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Objective: To examine the daily course of, and factors
associated with, momentary fatigue after subarach-
noid haemorrhage, and to explore subgroups of
patients with distinct diurnal patterns of fatigue.
Design: Observational study using ecological momen-
tary assessment.

Subjects: A total of 41 participants with subarach-
noid haemorrhage.

Methods: Patients with fatigue were included within
one year post-onset. Momentary fatigue (scale 1-7)
was assessed with repeated measurements (10-11
times/day) during 7 consecutive days. Multilevel-
mixed-model analyses and latent-class trajectory
modelling were conducted.

Results: Mean (standard deviation; SD) age of the
group was 53.9 (13.0) years, 56% female, and mean
(SD) time post-subarachnoid haemorrhage onset
was 9.3 (3.2) months. Mean (SD) momentary fatigue
over all days was 3.22 (1.47). Fatigue increased sig-
nificantly (p<0.001) over the day, and experiencing
more burden of fatigue and day type (working day vs
weekend day) were significantly (p<0.05) associa-
ted with higher momentary fatigue. Three subgroups
could be distinguished based on diurnal patterns of
fatigue. The largest group (n=17, 41.5%) showed an
increasing daily pattern of fatigue.

Conclusion: Momentary fatigue in patients with
subarachnoid haemorrhage increases over the day,
and diurnal patterns of fatigue differ between
participants. In addition to conventional measures,
momentary measures of fatigue might provide
valuable information for physicians to optimize
personalized management of fatigue after
subarachnoid haemorrhage.
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S ubarachnoid haemorrhage (SAH) is bleeding in the
subarachnoid space of the brain, mostly caused by

(LAY ABSTRACT )
Fatigue is one of the most common symptoms after
subarachnoid haemorrhage. Fatigue is usually assessed
with a questionnaire, which gives a single score of fatigue
over the preceding week(s). However, fatigue in people
with subarachnoid haemorrhage may fluctuate over the
day. Insight into these daily patterns of fatigue may
help in developing adequate rehabilitation strategies to
manage fatigue after subarachnoid haemorrhage. The-
refore, this study examined the course of fatigue over
the day. In addition, the study examined which factors
are associated with daily fatigue and whether subgroups
with different daily patterns of fatigue can be distinguis-
hed. It was found that fatigue increases over the day.
In addition, patients who experienced more burden of
fatigue in daily life had higher daily fatigue, and fati-
gue was higher on working days than on weekend days.
Three subgroups with different daily patterns of fatigue
could be distinguished. Most patients had an increasing

\pattern of fatigue. )

rupture of an aneurysm. SAH is a rather rare condi-
tion; it accounts for approximately 5% of all strokes
(1) and the incidence rate is 9.1 per 100,000 people
per year (2). The survival rate is approximately 65%
(3); however, most SAH survivors have long-lasting
impairments regarding fatigue, cognition and mood
(4). These impairments highly affect daily functio-
ning, especially considering the relatively young age
of most people with SAH, which ranges between 40
and 60 years (1, 4). Fatigue is one of the most common
and debilitating symptoms after SAH; the prevalence
ranges between 31% and 90% (5, 6) and fatigue may
even persist up to 10 years post SAH onset (7). Fati-
gue after SAH is found to be associated with impaired
cognitive functioning, mood problems (4, 5, 8) and
reduced participation and quality of life (7, 9, 10). In
addition, most unmet needs of patients with SAH relate
to fatigue (11). However, to date, intervention studies
on management of fatigue in patients with neurological
conditions show inconclusive results, which could be
explained by a poor understanding of the aetiology of
fatigue (12—15).

Fatigue can be quantified as a trait and/or a state
symptom (16, 17). Trait fatigue can be considered a
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stable symptom and is often assessed retrospectively
using questionnaires such as the Fatigue Severity Scale
(FSS) or the Checklist Individual Strength (CIS). These
questionnaires provide a mean fatigue score over the
course of the previous week or weeks (17-20). State
fatigue, hereafter referred to as momentary fatigue,
reflects changes in fatigue during the day according to
circumstances or events (17, 21). Momentary fatigue
can be assessed using ecological momentary assess-
ment (EMA), which is the method of choice to assess
daily fluctuations and momentary states over a long
period (22). EMA involves repetitive collection of real-
time data on self-reported experiences of individuals
in their natural environment (22). Through the use of
smartphone applications, individuals can be prompted
multiple times a day with 1 or more questions to assess
how fatigued they feel at that specific moment in time.
Notably, in patients with stroke and multiple sclerosis
(MS) it has been found that momentary fatigue is only
weakly associated with trait fatigue (FSS and CIS) (23,
24). This implies that increasing our understanding of
momentary fatigue, may add to existing knowledge
on trait fatigue, which may aid in developing effective
strategies to reduce fatigue after SAH.

Several studies in patients with neurological illnes-
ses have expanded insight into momentary fatigue by
examining either the course of momentary fatigue
over the day or factors associated with momentary
fatigue (25). Momentary fatigue was found to increase
during the day in patients with MS and this increase
depended on sex and age (26). Another study showed
that 4 groups of patients with MS could be distinguis-
hed based on their diurnal pattern of fatigue, with the
2 largest groups showing either an increasing profile
or a stable high profile of fatigue over the day (24).
Patients with traumatic brain injury who had higher
variability in momentary fatigue reported more trait
symptoms regarding depression, anxiety and affect
than patients with less variability (27). In addition,
in patients with MS momentary fatigue was higher
in those reporting worse momentary mood. However,
sleep quality, assessed on a daily basis, was not asso-
ciated with momentary fatigue (28).

To our knowledge, to date, there are no studies of
momentary fatigue after SAH. Gaining insight in the
course of momentary fatigue over the day and poten-
tially associated factors (e.g. sleep) may therefore
increase our understanding of fatigue after SAH, which
may aid in developing more specific and personalized
strategies for the management of fatigue in this popula-
tion. Therefore, the aims of the current study were, first,
to examine the course of momentary fatigue over the
day and to determine which factors are associated with
momentary fatigue; and, secondly, to explore whether
subgroups of patients with distinct diurnal patterns
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of fatigue can be distinguished. It was hypothesized
that momentary fatigue increases over the day and is
associated with sleep, mood and burden of fatigue.

METHODS

Participants and procedures

Consecutive patients diagnosed with SAH, who were
treated at Erasmus MC University Medical Centre
Rotterdam, the Netherlands, between August 2017 and
May 2019 were screened for eligibility, and subsequent-
ly invited to participate in the study. In addition, patients
who were treated at Elisabeth-TweeSteden Hospital
between January 2019 and January 2020, were screened
for eligibility, and invited to participate in the study.

The diagnosis of SAH was confirmed by compute-
rized tomography (CT). In case CT was inconclusive,
lumbar puncture was conducted to confirm SAH
diagnosis. Patients were included if they were at least
18 years old, were between 3- and 12-months post-
SAH onset, were living at home and were experiencing
fatigue. This was checked by the researcher (EAV) in
a telephone call before inclusion, by asking whether
the patients had experienced fatigue since the SAH.
Exclusion criteria were: previous stroke, having another
chronic disease (including neurological diseases, e.g.
cancer or MS), insufficient mastery of the Dutch langu-
age, or unable to understand verbal instructions and/
or complete the questionnaires and e-diary. No formal
sample size calculation has been performed for this
study. Based on the number of participants used in
previous comparable studies (23, 25, 28) and the high
number of repeated measurements in the study design,
a sample size of at least 40 participants was deemed
sufficient. All patients signed an informed consent form
before the start of the study. The study was approved by
the medical ethics committee of Erasmus MC (MEC-
2017-523).

Included patients were visited at home by a resear-
cher. Before the home visit patients were asked to
complete questionnaires, which were sent by post.
During the home visit a semi-structured interview was
conducted and the questionnaires were checked for
completeness. In addition, patients received informa-
tion about completing the electronic diary.

Ecological momentary assessment

EMA was used for 7 consecutive days with an electro-
nic diary using the MovisensXS software (movisens
GmbH, Karlsruhe, Germany) and mobile phone app
(Version 1.3.4). Patients received a mobile phone
(Alcatel U3) with the MovisensXS app installed on it
that was running offline.
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The primary outcome measure was momentary fati-
gue. Every day patients were prompted 10—11 times
between 09.00 h and 21.00 h, with a single fatigue
question (“How fatigued do you feel at this moment?”),
which was answered on a 7-point Likert scale, ranging
from 1 (not fatigued) to 7 (extremely fatigued). This
item was used successfully in previous EMA studies
(24, 26) and corresponds with the scale of fatigue
questionnaires, such as the FSS (29). In addition, this
fatigue question was found to have good convergent
validity with Patient-Reported Outcomes Measurement
Information System (PROMIS) fatigue items in a pre-
vious study (26). The time between 2 consecutive fati-
gue prompts within the 12-h time-frame was random,
but was at least 45 min in order to enhance ecological
validity. Patients were allowed to postpone prompts
by 5, 10 or 15 min, or they could dismiss the prompt.

Secondarily, patients were prompted with questions
to assess sleep duration, sleep quality and mood on a
daily basis. If patients scored 1 of the fatigue ques-
tions a day as higher than 1, they were considered
to have experienced fatigue that day. In that case,
they received additional questions on their fatigue at
21.00 h. These extra questions addressed the type of
fatigue, burden of fatigue, and ability to do activities
despite their fatigue. All of these day level EMA
questions are shown in Table I.

Patients’ characteristics

For descriptive purposes trait fatigue was assessed
with the FSS (29). The FSS consists of 9 statements,
scored on a 7-point Likert Scale, ranging from 1 (stron-
gly disagree) to 7 (strongly agree). A cut-off score of
>4 is used to distinguish fatigued from non-fatigued
patients (29). The FSS is found reliable and valid to
assess fatigue in patients with stroke (19).

Table I. Ecological momentary assessment day level questions

Question (Q), Answer (A)

Variable

Sleep Duration Q: What time did you go to bed yesterday?

Q: What time did you wake up this morning?
Sleep Quality Q: How well did you sleep last night?

A: Likert scale 1-7, really bad - really good
Mood Q: How down do you feel at this moment?
A: Likert scale 1-7, not down - extremely down
Q: How anxious do you feel at this moment?
A: Likert scale 1-7, not anxious - extremely anxious
Fatigue Type Q: How would you describe the fatigue you have
experienced today?
A: Mainly in my head; Mainly in my body; Both about
equal; None of both. Referred to as mental, physical,
general and undefined fatigue, respectively
Q: How much burden of your fatigue did you experience
today?
A: Likert scale 1-7, no burden at all — extreme burden
Q: Did you do what you wanted to do today, despite
your fatigue?
A: Yes; Almost everything; Partly; Hardly not; No

Burden of fatigue

Activities

Mood was expressed as the mean score of “down” and “anxious” questions.
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Clinical characteristics including World Federation
of Neurosurgical Societies (WFNS) classification,
type of SAH (aneurysmatic (aneurysmal-SAH and
non-aneurysmal-SAH) vs perimesencephalic, location
of aneurysm (anterior vs posterior circulation), treat-
ment modality aneurysm (endovascular (coiling and/
or flowdiverter) vs neurosurgical (clipping)), serious
SAH-related complications (re-bleed, hydrocephalus,
ischaemia), history of hypertension (yes/no), length of
hospital stay and discharge destination (home vs inpa-
tient clinic (i.e. rehabilitation centre/nursing home))
were collected from the patient files. Several other
characteristics were retrieved from the semi-structured
interviews, including history of smoking, current
smoking status, years of education, employment status
(paid job vs no or unpaid job), and living status (alone
vs with others).

Statistical analysis

Statistical analyses were performed using R (R
Core Team, 2020, Vienna, Austria) and RStudio
(RStudio Team, 2020, Boston, USA) Version 1.4.1717.
Descriptive statistics were used to describe baseline
characteristics of the study group and scores of the
EMA questions.

To examine the course of fatigue over the day and
potentially associated factors of momentary fatigue,
multilevel-mixed-model analyses were conducted,
with EMA fatigue as dependent variable (level-1)
nested within participants (level-2). First, the course
of momentary fatigue was examined by a model with
momentary fatigue as dependent variable and time and
time? as predictors, and random intercepts and slopes
for time. Subsequently, baseline characteristics, EMA
outcomes and trait fatigue were added to separate uni-
variable models with momentary fatigue as dependent
variable, adjusted for time and time?. Finally, factors
that were significantly (p<0.05) associated with
momentary fatigue in these models were added to the
multivariable model with time and time?, adjusted for
sex and age. The proportion of within-person variance
and between-person variance that explained the total
variance in fatigue (i.e. intraclass correlation (ICC))
was calculated by running an empty model. Instability
in fatigue was expressed in the mean squared succes-
sive difference (MSSD) score (30).

Latent-class trajectory analysis was conducted using
the LCMM package, to examine whether subgroups
with distinct diurnal patterns of fatigue could be distin-
guished (31, 32). Data of multiple days are aggregated
in this analysis. First the number of subgroups were
selected based on the Bayesian Information Criterion
(BIC) and subsequently the best model structure was
determined. The model that best fitted the study data
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contained 3 subgroups, random intercepts and random
slopes for time and time?, a common variance struc-
ture across subgroups and an unstructured variance-
covariance matrix. Analysis of variance (ANOVA)
tests were conducted to examine differences in patient
characteristics between the 3 subgroups. Tukey post
hoc tests were conducted to examine between which
pairs of subgroups the difference(s) occurred. A sig-
nificance level of p<0.05 was used.

RESULTS

Study population

Of 98 eligible patients, 42 (43%) participated in the
study. Reasons for not participating were not interested
in participation (n=19), being too fatigued (n=3), not
experiencing fatigue (n=9) and other/unknown reason
(n=25). One patient was excluded from the analysis
due to a response rate of less than 30% of EMA ques-
tions, resulting in a study population of 41 patients.
Mean age was 53.9 years (SD 13.2). The majority of
participants were female (56.1%) and mean time post
SAH onset was 9.6 months (SD 2.04). Mean FSS score
was 5.03 (SD 1.19, range 2.33-7.00) and 32 patients
(78%) were fatigued (FSS>4). Sixty-two percent

Fatigue (1-7)
w

0 20 40 60
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Table II. Patient characteristics

Characteristics Total group (n=41)

Sociodemographic characteristics

Age at onset, years, mean (SD) 53.9 (13.2)
Female, n (%) 23 (56.1)
Living with others, n (%) 36 (87.8)
Education, years, mean (SD) 14.2 (5.3)
Paid job, n (%) 26 (63.4)
History of smoking, yes, n (%) 18 (43.9)
Currently smoking, yes, n (%) 9 (22.0)
Clinical characteristics
Type SAH, n (%)

Aneurysmatic 33 (80.5)
Perimesencephalic 8 (19.5)
Duration of hospital stay, days, mean (SD) 13.2 (6.1)
Hypertension, yes, n (%) 7 (17.1)

WFNS grade, n (%)
Good (1-2) 36 (87.8)
Poor (3-5) 5(12.2)
Location of aneurysm, n (%)
Anterior circulation 23 (76.7)
Posterior circulation 7 (23.3)
Treatment modality aneurysm, n (%)

Endovascular 26 (86.7)
Neurosurgical 4 (13.3)
Serious SAH complications, yes, n (%) 12 (29.3)

Discharge destination, n (%)

Home 33 (80.5)
Inpatient clinic 8 (19.5)
FSS score, mean (SD) 5.03 (1.19)
Fatigued (FSS score >24), n (%) 32 (78.0)

Three participants of the aneurysmatic group experienced non-aneurysmal
subarachnoid haemorrhage (SAH). Sixteen patients who had a paid job were still
on sick leave. SD: standard deviation; FSS: Fatigue Severity Scale, range 1-7,
higher scores indicate worse condition, range among participants 2.33-7.00;
WFNS: World Federation of Neurosurgical Societies.

0 20 40 60

EMA prompt number over the week (n)

Fig. 1. Momentary Fatigue (black dots and black lines) over the week of 4 participants. Vertical black dotted lines represent the separation between
the consecutive days, where the first day is Monday. The horizontal dashed lines represent the mean Fatigue Severity Scale (FSS) score (range 1-7),

higher score means worse condition.
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(n=16) of patients who had a paid job still were still
on sick leave at the time of the home-visit. Patients’
characteristics are shown in Table II.

EMA outcomes

Patients received a total of 3,039 fatigue questions, of
which they completed 2,860 (179 missing and 5 inva-
lid); a compliance rate of 94.1%. Mean momentary
fatigue over the 7 days was 3.22 (SD 1.47), which was
significantly (p<0.05) lower than mean trait fatigue
(5.03 SD 1.19). Instability (mean MSSD) in momen-
tary fatigue was 0.85 (SD 0.80). Fig. 1 shows the
momentary fatigue scores over the week of 4 random
participants, starting on Monday and their mean FSS
score. Mean scores of EMA outcomes over the week
(i.e. fatigue, mood, burden of fatigue, sleep quality and
sleep duration) are shown in Table III. All participants
experienced fatigue on all days, except for 3 patients
(7.3%), who had 1 day on which all fatigue questions
were scored 1, indicating that they did not experience
fatigue during that day. Mean momentary fatigue over
the working days was 3.29 (SD 1.46) and over the
weekend days 3.07 (SD 1.49). Thirty-three patients
(81%) experienced general fatigue at least 1 day in the
week, followed by physical fatigue (n=25, 61%) and
mental fatigue (n=23, 56%). Only 7 patients (17%)
experienced undefined fatigue at least 1 day in the
week. Almost 60% of patients (n=23) were not able
to do everything they wanted to do due to their fatigue
for the majority of the week (4 or more days).

Course of fatigue and associated factors of
momentary fatigue

On average, fatigue increased during the day and
levelled off at the end of the day, given the signifi-
cant (p<0.001) effects for time (B=0.220) and time?
(B=-0.010) in the model with only time effects as
predictors.

Of all patient characteristics, only smoking status
was associated with momentary fatigue in the
univariable models. Smokers had significantly

Daily fatigue after subarachnoid haemorrhage p. 50f 9

TableIII. Mean scores of ecologicalmomentary assessment (EMA)
outcomes over the week

EMA construct Mean (SD)
Fatigue (1-7) 3.22 (1.47)
Mood (1-7) 1.63(0.91)
Burden of fatigue (1-7) 3.30 (1.60)
Sleep quality (1-7) 4.96 (1.45)
Sleep duration (h/day) 8.74 (2.55)

Fatigue, mood and burden of fatigue; higher scores means worse condition;
sleep quality; higher score means better condition.

SD: standard deviation.

significantly lower on weekend days than on working
days (B=-0.20, p<0.001).

The final multivariable model is shown below. A
model was fitted with time, time?, day type (working
vs weekend day), smoking status, FSS score, and
burden of fatigue and mood scores over the week as
predictors of interest, adjusted for sex and age and
including random slopes for time. It was checked
whether interactions of time with sex, type of day
and smoking status, and random slopes for time?,
significantly contributed to the model fit, and this
was not the case.

Fatigue, = f3, + B, Time, + B,Time; + B,Sex, + 5, Age, +
BsDay Type, + B Smoking Status, +
B, Burden of Fatigue, + B, Mood, + B,F'SS, +

b +b Time, +¢€
io il i i

Results of the multilevel-mixed-model analysis are
shown in Table I'V. In addition to the time effects, more
burden of fatigue (B,=0.680) was significantly associa-
ted with higher momentary fatigue. On working days
momentary fatigue was significantly higher than on
weekend days (B,=—0.204). Sex, age, mood, smoking
status and trait fatigue (FSS) were not associated with
momentary fatigue (p>0.05). Adding random slopes
of time to the model significantly (»<0.001) improved
the model fit, indicating that diurnal patterns of fatigue
varied among participants (Table SI). Within-subject
variability accounted for 48% of the total variance in
momentary fatigue (ICC=0.522).

Table IV. Factors associated with momentary fatigue

higher fatigue than non-smokers ($=0.72,

- Fixed effects Estimate (SE) 95% CI t-value (df)  p-value
p<0.05). Of the EMA Out.comes, burden of fati- Intercept 0.547 (0.460)  -0.356-1.450 1.188 (2811)  0.235
gue and mood were associated with momentary Time 0.219(0.032)  0.157-0.281 6.954 (2811) <0.001
fatigue, but sleep duration and sleep quality Time? -0.010 (0.002) -0.014 to -0.004 -3.912 (2811) <0.001

. . . Sex 0.061 (0.156) -0.256-0.378 0.388 (34) 0.700

were not. Patients who percelved hlgher burden Age -0.006 (0.006) -0.018-0.007 -0.915 (34) 0.366
of fatigue (B=0.72, p<0.001) and worse mood Day type -0.204 (0.061) -0.324 to -0.084 -3.338 (2811) <0.001
_ L . Smoking 0.130 (0.228)  -0.333-0.593 0.571 (34) 0.572
(B=0.72, p< 02001) had SI.gI'nﬁcant!y hlgher Burden of fatigue  0.680 (0.081)  0.516-0.844 8.431 (34)  <0.001
momentary fatigue. In addition, trait fatigue Mood 0.229 (0.129)  -0.033-0.491 1.775 (34) 0.085
FSS score -0.093 (0.086)  -0.268-0.082 -1.078 (34) 0.289

and day type were associated with momentary

fatigue; patients who had higher scores on the
FSS had significantly higher momentary fatigue
(Bp=0.27, p<0.05) and momentary fatigue was

Time reflects the fatigue prompt number (range 1-11). Trait Fatigue expressed

in Fatigue Severity Scale (FSS) score (range 1-7), higher scores indicate worse
condition.

SE: standard error; 95% CI: 95% confidence interval; df: degrees of freedom. Reference
category of categorical variables: sex, male; day type, working days; smoking, no.
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Fig. 2. Left panel diurnal patterns of fatigue of 3 subgroups; right panel diurnal patterns of participants per subgroup, subgroup 1 (red line);

subgroup 2 (green line); subgroup 3 (blue line).

Subgroup analysis

Three subgroups could be distinguished based on diur-
nal patterns of fatigue (Fig. 2); a group with a stable
low pattern (red line), a group with a slight increase in
the morning and a subsequent decrease in the afternoon
(green line), and a group with an increasing pattern
(blue line). Most participants had an increasing pattern
of fatigue (n=17, 41.5%), followed by participants
with a stable low pattern (n=14, 34.1%) and with an
increasing/decreasing pattern (n=10, 24.4%). Charac-
teristics of the subgroups are shown in Table V.
Significant differences were found between the
subgroups for FSS score (F (2,38)=8.38, p<0.001),
burden of fatigue (F (2,38)=22.39, p<0.001) and mood

Table V. Patient and clinical characteristics of subgroups based on diurnal

patterns of fatigue

(F (2,38)=3.86, p<0.05), but not for age (F (2, 38)=0.88)
and instability in fatigue (MSSD, F (2,38)=0.84). The
stable low subgroup had significantly lower FSS scores
than the increasing/decreasing subgroup (»<0.05) and
increasing subgroup (p<0.01); the stable low and increa-
sing/decreasing subgroups had significantly (»<0.001)
less burden of fatigue than the increasing subgroup; and
the increasing subgroup had significantly worse mood
than the stable low subgroup (p<0.05).

DISCUSSION

Patients with SAH reported momentary fatigue scores
that varied considerably over the day. Overall, mo-
mentary fatigue increased over the day and
more burden of fatigue and type of day being
a working vs weekend day were associated

' Subgroup 1 Subgroup2  Subgroup 3 with higher momentary fatigue. In addition,
Variables (n=14,34%) (n=10,24%) (n=17, 42%) . . .
" = 504 (16.2) 502 (0.43) 56 (12.2) it was found that diurnal patterns of fatigue
e, mean . . . . . . . .. ..
ngl female, n (%) 10 (71.4) 5 (50.0) 8 (47.1) differed between participants, so that 3 distinct
Smoking, ves, n (%) 1(7.1) 2(20.0) 6(35.3) subgroups could be distinguished.
Momentary fatigue, mean (SD) 2.31 (0.69) 2.88 (0.53) 4.20 (0.75)* :
Burden of fatigue, mean (SD) 2.23(0.88) 2.82 (0.77) 4.29 (0.95)* . As CXpCCth, on average, m(?mentaljy fatlgue
Mood, mean (SD) 1.33(0.32) 1.48 (0.63) 1.99 (0.92)t increased over the day in patients with SAH.
Egg score (”;ef" () ‘7"(1530(;')18) §64?1EJ% 701)) ;5(58;1'20)3)* This is in line with findings from previous stu-
MSSD fatigue, mean (SD) 0.71 (0.31) 0.94 (0.58) 0.90 (0.54) dies showed increasing fatigue over the day in

*Subgroup 3 signiﬁcantl\*/ higher than subgroup 1 and subgroup 2. 'Subgroup 1 significantly
lower than subgroup 3. "Subgroup 1 significantly lower than subgroup 2 and subgroup 3.
FSS: Fatigue Severity Scale; MSSD: Mean Squared Successive Difference; SD: standard

deviation.

both patients with MS (26, 28) and in healthy
controls (28). Increasing fatigue during the day
is often linked to activities and circumstances
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in daily life; however, patients with MS revealed a more
rapid increase over the day in momentary fatigue than
healthy controls who show highest fatigue at the end
of the day (28). The increase in momentary fatigue
over the day in patients with SAH found in the current
study was comparable to that of patients with MS and,
consequently, also more rapid than in healthy controls
(28). Despite the difference in the aetiology of fatigue
between people with SAH and MS, there are several
papers that show similarities in their experience of
chronic fatigue and its triggers and impact in daily life
(16, 33, 34). Physical exertion was related to higher
momentary fatigue in people with MS, but not in
healthy controls (28) and in people with stroke it was
found that momentary fatigue was higher after phy-
sical activity and during more effortful activities (35).
Patients with SAH have worse physical fitness (36) than
healthy controls, which is related to trait fatigue after
SAH (37). Consequently, participating in activities of
daily living after SAH may be more effortful, which
may explain the more rapid accumulation of fatigue in
patients with SAH compared with in healthy people.
Burden of fatigue and type of day were associated
with momentary fatigue after SAH. Patients who expe-
rienced higher momentary fatigue also experienced
more burden of fatigue in daily life. Higher trait fatigue
is found to be associated with passive coping (38) and
cognitive impairment (39) after SAH. It is possible
that patients with SAH have difficulties coping with
their fatigue in daily life, resulting in more perceived
burden of fatigue. In addition, cognitive impairments
after SAH might increase fatigue experience and
consequently the burden of fatigue in daily life. The
finding that patients perceived higher momentary
fatigue on working days than on weekend days, may
correspond with having to combine work duties with
a role in family and social life during working days.
In the current study, the majority of individuals with a
paid job were still on sick leave. Additional explorative
analyses revealed that the difference in fatigue between
working days and weekend days was primarily caused
by those who were still on sick leave. It is possible that
this group has worse outcome, which may amplify the
effect of having responsibilities regarding returning
to work and family care on fatigue on working days.
Mood, sleep quality and sleep duration and trait fatigue,
were not associated with momentary fatigue. Regar-
ding mood, these findings are in line with a previous
study showing no associations between momentary
fatigue and #rait mood in patients with MS (40, 41).
However, studies in patients with stroke and MS found
an association between momentary mood and fatigue
(28, 41). It was not possible to examine momentary
associations in the current study, since mood was not
assessed on the momentary level, but this would be
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of interest in future studies. People with SAH expe-
rience sleep disturbances (42), of which worse sleep
latency and sleep quality were found to be associated
with higher fatigue 2 months after SAH onset (43). In
the current study, participants were assessed almost
10 months post-onset; they slept, a mean of 2 h longer
every night and they had a higher sleep quality than
those measured at 2 months post onset (43). This may
explain why no association was found between sleep
outcomes and momentary fatigue. The absence of
a relationship between momentary fatigue and trait
fatigue might be explained by burden of fatigue, which
possibly accounted for the same variance in momen-
tary fatigue as trait fatigue. Since burden of fatigue
was assessed on a daily basis, it may be argued that
it was a better predictor for momentary fatigue than
trait fatigue, which was a mean score over the week.

Diurnal patterns of fatigue differed among partici-
pants and based on the patient-specific diurnal pattern
of fatigue 3 subgroups could be distinguished. Stri-
kingly, the largest group showed an increasing pattern
of fatigue over the day, whereas fatigue was rather low
in the other 2 groups. Based on the momentary fatigue
pattern, the subgroup with the increasing pattern of
fatigue clearly differed from the other 2 subgroups.
However, trait fatigue (FSS) of the subgroups with
the increasing pattern and the increasing/decreasing
pattern, was similar. This implies that trait fatigue and
momentary fatigue are different constructs; patients
who have similar trait fatigue may have different diur-
nal patterns of fatigue, which is also found in patients
after stroke (23). In addition, in the current study, mean
trait fatigue was higher than mean momentary fatigue.
This is in line with findings that people tend to overes-
timate their symptoms on retrospective questionn-
aires, since more salient symptoms are remembered
better than no symptoms (22). In addition, cognitive
impairments may induce recall bias on retrospective
questionnaires (44), which may have caused differen-
ces in momentary fatigue and trait fatigue outcomes
found in the current study. Due to the small number of
people per subgroup, it was not possible to examine the
role of potential confounding variables related to the
clinical characteristics of the participants. However,
based on studies on trait fatigue after SAH it can be
suggested that characteristics including more severe
SAH, complications such as vasospasm, re-bleed or
delayed cerebral ischaemia, and smoking are predictive
of' being in the subgroup with the increasing pattern of
fatigue (45—47). It would be of interest to examine not
only the role of these confounding clinical variables
in future studies, but also to examine whether being
in the subgroup with the increasing pattern of fatigue
relates to worse participation in daily life and health-
related quality of life.
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Patients with SAH reported momentary fatigue sco-
res that varied considerably during the day. This is in
line with previous studies in patients with traumatic
brain injury (27) and MS (26, 28). The results of this
study imply that by just assessing trait fatigue with
conventional retrospective questionnaires, aspects of
fatigue as experienced by patients after SAH in daily
life might be missed. EMA measures of fatigue may
provide valuable information for physicians to esta-
blish personalized programmes to manage fatigue after
SAH. The results of the current study may be valuable
for psychoeducation in rehabilitation and to guide
patients in planning their activities, thereby preventing
fatigue from accumulating over the day. In addition, the
current results may have consequences for the timing
of assessing fatigue (i.e. always at the same time of
the day) and rehabilitation sessions. Finally, identi-
fying patients with an increasing pattern of fatigue is
important, because, for this group, attention should
be paid to mood problems and high burden of fatigue.
Higher momentary fatigue may be preceded by effort-
ful activities and also may affect subsequent behaviour
(48). Future studies should examine circumstances or
situations (e.g. poor work-life balance, physical acti-
vity) in which patients perceive high levels of fatigue,
which can subsequently be targeted in rehabilitation
aimed at reducing or coping with fatigue.

One of the strengths of this study was assessing
fatigue via EMA, thereby enabling examination of
real-time daily fluctuations and preventing recall bias,
which is particularly important in patients with cogni-
tive impairments. Multiple days of assessment enabled
robust estimates of within-days trajectories, and the
compliance rate was excellent, indicating that it is
feasible to use EMA over a week in patients with SAH.

Several limitations of this study should be consi-
dered. First, we did not assess other constructs, such
as mood, type of fatigue or burden of fatigue multi-
ple times a day. Therefore, momentary associations
between these constructs and fatigue could not be
analysed. Considering EMA feasibility, we focused
on frequently described factors known to affect fatigue
after SAH, even though other factors, such as cogni-
tion, company, and medication use, could also poten-
tially affect momentary fatigue. Another limitation is
the sample size. However, given the many repeated
measurements within persons, the large number of
observations was appropriate for multilevel analyses.
Although subgroup analysis resulted in lower numbers
of people per group, we could show significant group
differences. Also the representativeness of our group
may be debated, since less than 50% of eligible patients
participated in the study. However, baseline charac-
teristics, including age, sex and WFNS grade, were
similar to those reported in other studies in people with
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SAH conducted in the Netherlands (39, 49, 50), which
supports representativeness. As assessing momentary
fatigue in daily life is still an innovative approach,
norm values and extensively validated variables are
missing. Likewise, divergent validity of momentary
fatigue and burden of fatigue deserves further research.

In conclusion, momentary fatigue after SAH is not
stable, but increases over the day, which may be asso-
ciated with experienced burden of fatigue and type of
day. Three distinct diurnal patterns of fatigue can be
found in subgroups of patients with SAH. Assessing
momentary fatigue provides insight into real-time daily
patterns of fatigue, which are missed in conventional
assessment of trait fatigue. Measures of momentary
fatigue can therefore add to existing knowledge on
fatigue and may inform rehabilitation professionals
to develop or optimize personalized programmes for
the management of fatigue after SAH.
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