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ORIGINAL ARTICLE

Rehabilitation for improved cognition in patients with stress-related exhaustion
disorder: RECO – a randomized clinical trial

Hanna Malmberg Gavelina , Therese Eskilssonb , Carl-Johan Boraxbekkc,d , Maria Josefssond ,
Anna Stigsdotter Neelya,e and Lisbeth Slunga J€arvholmf

aDepartment of Psychology, Umeå University, Umeå, Sweden; bDepartment of Community Medicine and Rehabilitation, Physiotherapy, Umeå
University, Umeå, Sweden; cDanish Research Centre for Magnetic Resonance, Centre for Functional and Diagnostic Imaging and Research,
Copenhagen University Hospital Hvidovre, Hvidovre, Denmark; dCentre for Demographic and Aging Research (CEDAR), Umeå University,
Umeå, Sweden; eDepartment of Social and Psychological Studies, Karlstad University, Karlstad, Sweden; fDepartment of Public Health and
Clinical Medicine, Occupational and Environmental Medicine, Umeå University, Umeå, Sweden

ABSTRACT

Stress-related exhaustion has been associated with selective and enduring cognitive impairments.
However, little is known about how to address cognitive deficits in stress rehabilitation and how this
influences stress recovery over time. The aim of this open-label, parallel randomized controlled trial
(ClinicalTrials.gov: NCT03073772) was to investigate the long-term effects of 12weeks cognitive or aer-
obic training on cognitive function, psychological health, and work ability for patients diagnosed with
exhaustion disorder (ED). One-hundred-and-thirty-two patients (111 women) participating in multimodal
stress rehabilitation were randomized to receive additional cognitive training (n¼ 44), additional aerobic
training (n¼ 47), or no additional training (n¼ 41). Treatment effects were assessed before, immediately
after and one-year post intervention. The primary outcome was global cognitive function. Secondary
outcomes included domain-specific cognition, self-reported burnout, depression, anxiety, fatigue and
work ability, aerobic capacity, and sick-leave levels. Intention-to-treat analysis revealed a small but last-
ing improvement in global cognitive functioning for the cognitive training group, paralleled by a large
improvement on a trained updating task. The aerobic training group showed improvements in aerobic
capacity and episodic memory immediately after training, but no long-term benefits. General improve-
ments in psychological health and work ability were observed, with no difference between interven-
tional groups. Our findings suggest that cognitive training may be a viable method to address
cognitive impairments for patients with ED, whereas the effects of aerobic exercise on cognition may
be more limited when performed during a restricted time period. The implications for clinical practice
in supporting patients with ED to adhere to treatment are discussed.
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Introduction

Stress-related illness is one of the primary reasons for sick-
leave in Sweden today (Swedish Social Insurance Agency,
2017). One of the most widely recognized consequences of
prolonged stress exposure is burnout, a condition character-
ized by emotional exhaustion, depersonalization, and reduced
personal accomplishment (Maslach, Schaufeli, & Leiter, 2001).
Burnout has been studied extensively in the field of work-
related stress, however, it is currently not an internationally
established clinical diagnosis and various theoretical concep-
tualizations of the concept exist. Therefore, the Swedish
National Board of Health and Welfare in 2003 outlined diag-
nostic criteria for exhaustion disorder (ED), to improve clinical
diagnosis and treatment of patients suffering from stress-
related illness. ED has since been included in the Swedish
version of the International Classification of Diseases (ICD-10,
diagnostic code F43.8A; see Supplementary Table 1 for diag-
nostic criteria), and the diagnosis has been adopted into

healthcare practice. ED can thus be seen as a clinical mani-
festation of burnout (see Grossi, Perski, Osika, & Savic, 2015
for a review) and, in line with this view, patients diagnosed
with ED also show high burnout levels (e.g. Glise, Ahlborg, &
Jonsdottir, 2012).

Clinically, ED is characterized by symptoms of physical and
mental exhaustion, attributable to psychosocial stress (either
work or non-work related) of minimum six months duration
(Grossi et al., 2015). Although the prevalence of ED is not
well established, population-based studies have classified
between 8% (Persson, €Osterberg, Viborg, J€onsson, &
Tenenbaum, 2017) and 16% (Glise, Hadzibajramovic,
Jonsdottir, & Ahlborg, 2010) of participants as possible ED
cases, with considerably higher prevalence among patients
seeking primary care (Wiegner, Hange, Bj€orkelund, & Ahlborg,
2015). The recovery period can be long and elevated levels of
burnout (Glise et al., 2012; Oosterholt, Maes, Van der Linden,
Verbraak, & Kompier, 2016; Stenlund, Nordin, & J€arvholm,
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2012), as well as reduced work ability (Stenlund et al., 2012)
have been observed up to three years post-rehabilitation,
implying that the condition can have lasting effects on both
an individual and a societal level.

In recent years, several studies have demonstrated con-
comitant cognitive impairments associated with stress-related
exhaustion (e.g. Eskildsen, Andersen, Pedersen, Vandborg, &
Andersen, 2015; Jonsdottir et al., 2013; Ohman, Nordin,
Bergdahl, Slunga Birgander, & Stigsdotter Neely, 2007).
Prospective studies indicate that cognitive deficits, particularly
in executive function, working memory, attention and proc-
essing speed, can be enduring symptoms with impairments
observed when patients are re-examined both immediately
(Oosterholt, Van der Linden, Maes, Verbraak, & Kompier,
2012) and up to three years after treatment (Eskildsen,
Andersen, Pedersen, & Andersen, 2016; Jonsdottir et al., 2017;
Oosterholt et al., 2016; €Osterberg, Skogsliden, & Karlson,
2014; van Dam, Keijsers, Eling, & Becker, 2012). Furthermore,
patients with stress-related exhaustion continue to report a
substantial amount of cognitive problems in their everyday
life (Eskildsen et al., 2016; Oosterholt et al., 2012, 2016;
€Osterberg et al., 2014) and a 3-year follow-up showed that
more than 80% of former patients reported problems with
mental fatigue after work (Stenlund et al., 2012), suggesting
that cognitive impairments have long-term consequences for
patients’ everyday functioning.

In the Rehabilitation for Improved Cognition (RECO)-study,
we have recently demonstrated improvements on a trained
working memory updating task, generalizations of training
effects (i.e. transfer) to updating and episodic memory and
reduced burnout symptoms following computerized cognitive
training (Gavelin, Boraxbekk, Stenlund, J€arvholm, & Neely,
2015), and improved episodic memory performance and aer-
obic capacity following aerobic training (Eskilsson, Slunga
J€arvholm, Malmberg Gavelin, Stigsdotter Neely, & Boraxbekk,
2017), in relation to a treatment-as-usual control group.
Regarding long-term effects of cognitive interventions, previ-
ous cognitive training studies in healthy adults have indicated
that effects on trained tasks can be maintained over time,
but that maintenance of transfer effects may be more limited
(Dahlin, Nyberg, B€ackman, & Neely, 2008; Sandberg &
Stigsdotter Neely, 2016; Zinke et al., 2014, but see also:
Schmiedek, L€ovd�en, & Lindenberger, 2014). For physical exer-
cise, few long-term studies have been conducted, but there
have been demonstrations of cognitive improvements also at
long-term follow-up (Lautenschlager et al., 2008), effects that
are likely dependent on maintaining the aerobic fitness levels
(H€otting, Schauenburg, & R€oder, 2012). For patients with ED,
no studies have so far investigated the long-term effects of
interventions specifically targeting cognitive impairments.
Furthermore, the long-term effects of cognitive and aerobic
training on variables related to ED recovery, such as psycho-
logical health and work ability, remain unclear.

The aim of this study was to investigate the long-term
effects of cognitive training and aerobic training, offered as
an addition to a multimodal stress rehabilitation program, on
(1) cognitive function; (2) psychological health (levels of burn-
out, depression, anxiety, and fatigue); and (3) work ability
(assessed through sick-leave data and self-report). We

hypothesized that for cognitive function, we would observe
long-term gains following cognitive training for the trained
updating task, whereas for aerobic training, we predicted that
long-term effects on episodic memory would be dependent
on maintained aerobic fitness levels. For psychological health
and work ability, no specific hypotheses were made regarding
group differences.

Method

Participants and procedure

The RECO-study was an open-label, parallel, three-armed
randomized controlled trial, conducted at the Stress
Rehabilitation Clinic at the University Hospital in Umeå,
Sweden. The participants and procedure of the trial have pre-
viously been described in detail (Eskilsson et al., 2017;
Gavelin et al., 2015). All patients had confirmed diagnosis of
ED, according to the diagnostic criteria included in the
Swedish version of the ICD-10 (code F43.8A, Table S1).

Participants were recruited from April 2010 until June 2013
and during this period all patients referred to the Stress
Rehabilitation Clinic were screened for eligibility. Additionally,
eight participants were recruited from the Social Insurance
Agency in Umeå, Sweden, in order to speed up the recruitment
process. Inclusion criteria were (1) confirmed diagnosis of ED;
(2) 18–60 years old; (3) currently employed; (4) considered by a
physician and a psychologist to be suitable for group-based
stress rehabilitation; (5) no known abuse of alcohol or drugs; (6)
not in the need of other treatment; and (7) not participating in
other interventional study. All patients were on partial or full-
time sick-leave when recruited to the study.

All patients participated in the Stress Rehabilitation Clinic’s
usual care, a 24-week multimodal stress rehabilitation pro-
gram (MMR). The program consisted of 22 weekly three-hour
group sessions, based on cognitive behavioral therapy. Each
group session started with a relaxation exercise, followed by
a specific theme such as psychoeducation regarding stress
and recovery, sleep and affect. Additionally, each patient had
two individual meetings with the group therapist, to set and
evaluate individual goals for behavioral change during
rehabilitation. Vocational measures and prescription of phys-
ical activity was also included. After 12weeks of rehabilita-
tion, patients were randomly allocated to one of three study
conditions: continued MMR with (1) no additional training; (2)
the addition of computerized cognitive training; and (3) the
addition of aerobic training. Psychological variables, work
ability, and aerobic capacity were assessed before MMR
(Baseline), before randomization (T1), after completing the
intervention (T2) and at one-year follow-up (T3). At T1, T2,
and T3, patients also conducted a two-hour neuropsycho-
logical test session to assess cognitive functioning. All partici-
pants received a financial compensation of 600 SEK for
participating in the study. The study was conducted in
accordance with the Declaration of Helsinki and approved by
the Umeå Regional Ethical Review Board (Dnr 2010-53-31),
and all participants provided written informed consent prior
to the start of the study. The trial was retrospectively regis-
tered at ClinicalTrials.gov (NCT03073772). The CONSORT 2010
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guidelines were used to describe this randomized clinical trial
(Schulz, Altman, & Moher, 2010).

Randomization, blinding and sample size

Patients were randomized by MMR group in blocks of, at
most, eight persons. The randomization was conducted by a
person independent to the project, by drawing lots with a
1:1:1 allocation rate. Lots were prepared by the project coord-
inator and stored safely; the content of a single lot was not
revealed until after it was drawn. Due to high drop-out rates
in the two intervention groups, randomization was adjusted
at the end of the study period, allowing for a doubled possi-
bility of allocation to these groups as compared to the con-
trol condition. As the added interventions were embedded in
the usual care, neither patients, health care providers nor
investigators were masked to group assignment. Sample size
was determined based on a pilot study, in which patients
with ED conducted cognitive training and improved their per-
formance on the trained updating task Letter memory run-
ning span from 3.0 (1.4) pretest to 5.8 (1.9) posttest. Using a
two-sided 5% significance level and a power of 80%, 30
participants in each group were required to reach
adequate power.

Interventions

Computerized cognitive training

The computerized cognitive training intervention consisted of
cognitive tasks chosen to target the specific functions known
to be affected by long-term stress. The program has previ-
ously been described in detail (Gavelin et al., 2015). Briefly, it
consisted of six tasks: two tasks targeting the executive func-
tions shifting and updating respectively, one task targeting
episodic memory and one task targeting visuospatial short
term memory. Participants trained for three times a week
during the 12-week intervention period and each session was
approximately 15–20 minutes long. Difficulty level was
adapted in three steps for all tasks except the shifting tasks,
in order to keep the training challenging and minimize the
use of task-specific strategies. Feedback on task performance
was given after each task. To ensure that all participants
understood the training procedure, they were instructed and
conducted the training at the Stress Rehabilitation Clinic dur-
ing the first week of the intervention. Thereafter, they contin-
ued training at home, using a Web-based program. During
the intervention period, a psychologist contacted participants,
either by telephone or e-mail, to provide motivational com-
ments and ensure that there were no technical problems.
This was initially done once a week and, if everything worked
well for the participant, gradually with sparser time intervals.

Aerobic training

The aerobic training consisted of indoor cycling (see Eskilsson
et al., 2017). In short, the participants took part of instructor-
led group-based training sessions, at an individually chosen
training center in the municipality. The aerobic training was
conducted three times a week for 12weeks and each training

session was 40 minutes long. A chest belt heart monitor was
used to monitor heart rate, and participants were instructed
to exercise at a moderate-vigorous intensity, implicating a
load of 70–85% of their maximum age-adjusted heart rate
(220 – age). Each week, participants received written feed-
back about their training intensity, as well as motivational
comments, by a physiotherapist.

Outcomes

The primary outcome evaluated in this study was change
in cognitive performance across the three test-sessions (T1,
T2, and T3) measured by a global cognitive score, a com-
posite computed as the mean z-score of nine untrained
cognitive tests covering the domains executive function,
working memory, episodic memory, perceptual speed, and
reasoning ability. Secondary outcomes included: domain-
specific cognitive functioning, psychological health (i.e.
burnout, depression, anxiety, and fatigue), work ability, and
aerobic capacity.

Cognitive function

The cognitive test battery used in the RECO-study has previ-
ously been described in detail (Gavelin et al., 2015) and is
therefore only outlined briefly below.

Executive function. The n-back task was used to assess
updating ability. In this task, participants were presented with
lists of single digits (1–9) and asked to report whether the
digit matched the one presented n steps back. Three differ-
ent conditions were used (1-, 2-, and 3-back), and accuracy
(hits – false alarms) in the 3-back condition was used as out-
come measure. The Color-word interference test from D-KEFS
was used as a measure of inhibition (Delis, Kaplan, & Kramer,
2001). The task was administered according to the standar-
dized procedures and an inhibition cost was calculated, i.e.
the time taken in seconds to complete incongruent trials as
compared to reading color words. Furthermore, the Trail mak-
ing test from D-KEFS was used as a measure of shifting ability
(Delis et al., 2001). A shift cost was used as outcome measure,
calculated as the time taken (seconds) to complete the shift-
ing condition as compared to the baseline condition
(number-sequencing).

Working memory. To assess working memory, Digit span
forwards and backwards was adapted from WAIS-R (Wechsler,
1981) and Letter-number sequencing from WAIS-III (Wechsler,
1997). The tasks were administered according to the standard
procedures and the total number of correctly recalled
sequences in each condition was used as outcome.

Episodic memory. To assess episodic memory, we used
Recall of concrete nouns, a list of 18 concrete nouns that
were administered according to the selective reminding pro-
cedure (Buschke, 1973). Performance was measured as total
number of recalled nouns across four presentations.

Perceptual speed. Digit symbol from WAIS-R was used to
assess perceptual speed (Wechsler, 1981). Total number of
correctly drawn symbols during 90 seconds was used as out-
come measure.
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Reasoning ability. Raven’s advanced progressive matrices
were used as a measure of reasoning ability (Raven, Raven, &
Court, 1998). The test consists of 36 pattern matrices and was
split into two parts using odd and even items. Performance
was measured in total number of correctly solved matrices in
10 minutes.

Cognitive training criterion task. To assess training gains
for the cognitive training intervention, we used Letter mem-
ory running span (Miyake et al., 2000) as a criterion task. This
task targets updating ability and was included in the compu-
terized cognitive training program, as well as in the study
assessments. In this task, lists of single letters (A–D) were pre-
sented to the participants on a computer screen. After pres-
entation, participants were asked to recall the last four
presented letters in the correct order. Total number of cor-
rectly recalled four-letter sequences across ten presentations
was used as outcome measure.

Psychological variables

The Shirom-Melamed Burnout Questionnaire (SMBQ) was
used to measure level of burnout (Melamed, Kushnir, &
Shirom, 1992). The questionnaire consists of 22 items, rated
on a 7-point Likert scale (1¼ “almost never”, 7¼ “almost
always”). The mean of all items was used as outcome meas-
ure, with a higher score indicating higher burnout.
Cronbach’s alpha for this measure was 0.94. The Hospital
Anxiety and Depression scale (HAD) was used to assess levels
of depression and anxiety (Zigmond & Snaith, 1983). This
questionnaire consists of 14 items rated on a 4-point Likert
scale (0–3), with seven items targeting depression and anxiety
respectively. The total score on each scale (range 0–21) was
used as outcome measure, with a higher score indicating
more symptoms. Cronbach’s alpha was 0.81 and 0.78 for the
depression and anxiety subscale, respectively. The Checklist
Individual Strength (CIS) was used to measure level of fatigue
(Beurskens et al., 2000). The questionnaire consists of 20
items rated on a 7-point Likert scale (1¼ “yes, that is true”,
7¼ “no, that is not true”). A total score was calculated (range
20–140), with a higher score indicating more fatigue.
Cronbach’s alpha for this scale was 0.90. Data for the psycho-
logical variables (i.e. SMBQ, HAD, and CIS) were collected
from clinical patient records, allowing for data also for
patients who discontinued the added intervention but contin-
ued with ordinary care.

Aerobic capacity

A submaximal test on a calibrated cycle ergometer was used
to assess maximal oxygen uptake (VO2max). The pedaling fre-
quency during the test was 50 revolutions per minute and
the work load was adjusted in order to reach a steady state
in heart rate of at least 120 beats per minutes. The mean
heart rate at the last three minutes of the test was recorded
as the steady state heart rate. Åstrands nomogram, adjusted
for sex, years of age, body weight, work load, and steady

state heart rate was used to estimate VO2max (ml/kg/min)
(Astrand & Ryhming, 1954).

Work ability

Work ability was measured with sick-leave data from the
Swedish Social Insurance Agency. The degree of sick-leave
(0%, 25%, 50%, 75%, or 100% of ordinary working time) was
used as outcome measure. Furthermore, self-rated work abil-
ity was assessed with the Work ability index (WAI) (de Zwart,
Frings-Dresen, & van Duivenbooden, 2002). The questionnaire
consists of ten items covering current work ability in relation
to job demands (physical and psychological) and current dis-
eases, as well as items targeting past sickness absence and
predicted future work ability. The questionnaire ranges from
7 to 49, with higher values indicating better work ability.
Cronbach’s alpha was 0.71.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics,
version 24. To investigate if there were any significant differ-
ences between participants who completed the intervention
and those who dropped out, we used independent samples
t-tests for continuous variables and Pearson’s Chi-square tests
for categorical variables. Drop-out analyses were conducted
separately for each group, with respect to baseline character-
istics (age, sex, educational level, and verbal ability) and for
the psychological variables at each measurement point (i.e.
symptoms of burnout, depression, anxiety and fatigue at T1,
T2, and T3). For analysis of sick-leave data, a non-parametric
design for repeated measures, with Time as within-subject
factors and Group as between-subject factor, was conducted
using the %F1_LD_F1 SAS macro in SAS version 9.4.

In order to investigate the effects of the interventions on
cognitive functioning, psychological health, work ability, and
aerobic capacity, we used linear mixed-effects models (see
the Supplementary Material for more details). All cognitive
test scores were z-transformed by standardizing them to the
baseline mean and standard deviation, with a higher score
indicating better performance. The analyses were conducted
by the intention-to-treat principle, including all available data,
and fitted with full information maximum likelihood estima-
tion. When evaluating treatment effects, we were primarily
interested in the Group� Time interaction, representing the
difference in change across sessions for the cognitive training
and aerobic training group, respectively, relative to the con-
trol group. Standardized effect sizes (Cohen’s d) were calcu-
lated based on the formula provided by Feingold (equation
7), representing the difference in change between interven-
tion- and control group (i.e. the beta-estimate for the
Group� Time interaction), divided by the baseline standard
deviation (Feingold, 2009). The results from the active inter-
vention phase (i.e. T1 to T2) have previously been reported
(Eskilsson et al., 2017; Gavelin et al., 2015) and are therefore
presented in the Supplementary Material. Here, the main
focus was on evaluating the long-term training effects at the
one-year follow-up.
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Results

Baseline characteristics and missing data

Figure 1 displays the flow of patients through the study. In
total, 231 patients fulfilled the inclusion criteria. Of these, 161
agreed to participate and completed the baseline assessment,
before entering the 24-week multimodal stress rehabilitation
program. As outlined above, all patients initially participated
in 12weeks of MMR, without any additional treatment.
During this pre-intervention phase, 29 patients discontinued
the study. Thus, a total of 132 patients remained to partici-
pate in the pre-intervention assessment and were thereafter
randomized to the control group (n¼ 41), the cognitive train-
ing group (n¼ 44), and the aerobic training group (n¼ 47).
Baseline characteristics are displayed in Table 1. Seventeen
patients (seven in the cognitive training group and ten in the
aerobic training group) were randomized but never started
training and thirty patients (eight control group; nine cogni-
tive training group; and 13 aerobic training group) discontin-
ued study participation during the active intervention phase.
An additional nine patients did not complete the one-year
assessment. This resulted in a total drop-out rate of ten
patients (24%) in the control group, 20 patients (45%) in the
cognitive training group, and 26 patients (55%) in the aerobic
training group. Drop-out rates differed significantly between
the groups, with more patients dropping out from the two
intervention groups relative to the control group. The most
common reason for dropping-out was that participating in
MMR took a lot of effort and that the added interventions, as
well as the extensive assessments associated with study par-
ticipation, was experienced as too demanding.

There were no significant differences between patients
who completed the one-year follow-up and those who
dropped out with respect to age, sex, educational level, or
verbal ability. When comparing levels of burnout, depression,
anxiety, and fatigue between those patients who completed
the one-year follow-up and those who had discontinued
study participation, no significant differences were found at
T1. However, for the cognitive training group, completers
showed lower symptoms of burnout (p¼ .03) and fatigue
(p¼ .01) than drop-outs at T3. Additionally, for the control
group, patients who discontinued study participation showed
lower symptoms of fatigue at T2 than those completing the
one-year assessment (p¼ .01). For all other psychological
measures and time-points, completers were not significantly
different from drop-outs.

Cognitive function

Group means and standard deviations for the cognitive varia-
bles at each assessment occasion are displayed in Table 2
(see Supplementary Table 2 for the results from the full mod-
els). There were no significant differences between the inter-
vention groups and the control group in performance at T1
on any of the cognitive variables (Table S2). The results from
the tests of the Group� Time interactions from T1 to T3 are
displayed in Table 3, showing the estimated difference in

change from pretest to one-year follow-up for the respective
intervention groups, using the control group as a reference.

There was a significant difference in average change
across time between the cognitive training group and the
control group for the global cognitive score from T1 to T3
(p¼ .02, Cohen’s d¼ 0.35), showing that the cognitive train-
ing group improved more from pretest to one-year follow-up
than the control group. No significant difference in change in
global cognition was found between the aerobic training
group and the control group. Furthermore, although a train-
ing-related improvement was found for episodic memory
immediately after training for both the aerobic training and
the cognitive training group (Table S2), no significant differ-
ences in change from T1 to T3 were found (Table 3). Finally,
for the cognitive training criterion updating task, the cogni-
tive training group improved more than the control group
from T1 to T3 (p¼ .004, Cohen’s d¼ 0.87). No significant
long-term effects were found for the remaining cognitive
measures, i.e. executive function, working memory, percep-
tual speed, or reasoning ability. Figure 2 shows the average
change across the three time-points for each group on (a)
the global cognitive score, (b) episodic memory, and (c) the
trained updating task, based on the estimated means of
the model.

Psychological variables

Group means and standard deviations for the psychological
variables, aerobic capacity, and work ability are presented in
Table 4 (see Supplementary Table 3 for the full results from
the models). Table 5 shows the estimates for the
Group� Time interactions, indicating the difference in change
from T1 to T3 for the respective intervention groups, with the
control group as a reference. Results showed no significant
differences in change across sessions between the interven-
tion groups and the control group in levels of burnout,
depression, anxiety, or fatigue. However, all groups improved
significantly across time on the psychological measures, indi-
cating a general improvement in psychological well-being
directly following the MMR and at one-year follow-up
(Table S4).

Aerobic capacity

There were no significant long-term effects on aerobic cap-
acity in either of the two intervention groups (Table 5). Thus,
although the aerobic training group showed improvements
in aerobic capacity immediately following the intervention
(Table S3), no evidence of long-term gains was found at one-
year follow-up. Figure 2(D) shows the change in aerobic cap-
acity across the three time-points for each group, based on
the estimated means of the model.

Work ability

No significant differences were found between the groups in
rates of change in self-rated work ability (WAI; Table 5).
Across all groups, self-rated work ability improved
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significantly across time (Table S4). There were no significant
differences between the groups in change in sick-leave levels
(p¼ .19), however, for all groups the degree of sick leave
decreased across time (p< .001). Figure 3 displays the distri-
bution of sick leave rates across the groups at each
time-point.

Post-hoc analyses

As described above, drop-out analyses revealed that for the
cognitive training group, patients who completed the one-
year assessment showed significantly lower symptoms of
burnout and fatigue at T3 than those who had dropped-out.
We therefore conducted a post hoc analysis, in which we

Excluded (n = 119)

Not meeting inclusion criteria (n = 49)

Declined to participate (n = 70)

Allocated to MMR with no additional 

training (n = 41)

Received allocated intervention 

(n = 41)

Allocated to MMR with additional 

aerobic training (n = 47) 

Received allocated intervention 

(n =37)

Did not receive allocated intervention 

(n = 10)

1 fatigue

1 dissatisfied with allocation

8 reason unknown

Allocated to MMR with additional 

cognitive training (n = 44)

Received allocated intervention 

(n = 37)

Did not receive allocated intervention

(n = 7)

3 fatigue

1 technical problems 

3 reason unknown

Discontinued intervention (n = 8)

8 fatigue 

Discontinued intervention (n = 9)

1 technical problems

1 memory blackouts

1 Swedish not being native language

6 reason unknown

Participated in one-year follow-up; 

T3 (n = 31)

Participated in one-year follow-up; 

T3 (n = 24)

Baseline assessment (n = 161)

MMR during 12 weeks

Pre-intervention assessment; T1

Randomized (n = 132)

Excluded (n = 29)

Declined to participate (n = 29)

Participated in post-intervention

assessment; T2 (n = 24)

Participated in one-year follow-up; 

T3 (n = 21)

Included in ITT analysis of Global 

Cognitive Score (n = 37)

Excluded from analysis (n = 4)

4 missing neuropsychological data

Included in ITT analysis of Global 

Cognitive Score (n = 40)

Excluded from analysis (n = 4)

3 missing neuropsychological data

1 Swedish not being native language

Included in ITT analysis of Global 

Cognitive Score (n = 43)

Excluded from analysis (n = 4)

4 missing neuropsychological data

Allocation

Follow-up

Analysis

Screened for eligibility (n = 280)

Participated in post-intervention

assessment; T2 (n = 33)

Lost to follow-up (n = 2)

2 reason unknown

Participated in post-intervention

assessment; T2 (n = 28)

Lost to follow-up (n = 4)

1 fatigue 

1 stroke

2 reason unknown

Discontinued intervention (n = 13)

13 fatigue 

Lost to follow-up (n = 3)

3 reason unknown

Figure 1. CONSORT flow diagram. ITT: intention-to-treat.
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investigated changes in levels of burnout and fatigue by per-
protocol, i.e. only including patients who had completed the
intervention period. Results showed a greater decrease in
burnout symptoms for the cognitive training group relative
the control group from T1 to T3 (b¼�0.54, 95% CI [�1.07,
�0.01], p¼ .047, Cohen’s d¼ 0.51). No significant
Group� Time interaction was found for level of fatigue.
Additionally, since we observed immediate gains, but no
long-term effects, for the aerobic training group in both aer-
obic capacity and episodic memory, we were interested in
whether changes in these variables during the follow-up
period were related. Therefore, we investigated the relation
between change in aerobic capacity and change in episodic
memory performance for the aerobic training group between
T2 and T3, using Pearson correlation. Although there were
indications of a positive relationship between the variables,
the effect did not reach statistical significance (r¼ 0.49,
p¼ .06, n¼ 15).

Adverse events

There were no reported adverse events in any of the groups.

Discussion

The aim of this randomized clinical trial was to investigate
the long-term effects of cognitive training and aerobic train-
ing, offered as an addition to a multimodal stress rehabilita-
tion program, on (1) cognitive function; (2) psychological
health; and (3) work ability, for patients diagnosed with
stress-related exhaustion disorder. The main finding of the
study was that the addition of cognitive training to stress
rehabilitation yielded a small but lasting improvement in cog-
nitive performance, relative to treatment-as-usual. The add-
ition of aerobic training led to an increase in episodic
memory performance directly following the intervention,
however, no long-term improvement was observed. For psy-
chological health and work ability, no additional effects of
cognitive or aerobic training were found relative to multi-
modal stress rehabilitation alone.

For the cognitive training group, a long-term training gain
was observed for the criterion updating task and the effect
size indicated a large improvement. Previous studies on
healthy adults have suggested that improvements on trained
tasks are quite stable, at least up to 1.5 years after training
(Dahlin et al., 2008; Sandberg & Stigsdotter Neely, 2016;

Table 1. Sample characteristics at baseline.

Variable
Control group

(n¼ 41)
Cognitive training

(n¼ 44)
Aerobic training

(n¼ 47)

Sex, n
Female/male 38/3 34/10 39/8

Age
Mean (SD) 41.88 (7.41) 43.89 (9.21) 44.15 (8.60)
Range 22–58 25–58 25–60

Education, n (%)
University 26 (63%) 25 (57%) 29 (62%)

Marital status, n (%)
Married/co-habited 30 (73%) 32 (73%) 35 (75%)

Family situation, n (%)
Living with children at home 33 (81%) 28 (64%) 34 (72%)

Sick leave before MMR, n (%)
No sick leave 10 (24%) 4 (9%) 6 (13%)
�6 month 20 (49%) 25 (57%) 30 (64%)
7–12 months 5 (12%) 6 (14%) 6 (13%)
12–24 months 3 (7%) 3 (7%) 2 (4%)
>24 months 3 (7%) 6 (13%) 3 (6%)

Problems with memory and concentration, n (%)a

None/negligible 0 (0%) 0 (0%) 0 (0%)
Small 1 (2.5%) 1 (3%) 1 (2%)
Moderate 10 (25%) 15 (43%) 9 (20%)
Severe/pronounced 29 (72.5%) 19 (54%) 36 (78%)

Problems with sleep, n (%)a

None/negligible 1 (2.5%) 3 (8%) 0 (0%)
Small 3 (7.5%) 2 (6%) 5 (11%)
Moderate 15 (37.5%) 11 (31%) 12 (27%)
Severe/pronounced 21 (52.5%) 20 (56%) 28 (62%)

BMI kg/m2, mean (SD) 26.37 (4.65) 25.10 (4.33) 26.65 (5.50)
Physical activity in everyday life, n (%)
<30min/day 18 (45%) 11 (31%) 15 (33%)
�30min/day 22 (55%) 25 (69%) 31 (67%)

Physical exercise, n (%)
�2 hours/week 34 (85%) 29 (83%) 37 (80%)
>2 hours/week 6 (15%) 6 (17%) 9 (20%)

Verbal ability, mean (SD)b 22.83 (4.78) 21.46 (4.73) 22.87 (3.97)

Number of respondents varies for different variables; control group: n¼ 40–41; cognitive training group: n¼ 35–44; aerobic training
group: n¼ 45–47.

aBased on the question “For the past three months, have you experienced any of the following problems: (1) Problems with sleep;
(2) Problems with memory or concentration. If so, rate how severe these problems have been: negligible; small; moderate;
severe; pronounced.”

bSRB:1 (Dureman, Kebbon, & €Osterberg, 1971).
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Zinke et al., 2014). Our results add to these findings, demon-
strating long-term robustness of training gains also for
patients with ED.

Our results further showed that cognitive training led to a
small improvement on the global cognitive score which,
importantly, remained one year after training. Notably, the
long-term effect on the global cognitive score was found in
the absence of any significant domain-specific cognitive
changes. This may suggest that the training-related effect on
global cognition was not driven by any specific cognitive
domain, but rather reflects a general improvement across
several different cognitive abilities. These results are some-
what at odds with previous studies, in which the long-term
benefits following cognitive training have been restricted to
tasks similar to those trained (Dahlin et al., 2008; Sandberg &
Stigsdotter Neely, 2016; Zinke et al., 2014). Given the gener-
ally quite narrow transfer effects following cognitive training,
its utility in clinical settings has been questioned (Melby-
Lervåg, Redick, & Hulme, 2016). However, one previous study
demonstrated that 100 days of training on tasks targeting
perceptual speed, episodic memory, and working memory led
to reliable transfer effects in a group of healthy young adults
two years after the end of training (Schmiedek et al., 2014).

Thus, more extensive training targeting different cognitive abil-
ities may be a key to reaching broader and more lasting
effects. Here, we demonstrate that for patients with ED, a
multifactorial training program can be beneficial in strengthen-
ing cognitive functioning, seemingly beyond the acquisition of
task-specific strategies. Although the effect size of the
observed training-related improvement was small, previous
studies have indicated that the cognitive impairments
observed in patients with ED are generally of a small-moderate
magnitude (e.g. Eskildsen et al., 2015; Jonsdottir et al., 2013),
but that they nevertheless have a profound impact on
everyday cognitive functioning (Eskildsen et al., 2015;
Oosterholt, Maes, Van der Linden, Verbraak, & Kompier, 2014).
Thus, the training-related effect observed in our study may
well be of clinical relevance in the rehabilitation of ED, and
this is further supported by the fact that our post hoc per-
protocol analysis showed additional positive effects of cogni-
tive training relative to MMR alone on burnout levels (see also
Gavelin et al., 2015).

As we have previously reported (Eskilsson et al., 2017), the
aerobic training group showed improvements in episodic
memory immediately after the intervention period. However,
the results presented here revealed no long-term effects on

Table 3. Long-term training-related effects on the cognitive variables.

T1 to T3

Variable Group (ref. control group) b (95% CI) p Value d

Global cognitive score Cognitive training 0.21 (0.03, 0.39) .02 0.35
Aerobic training 0.06 (�0.11, 0.24) .48 0.11

Executive function Cognitive training 0.04 (�0.26, 0.35) .78 0.06
Aerobic training 0.10 (�0.21, 0.40) .52 0.14

Working memory Cognitive training 0.25 (�0.06, 0.55) .11 0.30
Aerobic training �0.05 (�0.36, 0.26) .76 0.06

Episodic memory Cognitive training 0.32 (�0.12, 0.76) .15 0.31
Aerobic training 0.33 (�0.11, 0.77) .14 0.32

Perceptual speed Cognitive training 0.18 (�0.15, 0.51) .27 0.18
Aerobic training 0.11 (�0.23, 0.44) .54 0.10

Reasoning ability Cognitive training 0.28 (�0.23, 0.78) .29 0.27
Aerobic training �0.12 (�0.63, 0.39) .65 0.12

Cognitive training criterion task Cognitive training 0.88 (0.29, 1.47) .004 0.87
Aerobic training 0.12 (�0.49, 0.72) .71 0.11

Estimates represent the average difference in change across time between intervention group and control group based on
the z-transformed test scores. For all variables, a positive value indicates improved performance. Cohen’s d is calculated as
the difference in mean change across time between intervention group and control group, divided by the baseline stand-
ard deviation. T1: preintervention; T3: one-year follow-up.
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Figure 2. Changes across time for each group based on the estimated means from the model in (A) performance on the global cognitive score, based on the mean
z-score of nine cognitive tests covering the domains executive function, working memory, episodic memory, processing speed, and reasoning ability; (B) perform-
ance in episodic memory; (C) performance on the cognitive training criterion updating task and; (D) aerobic capacity. Error bars indicate SEM. T1: pre intervention;
T2: post intervention; T3: one-year follow-up; VO2max: maximal oxygen uptake.
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episodic memory performance following aerobic training. This
could be interpreted in light of the fact that the improve-
ment in aerobic capacity observed for the aerobic training
group immediately following the intervention did not remain
at the one-year follow-up. Thus, it appears that participants
in the aerobic training group did not maintain aerobic exer-
cise levels after the intervention was completed.
Improvements in episodic memory following physical exercise
have been found to positively correlate with changes in car-
diovascular fitness (H€otting et al., 2012), with increased
neurogenesis in the hippocampus as one proposed mechan-
ism (Pereira et al., 2007). Although few previous studies have
investigated the long-term effects of physical exercise on
cognition, one study found that improvements in episodic
memory following two different exercise interventions were
sustained only for those individuals who had maintained their
cardiovascular fitness levels at one-year follow-up (H€otting,
Schauenburg, & R€oder, 2012). In our study, no significant rela-
tionship was observed between change in aerobic capacity

and episodic memory performance for the aerobic training
group during follow-up. However, this analysis was restricted
to only 15 individuals and the size of the correlation coeffi-
cient nevertheless suggested a moderate positive association
between the variables. Taken together, our results tentatively
add to previous findings, suggesting that benefits from aer-
obic training on episodic memory may be dependent on
whether exercise levels are sustained or not.

For the psychological variables, no additional benefits
were found from the added interventions on levels of burn-
out, depression, anxiety, or fatigue. However, across all
groups, a general improvement in psychological well-being
was observed. This suggests that the ordinary care (i.e. MMR
based on cognitive behavioral therapy) may be effective in
giving lasting improvements in psychological health for this
patient group, in line with what has previously been indi-
cated (Glise et al., 2012; Sonntag-Ostrom et al., 2015;
Stenlund et al., 2012), although this needs to be interpreted
with caution since our study did not include a no-treatment
control group. Similarly, we found no additional effects of the
added interventions on self-rated work-ability or sick-leave
levels. This is perhaps not surprising, considering that work-
place involvement has been proposed to be an important
interventional element when attempting to enhance return-
to-work after sick-leave (Cullen et al., 2017) and none of the
added interventions in our study directly targeted work abil-
ity through adjustments at the workplace. Instead, all patients
received vocational rehabilitative measures as part of the
MMR and we observed a general improvement across time
for all three groups. However, it is noteworthy that a little
over 40 percent of patients were still on some degree of sick
leave (part- or full-time) at the one-year follow-up. This high-
lights the fact that ED recovery can take a long time and that
more research is needed on how to best support work
resumption for this patient group.

Our study suffered from high drop-out rates, which may
raise questions regarding the feasibility of the interventions
in a clinical setting. Therefore, adherence to treatment is
important to consider. Previous interventional studies involv-
ing this patient group have struggled with similar issues
(Sonntag-Ostrom et al., 2015; Stenlund et al., 2012) and since
the core symptom of ED is a severe lack of energy, adding

Table 4. Means and standard deviations on psychological variables, work ability, and aerobic capacity for each group and time-point.

Variable

Control group Cognitive training Aerobic training

T1 T2 T3 T1 T2 T3 T1 T2 T3

SMBQ 4.78 (1.03)
n¼ 38

4.34 (1.07)
n¼ 40

3.94 (1.25)
n¼ 40

4.98 (0.88)
n¼ 38

4.20 (1.06)
n¼ 44

3.95 (1.02)
n¼ 40

4.87 (0.95)
n¼ 43

4.05 (1.22)
n¼ 46

4.05 (1.28)
n¼ 45

HAD
Depression 7.26 (3.48)

n¼ 38
6.05 (4.14)
n¼ 40

5.25 (4.12)
n¼ 40

6.76 (2.70)
n¼ 38

4.73 (2.82)
n¼ 44

4.58 (2.68)
n¼ 40

6.81 (3.79)
n¼ 43

4.93 (3.84)
n¼ 46

4.82 (3.55)
n¼ 45

Anxiety 9.41 (3.82)
n¼ 38

8.40 (3.67)
n¼ 40

7.18 (4.30)
n¼ 40

10.47 (3.03)
n¼ 38

7.75 (3.15)
n¼ 44

7.70 (4.03)
n¼ 40

9.19 (3.83)
n¼ 43

6.87 (3.40)
n¼ 46

7.67 (4.73)
n¼ 45

CIS 96.02 (19.64)
n¼ 38

86.93 (22.58)
n¼ 40

79.70 (24.43)
n¼ 40

95.83 (17.87)
n¼ 38

85.01 (21.06)
n¼ 43

79.88 (20.31)
n¼ 40

94.24 (19.45)
n¼ 43

79.54 (21.90)
n¼ 46

82.11 (26.60)
n¼ 45

WAI 27.41 (6.94)
n¼ 38

30.08 (6.79)
n¼ 33

33.40 (6.09)
n¼ 28

26.29 (6.91)
n¼ 38

29.68 (6.77)
n¼ 28

34.02 (7.27)
n¼ 23

26.71 (6.29)
n¼ 43

31.77 (5.34)
n¼ 24

31.83 (9.25)
n¼ 19

VO2max 35.96 (9.15)
n¼ 40

36.83 (10.55)
n¼ 32

37.24 (10.74)
n¼ 27

35.58 (7.00)
n¼ 43

34.31 (8.55)
n¼ 26

33.91 (8.22)
n¼ 23

34.66 (8.12)
n¼ 45

40.48 (9.79)
n¼ 23

35.88 (8.32)
n¼ 17

CIS: Checklist Individual Strength; HAD: Hospital Anxiety and Depression Scale; SMBQ: Shirom-Melamed Burnout Questionnaire; T1: pre intervention; T2: post inter-
vention; T3: one-year follow-up; VO2max: maximal oxygen uptake; WAI: Work Ability Index.

Table 5. Long-term training-related effects on psychological variables, work
ability, and aerobic capacity.

Variable Group (ref. control group)

T1 to T3

b (95% CI) p value d

SMBQ Cognitive training �0.20 (�0.64, 0.24) .37 0.19
Aerobic training �0.07 (�0.36, 0.49) .76 0.06

HAD
Depression Cognitive training �0.02 (�1.36, 1.33) .98 0.01

Aerobic training 0.49 (�0.81, 1.79) .46 0.14
Anxiety Cognitive training �0.30 (�1.93, 1.34) .72 0.08

Aerobic training 0.93 (�0.65, 2.51) .25 0.25
CIS Cognitive training 0.51 (�8.82, 9.85) .91 0.02

Aerobic training 5.96 (�3.06, 14.98) .19 0.28
WAI Cognitive training 1.91 (�1.28, 5.09) .24 0.28

Aerobic training �1.32 (�4.64, 2.00) .43 0.20
VO2max Cognitive training �1.91 (�4.94, 1.12) .22 0.22

Aerobic training 0.06 (�3.23, 3.36) .97 0.01

Estimates represent the average difference in change across time between
intervention group and control group. For the psychological variables, a
negative value indicates a decrease in symptoms. For work ability and aer-
obic capacity, a positive value represents an improvement. Cohen’s d is cal-
culated as the difference in mean change across time between intervention
group and control group, divided by the baseline standard deviation. CIS:
Checklist Individual Strength; HAD: Hospital Anxiety and Depression Scale;
SMBQ: Shirom-Melamed Burnout Questionnaire; T1: preintervention; T3: one-
year follow-up; VO2max¼maximal oxygen uptake: WAI: Work Ability Index.
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extra elements to stress rehabilitation may be too strenuous
for some patients. Additionally, the MMR program includes
the acquisition of strategies for prioritizing activities, which
may have counteracted study participation. As stated above,
the most common reason for dropping out was that partici-
pating in the MMR took a lot of effort and that the added
interventions, as well as the extensive study assessments, was
experienced as too demanding. Importantly, our drop-out
analysis revealed few differences between those who com-
pleted the one-year follow-up and those who dropped out,
suggesting that discontinued study participation was not
related to symptom levels. Furthermore, relatively high drop-
out rates were seen also in the control group, indicating that
withdrawn study involvement was not exclusively related to
the added interventions per se. Nevertheless, careful consid-
eration needs to be taken to the timing of added interven-
tions in relation to other rehabilitative measures and in
explicitly supporting patients to adhere to treatment.
Adherence to behavioral change is often a challenge
(Middleton, Anton, & Perri, 2013) and it is possible that the
participants in our study may have benefitted from support
in incorporating the added training into their everyday life.
An interesting venue for future research may be to investi-
gate motivational factors and predictors for adherence, as
well as the possibility to provide more individually tailored
interventions.

Some limitations of this study need to be addressed. As
discussed above, the study suffered from high drop-out rates,
which may limit the generalizability of our results. However, a
strength of the study is the randomized controlled design,
only including patients with confirmed diagnosis of ED in a
clinical setting, speaking in favor of the applicability of the
results in the treatment of this patient group. In this context,
it is also worth noting that the majority of the participants in
our study were female; however, this is in line with demon-
strations that women are over-represented in clinical ED pop-
ulations (e.g. Glise et al., 2012). Additionally, our sample size
was small and the study suffered from low power, especially
considering the well-controlled study design (all patients par-
ticipated in stress rehabilitation as their primary treatment
during the study period). The power calculation was based
on immediate training gains for the cognitive training criter-
ion task; however, effects on non-trained tasks at one year

follow-up would arguably be expected to be smaller. Also, no
power calculation was conducted in relation to aerobic train-
ing. In order to avoid making a Type II error, we chose not to
correct our results for multiple comparisons. In light of these
limitations, the results from this initial study need to be repli-
cated in a larger study group. Finally, our study did not use a
placebo control and blinding of participants to group assign-
ment was not possible. Thus, we cannot exclude the possibil-
ity that motivational and expectancy effects may have
influenced the results. However, all groups participated in
MMR during the intervention period, making the beneficial
effects observed in our study less likely to be related to fac-
tors such as stress recovery or social contact.

Conclusions

In conclusion, our results provide evidence that cognitive
training has long-term effects on cognitive functioning in
patients with ED, whereas the effects of a limited time period
of aerobic exercise on cognition may be more restricted.
Considering that relatively mild cognitive impairments are a
prominent concern in this patient group, with impact on
everyday life, the fact that cognitive training was successful
in giving maintained effects on cognition, albeit small, is
encouraging. However, careful consideration of the timing of
added interventions in relation to other stress rehabilitative
measures is warranted, as are rehabilitative strategies for sup-
porting patients with ED to adhere to training and to incorp-
orate activities that may benefit cognitive functioning into
their daily life.
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