
On the road to optimize rehabilitation for young individuals
with acquired brain injury
Allonsius, F.

Citation
Allonsius, F. (2024, June 25). On the road to optimize rehabilitation for young
individuals with acquired brain injury. Retrieved from
https://hdl.handle.net/1887/3765335
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3765335
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3765335


Persisting consequences of ABI in young individuals
and families referred to outpatient rehabilitation
in the Netherlands

SECTION 1



Meedoen?



CHAPTER 2

Florian Allonsius 
Frederike van Markus-Doornbosch 
Arend de Kloet 
Suzanne Lambregts
Thea Vliet Vlieland 
Menno van der Holst 

Fatigue in young patients with acquired brain injury 
in the rehabilitation setting: categorizing and interpreting fatigue 
severity levels

Developmental Neurorehabilitation, 2022. Jul 26:1-12
Poster presentation Dutch Congress of Rehabilitation Medicine 2021



SECTION 1  |  CHAPTER 2

26

ABSTRACT

Purpose

Fatigue in patients with acquired brain injury (ABI) is common. However, to better target 
fatigue, clear ways to categorize/interpret fatigue-severity in individual patients are lacking. 
This study aims to determine/categorize fatigue severity among children, adolescents, and 
young adults with ABI. 

Methods

This cross-sectional study included young patients admitted to outpatient rehabilitation 
and their parents. To determine fatigue, the PedsQL™Multidimensional-Fatigue-Scale was 
used (MFS, scores 0-100, lower scores=higher fatigue, patient-/parent-reported). Based on 
scores from a reference population, four categories were formed: “1=no/little fatigued” to 
“4=severely-more fatigued”.

Results

All scores were lower than those from the reference population, with comparisons in the 
adolescent and young adult groups reaching statistical significance (p < 0.05). The 
proportions of patients in category 4 were: 9%/50%/58% among children/adolescents/
young adults, showing that many patients were “severely-more fatigued”-than the reference 
population.

Conclusions

Measuring fatigue and categorizing fatigue severity looks promising for clinical practice 
and could help to better target fatigue. 
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INTRODUCTION

Fatigue is a common symptom with mental, emotional, and physical components among 
children, adolescents,1 and young adults,2 and it could influence their health-related quality 
of life (HRQoL).1-4 Specifically in young patients (5-24 years old) with “irreversible damage 
to the brain” due to a traumatic (TBI) or a non-traumatic cause (nTBI) i.e., acquired brain 
injury (ABI),5,6 fatigue was found to be one of the most reported symptoms.7-20 Furthermore, 
fatigue is known for its persistence over time even years after onset of ABI.21,22 Outpatient 
rehabilitation treatment could focus on fatigue-specific treatment to optimize HRQoL in 
young patients with ABI.8,9,23 To date, the complex relationship between brain injury and 
fatigue is not entirely understood.24 Only a few studies among adolescents and young adults 
with ABI (hospital and rehabilitation based) specifically addressed fatigue, concluding that 
it is relatively common,8,25 even five years after onset.20 In clinical rehabilitation practice, a 
measurement of fatigue is not always part of the standardized assessment at admission 
and thus remains under-recognized in assessment and treatment.

One Danish study compared the patient population to healthy age-matched peers, where 
adolescents and young adults with ABI reported considerably higher fatigue levels.25 It is 
known that fatigue is measured and monitored with a broad variety of outcome measures, 
with different feasibilities, validities and internal consistencies.3,13,26-28 For example, the 
previously described studies used the Multidimensional Fatigue Inventory-20 (MFI-20) and 
the Pediatric Quality of Life Inventory™ (PedsQL™) Multidimensional-Fatigue Scale 
(MFS).8,20,25 The PedsQL™ MFS is the only outcome measure that has been translated in 
many languages, has been used among young patients with ABI (0-30 years old) and in 
rehabilitation-based studies.1,2,8,20,25 Fatigue outcomes are often only presented on a linear 
scale e.g., 0-10 or 0-100, where higher scores indicate less fatigue or vice-versa.3,13,26-28 
Furthermore, when clinicians are interpreting 0-100 scores, based on Likert rating values 
(i.e., 100, 75, 50, 25, 0), this is not always suitable for treatment selection, nor does it 
automatically provide information in terms of how severe scores are compared to healthy 
peers. Therefore, in clinical practice, severity cut-off scores based on reference population 
scores1,2 may be a more effective measure of fatigue severity than just pinpointing a score 
on a 0-100 scale.

One previous study compared fatigue (as measured with the PedsQL™ MFS) in patients 
with sickle cell disease to fatigue in healthy peers. They presented means, SDs, and effect 
sizes to compare both groups. Results of this study showed that patients were more 
fatigued than healthy peers (> 2 SDs below the mean of healthy peers, effect size: 1.28).29 
However, this study did not present clear cut-off scores to categorize fatigue severity. It 
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would be useful in clinical practice to differentiate between potential levels of fatigue 
severity by using cut-off scores based on outcomes from healthy peers to monitor changes 
in fatigue in individual patients with ABI. 

Fatigue in young patients with ABI in a rehabilitation setting is commonly seen. However, 
a comparison of fatigue outcomes in young patients with ABI (5-24 years old) in an 
outpatient rehabilitation setting to fatigue outcomes in healthy peers is absent. A 
comparison with fatigue in healthy age-matched peers is available for patients with ABI 
that are older than 15 years old.25 In this study, an outcome measure was used that is not 
suitable for patients under 15 years old (MFI-20).25 

To gain further knowledge on fatigue in young patients with ABI this current study has three 
aims. First, to describe fatigue using the PedsQL™ MFS in 5- to 24-year-old patients with 
ABI that were admitted to outpatient rehabilitation. Second, to categorize the severity of 
fatigue in these patients using cut-off scores based on data obtained from healthy age-
matched peers. Categorizing fatigue in severity cut-offs could support the interpretation 
of fatigue scores. Third, to examine the association between the severity of fatigue and 
HRQoL of patients, with the hypothesis that worse fatigue scores are associated with 
diminished HRQoL. Based on the nature and severity of fatigue, treatments such as psycho-
education and/or physical fitness treatment and/or cognitive behavioral therapy could be 
better tailored to a patient’s needs.30-32 The insights from our study could support the 
interpretation of fatigue scores by clinicians, thereby enhancing its recognition and 
treatment in rehabilitation as well as increasing awareness of one of the major “invisible” 
problems after ABI in young patients: fatigue.

METHODS

Design and setting

This study was part of a larger, observational, longitudinal multi-center study on family 
impact, fatigue, participation, and quality of life in Dutch children, adolescents and young 
adults with ABI. The study was conducted from 2015-2019 in 10 rehabilitation centers in 
the Netherlands, all of which treat patients with ABI. The study protocol was reviewed by 
the medical ethics committee of the Leiden University Medical Center (P15.165), and an 
exempt from full medical ethical review was provided. In the current study, only data 
regarding patient and parent reported fatigue and HRQoL were used. The “Strengthening 
the Reporting of Observational studies in Epidemiology” (STROBE) guidelines were used 
for the reporting.33
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Population/Participants

Patients with ABI: Children, adolescents, and young adults aged 5-24 years with a diagnosis 
of ABI, who were referred to a participating rehabilitation center and their parents were 
eligible for the study. If patients and/or parents were unable or limited to understand the 
Dutch language, they were not invited. Patients over the age of 16 years had to give 
permission for their parents to participate according to the Dutch law of healthcare decision 
making and vice-versa in patients below 16 years old. 

Healthy Dutch peers: Dutch reference data regarding fatigue, as measured with the Pediatric 
Quality of Life Inventory™ (PedsQL™) Multidimensional-Fatigue Scale (MFS),3 were previously 
reported by Gordijn et. al. and Haverman et. al.1,2 

The study by Gordijn et.al. included 366 healthy 5- to 18-year-old children and/or their 
parents (n=497) from day care facilities and schools in the Netherlands. They divided the 
participants into age groups: children 5-7 years, children 8-12 years and adolescents 13-18 
years1. The study by Haverman et.al. included 512 healthy 18- to 30- year-old young adults. 
The study was part of a larger Dutch study aimed at establishing normative data for several 
questionnaires measuring various psychosocial concepts, where young adults from the 
general population were invited by e-mail to participate.2 For the present study, only 
published, aggregated results i.e., mean and SD per age group were used.

Assessments

The assessment comprised a set of (digital) questionnaires that were administered at 
admission and as part of routine care. Questionnaires were filled out either at home or at 
the outpatient clinic (digitally or on paper). Unique links to the digital questionnaires were 
sent to the participants by e-mail by the medical health professionals. Questionnaires that 
were filled out on paper were literally copied and transcribed into the digital database by 
the data manager. Thereafter, all data were recoded anonymously, and stored in a secured 
central digital database at Basalt Rehabilitation Center in The Hague, The Netherlands. For 
the present study on fatigue, only data gathered at admission were used.

Demographic and injury characteristics: patient demographics and injury-related 
characteristics were extracted from the medical records. Characteristics included: date of 
birth, sex, date of ABI onset, date of first appointment, and cause of the ABI. The time 
between ABI onset and referral to rehabilitation was presented per age group as numbers 
(%) and median (IQR) in months and divided into 2 groups: time between onset and referral 
less (<) and more (>) than 6 months. Age was determined at time of the first appointment 
and further divided into three groups: children (5-12 years), adolescents (13-17 years) and 
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young adults (18-24 years). ABI cause was divided in: TBI or nTBI and if known, the TBI 
severity level was reported as mild, or moderate/severe, based on the Glasgow Coma Scale 
at hospital admission.34 NTBI causes were divided into; stroke/cerebrovascular accidents, 
brain tumors, meningitis/encephalitis, hypoxia/intoxication and other.

Outcome measures: fatigue: To assess patient fatigue (reported by patients, parents, or 
both), the 18-item PedsQL™ Multidimensional Fatigue Scale (MFS) was used as outcome 
measure. The PedsQL™ MFS is considered a feasible, valid and reliable tool to assess 
fatigue in patients with different age groups and diagnoses, including ABI.3 It is translated 
and validated in Dutch.1,2 The MFS yields a total scale score, and three domain-scores: 
general fatigue (GF, six items), sleep/rest fatigue (SRF, six items) and cognitive fatigue (CF, 
six items). 

All scores are calculated as the sum of the items divided by the number of items answered. 
Items are answered on a Likert-scale (0=never to 4=almost always) and thereafter linearly 
transformed to a 0-100 scale (0=100, 1=75, 2=50, 3=25, 4=0). Lower scores indicate more 
fatigue.3

Reference data regarding fatigue: Self- and parent-reported Dutch reference data is available 
regarding fatigue among children and adolescents. For the young adult group, only self-
reported data is available.1,2 Regarding children and adolescents, mean total PedsQL™ MFS 
self-reported reference data scores were 76.8 (95% Confidence Interval, CI: 75.5–78.1) and 
for the domain scores: GF; 80.3 (95%CI: 78.81–81.77), SRF; 74.5 (95%CI: 72.88–76.09), 
and CF; 75.7 (95%CI: 73.83–77.56). Mean total PedsQL™MFS parent-reported reference 
data scores were 81.2 (95%CI: 80.1–82.3, and for the domain scores: GF; 81.3 (95%CI: 
80.01–82.52), SRF; 83.8 (95%CI: 82.62–85.06), and CF; 78.5 (95%CI: 76.90–80.06). For the 
young adult group, the mean (SD) total score was 71.8 (14.56) and for the domain scores: 
GF; 70.4 (18.2), SRF; 68.6 (14.6), and CF; 76.3 (18.4).

HRQoL: The PedsQL™ Generic Core Scales-4.0 (PedsQL™ GCS-4.0, self- and parent-reported 
Dutch language version) was used to determine the HRQoL of young patients.35,36 Only 
HRQoL total scores were used in this study. The scoring system of the The PedsQL™GCS-4.0 
is similar to that of the above-described PedsQL™MFS. 

Statistical analysis

Characteristics: All patient characteristics and fatigue outcomes were described per total 
and age group using descriptive statistics. These age-ranges correspond with the Dutch 
reference data from healthy peers.1,2
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Fatigue: In this study, we compared fatigue outcomes (continuous variables) from patients 
with ABI with age-matched healthy children, adolescents which was both self- and parent-
reported. Regarding young adults, only self-reported reference data was available. Mean 
fatigue scores and standard deviations from these healthy peers were used to determine 
how many standard deviations the patients in our cohort differ from the mean scores from 
healthy peers. 

The study by Gordijn et.al. only reported 95% Confidence Intervals (95%CI) and SDs were 
calculated by taking the square root of the number of participants in this study (n) and 
multiplying it with the upper limit of the 95% CI minus the lower limit of the 95% CI and 
dividing it by 3.92 (normal distribution): SD= √N x (upper limit – lower limit) /3.92 

For every (age)group, aggregated Z-scores (or standard scores) were calculated using the 
formula: “X” (the mean fatigue score from patients), minus “μ” (the mean fatigue score 
from healthy peers), divided by “σ” (the SD from the mean fatigue score in healthy peers). 
This method was also done for the parent-reported data.

 

X= mean fatigue score (patients with ABI)
μ= mean of the healthy peers
σ= SD of the healthy peers

To find corresponding probabilities, we used a Z-table/standard normal distribution table 
(a table for the values of Phi) to find p-values on the left of the mean to check whether the 
mean differences between the patients and the healthy peers were significant.

Negative scores in the Z-table correspond to the p-values which are less than the mean and 
vice-versa with positive scores.  

Categorization of PedsQL™ MFS scores: The mean total PedsQL™ MFS scores and SDs 
from the reference data from Dutch healthy peers were used to create four categories of 
fatigue severity. The cut-offs for the categorization were age-group and patient/parent-
reported specific. Further the categorization was calculated for the total and domain scores 
as presented below and specified in Figure 1.
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This four-point categorization was discussed with a statistician (from the Leiden University 
Medical Center), and consensus was reached between the statistician and all authors before 
using this classification in the current analyses. 

A Bonferroni correction was performed to account for multiple testing i.e., the α-value 
divided by the number of analyses on the dependent variable did not exceed 0.05. All 
p-values less than 0.05 in these analyses were considered statistically significant. All above-
described analyses were performed using SPSS 25.0 for Windows (IBM, SPSS Statistics 
for Windows, Version 25.0. Armonk, NY: IBM Corp). 

Figure 1. Fatigue severity classification in a normal distribution curve
* 0= equal to the mean score of the reference data

Category 1:	 Fatigue score with more than +1SD difference compared to healthy peers: “less fatigued than 
healthy peers”

Category 2:	 Fatigue score between +1SD and -1SD compared to healthy peers: “fatigue comparable with 
healthy peers”

Category 3:	 Fatigue score between -1SD and -2SD compared to healthy peers: “moderately more fatigued”
Category 4:	 Fatigue score with more than -2SD difference compared to healthy peers: “severely more 

fatigued” 
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RESULTS

Patient characteristics 

Figure 2 shows the inclusion of the patients and/or parents who completed the 
questionnaires that were used in the analyses for the present study. Characteristics of the 
260 participants are presented in Table 1. Seventy-six (29%) patients were children (5-12 
years), 141 (54%) were adolescents (13-17 years), and 43 (17%) were young adults (18-24 
years). Fifty-two percent of all patients were female and 74% of the patients had a traumatic 
brain injury. Regarding these patients with TBI, 78% had a mild TBI. Forty-two percent of 
patients were referred to the rehabilitation center more than six months after onset of brain 
injury. Regarding HRQoL, mean patient- and parent-reported total PedsQL™ GCS-4.0 mean 
(SD)scores of the whole population were 64.7 (17.4) and 61.4 (16.9), respectively.

Patient/parent-reported fatigue in young patients with ABI, versus healthy peers

In Table 2, the mean (SD) PedsQL MFS total and domain scores from all children/
adolescents/young adults, (both self and parent-reported) are presented. The mean (SD) 
total PedsQL MFS patient and parent-reported fatigue scores were 50.1 (17.3) and 53.8 
(19.2), respectively.

The lowest scores (i.e., more fatigue) were reported in the domain “cognitive fatigue” for 
all age groups, both patient- and parent-reported. The highest scores (i.e., less fatigue) were 
found in the domain sleep/rest fatigue for all groups. Considering the average total fatigue 
scores in the different age groups, the results show that overall, both the patient- and parent-
reported fatigue scores decreased with age, indicating more severe fatigue in older children.

Total fatigue scores and almost all domain scores reported by patients with ABI and their 
parents were lower than those of healthy peers. Scores reported by adolescents (and their 
parents) and young adults were significantly lower than scores from healthy peers (p < 
0.05), except for patient-reported sleep/rest fatigue (p = 0.08) and parent-reported cognitive 
fatigue (p = 0.07) in the adolescent group.
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*Missing participants: n=11 no official ABI diagnosis, n=12 incomplete questionnaires.
#1; number of questionnaires filled out by the patient, the parents or both in total and per age group (children, adolescents 
and young adults). 2; number of questionnaires filled out by parents only in total and per age group (children, adolescents 
and young adults). 3; number of questionnaires filled out by patients only in total and per age group (children, adolescents 
and young adults). 4; number of questionnaires filled out by patients and their parents (paired samples) only in total and per 
age group (children, adolescents and young adults).

Figure 2. Distribution of participants from 10 Dutch rehabilitation centers.

Eligible participants from 10 rehabilitation 
centers in the Netherlands.

Center:

Basalt, The Hague 67 (24%)
De Hoogstraat, Utrecht 32 (11%)
Heliomare, Wijk aan Zee 77 (27%)
Vogellanden, Zwolle 36 (13%)
Revalidatie Friesland, 
Beetsterzwaag 23 (8%)
Klimmendaal, Arnhem 12 (4%
Libra, Tilburg 23 (8%)
Revant, Breda 10 (3.5%)
Reade, Amsterdam 2 (1%)
Merem, Hilversum    1 (0.5%)           
Total n=283

Included participants from 10 rehabilitation 
centers in the Netherlands for this analysis 

Center:

Basalt, The Hague 64 (25%)
De Hoogstraat, Utrecht 30 (11.5%)
Heliomare, Wijk aan Zee 73 (28%)
Vogellanden, Zwolle 32 (12%)
Revalidatie Friesland, 
Beetsterzwaag 22 (9%)
Klimmendaal, Arnhem 12 (5%)
Libra, Tilburg 18 (7%)
Revant, Breda 6 (2%)
Reade, Amsterdam 2 (1%)
Merem, Hilversum    1 (0.5%)           
Total n=260

Excluded participants for this 
analysis*

Basalt, The Hague  3
De Hoogstraat, Utrecht 2
Heliomare, Wijk aan Zee 4
Vogellanden, Zwolle  4
Revalidatie Friesland, 
Beetsterzwaag  1
Libra, Tilburg   4
Revant, Breda   4

Total missings:  23

Distribution of filled out questionnaires used 
in this analysis: #

Total cohort1: n= 260
Children: n= 76
Adolescents: n= 141
Young adults: n= 43

Total parent reported2: n= 246
Concerning a child: n= 76
Concerning an adolescent: n= 134
Concerning a young adult: n= 36

Total patient reported3: n= 223
Children: n= 54
Adolescents: n= 129
Young adults: n= 40

Total paired samples 
(patient/parent pairs)4: n=209
Children: n= 54
Adolescents: n= 122
Young adults: n= 33
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Table 1. Patient, family and injury characteristics of children, adolescents, and young adults with 
acquired brain injury (ABI) referred to an outpatient rehabilitation center.

Patient characteristics
Children
5-12 years

Adolescents
13-17 years

Young adults
18-24 years

Total cohort
5-24 years

Age (years) at admission: 
Age group, number (%)
Mean (SD)

76 (29%)
9 (2.1)

141 (54%)
15 (1.4)

43 (17%)
19 (2.1)

260 (100%)
15 (3.5)

Sex 
Female, number (%) 40 (53%) 72 (51%) 23 (54%) 135 (52%)
Traumatic brain injury (TBI), number (%) 47 (62%) 110 (78%) 35 (81%) 192 (74%)
Severity level TBI (GCS*), number (%) 
Mild 41 (88%) 83 (76%) 27 (77%) 151 (78%)
Moderate/Severe 3 (6%) 12 (11%) 5 (14%) 20 (10%)
Unknown$ 3 (6%) 15 (14%) 3 (9%) 21 (12%)
Non-traumatic brain injury, number (%) 29 (38%) 31 (22%) 8 (19%) 68 (26%)
Causes non-traumatic brain injury, 
number (%)
Stroke 2 (7%) 9 (29%) 5 (63%) 18 (25%)
Brain tumor 13 (45%) 13 (42%) 2 (25%) 27 (41%)
Encephalitis/meningitis 6 (21%) 4 (13%) 1 (12%) 12 (18%)
Hypoxia/intoxication 0 (0%) 2 (6%) 0 (0%) 2 (3%)
Other 6 (21%) 3 (10%) 0 (0%) 9 (13%)
Time (months) between ABI onset and 
referral to rehabilitation
Total: Median (IQR) 4 (1-21) 5 (1-18) 4 (2-19) 4 (1-18.5)
Group < 6 months
Number (%) 47 (62%) 83 (59%) 26 (60%) 156 (60%)
Median (IQR) 2 (1-4) 2 (1-3) 2 (1-4) 2 (1-3)
Group > 6 months
Number (%) 29 (38%) 58 (41%) 17 (40%) 104 (40%)
Median (IQR) 30 (14-54) 24 (10-64) 22 (11-58) 25 (12-57)
Health-related quality of life (HRQoL)#
Mean (SD) patient-reported 64.7 (17.4)
Mean (SD) parent-reported 61.4 (16.9)

* GCS: Glasgow Coma Scale: “mild”13-15, “moderate” 9-12, “severe” < 8. If the GCS was unknown/not 
applicable for these patients, and if they had no history of consciousness loss at onset, the severity 
was equally considered as a “mild TBI”. # PedsQLTM Generic Core Scales-4.0 for health-related quality 
of life (HRQoL) (Total score) 0-100, with lower scores indicating less quality of life. 
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Table 2. Patient- and parent-reported fatigue in children, adolescents, and young adults with ABI 
compared to healthy Dutch peers.

Patient-reported data,
total group 5-24yr

Patients with ABI, n=223$

Mean SD
Total fatigue 50.1 17.3
General fatigue 51.0 22.8
Sleep/rest fatigue 53.8 18.4
Cognitive fatigue 45.5 23.4

Parent-reported data,  
total group 5-24yr

Patients with ABI, n=246$

Mean SD
Total fatigue 53.5 19.2
General fatigue 49.5 24.4
Sleep/rest fatigue 58.7 23.4
Cognitive fatigue 52.3 25.3

Patient-reported 
data, Children 5-12yr

Children with ABI, n=54$ Healthy Children, n=2111

Mean SD 95% CI Mean SD 95% CI Z p-value
Total fatigue 57.5 14.0 53.7-61.2 77.6 20.4 74.9-80.4 -1.0 0.16
General fatigue 58.6 17.3 54.0-63.2 83.1 27.7 78.6-86.1 -0.9 0.19
Sleep/rest fatigue 64.3 15.2 60.2-68.3 76.8 26.0 72.3-79.3 -0.5 0.32
Cognitive fatigue 49.6 21.3 43.9-55.3 74.0 31.2 69.8-78.2 -0.8 0.22

Parent-reported data, 
children 5-12yr

Children with ABI, n=76$ Healthy Children, n=2321

Mean SD 95% CI Mean SD 95% CI Z p-value
Total fatigue 59.9  18.0 55.9-64.0 82.1 17.8 79.8-84.4 -1.2 0.11
General fatigue 55.9  23.0 50.7-61.0 83.4 19.2 80.9-85.8 -1.4 0.08
Sleep/rest fatigue 69.7  19.1 65.4-74.0 86.6 18.6 84.2-89.0 -0.9 0.18
Cognitive fatigue 54.3  29.1 47.8-60.9 76.4 26.9 72.9-79.8 -0.8 0.21

Patient-reported 
data, Adolescents 
13-17yr

Adolescents with ABI, 
n=129$

Healthy Adolescents, 
n=1551

Mean SD 95% CI Mean SD 95% CI Z p-value
Total fatigue 50.1 17.1 47.1-53.0 75.2 12.1 73.3–77.1 -2.1 0.02*
General fatigue 51.1 23.9 47.0-55.2 76.7 14.2 74.4–78.9 -1.8 0.04*
Sleep/rest fatigue 52.5 16.9 49.6-55.4 71.9 14.3 69.6–74.1 -1.4 0.08
Cognitive fatigue 46.7 24.2 42.5-50.8 77.2 15.4 74.7–79.6 -2.0 0.02*
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Fatigue severity categorization of children, adolescents and young adults with ABI based 
on data from healthy peers 

All results and the procedure regarding the categorization of fatigue severity levels in 
children/adolescents/young adults, based on Dutch reference data can be found in the 
supplementary table, Figure 2, Figure 3, and Figure 4. The supplementary table presents 
the calculated ranges regarding the four-group categorization based on the means and SDs 
from the reference data with the method described in Figure 2. Figure 3 shows the 
proportions of patients per fatigue severity categorization (Category 1 to 4). The proportion 
of children (n=54) assigned to categories 2 (50%) and 3 (41%) were higher than in categories 
1 (0%) and 4 (9%). The proportions of children reported by their parents (n=76) assigned 

Parent-reported data, 
Adolescents 13-17yr

Adolescents with ABI, 
n=134$

Healthy Adolescents, 
n=1611

Mean SD 95% CI Mean SD 95% CI Z p-value
Total fatigue 51.7 18.7 48.6-54.9 79.2 14.1 77.0–81.4 -1.9 0.03*
General fatigue 47.4 24.7 43.2-51.5 77.7 16.1 75.2–80.2 -1.9 0.03*
Sleep/rest fatigue 55.6 22.3 51.8-59.3 80.9 15.2 78.5–83.2 -1.7 0.04*
Cognitive fatigue 52.3 23.8 48.3-56.3 78.9 18.1 76.1–81.7 -1.5 0.07

Patient-reported data, 
Young adults 18-24yr

Young adults with ABI, 
n=40$

Healthy Young adults, 
n=5122

Mean SD 95% CI Mean SD 95% CI Z p-value
Total fatigue 40.2 17.5 34.8-45.6 71.8 14.6 70.5-73.0 -2.2 0.01*
General fatigue 40.6 22.3 33.7-47.5 70.4 18.2 68.9-72.0 -1.6 0.05
Sleep/rest fatigue 43.8 20.4 37.4-50.1 68.6 14.6 67.4-69.9 -1.7 0.04*
Cognitive fatigue 36.3 21.7 29.5-43.0 76.3 18.4 74.7-77.9 -2.2 0.01*

Parent-reported data,^
Young adults 18-24yr

Young adults with ABI, 
n=36$

Mean SD 95% CI
Total fatigue 46.5 20.4 39.8-53.1
General fatigue 44.3 23.9 36.5-52.1
Sleep/rest fatigue 46.9 26.9 37.5-55.1
Cognitive fatigue 48.3 22.0 41.1-55.5

$Total: n=246 parents, n=223 patients. 1 Dutch reference data from healthy peers (self and parent-
reported): ages 5-12 (children) and ages 13-17 (adolescents) years old. 2 Dutch reference data from 
healthy peers (self-reported): ages >18 (young adults) years old. ^No parent-reported reference data 
available. #PedsQLTM Multidimensional Fatigue Scale (MFS), 0-100, with lower scores indicating more 
fatigue. * p < 0.05: statistically significant. 

Table 2. Continued



SECTION 1  |  CHAPTER 2

38

to categories 2 (42%) and 3 (35%) were higher than in categories 1 (3%) and 4 (20%). The 
proportion of the adolescents (n=129) assigned to categories 2 (26%) and 4 (51%) were 
higher than in categories 1 (0%) and 3 (23%). The proportions of the adolescents reported 
by their parents (n=134) assigned to categories 3 (23%) and 4 (52%) were higher than in 
categories 1 (1%) and 2 (26%) The proportion of young adults (n=40) assigned to categories 
3 (28%) and 4 (60%) were higher than in categories 1 (10%) and 2 (12%). 

Figure 4 presents the HRQoL total scores per fatigue severity category. Irrespective of age 
group or whether it concerned patient or parent reported scores, HRQoL scores decreased 
with each higher level on the fatigue severity category (i.e., more fatigue, lower QoL).
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DISCUSSION

Young patients with ABI, referred for outpatient rehabilitation treatment in The Netherlands, 
and their parents reported high levels of fatigue. Considerably higher fatigue levels were 
reported compared to healthy age-matched peers in the reference population. Moreover, a 
large number of patients were moderately more (category 3) or severely more fatigued 
(category 4) than healthy peers especially in the groups with adolescent and young adult 
groups. Finally, HRQoL scores were consistently lower when patients scored in a higher 
fatigue severity category. 

Fatigue in children, adolescents and young adults with ABI in the rehabilitation setting

Considering the whole population of patients in our cohort, highest fatigue levels were 
found in the “cognitive fatigue” and “general fatigue” domain scales, which was in line with 
previous literature.1,2,8,20,37 Higher fatigue levels were found in the groups of adolescents and 
young adults, which was in line with previous studies among patients with ABI,8,20 as well 
as among healthy adolescents and young adults.1,2

HRQoL was also found to be lower in comparison with healthy populations, in line with 
previous studies.8,20 The overall high levels of fatigue seen in patients with ABI (and their 
parents) and lower HRQoL warrant extra attention at admission and during outpatient 
rehabilitation treatment in the Netherlands. 

Fatigue in young patients with ABI compared to healthy age-matched peers 

Fatigue is known to be common among healthy adolescents and young adults and tends 
to increase over time in transition from childhood to early adulthood based on mean group 
scores.1,2,21 The fatigue scores among young patients with ABI in the current study was on 
average approximately 20 points lower than scores of the healthy reference population.1,2 
Moreover, in the older age groups (adolescents and young adults), the differences were 
found to be even greater, which may probably indicate that these groups are at a higher 
at-risk for more problems in daily life functioning. 

An explanation for the relationship between higher age and higher fatigue levels could be 
that adolescents and young adults are more capable of self-reflecting and are consistently 
comparing themselves with (healthy) peers.1,2,21 Another explanation could be the increasing 
demands and responsibilities regarding daily life activities during the transition from 
childhood to adulthood.11,21,22 Furthermore, the differences in scores between patients and 
parents increase per age group from children towards young adults, which was also seen 
among the healthy Dutch population.1,2 An explanation for this tendency could be that 
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adolescents in transition to adulthood and young adults spend more time away from parents 
than younger children. Hence, parents have a limited perspective on their activities. Another 
reason could be that, despite the less overt signs of fatigue associated with cognitive 
fatigue, this could influence daily life functioning. Given the severity of fatigue in this 
rehabilitation-based population, measuring and monitoring fatigue can be an important 
focus at the start of- and during (rehabilitation) treatment, specifically for adolescents/
young adults that are in transition to adulthood.

Categorization of fatigue severity: improving usability for health care professionals 

To better differentiate between fatigue severity, the fatigue scores from patients with ABI 
and their parents were categorized into four severity levels for both the total scores and all 
domain scores, allowing for an easier clinical interpretation of fatigue severity levels. 
Previous research only described comparisons with patients versus healthy peers with 
fatigue scores using means and SDs, where an interpretation of a score of -2SD’s below 
the mean of a healthy peer could be made.29 In the population in our cohort, a large 
proportion of patients (and parents) reported scores that fell into category 4, with scores 
more than -2SD below the mean score from healthy peers as well.1,2 

Differences regarding the four-point categorization between the total and all domain scores 
(general fatigue, sleep/rest fatigue and cognitive fatigue) were found. Differentiating 
between domain scores could help to select specific approaches in treatment and to 
individualize treatment in clinical practice, since higher cognitive fatigue levels require 
different treatment approaches than those for higher sleep/rest fatigue during treatment. 

Finally, HRQoL scores decreased with each level higher on the fatigue severity category 
(i.e., more fatigue, lower QoL). This trend is in line with the known multidirectional relation 
between fatigue and HRQoL and strengthens the fatigue severity categorization.8

A limitation of Likert scales, as well as that of interpreting 0-100 scores, is that these 
methods do not take scores from a reference population into account. Severity cut-offs 
based on scores of healthy peers are probably more suitable for evaluating treatment.  
Hence, shifting from severity category 4 to category two after treatment facilitates better 
interpretation of treatment outcome. It could also help select patients for fatigue-related 
therapy, i.e., a patient in a ‘severely fatigued’ category could benefit from different 
approaches than a patient in a less severely fatigued category. 

Overall, the proposed fatigue severity cut-off classification may be used for research 
purposes to facilitate the comparisons of the severity of fatigue among different populations 
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of children, adolescents, and young adults. Nevertheless, it remains to be established if, 
and to what extent, the categorization is helpful to describe changes over time. The relatively 
high proportion of patients categorized in the moderate and severe fatigue categories in 
this rehabilitation-based population suggests that fatigue is a serious problem in these 
patients and needs a tailored rehabilitation treatment.

Limitations 

There were some limitations to this study. First, we could not display a complete severity 
classification of TBI, since we only had access to GCS scores (and not in all cases, GCS 
scores were available). Only the GCS is commonly used in the Netherlands. Yet, it is not a 
foolproof predictor for the functioning of the child over time since it only gives a classification 
in the acute phase.34,38 Future Dutch research should focus on collecting additional 
information regarding TBI severity (e.g., the length of coma (LOC) or the duration of post-
traumatic amnesia (PTA)). Furthermore, for non-traumatic brain injuries there is no ‘golden 
standard’ for classification due to its complexity. Secondly, only self-reported reference 
data was available regarding the young adult age group.1,2 Therefore, it was not possible to 
assign parent-reported scores in this group according to the four-level fatigue severity 
categorization. Third, the majority (74%) of the patients in the study had a traumatic brain 
injury, of which 78% was ‘mild’. Moreover, it concerned a rehabilitation setting, where only 
patients with serious and/or persisting symptoms are admitted.  It remains unclear if this 
specific selection of patients impacts the generalizability of the results. Even though the 
majority of the study population had a mild injury, the proportions with moderate to severe 
fatigue were substantial in our study, which is in line with other TBI population studies in 
The Netherlands6,8 ruling in favor of the generalizability of our results. It cannot be ruled 
out, however, that the patients who were referred to a rehabilitation facility are distinct from 
those with similar severity of brain injury who are not treated or treated elsewhere. Finally, 
as is the case with every self-report measure, the results could be influenced by lack of 
comprehension or motivation, or (patients/parents) moment-bound stress and mood.

Directions for future research 

A large part of young patients with ABI in the outpatient rehabilitation setting and their 
parents reported high levels of fatigue, specifically the patients that were in the age in 
transition to adulthood. Adolescents and young adults (and parents) reported significantly 
more fatigue than the healthy reference population. Taking fatigue into account in an early 
stage after ABI could possibly influence long-term persisting fatigue positively by appropriate 
interventions, based on specific domains regarding fatigue. However, future studies need 
to be undertaken to investigate fatigue outcomes over time and in evaluating these 
interventions. 
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Categorizing fatigue severity levels appears to be promising for use in the outpatient 
rehabilitation setting as a tool to better target fatigue at the start of rehabilitation treatment, 
and it can be used next to the initial linear 0-100 total and domain scores from the PedsQL™ 
MFS. We also expect that categorizing fatigue could help to give health care professionals 
as well as patients and their parents more insight regarding severity to optimize goal setting. 
The use of categorization levels and cut-off values is a first step in contextualizing and 
differentiating fatigue scores for research and clinical practice. The categorization could 
also be used as a tool to monitor fatigue over time and to evaluate the effect of 
(rehabilitation) treatment i.e., when a patient scores in the “severely fatigued” category at 
the start of treatment and in the category “comparably fatigued to healthy peers” after 
treatment. The next step would be to calculate the minimal clinically important difference 
(MCID) for this questionnaire and in this population to facilitate clinical use even more.
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