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Abstract: Background/Objectives: Patients with acquired brain injury (ABI) often face complex
challenges during the transition from in-hospital rehabilitation to everyday life. This study aimed to
investigate disability, health-related quality of life (HRQoL), work, and other aspects of functioning
as indicators of a meaningful life in this transition phase. Additionally, we assessed how disability
levels three months post-discharge correlate with known risk factors. Methods: We conducted a
prospective observational follow-up study including patients aged =18 years with ABI discharged
from a specialized rehabilitation clinic. Patient-reported outcomes, including disability and HRQoL,
were collected at discharge and three months later. Associations between disability and known risk
factors were analyzed using multiple linear regression. Results: A total of 137 patients were included
(mean age 63), with a follow-up completion rate of 59%. At follow-up, 11% reported complete
recovery, while a moderate level of disability persisted overall, with no systematic change from
discharge. HRQoL improved significantly, reaching a mean score of 0.83. Fatigue, gender, and time
from injury to rehabilitation were significantly associated with disability levels. Conclusions: The
transition phase after rehabilitation posed challenges for patients with ABI, with 38% experiencing
moderate disability. Despite this, HRQoL improved to levels comparable to the general population.
Fatigue, gender, and rehabilitation timing emerged as key factors influencing disability outcomes.
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1. Introduction

Acquired brain injury (ABI) is a leading cause of disability among adults worldwide[1]. Patients
with ABI present with physical, cognitive and psychosocial challenges that may affect all aspects of
life[2], and as an acute event, ABI may disrupt the life course of patients unexpectedly[3]. The most
robust estimate of disability after ABI was found in a review of 22 studies, where some degree of
disability was established for 24%-49% of patients[4]. ABI leads to extensive individual consequences
such as reduced health-related quality of life and reduced satisfaction with life in general for up to
61%[5]. This pose a potential risk that patients may strive to sustain a meaningful life. In a study on
self-management, Kiling et al. found that patients conceptualised energy as a form of treasured
currency that could be stored to enable engagement in everyday activities or other specific events.
This balance was fundamental to living their lives and engaging in activities that enabled them to
achieve or maintain a sense of meaning and purpose[6].

1.1. Disability in the discharge transition phase

Disability is a collective term for impairments, activity limitations and participation restrictions
denoting the negative aspects of the interaction between an individuals' health condition and
contextual factors (environmental and personal factors)[7]. In a Danish health-care perspective, the
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rehabilitation process is specifically aimed towards a meaningful life for the patient with the best
possible activity and participation, coping and quality of life[8]. For patients with moderate and
severe ABI, the rehabilitation process begins at specialised in-hospital clinics [9] from which they are
eventually discharged to familiar social and physical surroundings while adjusting to disability[10].
During this transition, they establish a new balance in their everyday life activities, and discover to
which degree they may recover, work and live independently or with assistance. However, the extent
of disability and dependency at discharge might not be evident for either the patient [11] or
supportive relatives[12], and some challenges may not present themselves until months after
discharge[13]. Thus, the discharge transition phase implies potentially stressful adjustment to
disability during the change of environment[14]. Specifically during the discharge transition phase,
patients have reported difficulties reengaging in meaningful activities[15].

1.2. Factors affecting disability in the transition phase

In previous research, factors have been identified as significantly associated with disability or
related rehabilitation outcomes after ABI; Age, Sex, Diagnosis and Duration between injury and
referral to rehabilitation are acknowledged as potential confounders of rehabilitation outcomes after
ABI[16-19]. Fatigue has been associated with decrease in short-term functional outcome[20], return
to work [21] and health related quality of life[22]. High self-efficacy has been identified in a systematic
review to be associated with higher level of functioning in daily activities in patients with stroke[23].
This is understood through facilitation of personal effort and motivation and upholding of
persistence as coping strategies in face of barriers and setbacks[24]. Fatigue and functional
independence were found to be significant predictors of disability in 15-30 year-olds with ABI[25].
Physical activity is associated with positive rehabilitation outcomes[26]. Also, cognitive dysfunction
was found to be associated with low health-related quality of life after TBI[27].

The aim of the present study was to investigate disability level and other indicators of a
meaningful life for patients with ABI in the discharge transition from in-hospital rehabilitation.
Disability and factors associated with disability three months after discharge were investigated. As
secondary outcomes we reported; Health-related quality of life; Recovery; Assistance requirements;
Hospital readmissions; Work status; and Occupational balance.

2. Materials and Methods

We setup a prospective follow-up study during the discharge transition phase. Baseline
assessment was an interviewer-based survey one week prior to discharge, and follow-up was a self-
reported survey three months after discharge.

Patients were consecutively recruited from Hammel Neurorehabilitation Centre and University
Research Clinic, Denmark (HNCURC) from September 2020 to September 2021, with a two months'
non-inclusion from January 2021 to comply with national Covid-19 guidelines. The HNCURC is
located in three cities; location I-III (figure 1)

2.1. Participants and recruitment

All patients admitted for more than two weeks were systematically screened according to the
following inclusion criteria one week prior to discharge: Age >18 years; able to speak and understand
Danish language; able to give informed consent; and able to participate in a one-hour interview
understanding and responding to survey questions. This meant for the exclusion of patients with low
consciousness levels, severe aphasia or other severe cognitive dysfunction. For ethical reasons,
patients were also excluded if they presented with symptoms like emotional lability, agitation, or
confusion, as these conditions may be triggered by the interview situation. Comorbidities like chronic
obstructive pulmonary disease, diabetes, or other diseases were not exclusion criteria; nor were minor
cognitive deficits like attention deficits or mild aphasia. The inclusion of patients with mild cognitive
deficits was decided, because such symptoms are common after ABI, and would likely influence all
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outcomes. Participation was planned with minimal interference to daily rehabilitation. A
representative from local staff at each of eight clinics (either a nurse, nurse’s assistant, therapist, or
secretary) assessed patient eligibility from inclusion criteria. The first author (HH) then introduced
the patients to the study and invited them to volunteer their participation. If agreed, the baseline
survey interview was conducted. To participate in the follow-up survey after discharge, patients
received the link to a questionnaire by email, followed by two reminders one week apart. In
consideration of the patients' potential fragility after ABI, participation was not further encouraged.
Patients were provided with contact information for HH for technical support if needed.

2.2. Baseline characteristics

Information on diagnosis, severity, comorbidity and functional independence was retrieved
from medical records at discharge (see Appendix 1) by the first two authors. Global disability level
was assessed by HH at baseline with the Modified Rankin Scale (mRs) in 7 levels from no symptoms
(0) to death (6)[28]. Anxiety and depression levels were reported by patients with the Hospital
Anxiety and Depression Scale (HADS) in the baseline survey with seven items scored from one to
three on two subscales for anxiety and depression, with three denoting highest level. A subscale score
of >8 points out of a possible 21 denotes a moderate to high level of anxiety or depression[29].

2.3. Outcome measures

The main outcome was disability. Secondary outcomes were health-related quality of life,
recovery, assistance requirements, hospital readmissions, work status, and occupational balance. A
list of the patient reported outcomes used in the study is provided in appendix 2.

2.3.1. Disability

Patients rated their disability levels using the World Health Organization Disability Assessment
Schedule 2.0, WHODAS 2.0[30]. WHODAS 2.0 covers the components of both activity (in the
dimensions cognition, mobility, self-care, and life activities) and participation (in the dimensions
getting along and social participation) as a worldwide disability assessment tool[30]. WHODAS 2.0
was chosen due to its excellent test-retest properties across functional levels, diagnoses and
settings[30]. The difficulty of each item was rated on a 5-point Likert scale (0, none; 1, mild; 2,
moderate; 3, severe; 4, extreme or cannot do). For the baseline assessment, the 36-item interviewer-
administered form was used with an assessment time of 20 minutes. For the follow-up assessment,
the 12 item self-administered form was used to avoid patient retention from questionnaire burden.
The 12-item version explains 81% of the variance in the 36-item version[31]. Disability scores from
both assessments were converted to index values from 0 to 100, where 0 = no disability; 100 = full
disability[31], allowing for comparison of disability levels at baseline and follow-up. WHODAS 2.0
categories of disability have been suggested for easy interpretation (0—4, no difficulty; 5-24, mild; 25-
49, moderate; 50-95, severe; 96-100, extreme)[31].

2.3.2. Covariates

The following covariates for disability were chosen: age, sex, ABI type, duration from ABI debut
to rehabilitation admission, self-efficacy, premorbid physical activity level, presence of pathological
fatigue, and the cognitive dimension of functional independence. Self-efficacy was assessed with the
General Self-Efficacy Scale (GSES); a 10-item psychometric scale designed to assess optimistic self-
beliefs to cope with a variety of difficult demands in life[32]. Total scores ranged between 10 and 40,
with a higher score indicating more self-efficacy. Physical activity level classified with the Saltin-
Grimsby Physical Activity Level Scale[33]. Fatigue was self-reported with the Multidimensional
Fatigue Inventory (MFI) in five dimensions with sub score sums ranging from 4 (fatigue absent) to
20 (severe fatigue) [34]and with a cut off of 12 on the sub score general fatigue indicating pathological
fatigue[35]. The functional independence measure (FIM) sub score for cognitive level was rated on
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a 7-point scale from 1 = total assistance to 7 = complete independence and a sum score ranging from
5-35[36].

2.3.3. Secondary outcome measures

Health-related quality of life was assessed with the EuroQol index value calculated from the
interviewer-administrated EQ5D-5L using a validated Danish Value set with outcomes ranging from
-0.757 (worse than death), 0 (death) to 1 (full health)[37]. The EQ5D-5L describes health-related
quality of life in the dimension's anxiety/depression, pain/discomfort, mobility, self-care, and usual
activities into 5 levels (no problems, slight problems, moderate problems, severe problems, and
unable/extreme problems).

Work status was reported in the categories self-employed, employed, unemployed, retired,
studying and on sick-leave and dichotomized by combining the responses "not employed", "retired",
"studying" and "on sick leave" into a "not in remunerative work" category.

Occupational balance was assessed with the Danish Occupational Balance Questionnaire, OBQ-
DK][38-40]. We used the 11-item version with four meaningfully ordered responses ranging from
disagree = 0 and partially disagree =1 to partially agree = 2 and agree = 3. Sum scores would range
from 0-33 with higher ratings implying better occupational balance. The OBQ-DK summary score
was presented and dichotomised into low and high level of occupational balance with a split at <22,
indicating that the patient could have possibly "agreed" (score 0) on at least one item.

Recovery and personal assistance requirements was covered by the "Two simple
questions"[41,42]. The extent of community-based rehabilitation and hospital re-admissions was
assessed with customized questions.

2.4. Data analysis and statistics

Patient characteristics were presented with frequencies (n) and percentages (%). Scores of
functioning were presented within the relevant summary range of individual scores. Demographics
and health parameters of included patients were compared to excluded patients at the HNCURC.

Disability at baseline was reported with the WHODAS 2.0 median scores of each domain, and
the total median score was reported as a weighted complex scoring according to the manual for the
36-item version[43]. Disability at follow-up was reported as an index score from 0-100 obtained by
dividing the summary score with 48 according to the manual for the 12-item version[43]. For less
than two missing WHODAS 2.0 items, imputation from the median score was performed[43]. A
multiple linear regression analyses were conducted with disability (WHODAS 2.0) at follow-up as
outcome. Assumptions were evaluated on plots of observed versus predicted values, scatter plots,
residual plots, histogram, and QQ plot. Statistical analyses were performed in Stata 16,0 (StataCorp,
College Station, TX, USA).

Secondary outcomes were presented as a descriptive summary and plots of median scores.
Statistical significance of change in status from working to not working from baseline to follow-up
was tested with McNemar's test. Wilcoxon ranksum test was used to compare disability levels for
patients in remunerative work and others, and for patients reporting potential occupational balance
and imbalance.
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3. Results

Adult patients admitted during
inclusion period (n=612)

— Less than 2 weeks of rehab (n=11)

In-hospital patients screened for Patients with low conscious levels, severe
participation (n=586) cognitive disabilitiy, severe aphasia (n=437)

Interview not completed due to
- Cognitive level of functioning incompatible

Patients meeting inclusion criteria L with comp letlop . (an) _
(1=149) - Declined participation (n=5)

- Interference with rehabilitaion programme
, (n=4)
- Consent missing (n=1)
Participants at discharge (n=137)
From location I n=76
From location II n=13
From location I1I n=48

— Lost to follow up (n=56)

Participants at follow-up (n=81)

Figure 1. Flowchart showing recruitment, participation and drop-out.

3.1. Patient characteristics

Of 586 screened patients, 137 were included, 62% males, and the mean age was 63 years. The
cohort is presented in table 1. They were admitted for rehabilitation at a median of 10 days after ABL
The largest group represented was patients with stroke (77%). Compared to patients who were not
included, the significant difference was cognitive level measured on the FIM subscale (p<0.01).

Table 1. Demographics, diagnosis and severity at onset for included and excluded patients.

Included Excluded

Characteristic n=137 n=449 p-value
Agein years® 63 (13) 62 (14) 0.721
Sex male® 86 (62) 268 (60) 0.692

Diagnosis and severity at onset

ABIdiagnosis® Stroke 106 (77) 334(74) 0.982
SAH 64) 26 (6)
Trauma 8 (6) 27 (6)
Encephalopath 6(4) 23 (5)
Other 11(8) 39 9)
Charlson Comorbidity Index® 5.13 (4.12) 597 (6.52) 0.563
Days from ABI to rehab admission® 10 (15) 13 (18) 0.853
Rehab days® 51(29) 51(30) 0973
Functional independence meassure® Cognitive 27.5(20) 26 (22) <0.013
Motor 81 (59) 81(78) 0.873

1 Normally/not normally distributed continuous data presented with mean (standard deviation)a/median (inter
quartile range)b, and categorical data presented with n (%)c. ABI = acquired brain injury; SAH=subarachnoid
haemorrhage. Functional independence measure cognitive subscore range 5-35, motor subscore range 13-91'1T-
test, 22Fishers Exact test, 33Wilcoxon Ranksum test.
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3.2. Disability in the discharge transition phase
The survey answers at baseline are presented in table 2. The median disability level at discharge

was 34%, and the domain "life activities" was the most affected with a median of 60%.

Table 2. Descriptive patient characteristics at baseline at discharge.

Baseline Participants at Lost to follow-up

(n=137) follow-up (n=81) (n=56)
Pre-morbid characteristics Possible range
Age in years® - 63 (13) 60 (13) 68 (13)
Sex male® Yes/ No 86 (62) 50(62) 35(63)
Unassisted living® Yes/ No 131 (96) 78 (96) 53 (95)
Cohabiting® Yes/ No 98 (72) 61 (75) 37 (66)
Physical activity level (SG)° Sedentary Yes/ No 37 (27) 19(23) 18 (32)
Some physical activity Yes/ No 59 (43) 37 (46) 22(39)
Moderate physical activity Yes/ No 39 (29) 23(28) 16 29)
Vigorous physical activity Yes/ No 2(1) 2(2) 0(0)
Work status® (Self-)employed Yes/ No 56 (41) 38 (47) 18 (32)
Unemployed Yes/ No 54) 4(5) 1(2)
Retired Yes/ No 68 (50) 32 (40) 36 (64)
Student Yes/ No 1(1) 1(1) 0(0)
On sick leave Yes/ No 7(5) 6 (7) 1(0)
Diagnosis, severity and duration
ABI diagnosis® Stroke - 106 (77) 62(77) 44(79)
SAH - 6(4) 5(6) 1(2)
Trauma - 8(6) 6(7) 2(4)
Encephalopathy - 6(4) 2(2) 4(7)
Other - 11(8) 6(7) 50)
ABI severity® Mild - 69 (50) 43(53) 26 (47)
Moderate - 35(26) 21(26) 14 (25)
Severe - 33 (24) 17 (21) 16 (29)
Days from ABI to rehab admission® - 10 (15) 10 (13) 10 (22)
Rehab days® - 43 (34) 42 (44) 46 (28)
Health and functioning
Charlson Comorbidity Index® 0-100 3(13) 303) 33)
Functional independence meassure® Cognitive 5-35 28(7) 29 (7) 26(09)
Motor 1391 81 (15) 83 (13) 80 (17)
Modified Rankin Scale score (mRs)* No symptoms - 2(1) 1(1) 1(2)
No significant disability - 44 (32) 24 (30) 20 (36)
Slight disability - 35 (26) 27(33) 8 (14)
Moderate disability - 29 (21) 14 (17) 15 (27)
Moderate-severe disability - 26(19) 14(17) 12 (21)
Severe disability - 1(1) 1(1) 0(0)
Walking ability® Able towalk 10 m - 107 (78) 65 (80) 42 (75)
Anxiety (HADS) Sum score” 0-21 3(5) 35 34)
Moderate-high level® - 23 (16) 15(18) 8(14)
Depression (HADS) Sum score” 0-21 4(4) 4(4) 4(4)
Moderate-high level® - 22 (16) 14 (18) 8(14)
Fatigue (MFI) General faligueb 4-20 12 (8) 129) 12(9)
Physical fatigue® 4-20 12 (8) 12 (9) 12(7)
Reduced activity® 4-20 1209) 12 (9) 13(7)
Reduced motivation® 4-20 7(5) 7(5) 6(5)
Mental fatigue® 420 8(9) 8(7) 8 (11)
Pathological fatigue® - 72 (53) 44 (54) 28 (50)
General self-efficacy (GSES) 0-40 339) 33 (8) 33 (10)
Health-related quality of life (EQ5D-5L)° -0.757-1  0.63(0.35) 0.67 (0.32) 0.55(0.34)
Disability (36-item WHODAS 2.0)° Cognition 0-100 10 (30) 5(25) 15 (40)
Mobility 0-100 31 (56) 31(56) 38 (56)
Self-care 0-100 20 (40) 20 (50) 30 (50)
Getting along 0-100 17 (25) 17 (25) 17 25)
Life activities 0-100 60 (60) 60 (60) 65 (60)
Social participation 0-100 38 (25) 38(21) 38(21)
Summary score 0-100 34 (25) 33(22) 35(27)

1 Data are presented for all included patients, for respondents and non-respondents at follow-up. Mean
(standard deviation)?; median (inter quartile range)®, n (%)<. The category self(employed) covered all patients
with labour attachment including seven on sick-leave. SG= Saltin-Grimsby Physical Activity Level Scale;
ABI=acquired brain injury; GCS=General Self-efficacy scale; HADS=Hospital Anxiety and Depression Scale;
MFI=Multidimensional Fatigue Inventory; GSES=General Self-efficacy Scale; EQ5D-5L= EuroQuol quality of life
index; WHODAS 2.0=World Health Organisation Disability Assessment Schedule 2.0.

Raw estimates of the patients' survey answers at follow-up are presented in table 4. The median
disability level (WHODAS 2.0) was 30%, and no systematic change was found between disability
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level at discharge and follow-up (p=0.4860). The proportion of patients with a disability score
equivalent to moderate or severe disability was 59% at follow-up (data not shown).

Table 3. Covariates for disability in the discharge transition phase.

Disability at follow -up

Estimate CI CI

n=62 se
®B) 2.5% 97.5%

Reference value 3796 13.84 10.22 65.70
Age
18-54 years old Reference
55-64 years old 8.04 5.69 -338 1946
65-74 years old 540 5.14 490 15.70
75 years and older 11.08 8.08 -5.11 2728
Sex
Female Reference
Male -8.39* 4.17 -16.75 -0.04
ABI type
Stroke Reference
Other -7.05 554 -18.16 4.06
Duration from ABI to rehab
Short 1-7 days Reference
Medium 7-27 days 545 453 -3.63 1454
Long 28-44 days 20.61* 952 1.53 39.70
Very long +45 days 541 9.13 -12.89 23.71
Self-efficacy (GSES) 039 -0.86 -1.11 044
Premorbid PA level
Sedentary Reference
Some PA 024 549 -10.77 11.24
Moderate & vigorous PA -579 6.04 -1790 631
Pathological fatigue
No Reference
Yes 9.60%* 411 1.36 17.85
FIM Cognitive subscore
Low level (sum <29) Reference
High level (sum 230) -6.13 4.61 -1538 3.11

! Adjusted estimates (B) of associations between each of the covariates and disability at follow-up (WHODAS
2.0). Reference value = regression coefficient reflecting WHODAS 2.0 score for a hypothetical individual with
reference values of all covariates; se = standard error; GSES=General Self-efficacy Scale; PA=Physical activity;

FIM=Functional Independence Measure, *=p-values significant at 5%.

Covariates significant for disability at follow-up were sex, duration from ABI to rehabilitation
admission, and presence of pathological fatigue (table 3). When adjusted for the other covariates, the
regression showed a 20.61 higher disability level for patients who had 28-44 days from ABI to
rehabilitation relative to patients with 1-7 days prior to rehabilitation (p=0.035). It also showed a 9.60
higher disability level for patients with pathological fatigue (p=0.023) vs. patients without fatigue.
For men, a significantly lower disability level of -8.39 was found relative to the disability level for
women (p=0.049).

3.3. Other aspects of functioning in the discharge transition phase

Eleven percent experienced a complete recovery. More than half (62%) lived unassisted; and 71%
participated in a community-based rehabilitation programme with physiotherapy, occupational
therapy, speech therapy, or group-based training. A health-related quality of life level of 0.83 (0.21)
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was found at follow-up after a systematic improvement from discharge of 0.17 (95% CI 0.12-0.23),
p<0.001.

Table 4. Descriptive data on self-reported functioning at follow-up.

Self-reported functioning at follow-up, n=81 Possiblerange  Estimate Missing
Complete recovery® Yes/ No 9(11) 0
Any assistance required® Yes/ No 31 (38) 0
Community-based rehab® Yes/ No 55(71) 4
Hospital readmission® Yes/ No 8(11) 6
Work status® (Self-)employed Yes/ No 10 (13) 5
Unemployed Yes/ No 8(11) 5
Retired Yes/ No 38 (50) 5
On sick leave Yes/ No 20 (26) 5
Occupational balance OBQ-DK sum® 0-33 23.09) 9
Potential good balance® 43 (60) 9
Health-related quality oflife (EQ5D-5L)° -0.757-1 0.83 (0.21) 6
Disability (12-item WHODAS 2.0)° 0-100 30 (25) 9

Median (inter quartile range)®, and proportions n (%). OBQ-DK = Occupational Balance Questionnaire Danish
11-item version summary score (range 0-33) and proportion of potential good balance with a OBQ-DK sum score
>23. EQS5D-5L=EuroQuol Five-Dimensional Health-related Quality of Life Assessment Tool, WHODAS
2.0=World Health Disability Assessment Schedule 2.0.

3.3.1. Work status
Figure 2. Work status and disability level at follow-up

40
L

‘WHODAS 2.0 index score at follow-up

o

(Selfyemployed Unemployed ~ Retired ~ On sick leave

Figure 2. Box plots with whiskers showing categorical classification of work status as self-employed or employed

(=working) and not working (unemployed, retired or on sick-leave) at follow-up on the horizontal axis and
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numerical scores on the vertical axis of disability at follow-up. The boxes indicate upper and lower quartiles

with the median marked as a line inside.

The proportion of patients in remunerative work dropped significantly (p<0.001) from 41%
before the ABI to 13% at follow-up (table 3). Of the 45 respondents below retirement age (65 years) in
the cohort, 18% were working and reported mild disability levels at follow-up (figure 2), whereas
10% reported to be retired, 16% were unemployed and 44% on sick-leave. The disability level of
patients who were not in remunerative work was significantly higher than the disability level for

working patients (p=0.0030).

3.3.2. Occupational balance

Occupational balance was reported by 72 (52%) of patients at follow-up with a median sum score
(IQR) of 23 (9). Twenty-nine patients (40%) reported potential imbalance on at least one item. For
patients with responses classified as potential imbalance, the disability level ranged wider, but it did
not differ statistically from patients with responses classified as potential balance (p=0.013) (see box
plot in figure 3).

Figure 3. Occupational balance and disability level at follow-up

60

40
1

20
1

WHODAS 2.0 index score at follow-up

Potential balance Potentialimbalance

Figure 3. Box plots showing categorical classification of occupational balance on the horizontal axis as potential
balance and imbalance, and numerical scores on the vertical axis of disability at follow-up. The boxes indicate

upper and lower quartiles with the median marked as a line inside.

3.4. Patients at follow-up

At follow-up the response rate ranged from 41-47% (table 4). An overview of the patients'
demographics, diagnoses and functioning at baseline was provided for patients who remained in the
cohort at follow-up (right column) and who dropped out (middle column) for easy comparison (table
2). Follow-up respondents were younger than non-respondents with a mean age 60 years vs. 68 years,
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and they reported more frequently cohabiting with another adult at discharge than non-respondents.
Respondents had higher functional levels measured with FIM scores and WHODAS 2.0 disability
index than those lost to follow-up. The summary score was higher for the non-respondents with a
median of 35 vs. 33 for participants. All domain scores for disability were higher for non-respondents
except for the domains "getting along" and "social participation". The largest difference in disability
was in the cognition domain with a median of 5 for respondents and 15 for non-respondents. FIM
scores on cognition were also lower for respondents than for non-respondents. Corresponding
estimates were found for respondents and non-respondents regarding baseline level for sex,
depression, fatigue, and general self-efficacy scores. Also, the distribution of ABI diagnoses was
similar between the two groups, with a prevalence of apoplexy of 77-79%.

4. Discussion

We assessed disability and other aspects of functioning after ABI for 137 patients in the discharge
transition phase. At follow-up, 59% participated. Complete recovery was reported by 11% after three
months. A moderate disability level persisted with no systematic change between discharge and
follow-up, and a median disability level of 38% was found when adjusted for confounding variables.
Health-related quality of life was 0.63 (0.35) at discharge and 0.83 (0.21) at follow-up with a mean
improvement of 0.17 (95% CI 0.12-0.23), p<0.001. Ten patients (13%) returned to work during the
transition phase, and they had lower disability levels than non-working patients (p=0.0030). Twenty-
nine patients (40%) reported potential imbalance.

4.1. Comparison with other studies

The disability level in our cohort was in line with findings of disability levels equivalent to 28-
44% found in patients with stroke at the time of discharge[44,45]. Studies with follow-up after 9
month or more have consistently found a long-term decrease in disability[4], indicating that
functioning improve over time after sub-acute rehabilitation. The stationary disability level in our
findings could be an expression of the short follow-up period. Also, disability levels are defined by
the patients' functioning within their surroundings, and as the patients might take on more complex
and challenging tasks at home than in hospital settings, the transition phase could lead to unchanged
disability levels for patients even with increased functional levels. With 71% still participating in
community-dwelling rehabilitation, a potential for reduction of disability could be aspired.

Confirmed confounders of disability in our study were sex, fatigue, and duration from ABI to
rehabilitation admission. Men reported lower disability levels than women. This match how women
have been found consistently more disabled than men, along with higher prevalence of depression
and dependency in everyday life across several populations[46]. The largest confounding effect was
found in duration from ABI to rehabilitation. The length of stay in acute care may be a proxy for
severity or complexity of ABI, which would match the higher level of disability.

We were surprised to find no confounding effect of self-efficacy. The level of self-efficacy
reported in our study (median = 33; IQR=9) was higher than the self-efficacy level reported in a group
of community dwelling people with stroke after a neuropsychological rehabilitation intervention
(mean =30, sd=7)[47]. This indicated a high level of experienced personal competence to handle
novel tasks and to cope with adversity within the study sample. The level of perceived self-efficacy
has been identified in a qualitative study to be the foundation for a successful transition
experience[48], and high self-efficacy was found in a systematic review to be associated with higher
level of functioning in daily activities in patients with stroke[23]. However, this was not confirmed
in our study. A potential explanation could be that the patients during in-hospital rehabilitation could
be in a hopeful state of mind with continuous functional progress.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0214.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 June 2025

11 of 17

4.1.1. Health-related quality of life

The health-related quality of life at follow-up was 0.83, which is equivalent to the estimate for
the general Danish population of 0.82[49]. The observed statistically significant change in health-
related quality of life of 0.12 (p<0.001) was at a clinically important level[50,51]. This is an interesting
finding considering how the disability level was not reduced during the same period. In contrast,
disability level was identified as the main contributor to reduced quality of life among patients with
stroke[52]. However, the range of health related quality of life in stroke populations is very wide:
from -0.02 to 0.92, and there is no linear relationship with illness severity[53]. It has been suggested
by Barclay-Goddard et al. that health-related quality of life might increase over time, because people
re-normalize when living with long-term disability[54,55]. In a rehabilitation perspective, the high
quality of life found in the cohort is very positive; It has been suggested that increased quality of life
rather than reduced impairment is the most relevant endpoint of rehabilitation because it adds to the
individual experience of meaning in everyday life[56,57].

4.1.2. Work

After the first three months of discharge transition, only 11% reported to be in remunerative
employment. The most robust available estimation of return to work after ABI was calculated in a
2009 systematic review of 49 studies which found that 40% return to work, and they described lower
proportions of return to work with shorter time to follow-up[58], indicating that returning to work is
difficult for people with ABI in general. In a mixed methods study identifying themes of stigma,
adjusting, support and readiness as factors influencing return to work after ABI, disability awareness
and a fatigue management plan for work places was suggested[59]. With fatigue confirmed as a
significant factor for disability level and lower disability levels represented in patients in
remunerative work at follow-up, our findings support this perspective.

4.1.3. Occupational balance

Twenty-nine patients (40%) reported potential imbalance with a summary median score (IQR)
of 23 (9). Occupational balance was previously reported in a stroke population with patients 1-4 years
after stroke[60], where more than half reported poor balance. However, comparisons across studies
are difficult, because no cut-off value has been established for good or bad occupational balance, and
a 13-item version of the questionnaire was used in previous studies. Calculating an index score (OBQ
sum score/max score*100), the summary score of 23 in present study was equal to index 70, which
was a very high level of occupational balance compared to all other studies with findings equal to
index values from 29-51[60-62]. Our findings are surprising, because the moderate disability level
could indicate challenges with prioritising meaningful activities. However, it matches the high level
of quality of life in the cohort and could be related to strong coping skills regarding disability.

4.2. Clinical implications - a meaningful life in the discharge transition phase

In a rehabilitation aimed towards a meaningful life for the patient with the best possible activity
and participation, coping and quality of life, it could have negative implications that the patients’
disability level remained moderate throughout the discharge transition phase, and that the domain
"life activities” was the most affected with a median of 60% disability. On the other hand, the high
level of health-related quality of life could match an acceptance of activity limitations and
participation restrictions. The insight that health-related quality of life may increase to a high level in
spite of persisting disability is highly important for clinicians to preserve hope for the patients to have
a meaningful life in spite of poor functional progress after ABI.

4.3. Limitations

The risk of selection bias should be addressed. Although the included cohort was highly
comparable to the excluded patients at HNCURC, there was statistically significant difference in their
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cognitive function. This difference was expected due to inclusion criteria demanding ability to
understand and respond to questions in accordance with subjective experience during a one-hour
interview. For all outcome measures, cognitive function could have a substantial influence. Affected
self-assessment of competence can lead to under-reporting of symptoms evident to observers,
especially in early rehabilitation stages[63]. The drop-out rate of 41% matched the rates of similar
follow-up studies[64,65]. The respondents at follow-up reported lower disability levels and higher
health-related quality of life at discharge than the patients who dropped out. This may have led to
under-estimation of disability level and over-estimation of health-related quality of life.

All outcomes were self-reported. For people with ABI, anosognosia or affected self-assessment
of competence may lead to under-reporting of symptoms, especially in early stages[63]. In a study
measuring disability levels with WHODAS 2.0 from both patients with stroke and proxies, a higher
level was reported from proxies[44]. However, the measures correlated well with each other, and the
12-item version of WHODAS 2.0 was recommended to assess disability at discharge, except for
patients with very severe stroke, which were not included in present study.

Finally, only patients with moderate or severe ABI that were offered rehabilitation at HNCURC
were included, which restricts the generalizability of findings to patients with ABI of the same
severity and from comparable health care systems.

5. Conclusions

The meaningful life in the transition phase from in-hospital rehabilitation was potentially
challenging for patients with ABI from a moderate disability level. However, health-related quality
of life increased to a level equal to the general Danish population. With precaution for selection bias,
fatigue, gender and duration of time between the ABI and rehabilitation were confirmed as
significant for disability after three months.
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Abbreviations

The following abbreviations are used in this manuscript:

ABI Acquired Brain Injury
EQ-5D-5L EuroQol Five-Dimensional Health-Related Quality of Life Assessment Tool
FIM Functional Independence Measure
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GSES General Self-Efficacy Scale
HADS Hospital Anxiety and Depression Scale
MFI Multidimensional Fatigue Inventory
mRs Modified Rankin Scale
OBQ-DK Occupational Balance Questionnaire, Danish 11-item version
mRs Modified Rankin Scale
SG Saltin-Grimsby Physical Activity Level Scale
WHODAS 2.0 World Health Disability Assessment Schedule 2.0
Appendix A
Appendix A.1 Classification of health
Table Al. Supplementary diagnostic details on the 106 patients with stroke.
Stroke n=106
NIHSS, mean (sd) 96 7.12 (5.32)
Stroke subtype 106
Ischaemic 76 (72)
Haemorrhage 29 (27)
Other 1(1)
Stroke subtype, n (%) 106
Lacunar 0 (0)
Large artery 32 (30)
Other 65 (61)
N/A 9 (8)
Stroke location, n (%) 106
Cortical 20 (19)
Subcortical 23 (22)
Midbrain 10 (9)
Brainstem 11 (10)
Other 39 (37)
N/A 3(3)
Affected area, n (%) 106
Left 46 (43)
Right 47 (44)
Both 10 (9)
N/A 3(3)
Thrombolysis/reperfusion therapy, yes n (%) 106 26 (24)
Confirmed stroke on imaging, yes (%) 106 (100)
CT obtained 63 (59)
MRI obtained 86 (81)

Diagnosis

Diagnosis of acquired brain injury (ABI) was categorised as stroke (ischaemic or haemorrhagic),
traumatic brain injury (TBI), subarachnoid haemorrhage (SAH), encephalopathy and other injuries
(i.e. injuries secondary to infection or tumour) according to the Danish Health Authorities” registry
based on the International Classification of Diseases, 10th Edition (ICD-10) [1].

Stroke severity
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Stroke severity was reported according to consensus-based outcome measures in stroke trials
[2].

Classification as mild, moderate, and severe illness were classified after potential thrombectomy
and thrombolysis from the National Institute of Health Stroke Scale (NIHSS) as NIHSS 0-8, 8-16, and
>16[3].

Where NIHSS was unavailable, the Scandinavian Stroke Scale was converted into NIHSS
according to Gray et al. [4].

Other ABI severity

For patients with TBI, the Glasgow Coma Scale (GCS) was applied for classification as mild (GCS
13-15), moderate (GCS 9-12) or severe (GCS <8) [5].

If no other indicator for severity was available, severity was classified from length of stay in
acute care split at 7 and 28 days.
Comorbidity

Comorbidity was classified with the Charlson Comorbidity Index from 0 (no disease burden) to
100 (maximal disease burden) based on a raw score from 0 to 29 [6].
Functional independence

FIM sub scores for motor and cognitive levels were rated on a 7-point scale from 1 = total
assistance to 7 = complete independence for the two motor and cognitive subscale domains of 13 and
5 items, respectively, ranging from 13-91 for motor scores and from 5-35 for cognitive scores [7].

Appendix B

Table 1. An overview of patient reported outcome measures (PROM) assessed in the study.

Construct Patient reported outcome measure Acronvim Baseli Follow-
(PROM) y ne up
World Health Organisation
WHODA
Disability Disability Assessment Schedule 36- S 0 5 X
items '
General self-efficacy General self-efficacy Scale GSES X
Fatigue Multi-dimensional Fatigue MEL N
Inventory

Saltin-Grimsby Physical Activity

Physical activity level Level Scale SG X
Anxiety and Depression The Hospltal. Amxiety and HADS X
Depression Scale
Health-related quality of life EuroQol index value 5 Likert scale EQ5D-5L X X
Work status Customized questions Work X X
o ' quld Health Organisation WHODAS
Disability Disability Assessment Schedule 12- 20 X
items
Occupational balance Occupational Be.llance Questionnaire OBQ-DK N
- Danish version
Recovery Two Simple Questions X
Personal assistance requirements Two Simple Questions X
Hospital readmittance Customized question (Yes/no) X
Attending community-based Customized question (Yes/no and «
rehabilitation type)
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