect was significant [F (2, 72)=4.42, MSE 
2.22, P<0.01]. The follow-up t-tests indicated that the 
control group gained significantly more from T1 to T2 
than did the chronic stress group (P<0.05), whereas 
the gain from T2 to T3 was more or less identical for 
both groups (P>0.05). This pattern of results indicated 
that learning across trials was compromised among the 
chronic stress patients. 

In studying whether the chronic stress patients, 
when compared with their controls, were differentially 
affected by divided attention at encoding, retrieval, or 
at both encoding and retrieval, we analyzed the per-
formance data on the four episodic memory lists with 
a 2 (group: chronic stress, control) × 4 (type of test: 
full–full, full–divided, divided–full, divided–divided) 

Figure 1. Z-scores for the chronic stress group relative to the control group across the cognitive tasks. (T = trial, TMT = trail making test, RCFT = 
Rey Complex Figure Test, div = divided)
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Figure 2. Means and standard errors of the means for recalled words 
with selective reminding as a function of group and trial.
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ANOVA with the repeated measure for the last factor. 
The means and standard errors are shown in figure 3. 
The main effect of the type of test was significant [F (3, 
108)=19.69, MSE 1.31, P<0.001] and indicated that the 
episodic memory performance decreased as a function 
of divided attention in such a way that the performance 
was best under the full–full (mean 6.34) condition, fol-
lowed by the full–divided (mean 5.66), divided–divided 
(mean 4.68), and divided–full (mean 4.63) conditions, 
for which the two last conditions did not significantly 
differ from each other. Moreover, the quadratic group × 
type of test interaction was significant [F (1, 36)=4.84, 
MSE 1.39, P<0.05], for which the follow-up t-tests 
indicated that the performance of both groups was 
equivalent in the full–full and divided–divided condi-
tions (P>0.05), whereas the performance of the chronic 
stress group decreased more than that of the controls 
from the full–full condition to the divided–full condi-
tion (P<0.05), and marginally so from the full–full to 
the full–divided condition (P<0.10).

No group effects were observed for any of the RCFT 
tests: copy time (P<0.62), copy raw score (P<0.50), im-
mediate recall (P<0.47), and delayed recall (P<0.28). 
The data from the prospective memory task (reminding 
task) [F (1, 36)=8.71, MSE 0.36, P<0.006] showed that 
the chronic stress group (mean 2.42) was less likely 
than the controls (mean 1.84) to remember to remind 
the experimenter about their address at the end of the 
test session.

Semantic memory. A 2 (group: chronic stress, control) 
× 2 (fluency measure: category, letter) ANOVA with a 
repeated measure for the last factor showed a main effect 
for group [F (1, 36)=11.13, MSE 171.45, P<0.002]. The 
main effect of the fluency measures was also significant 
[F (1, 36)=30.18, MSE 51.54, P<0.001]  and therefore 
indicated that more words were generated in letter 
fluency (mean 50.65) than in category fluency (mean 
41.61). More interestingly, the group × fluency mea-
sure interaction was significant [F (1, 36)=11.35, MSE 
51.54, P<0.002], for which the follow-up t-tests revealed 
that the chronic stress patients did not differ from the 
controls with respect to category fluency (P>0.15), but 
were outperformed by the controls in letter fluency 
(P<0.001).

Cognitive correlates of chronic stress

The preceding analyses demonstrated suboptimal per-
formance for 8 (T2 and T3 from Buschke selective 
reminding, 2 measures of episodic memory under di-
vided attention, the prospective memory task, letter 
fluency, digit symbol, and TMT B) out of 24 cognitive 
measures among the chronically stressed patients. In 
order to investigate which of these cognitive tests best 

differentiated the groups into chronically stressed pa-
tients and controls, a logistic regression was conducted 
with the diagnostic category as the outcome variable. 
We included six of the eight cognitive measures in the 
analysis. Two memory measures (Buschke T3, and the 
full–divided condition in the episodic memory task with 
divided attention) were excluded because of the high 
correlations with the two remaining measures in the 
analysis of episodic memory (Buschke T2, divided–full). 
These six measures were entered in a stepwise forward 
order fashion. All of the continuous variables were 
converted into (Z) scores before the analysis in order to 
facilitate comparisons of the relative importance of the 
variables. The full model was statistically significant 
(χ2=19.87, df=2, P<0.001). This model accounted for 
between 41% and 54% of the variance among the partic-
ipants, with 84% of the patients successfully predicted to 
be chronically stressed and 79% of the controls correctly 
predicted to be controls. Overall, 82% of the predictions 
were accurate. As can be seen in table 3, letter fluency 
and the prospective memory task were the two tests that 
best distinguished between the controls and the chroni-
cally stressed participants. 

Discussion

The following questions were addressed in this study. Do 
chronic stress patients report more subjective memory 

Figure 3. Means and standard errors of the means for recalled words as a 
function of group and the divided attention condition. (div = divided)
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Table 3. Predictor variables for chronic stress in the logistic 
regression model. 

Variable	 b	 SE	 Wald	 Exp(b)

Letter fluency	 1.27	 0.49	 6.85 a	 3.57
Reminding task (prospective memory)	 1.04	 0.55	 3.57 b	 2.84

a P<0.01.
b P<0.05, according to a forward stepwise (Wald) logistic regression.
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complaints than a control group? Do chronic stress pa-
tients show inferior cognitive performance in standard 
neuropsychological tests when compared with controls? 
If so, are deficits more salient under test conditions that 
are high in executive control? Finally, which cogni-
tive measures are the most strongly related to chronic 
stress?

The results showed that the chronically stressed 
patients reported more subjective memory complaints 
than the controls; this finding agrees with previous 
findings from Sandström et al (12) and Van der Linden 
et al (18). With regard to the second question, the re-
sults demonstrated a pattern of suboptimal, as well as 
preserved, performance levels in standard neuropsycho-
logical tests among the chronic stress patients relative to 
the performance of the controls. This finding indicates 
that subjective reports of memory problems may reflect 
objectively measured cognitive deficits. Specifically, 
inferior performance levels were found for digit symbol, 
TMT B, letter fluency, and prospective memory. These 
measures have all been found to be related to executive 
control functioning and the prefrontal lobes (37, 46). 
Noteworthy is that we observed a substantial difference 
between the groups in letter fluency but not in category 
fluency. Although both category and letter fluency tasks 
are dependent upon executive control, recent studies 
have shown that category fluency relies more on the in-
tegrity of semantic memory (46–48). Thus the selective 
deficit for letter fluency and the relatively spared perfor-
mance in the category fluency task in the chronic stress 
group are in line with less efficient executive control.

In addition to the standard neuropsychological ap-
proach, we also included two episodic memory tasks in 
which executive control was manipulated. In agreement 
with our expectation, the results from the selective re-
minding task showed a significant interaction between 
group and trial, indicative of less-pronounced learning 
across trials for the chronic stress patients than for the 
controls. Importantly, no differences in episodic memory 
performance were observed in the first learning trial, but, 
in the subsequent trial, the controls gained more than the 
chronic stress patients. Hence, the deficits were revealed 
only under task conditions assumed to require more 
strategic organization. This pattern of result may sug-
gest inefficient strategy implementation for the chronic 
stress group that is reflective of suboptimal executive 
control processes. Previous research comparing popula-
tions with assumed prefrontal-lobe dysfunction have 
yielded similar results, namely, that learning across 
trials in episodic memory tasks has been compromised 
(49, 37).

Furthermore, the findings from the episodic memory 
and divided attention tasks yielded inferior performance 
in the chronic stress group under two of the three di-
vided attention conditions. Specifically, no performance 

differences were found in the episodic memory task 
with no dual-task requirements, which mirror the results 
from trial 1 in the aforementioned episodic memory 
task. When attention was divided, either at encoding 
or retrieval, performance dropped disproportionally 
for the chronic stress group, whereas both the control 
group and the chronic stress group were equally penal-
ized by divided attention delivered both at encoding and 
retrieval. Hence, memory deficits were the most evident 
for the chronic stress group when the executive control 
of attention was challenged by dual-task conditions. It 
is interesting to note that the chronic stress group was 
only disadvantaged under the task condition requiring 
divided attention at either encoding or retrieval and not 
under the task condition requiring divided attention 
during both encoding and retrieval. One obvious differ-
ence between these three conditions is that the encoding 
and retrieval requirements differ for the full–divided 
and divided–full conditions when compared with the 
divided–divided condition in that the former two condi-
tions offer different processing contexts for encoding 
and retrieval by asking the participant to stop or begin 
sorting cards while encoding and retrieving words but, 
in the divided–divided condition, the task is the same 
at both encoding and retrieval. To be performing under 
the full–divided or divided–full condition, in which a 
processing shift is required, may perhaps add complex-
ity to the task that may be more disruptive for a chronic 
stress group. 

Moreover, no differences were found between the 
groups in the standard neuropsychological visuospatial 
episodic memory test, RCFT, for which encoding and 
retrieval of the Rey figure was relatively unconstrained, 
allowing the participants to devote full attention to the 
task. However, it should be noted that Sandström et al 
(12) found deficits in this task for a burnout group. In 
addition, the episodic memory task that best differenti-
ated the groups was the prospective memory task, in 
which the participants had to remember to perform an 
action at an appropriate future occasion. Previous re-
search has suggested that prospective memory relies on 
executive control functioning and serves as a good index 
of everyday memory functioning (50, 51). Overall the 
results from the episodic memory domain suggest that 
memory performance was suboptimal under conditions 
requiring allocation of strategic resources, and not under 
less-constrained task conditions.

Finally, no performance differences were found in 
basic measures of perceptual and motoric speed, reflec-
tive of intact basic processing operations. This pattern 
of spared and impaired cognitive functions highlights 
the fact that deficits accompanying work-related chronic 
stress may be selective in nature. 

The results from the logistic regression identified 
two tasks, letter fluency and prospective memory, as 
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being the most strongly associated with the stress diag-
nosis. Both of these tasks, as administered in this study, 
are easy to administer; thus they are good candidates 
for being included in a clinical screening battery for 
chronic stress. 

Some limitations of our study need to be addressed. 
As has been suggested in previous research, reduced 
motivation or higher fatigability among these patients 
can be a plausible factor providing an alternative ex-
planation for our findings, especially considering that 
low motivation and fatigability are integral parts of the 
chronic stress syndrome. Although these factors cannot 
be ruled out, we do find it less likely for two reasons. 
First, performance in the chronic stress group was not 
generally poorer than that of the controls; instead the 
deficits were selective to specific cognitive domains and 
task conditions. Second, performance did not decrease 
across the test session, as would have been predicted if 
fatigue built up over time during the testing. 

Furthermore, we would like to draw attention to the 
fact that the use of SMBQ (29) for recruiting participants 
for our study may have had bias towards selecting peo-
ple with more cognitive concerns, and, if so, may have 
increased the likelihood of detecting cognitive deficits 
in our sample. In regard to this issue, it is important to 
note that cognitive weariness is one of four subscales 
and that the stress group differed substantially on all 
four subscales of the SMBQ (29). 

The cross-sectional nature of this small clinical study 
also limited our conclusions as to whether deficient ex-
ecutive functioning is a cause or a consequence of work-
related chronic stress. To help overcome some of these 
limitations, future studies should explore the cognitive 
consequences of work-related chronic stress in nonclini-
cal population-based longitudinal samples. 

In summary, our findings suggest cognitive deficits 
in chronically stressed patients that support dysexecu-
tive control functioning, which in turn may implicate 
prefrontal system involvement. These results are in 
accordance with those recently shown for other stress-
related disorders, such as posttraumatic stress disorder 
(23), chronic fatigue syndrome (22), and the burnout 
syndrome (12, 18). An avenue for future research is to 
replicate and extend our findings by delineating the cog-
nitive similarities and differences between stress-related 
conditions, as well as by improving our understanding of 
the underlying neuropathological mechanisms in chronic 
stress conditions. 

To end, an understanding of the neuropsychologi-
cal sequel of chronic stress may have implications for 
future treatment plans. As we know, executive processes 
are of particular importance with respect to rehabilita-
tion because they are presumed to underlie many of 
the complex behaviors necessary for both functional 
independence and social integration.
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