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Abstract
Background: Experienced fatigue is an under-recognized and under-researched feature in persons with many different rare diseases. A better overview of the characteristics of existing research on experienced fatigue in children
and adults with rare diseases is needed. The purpose of this review was to map and describe characteristics of existing
research on experienced fatigue in a selection of rare diseases in rare developmental defects or anomalies during
embryogenesis and rare genetic diseases. Furthermore, to identify research gaps and point to research agendas.
Methods: We applied a scoping review methodology, and performed a systematic search in March 2020 in bibliographic databases. References were sorted and evaluated for inclusion using EndNote and Rayyan. Data were
extracted on the main research questions concerning characteristics of research on experienced fatigue (definition
and focus on fatigue, study populations, research questions investigated and methods used).
Results: This review included 215 articles on ten different rare developmental defects/anomalies during embryogenesis and 35 rare genetic diseases. Of the 215 articles, 82 had investigation of experienced fatigue as primary aim
or outcome. Included were 9 secondary research articles (reviews) and 206 primary research articles. A minority of
articles included children. There were large differences in the number of studies in different diseases. Only 29 of 215
articles gave a description of how they defined the concept of experienced fatigue. The most common researchquestion reported on was prevalence and/ -or associations to fatigue. The least common was diagnostics (development or validation of fatigue assessment methods for a specific patient group). A large variety of methods were used
to investigate experienced fatigue, impeding comparisons both within and across diagnoses.
Conclusion: This scoping review on the characteristics of fatigue research in rare diseases found a large variety
of research on experienced fatigue. However, the minority of studies had investigation of experienced fatigue as a
primary aim. There was large variation in how experienced fatigue was defined and also in how it was measured, both
within and across diagnoses. More research on experienced fatigue is needed, both in children and adults with rare
diseases. This review offers a basis for further research.
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Introduction
Experienced fatigue is an important, under-recognized
and perhaps under-researched feature of many rare diseases. Through our work in a resource center for rare
diseases, we frequently encounter clients who report
experienced fatigue as a serious problem in their daily
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life. Research has also shown that people with rare diseases often meet health professionals who lack knowledge and understanding of their diagnosis and symptoms
[1, 2]. There is also a risk that health professionals do
not pay attention to fatigue because it is overshadowed
by other, possibly life-threatening disease symptoms.
Moreover, there is a risk that by ascribing all symptoms
to the rare disease; other medical causes of fatigue may
be overlooked.
In Europe, a rare disease is defined as any disease
affecting less than one person in 2000 people [3]. There
are between 6000 and 7000 different rare diseases known
today, approximately 70% are genetic in origin and 70%
with childhood onset [4]. In 2016 the Orphanet database
listed 3551 different rare genetic diseases [5]. Including all rare diseases in this review would be difficult. In
order to capture the characteristics of fatigue research
in a broad range of rare diseases we wanted to include
diseases both genetic and not genetic of origin, diseases
of child and of adult onset, and diseases with both visible and non-visible disabilities. We therefore chose to
include a selection of diseases in the following groups of
diseases according to the Orphanet classification of rare
diseases [6]: rare developmental defects or anomalies
during embryogenesis (e.g. spina bifida and congenital
limb deficiency), and rare genetic diseases (e.g. Marfan
syndrome, osteogenesis imperfecta, Duchenne muscle
dystrophy and haemophilia).
Fatigue is a complex phenomenon lacking a clear and
unanimous definition or overarching theory [7]. According to Kluger et al. [8] the lack of a clear definition of
fatigue may impose a problem, also because many studies
fail to explain how they define fatigue. Zwarts et al. [9]
divide fatigue into physiological fatigue and experienced
fatigue. They define physiological fatigue as a loss of the
will-powered ability to produce power or energy under
training and physical activity. Physiological fatigue is
often investigated by testing muscle function and physical endurance.
Experienced fatigue is often also called subjective
fatigue or perceived fatigue [9, 10], and can be defined as
“an overwhelming sense of tiredness, lack of energy and
feeling of exhaustion; mental, physical or both” [9, 11].
According to White et al. [12], physiological fatigue can
contribute to subjective experienced fatigue, but people
can experience subjective fatigue in the absence of physiological factors and physiological fatigue does not necessarily result in subjective fatigue. The scope of this review
is experienced fatigue in persons with rare diseases.
Experienced fatigue is not specific to people with rare
diseases. Research shows a high prevalence of experienced fatigue in adults with many different diseases and
chronic conditions [11], and also in general populations
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[10, 13]. Research on experienced fatigue in general has
been scarce across population groups and conditions. A
review of published articles on fatigue and pain published
between 2002 and 2011 showed an increase in publications on both domains, but fatigue represented only 15%
of these publications, while pain was the focus of 85% [7].
Nonetheless, research shows that experienced fatigue can
significantly impair adults’ ability to work [14] and their
quality of life [15]. Although research on experienced
fatigue in children is reported to be limited [16], a high
prevalence of fatigue has been described both in children
with physical disabilities [17], with chronic health problems [18], and in general populations [19]. Fatigue can
reduce children’s participation in school and daily activities [16, 18], and their quality of life [16, 20]. Research in
chronic diseases describe multiple associated or contributing factors to experienced fatigue (e.g. sleep disorders,
pain, reduced physical activity, depression, and pharmacotherapy) [21, 22].
Being able to understand and accept experienced
fatigue has been shown to be an important factor in enabling patients to manage and live with fatigue [16, 23].
Experienced fatigue has been described as a challenge
in everyday life for people with some rare diseases [1,
24–26]. In research setting priority partnerships between
patients and researchers, experienced fatigue has also
been determined as one of the ten most important
research questions in several rare disorders: rare inherited anemias [27], rare bleeding disorders [28], rare musculoskeletal disorders [29], and mitochondrial diseases
[30]. This indicates a need for more knowledge about the
status of fatigue research in rare diseases.
When investigating experienced fatigue, research questions used in evidence-based health practice [31] are relevant. Questions like: 1. How common is the condition
(i.e. prevalence), 2. Which factors contribute to fatigue
(i.e. associated, correlated or predicting factors), 3. What
are reported interventions and intervention effects on
experienced fatigue, 4. How can prevalence, associations and changes in experienced fatigue be investigated
(i.e. development or validation of diagnostic methods), 5.
How do patients describe their views and opinions of living with experienced fatigue (i.e. meaning)?
The first four questions are often investigated by asking the patient their opinion with some kind of quantitative questionnaire, either study-specific questions [32],
or some kind of standardized fatigue instrument [33].
Standardized fatigue instruments range from unidimensional scales like visual analogue fatigue scales to multidimensional fatigue scales (e.g. Multidimensional Fatigue
Inventory) [32]. Health-related quality of life (HRQoL)
questionnaires, like Short Form 36 (SF36), have also been
used to measure fatigue [34]. However, there are reports

Bathen et al. Orphanet Journal of Rare Diseases

(2022) 17:14

showing that SF36 may not capture higher levels of
fatigue [33, 35].
The fifth question concerning how patients themselves
describe, perceive and cope with experienced fatigue are
often investigated with different qualitative methods such
as individual or focus group interviews [36].
According to the International Rare Diseases Research
Consortium (IRDIRC), measuring patient-reported outcomes is especially challenging in people with rare diseases [37]. The main challenge is to agree on the relevant
aspect to measure for different rare diseases and for different age groups. It is also a statistical challenge to construct reliable measurement methods in small patient
groups [37]. We think this also applies for experienced
fatigue. Increasing knowledge about methods used to
study experienced fatigue in persons with rare disorders
can improve the quality and usefulness of further studies.
To our knowledge, an overview of the characteristics of
fatigue research in children and adults with rare diseases
is lacking. Our impression is that many people with different rare diseases experience fatigue and that research
on this topic is scarce.
A baseline for further studies is to have an overview of
the characteristics of existing research. This may include
an overview of how studies define and describe experienced fatigue, the amount of primary research studies versus secondary studies (systematic reviews), and
if investigation of experienced fatigue is primary or secondary aim. Furthermore an overview of characteristics
of investigated patient populations, the amount of studies investigating different research questions and what
kind of methods that have been used to investigate experienced fatigue in rare diseases may be of importance.
Therefore the aims of this scoping review were:
a. To systematically identify, map and describe the
characteristics of existing research investigating
patient-reported experienced fatigue in a selection of
diseases in rare developmental defects or anomalies
during embryogenesis and rare genetic diseases.
b. To identify research gaps and point to research agendas related to experienced fatigue in people with rare
diseases.

Methods
Study design and research questions

A scoping review methodology was applied because this
is a suitable method for mapping findings from a research
area that is heterogeneous in methods or disciplines
[38]. Scoping reviews are also suitable for examining the
extent, range, variety and characteristics of evidence on a
topic, and also for identifying research gaps to aid future
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research [38–40]. The scoping review method is still new
and is different from systematic reviews in the way that
is does not provide an assessment of methodological
quality of included studies [40]. This scoping review was
performed according to the Joanna Briggs Institute and
Collaborating Centers’ guidance for conducting scoping reviews [40] and the PRISMA Extension for Scoping
Reviews [39] (shown in Additional file 1). A protocol for
this review is available on request.
The review was guided by the question “What are the
characteristics of research on experienced fatigue in rare
developmental defects or anomalies during embryogenesis and rare genetic disorders?” Our specific research
questions were:
1. How is the concept of experienced fatigue defined by
the study authors? (i.e. in the introduction to the article).
2. What is the extent of secondary research articles (i.e.
systematic reviews) versus primary research articles
describing experienced fatigue in different rare diseases?
3. How much focus is given to experienced fatigue in
the studies? (i.e. experienced fatigue primary or secondary aim/outcome),
4. What are the characteristics of study populations?
(i.e. types of diseases, sample sizes, adults/children),
and when and where have these studies been carried out? (i.e. publication year and country of participants).
5. How many studies investigate the different types of
research questions on experienced fatigue? (i.e. prevalence and associations, treatment effects, diagnostics (development or validation of assessment methods), and views and experiences).
6. What types of assessment methods have been used to
investigate experienced fatigue in persons with rare
diseases? (i.e. study-specific or standardized fatigue
questionnaires and qualitative interview methods)

Eligibility criteria

This scoping review included secondary and primary
research studies aiming to investigate experienced (or
subjective or perceived) fatigue in adults and children
with rare diseases, both children’s report and parent’s
proxy report of the child’s fatigue was included. We
included articles that either stated in the article that
they aimed to investigate experienced (or subjective or
perceived fatigue), or articles that used standardized
instruments for measuring experienced fatigue. Table 1
presents inclusion and exclusion criteria for this review.
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Table 1 Inclusion and exclusion criteria

Population of interest

Included

Excluded

Studies with participants from any country
Both children and adults in a selection of rare diseases
in the Orphanet rare disorder classification groups: Rare
developmental defects / anomalies during embryogenesis and rare genetic diseases
Studies including a broader population were included if:
(a) presenting separate data on persons with a diagnosis
in one of the included diagnostic groups, (b) the mixed
populations included ≥ 80% of the study population
with a diagnosis in one of the included diagnostic
groups

Studies of experienced fatigue in common diseases and
other rare diseases than the included diagnostic groups
Studies with broader populations not presenting separate
results for the included rare disorders or not including
≥ 80% of the study population with a diagnosis in one of
the included diagnostic groups

Publications relevant for inclusion Studies published in peer-reviewed journals:
- primary research studies with one aim of investigating
patient’s experienced fatigue, or using outcome measures for experienced fatigue
- secondary research studies like systematic reviews giving data on experienced fatigue
Topic of interest

Studies presenting data on patient-reported experienced (or subjective or perceived) fatigue in both children and adults with one of the defined rare diseases.
For children both children’s report and parent’s report of
the child’s fatigue was included

Languages:

English, German, Danish, Norwegian or Swedish

Case-studies with ≤ 5 participants,
Conference abstracts, posters, reports, book-chapters,
unpublished data (grey literature), study protocols
Expert opinions, guidelines and non-systematic reviews

Studies of:
- physiological (muscular) fatigue/muscular endurance
- caregiver or parent’s report of their own fatigue in caring
for a child with a rare disease
- medical professionals’ views of patients with rare diseases’
most important symptoms
- fatigue as adverse effect in medication intervention studies, as this is primarily a temporary effect
- fatigue reported as a symptom in studies of patients
clinical characteristic (i.e. from patient records)
Studies primarily investigating quality of life and reporting
results of vitality using QoL instruments (e.g. SF-36), as
these measures may not capture severe fatigue

Systematic searches

Selection of publications

A research librarian (HS) performed systematic
searches on 30 March 2020 in the following databases: MEDLINE (OVID), CINAHL (EBSCO), Embase
(OVID), PsycINFO (OVID), AMED (OVID), Cochrane
Database of Systematic Reviews, Cochrane Central
Register of Controlled Trials, SveMed + , Scopus, and
the following Web of Science databases: Science Citation Index Expanded, Social Sciences Citation Index,
Arts & Humanities Citation Index, Conference Proceedings Citation Index-Science, Conference Proceedings Citation Index Social Science & Humanities,
Emerging Sources Citation Index.
We searched for a combination of subject headings
(where applicable) and text words for rare diseases, with
the main search words rare disease or rare disorder and
a selection of rare diseases in the diagnostic groups rare
developmental defects or anomalies in embryogenesis
and rare genetic diseases. We also searched for a combination of subject headings (where applicable) and text
words for fatigue. See Additional file 2 for full search
strategies. In addition, we hand searched the reference
lists of included studies. No restrictions were made on
publication dates.

All review steps were performed by two authors. We
divided the review authors into two teams (TB/HJ and
TB/GV), each evaluating half of the references. The
Rayyan software [41] was used for screening of articles,
and the review authors were blinded for each other’s
decisions. When agreement was not reached, conflicts
was resolved through discussion with a third review
author (GV/HJ), using the inclusion and exclusion criteria (Table 1). The screening was done in two steps. In the
first step abstracts and titles were reviewed and all articles clearly not meeting inclusion criteria were excluded.
In the second step full-texts was collected and reviewed
for the remaining articles.
Data extraction

One researcher extracted data into a priori form, and
another checked the accuracy. The following data was
collected from each article: Bibliographic data, nationality/country of participants, study aim, participant data
(number, diagnosis, gender, age), which research questions on experienced fatigue the study investigated
(prevalence and/or associations, diagnostics- development/validation of fatigue assessment tools, intervention
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effects, patient’s views and experiences), study design,
if study authors reported how they defined experienced
fatigue and how much focus the study had on experienced fatigue (primary or secondary aim/outcome), and
finally how patient’s experienced fatigue was investigated
(quantitative methods: study-specific or standardized
fatigue questionnaires, or qualitative methods). From
papers that included other populations or themes in
addition to fatigue in a rare disorder, we selected and presented data on fatigue in the rare disorder only.
Summarizing and presentation of findings

All included articles were sorted according to diagnostic
group and specific diagnosis using EndNote. Extracted
data according to the priori form is presented for each
diagnostic group and diagnosis in Additional file 3. A full
reference list of included articles is presented in Additional file 4. A list of excluded articles with reason for
exclusion is given in Additional file 5. Data is presented
in a descriptive manner using text and figures.

Results
The searches resulted in a total of 19,273 hits, which were
reduced to 9751 after deduplication [42]. Of these 9412
references were excluded after screening of the titles and
abstracts. After full-text reading of the remaining 339
references, 205 articles were included. Ten additional
articles were included after reference-check of included
articles, giving a total of 215 included articles; 9 secondary research articles (reviews) and 206 primary research
articles (Additional files 3 and 4). Figure 1 show a flowchart of the screening and inclusion process.
Definition of experienced fatigue

Only 29 of 215 articles describe in the introduction how
they defined experienced fatigue, one systematic review
and 28 primary research articles. They all had investigation of experienced fatigue as a primary aim or outcome.
A wide variation of definitions, with references to many
different sources were used. In 15 articles authors used
the following definition (or a variation of it): “Fatigue
can be defined as an overwhelming sense of tiredness,
lack of energy and feeling of exhaustion, mental, physical or both” [11]. Other examples illustrate very different
ways of defining experienced fatigue, like for instance:
“Fatigue is defined clinically as a decline in performance
during sustained activity, and can be associated with
performance on both motor and cognitive tasks [43].
Another definition used was: “…fatigue is often difficult
to describe. To some patients, it represents the inability
to perform day to-day activities. To others, it is a combination of tiredness, decreased muscle activity, and lower
mood. Therefore, several terms are often used to describe
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fatigue, such as lack of energy, tiredness, and muscle
weakness” [44]. See Additional file 3 for details on each
article.
Secondary research articles, characteristics
and investigated research questions

Nine reviews were included, all about rare genetic diseases: six on rare inherited metabolic diseases, two on
rare genetic neurologic diseases, and one on rare genetic
respiratory diseases. Only three reviews had investigation
of experienced fatigue as a primary aim/outcome, and
only one were about research on children (Additionals
files 3 and 4). The reviews covered all types of research
questions: three articles reviewed diagnostic methods for
investigating fatigue by doing a validation or appraisal of
outcome measures for a specific rare disease (lysosomal
storage diseases, myotonic dystrophy type 1, and pyruvate kinase deficiency) [45–47]. Two articles reviewed
intervention effects on fatigue in disease-specific medication interventions, (in paroxysmal nocturnal hemoglobinuria and peripheral neuropathy, including the
rare disease Charcot Marie-Tooth) [12, 48]. Two articles
reviewing literature on the burden of living with Pompe
disease gave some data on prevalence of fatigue and associated factors [49, 50]. One article reviewed patient’s
experiences of living with cystic fibrosis [51], and one
article on Gaucher disease gave data on all research questions [52].
Primary research articles, characteristics, research
questions and methods used to investigate experienced
fatigue

We included 206 primary research articles presenting
data on experienced fatigue. In only 79 articles (38%),
investigation of experienced fatigue was a primary aim/
outcome (Additional files 3 and 4).
Characteristics of study populations; diagnoses, sample sizes,
age groups, publication year and country of participants

Only 15 articles about experienced fatigue were included
in the group rare developmental defects or anomalies
during embryogenesis, encompassing ten different diagnoses. A total of 191 articles investigated experienced
fatigue in approximately 35 different diagnoses, in seven
groups of rare genetic diseases (Table 2). Many articles
may have been from the same study, but this could not be
elucidated exactly as not all articles reported this clearly.
A detailed description of data extraction from each article according to the diagnostic groups shown in Table 2,
is presented in Additional file 3.
In primary research articles the size of study-populations varied from five to 2366. In 85% of the articles the
study population was 200 or less, with a median of 44
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Fig. 1 Flowchart of search, screening and inclusion process
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Table 2 Diagnostic groups and diagnoses reported on in included articles
Rare developmental defects/ anomalies Number of
during embryogenesis
articles

Rare genetic diseases*

Number
of
articles

Arthrogryposis

1

Rare genetic diseases, mixed populations

2

Congenital upper-limb deficiency

2

Familial mediterranean fever

1

Hydrocephalus

1

Hereditary angio-oedema

1

Klinefelter syndrome

1

Primary immunodeficiency disorder

1

Neurofibromatosis

3

Rare inborn metabolism diseases

Noonan syndrome

1

Barth syndrome

1

Silver-Russel syndrome

1

Fabry disease

4

Spina Bifida

1

Familial chylomicronemia

1

Turner syndrome

2

Gaucher disease

3

Velocardiofacial syndrome

2

Mevalonate kinase deficiency

1

Morquio A syndrome, mucopoly-saccharidosis Iva

1

Mucopolysaccharidosis VII

3

Paroxysmal nocturnal hemoglobinuria

3

Pompe disease

8

Porphyria

4

Diverse rare genetic diseases**

Rare genetic bone diseases
McCune-Albright syndrome

1

Multiple osteochondroma

1

Osteogenesis imperfecta

5

X-linked hypophosphatemia

3

Rare genetic hematological diseases
Congenital (hereditary) Thrombotic Thrombocytopenic purpura

1

Haemophilia

1

Severe aplastic anemia

1

Rare genetic neurologic diseases
Charcot-Marie-Tooth disease (hereditary motor and sensory neuropathy
type I)

11

Duchenne muscular dystrophy

8

Facioscapulohumeral muscular dystrophy

10

Hereditary ataxias

6

Hereditary spastic paraplegia

4

Limb-girdle muscle dystrophy

1

Mitochondrial diseases

9

Muscular dystrophies, mixed populations

26

Myotonic dystrophies

40

Oculopharyngeal muscular dystrophy

2

Rare genetic respiratory diseases
Cystic fibrosis

10

Lymphangioleiomyomatosis

3

Rare genetic vascular diseases
Ehlers-Danlos syndrome, rare genetic subtypes

3

Marfan syndrome

11

*Rare genetic diseases are sorted into diagnostic groups according to the Orphanet classification
**Articles including several groups of genetic diseases and genetic diseases not fitting into any of the other diagnostic groups
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participants. Only 27 primary research articles reported
data on experienced fatigue in children, 16 included both
children and adults, and 163 included adults only.
The included articles were published between 1988 and
2020, 156 articles (76%) after 2010. In 15 articles participants from several countries were included. The majority
of articles included participants from Europe (140 articles), North-America (71), South-America (4), Asia (3),
Africa (2), and Middle-East (1), see Additional file 3 for
details on each article.
Number of studies investigating different research questions

The research questions investigated most frequently was
prevalence and/or associations to experienced fatigue (in
131 articles). Development or validation of fatigue assessment tools for a rare disease (diagnostics), was the least
frequent (15 articles). Figure 2 shows a map of investigated research questions on experienced fatigue in the
different diagnostic groups.
Articles reporting prevalence and or associations to
experienced fatigue were found in all diagnostic groups,
the majority (76 articles) in rare genetic neurologic diseases (Fig. 2). Most articles report data on both prevalence and associations, some only on prevalence and
others only on associations. Many different methods
were used to investigate prevalence of experienced
fatigue (see Additional file 3).
Intervention effects on experienced fatigue was
reported in 37 articles. Rare genetic neurologic diseases
and rare inborn metabolic diseases had the highest number of articles on intervention effects (Fig. 2). We found
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no articles reporting intervention effects on experienced
fatigue in rare developmental defects or anomalies during embryogenesis. The effect of disease-specific medical or drug interventions on experienced fatigue was
reported in 20 articles (Fig. 3). Fifteen articles reported
changes in experienced fatigue after some type of rehabilitation intervention: Exercise and or physiotherapy,
either alone or in combination with cognitive behavioral
therapy or self-management programs. One study investigated effect of a dietary intervention and one effect of
acupuncture on disease symptoms. More details in Additional files 3 and 4.
The research question on diagnostics (validating or
developing fatigue measures for a specific rare disease),
was investigated in 15 articles. One in an inborn metabolic disease, one in a rare respiratory disease, and 13 in
rare genetic neurologic disorders. Nine articles investigated validity and or feasibility and reliability of different
generic fatigue measures in a rare disease (e.g. PROMIS,
Fatigue Severity Scale, PedsQL multidimensional fatigue
scale). Six articles described development and investigation of disease-specific outcome measures with fatigue
scales (e.g. Chronic Respiratory Disease Questionnaire,
Swallowing Quality of Life instrument, and Fatigue and
Daytime Sleepiness Scale). More details in Additional
files 3 and 4.
Patients with rare disease’s views and experiences
concerning fatigue was reported in 23 articles (Fig. 2).
Only two articles had investigation of patients’ experienced fatigue as primary aim. The remaining articles
investigated experiences of living with the disease with

Fig. 2 Map of investigated research questions on fatigue in rare disorders. Number of primary research articles according to research questions in
each diagnostic group
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Fig. 3 Articles on intervention effects on experienced fatigue in rare disorders. Number of primary research articles reporting different
interventions for experienced fatigue in rare genetic diseases

experienced fatigue as one aspect. Only in four articles
were investigation of children’s views and experiences
included (more details in Additional files 3 and 4).
Quantitative methods used to investigate experienced
fatigue

In 183 articles some form of quantitative questionnaire
was used to investigate prevalence and/or associations or
changes in experienced fatigue due to intervention.
In 39 articles a study-specific questionnaire was
used. In 13 of these a visual analogue or numeric scale
was used, asking respondents to rate their fatigue from
0 to 10 with a study specific instruction if it was to rate
importance, intensity, worsening etc. A standardized
questionnaire was used in 144 articles, either a generic
fatigue instrument or a disease specific outcome measure
with a fatigue scale. Twenty-eight different standardized
instruments were used, 19 only in one or two articles.
Fatigue Severity Scale was the most frequent instrument
used in adults, PedsQL multidimensional fatigue scale in
children (Fig. 4).
There was a wide variation in use of standardized questionnaires in all the different diagnostic groups, such
as in rare genetic neurologic diseases were 25 different
standardized fatigue questionnaires were used (see Additional file 3 for details on each article).
Qualitative methods used to investigate experienced fatigue

Twenty-three articles used qualitative methods to investigate patients’ views and experiences either on coping
with fatigue, or on living with the disease with fatigue
described as one aspect. A range of different methods
were used for gathering information on patient’s views
and experiences: Focus group interviews (5 articles), individual interviews; face-to face or by telephone (15 articles), and analysis of recordings from panel discussions,

group sessions or online open consultation (3 articles).
More details in additional files 3 and 4.

Discussion
This scoping review found 215 articles reporting data on
experienced fatigue in a selection of diseases in the diagnostic groups’ rare developmental defects or anomalies
in embryogenesis and rare genetic diseases. This overview of the characteristics of existing research, shows
that there is a large variety of research on experienced
fatigue in people with rare diseases. The majority of articles investigated the research questions prevalence and
or associations to fatigue, few publications dealt with
research questions like intervention effects and patients’
experiences of fatigue. Another important finding was
the large variation in how experienced fatigue was
defined and also in how it was measured.
Definition of experienced fatigue

Only 29 of 215 articles described in the introduction how
they defined experienced fatigue. This may have many
causes, the assumption that the term fatigue is clearly
known may be one. Another reason may be the limited
word count in scientific publications, and many articles
probably had a clear definition of which aspects of fatigue
they investigated although it was not explained in the
article.
Our findings are perhaps not surprising, and in line
with Kluger et al. [8] who describe that many studies of
fatigue in neurological diseases fail to define fatigue, and
that those who do use many different definitions. This
was evident also in our findings, illustrating that although
authors stated that they either investigated experienced
fatigue or used standardized questionnaires for experienced fatigue, there was a very large variation in how
they defined fatigue. A possible challenge when fatigue is
not defined in a study is that it may not be clear either
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Fig. 4 Standardized fatigue questionnaires in rare disorders. Standardized questionnaires used to assess fatigue in included primary research
articles. Many articles reporting use of more than one standardized instrument

to researchers or participants what the topic of interest
is. This may lead to choosing outcome measures that
don’t capture the topic of interest, or what is important
to patients, or aren’t able to capture meaningful changes.
According to Friedberg et al. [7] the scientific status for fatigue research is still weak, and there is a lack
of an overarching paradigm or theory guiding the study
of fatigue. Kluger et al. [8] suggest as a minimum that
studies should document how perceptions of fatigue is
defined, operationalized and distinguished from related
phenomena. We think the understanding and definition
of experienced fatigue may be an important topic for further research both in rare diseases and more common
diseases.
Characteristics of included articles and study populations

Our finding of a total of 215 articles on experienced
fatigue may seem like a large number. However, in only
38 percent of included articles investigation of experienced fatigue was a primary aim. Also, the included
articles describing experienced fatigue covered approximately 45 different rare diseases, for many diseases
with only one article. This may reflect true differences

in occurrence and importance of experienced fatigue
between patient groups, but may also reflect the
amount of work done overall in that disorder. It might
also be a difference in interest in studying experienced
fatigue.
Our findings support the findings from James Lind
Alliance partnerships between researchers and patient
organization underlining fatigue as one of the 10 most
important research questions in several rare disorders
[27–30]. There may be reason to investigate experienced
fatigue more extensively both in diseases where we found
studies and in diseases where we did not.
As expected when describing research in rare diseases
many articles had relatively few participants, 85% had
a study population of 200 or less, with a median of 44.
Rath et al. [53], describe several challenges in rare disease
research, for instance: recruitment issues (related to both
the limited number of patients and the challenge of correctly diagnosing and identifying rare disease patients),
incomplete understanding of natural history of many
diseases and need for more sensitive outcome measures.
This underlines the need both for multinational cooperation, but also the importance of synthesizing and
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reviewing the research that already exists on experienced
fatigue in rare diseases.
Despite the fact that approximately 70% of rare diseases are pediatric in onset [4], we found only twentyseven primary research articles reporting data on fatigue
in children, and sixteen reporting data both on children
and adults. This may reflect that experienced fatigue
develop later in life and maybe is related to age-related
changes. Associations between experienced fatigue and
age has been found in general populations [10, 13], but
not in rare disorders like Marfan syndrome [54], congenital limb deficiencies [55], myotonic dystrophies [56]
and Pompe disease [57]. On the other hand it may also
imply that there is a need for more research on experienced fatigue in children with rare diseases. A review of
fatigue in children with chronic health problems found
that fatigue was one of the most important symptoms
reported by children [16]. Therefore further research
on experienced fatigue in children with rare diseases is
needed.
Secondary versus primary research articles

The finding of only nine secondary research articles (systematic reviews), indicates that there is a research gap on
the summary and critical evaluation on existing research.
Systematic reviews are viewed as essential for both
healthcare providers and policy-makers to guide clinical practice and develop trustworthy clinical guidelines.
Systematic reviews are also essential to establish what is
already known and what is needed in further research
[58]. The included 206 primary research articles covered
many different diseases, in some rare diseases there were
several articles investigating fatigue (e.g. myotonic dystrophies with 40 articles). This may give opportunity and
reason to perform systematic reviews on fatigue research
in a specific disease or disease group. Our overview of
articles covering different research questions also point
to areas were systematic reviews of existing research may
be indicated, for instance on prevalence of fatigue in different rare diseases.
Investigated research questions on experienced fatigue
Prevalence and associations

The most common research question investigated was
prevalence and/or associations to experienced fatigue.
This was investigated in 131 of 206 primary research
articles, and in two of the included review articles. However, there were wide variations in the number of articles
investigating prevalence and/or associations to experienced fatigue in different diseases and diagnostic groups,
in sample sizes and also in methods used. Most articles
on prevalence and associated factors were about adults.
Rath et al. [53] highlight challenges related to rare disease
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research, like recruitment difficulties related to the challenges of diagnostics, finding the right patients and limited knowledge on clinical history and symptoms. This
is also relevant for research on prevalence of fatigue and
factors that can contribute to experience of fatigue. As
shown in Additional file 3, in many of the included diseases only one or two articles were found giving data on
prevalence and or/ associations. This makes generalization of findings from the study population to the whole
disease population difficult. Therefore for many of the
diseases we included, more primary research on both
prevalence and associations to experienced fatigue is
warranted. In diagnoses with several articles on prevalence and associations, for instance in cystic fibrosis and
muscle dystrophies, a summary and evaluation of existing evidence may be advisable.
Intervention effects

Intervention effects on experienced fatigue was the second most investigated research question. However, with
only 37 articles. The included articles were all about rare
genetic diseases. We did not find articles on intervention
effects on fatigue in the group rare developmental defects
or anomalies during embryogenesis. The low number
of articles imply that there is a need for more primary
research on treatment options for experienced fatigue in
persons with rare diseases. As experienced fatigue has
been shown to have a significant impact on both adult’s
[14, 15] and children’s [16, 20] daily living and quality of
life, finding treatment alternatives seems imperative also
in rare diseases.
The majority of included primary research articles
(20 articles) studied medical/drug interventions for the
disease. Two of the included review articles [12, 59],
reviewed the literature on effects of medical intervention in paroxysmal hemoglobinuria and peripheral neuropathy. Experienced fatigue has been described as a
multidimensional problem with need for interventions
that address this multidimensionality [8, 21, 60]. In the
15 included articles on different rehabilitation interventions, several articles described interventions on multiple
modalities like physical exercise combined with psychosocial support and cognitive-behavioral therapy. Systematic reviews indicate that non-pharmacological and
multidisciplinary interventions have an effect on experienced fatigue in different groups, like rheumatoid arthritis [61], older adults [62], and multiple sclerosis [63].
This implies a need for research exploring the effect of
multimodal rehabilitation interventions on experienced
fatigue, both in children and adults with rare diseases.
A review of existing studies on multimodal rehabilitation interventions in different rare diseases may also give
guidance for further research and clinical practice.
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Diagnostics; validation or development of fatigue
assessment tools, and quantitative methods used
to investigate experienced fatigue

We found only fifteen articles investigating validation or
development of fatigue assessment tools for a rare disease patient group. This is in contrast to existing recommendations that emphasize that when choosing patient
reported outcome measures (PROMs) it is important to
ensure cultural and linguistic validation, and also evaluate the appropriateness for patient, condition and therapy
[64]. Even if an outcome measure is found valid in one
patient group, it may not necessarily be valid or appropriate for another patient groups. Nine of the included
articles investigated disease-specific validity of wellknown fatigue measures like PROMIS, Fatigue Severity
Scale and PedsQL multidimensional fatigue inventory.
Some of these are generic measures and some designed
for specific patient groups. The benefit of using generic
PROMs are that they are comparable across diseases,
and for some reference values to the general populations
exist. However it is argued that generic measures may
not be sensitive to disease specificities [64, 65]. On the
other hand disease-specific measures pose the challenge
that they can only make comparisons within the same
patient group, and developing new PROMs are time and
resource demanding. Some solutions suggested by Whittal et al. [64] is multinational collaboration with multisite
data collection, and the use of generic and disease-specific PROMs in a complementary way. Our results also
show that the use of many different generic and disease
specific fatigue measures within the same diagnostic
groups impedes comparisons across studies. Further
research, both primary and secondary studies on diagnostic methods to evaluate experienced fatigue in rare
diseases is recommended.
In 183 primary research articles some type of quantitative question/ questionnaire was used to investigate
experienced fatigue. Most strikingly was the large variety
of methods used, making comparisons between different
diseases and different study populations challenging, for
instance in rare genetic neurologic disorders where 25
different standardized questionnaires were used. On a
positive note is the majority of articles using standardized
questionnaires as opposed to study-specific questions,
this is an improvement compared to an earlier systematic
review of fatigue assessment methods in chronic conditions [32]. To overcome the challenge the use of many
different assessment methods imposes, it has been proposed that multiple stakeholders like researchers, health
professionals and patient organizations cooperate to
create standardized sets of outcomes relevant for a rare
disease. This enables agreement on what aspects that
are important to measure, how it should be measured
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and how results should be interpreted [37, 53]. One such
example can be found in the Key4OI project that has
resulted in an international consensus on a standard set
of outcome measures, including both disease specific and
generic PROMs, for care and follow-up of persons with
osteogenesis imperfecta [66]. There is a need for more
primary and secondary research and collaboration on the
choice, use and comparison of fatigue outcome measures
in rare diseases.
Meaning of fatigue—patient experiences

The finding of only 23 articles using qualitative methods to investigate patients with rare diseases’ views and
experiences concerning fatigue, implies a need for both
primary and secondary research on this topic in rare
diseases. Benjamin et al. [67] advocate the use of a wide
range of methods to get input from patients with rare
diseases, on which issues that are important to address
in research and clinical trials. Morel et al. [37] state that
research on disease impact and treatment benefits in
rare disorders should incorporate patient-centered outcome measures that capture what matters to rare disease
patients. In order to know which aspects of experienced
fatigue that is important to understand, address and treat
for a specific rare disease, we need to ask the patients.
This can give a better platform for further research on
understanding, investigating and treating fatigue. Studies [16, 23] have also shown that being able to understand
and accept experienced fatigue may be an important factor in enabling patients to manage and live with fatigue.
More evidence on patient’s descriptions on how they live
with, understand and cope with experienced fatigue may
also help patients with rare diseases to manage fatigue.
Conducting a systematic review of patients’ descriptions of living with experienced fatigue across rare diseases may also provide a better insight of differences and
similarities between diagnoses. A similar review of experienced fatigue in patients with long-term conditions
found both similarities and differences across different
chronic conditions [68].
Strengths and limitations

Comprehensive searches by a research librarian in a
wide range of bibliographic databases, and the use of
Rayyan for blinded evaluation between reviewers are
strengths of this review. However, as fatigue is not a
well-defined concept it was sometimes difficult to distinguish between physical and experienced fatigue
as study authors did not always specify this. The use
of specified inclusion criteria, and discussion in the
review teams when disagreement was a strength and
helped to resolve this problem, but we may have missed
some relevant articles. Our search strategy provided
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the opportunity for a wide search on rare diseases and
fatigue terms. However, the choice of not searching for
all possible disease names may have contributed to us
missing out on possibly relevant references.
We chose to focus the review on experienced fatigue
in persons with a selection of rare diseases. We believe
this restricted focus is a strength as it provided the
opportunity to include a wide range of research on
experienced fatigue in various rare diseases. However,
the choice of not including studies mainly investigating quality of life may also have lost some relevant articles. The choice of not including other languages than
English, German, Danish, Norwegian and Swedish languages may also have led to loss of relevant articles.
The classification of rare diseases is challenging. The
use of the Orphanet classification helped categorizing
diagnoses into diagnostic groups, but as many diseases
can be categorized into several diagnostic groups in the
Orphanet classification we may have misplaced or overlooked some articles.

Conclusion
This scoping review on characteristics of fatigue research
in rare diseases, found a large variety of research on experienced fatigue. However, the minority of studies had
investigation of experienced fatigue as a primary aim. An
important finding was the large variation in how experienced fatigue was defined and also in how it was measured. The majority of articles investigated the research
questions prevalence and or associations to fatigue, few
publications dealt with research questions like diagnostics, intervention effects and patients’ experiences of
fatigue. There is a need for more research on experienced
fatigue in rare diseases, in both in children and adults.
This includes both primary and secondary research: on
prevalence and or associations to experienced fatigue, on
treatment effects, on diagnostics (validation or development of assessment methods for experienced fatigue in
rare diseases), and rare disease patients’ views and experiences regarding living with experienced fatigue. This
review offers a basis for further research and development of clinical practice.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13023-021-02169-6.
Additional file 1. PRISMA-ScR Checklist.docx. Describes the steps in this
article, according to the PRISMA-ScR Checklist.
Additional file 2. Search strategies.pdf. Search strategies in different
databases for this review.

Page 13 of 15

Additional file 3. Data extraction of included articles.pdf. Data is presented for each included reference. References are presented in alphanetical order in diagnsotic grups and diagnoses.
Additional file 4. Reference list of included articles.pdf. First, a list of all
included articles is given, then references from some specific themes (secondaryresearch articles – reviews, articles on diagnostics – development/
validation of fatigue assessmenttools, articles on treatment effects, articles
on patient’s views and experiences).
Additional file 5. Reference list excluded articles.pdf. List of excluded references with reason for exclusion.
Acknowledgements
The authors want to thank leaders and colleagues, especially Guest Professor
Claire Glenton, at TRS Resource Centre for Rare Disorders, for all help and support in conducting this review and preparing the manuscript.
Authors’ contributions
TB, GV and HJ contributed to the conception and design of the work. HS
contributed to the acquisition of data (literature searches). TB, GV and HJ
contributed to analysis and interpretation of data. TB drafted the work. TB, GV,
HS and HJ have substantively revised the work. All authors read and approved
the final manuscript.
Funding
This work received no funding. The work was performed as part of the regular
activities at TRS Resource Centre for Rare Disorders.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article (and its additional files).

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
TRS Resource Centre for Rare Disorders, Sunnaas Rehabilitation Hospital, 1450
Nesoddtangen, Oslo, Norway. 2 Library of Medicine and Science, University
of Oslo, Oslo, Norway.
Received: 16 June 2021 Accepted: 19 December 2021

References
1. von der Lippe C, Diesen PS, Feragen KB. Living with a rare disorder: a
systematic review of the qualitative literature. Mol Genet Genomic Med.
2017;5(6):758–73.
2. Grut L, Kvam MH. Facing ignorance: people with rare disorders and their
experiences with public health and welfare services. Scand J Disabil Res.
2013;15(1):20–32.
3. EuropeanCommision. Rare disorder definition 2019. Available from:
https://ec.europa.eu/health/non_communicable_diseases/rare_disea
ses_en.
4. Wakap SN, Lambert DM, Olry A, Rodwell C, Gueydan C, Lanneau V, et al.
Estimating cumulative point prevalence of rare diseases: analysis of the
Orphanet database. Eur J Hum Genet. 2020;28(2):165–73.

Bathen et al. Orphanet Journal of Rare Diseases

5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.
29.

(2022) 17:14

Boycott KM, Rath A, Chong JX, Hartley T, Alkuraya FS, Baynam G, et al.
international cooperation to enable the diagnosis of all rare genetic
diseases. Am J Hum Genet. 2017;100(5):695–705.
Orphanet. Classification of rare disorders 2019. Available from: https://
www.orpha.net/consor/cgi-bin/Disease_Classif.php?lng=EN.
Friedberg F, Caikauskaite I, Adamowicz J, Bivona TJ, Njoku G. Scientific status of fatigue and pain. Publishing and professional activities: 2002–2011.
Fatigue: Biomed Health Behav. 2013;1(1–2):4–11.
Kluger BM, Krupp LB, Enoka RM. Fatigue and fatigability in neurologic
illnesses: proposal for a unified taxonomy. Neurology. 2013;80(4):409–16.
Zwarts MJ, Bleijenberg G, van Engelen BG. Clinical neurophysiology of
fatigue. Clin Neurophysiol. 2008;119(1):2–10.
Loge JH, Ekeberg Ø, Kaasa S. Fatigue in the general norwegian
population: Normative data and associations. J Psychosomatic Res.
1998;45(1):53–65.
Dittner AJ, Wessely SC, Brown RG. The assessment of fatigue: a practical
guide for clinicians and researchers. J Psychosom Res. 2004;56(2):157–70.
White CM, van Doorn PA, Garssen MP, Stockley RC. Interventions
for fatigue in peripheral neuropathy. Cochrane Database Syst. Rev.
2014(12):CD008146.
Lerdal A, Wahl AK, Rustøen T, Hanestad BR, Moum T. Fatigue in the general population: a translation and test of the psychometric properties of
the Norwegian version of the fatigue severity scale. Scand J Public Health.
2005;33(2):123–30.
Ricci JA, Chee E, Lorandeau AL, Berger J. Fatigue in the US workforce:
prevalence and implications for lost productive work time. J Occup
Environ Med. 2007;49(1):1–10.
Graham CD, Rose MR, Grunfeld EA, Kyle SD, Weinman J. A systematic review of quality of life in adults with muscle disease. J Neurol.
2011;258(9):1581–92.
Eddy L, Cruz M. The relationship between fatigue and quality of life in
children with chronic health problems: a systematic review. J Spec Pediatr Nurs. 2007;12(2):105–14.
Maher C, Crettenden A, Evans K, Thiessen M, Toohey M, Watson A, et al.
Fatigue is a major issue for children and adolescents with physical disabilities. Dev Med Child Neurol. 2015;57(8):742–7.
McCabe M. Fatigue in children with long-term conditions: an evolutionary concept analysis. J Adv Nurs. 2009;65(8):1735–45.
Luntamo T, Sourander A, Santalahti P, Aromaa M, Helenius H. Prevalence
changes of pain, sleep problems and fatigue among 8-year-old children:
years 1989, 1999, and 2005. J Pediatr Psychol. 2012;37(3):307–18.
Gold JI, Mahrer NE, Yee J, Palermo TM. Pain, fatigue, and health-related
quality of life in children and adolescents with chronic pain. Clin J Pain.
2009;25(5):407–12.
Penner I-K, Paul F. Fatigue as a symptom or comorbidity of neurological
diseases. Nat Rev Neurol. 2017;13(11):662–75.
Menting J, Tack CJ, Bleijenberg G, Donders R, Droogleever Fortuyn HA,
Fransen J, et al. Is fatigue a disease-specific or generic symptom in
chronic medical conditions? Health Psychol. 2018;37(6):530–43.
Thomas S, Kersten P, Thomas PW, Slingsby V, Nock A, Jones R, et al.
Exploring strategies used following a group-based fatigue management programme for people with multiple sclerosis (FACETS) via the
Fatigue Management Strategies Questionnaire (FMSQ). BMJ Open.
2015;5(10):e008274.
Bryson B, Bogart K, Atwood M, Fraser K, Locke T, Pugh K, et al. Navigating the unknown: A content analysis of the unique challenges faced by
adults with rare diseases. J Health Psychol. 2019:1359105319828150.
Jaeger G, Röjvik A, Berglund B. Participation in society for people with a
rare diagnosis. Disabil Health J. 2015;8(1):44–50.
Petersen A. The best experts: the narratives of those who have a genetic
condition. Soc Sci Med. 2006;63(1):32–42.
JamesLindAlliance. Rare Inherited Anaemias Priority Setting Partnership.
2018.
Shapiro S, Stephensen D, Camp C, Carroll L, Collins P, Elston D, et al. The
top 10 research priorities in bleeding disorders: a James Lind Alliance
Priority Setting Partnership. Br J Haematol. 2019;186(4):e98.
Mickute G, Staley K, Delaney H, Gardiner O, Hunter A, Keen R, et al. Rare
musculoskeletal diseases in adults: a research priority setting partnership
with the James Lind Alliance. Orphanet J Rare Dis. 2020;15(1):1–7.

Page 14 of 15

30. JamesLindAlliance;. Mitochondrial disease PRIORITY SETTING PARTNERSHIP: setting research priorities with patients, carers and clinicians.: James
Lind Alliance; 2020.
31. Fineout-Overholt E, Johnston L. Teaching EBP: Asking searchable, answerable clinical questions. Worldviews Evid-Based Nurs. 2005;2(3):157–60.
32. Hjollund NH, Andersen JH, Bech P. Assessment of fatigue in chronic
disease: a bibliographic study of fatigue measurement scales. Health Qual
Life Outcomes. 2007;5:12.
33. Hewlett S, Dures E, Almeida C. Measures of fatigue: Bristol rheumatoid
arthritis fatigue multi-dimensional questionnaire (braf mdq), bristol
rheumatoid arthritis fatigue numerical rating scales (braf nrs) for severity, effect, and coping, chalder fatigue questionnaire (cfq), checklist
individual strength (cis20r and cis8r), fatigue severity scale (fss), functional
assessment chronic illness therapy (fatigue)(facit-f ), multi-dimensional
assessment of fatigue (maf ), multi-dimensional fatigue inventory (mfi),
pediatric quality of life (pedsql) multi-dimensional fatigue scale, profile of
fatigue (prof ), short form 36 vitality subscale (sf-36 vt), and visual analog
scales (vas). J Arthritis Care Res. 2011;63(S11):S263–86.
34. Busija L, Pausenberger E, Haines TP, Haymes S, Buchbinder R, Osborne RH.
Adult measures of general health and health-related quality of life: Medical Outcomes Study Short Form 36-Item (SF-36) and Short Form 12-Item
(SF-12) Health Surveys, Nottingham Health Profile (NHP), Sickness Impact
Profile (SIP), Medical Outcomes Study Short Form 6D (SF-6D), Health Utilities Index Mark 3 (HUI3), Quality of Well-Being Scale (QWB), and Assessment of Quality of Life (AQOL). Arthritis Care Res. 2011;63(S11):S383–412.
35. Cella D, Yount S, Sorensen M, Chartash E, Sengupta N, Grober J. Validation
of the functional assessment of chronic illness therapy fatigue scale
relative to other instrumentation in patients with rheumatoid arthritis. J
Rheumatol. 2005;32(5):811–9.
36. Olson K. A new way of thinking about fatigue: a reconceptualization.
Oncol Nurs Forum. 2007;34(1):93–9.
37. Morel T, Cano SJ. Measuring what matters to rare disease patients–reflections on the work by the IRDiRC taskforce on patient-centered outcome
measures. Orphanet J Rare Dis. 2017;12(1):171.
38. Pham MT, Rajić A, Greig JD, Sargeant JM, Papadopoulos A, McEwen SA. A
scoping review of scoping reviews: advancing the approach and enhancing the consistency. Res Synthesis Methods. 2014;5(4):371–85.
39. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al.
PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467–73.
40. Peters MD, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB. Guidance for conducting systematic scoping reviews. Int J Evid Based Healthc.
2015;13(3):141–6.
41. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan: a web and
mobile app for systematic reviews. Syst Rev. 2016;5(1):1–10.
42. Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T. De-duplication
of database search results for systematic reviews in EndNote. J Med
Library Assoc: JMLA. 2016;104(3):240.
43. Schwid SR, Tyler CM, Scheid EA, Weinstein A, Goodman AD, McDermott
MP. Cognitive fatigue during a test requiring sustained attention: a pilot
study. Mult Scler J. 2003;9(5):503–8.
44. Jarad NA, Sequeiros IM, Patel P, Bristow K, Sund Z. Fatigue in cystic fibrosis:
a novel prospective study investigating subjective and objective factors
associated with fatigue. Chron Respir Dis. 2012;9(4):241–9.
45. Johnston BC, Miller PA, Agarwal A, Mulla S, Khokhar R, De Oliveira K,
et al. Limited responsiveness related to the minimal important difference of patient-reported outcomes in rare diseases. J Clin Epidemiol.
2016;79:10–21.
46. Salek MS, Ionova T, Johns JR, Oliva EN. Appraisal of patient-reported
outcome measures in analogous diseases and recommendations for use
in phase II and III clinical trials of pyruvate kinase deficiency. Qual Life Res.
2019;28(2):399–410.
47. Symonds T, Randall JA, Campbell P. Review of patient-reported outcome
measures for use in myotonic dystrophy type 1 patients. Muscle Nerve.
2017;56(1):86–92.
48. Martí‐Carvajal AJ, An, V, Cardona AF, Solà I. Eculizumab for treating
patients with paroxysmal nocturnal hemoglobinuria. Cochrane Database
of Systematic Reviews. 2014(10):CD010340.
49. Schoser B, Bilder DA, Dimmock D, Gupta D, James ES, Prasad S. The
humanistic burden of Pompe disease: are there still unmet needs? A
systematic review. BMC Neurol. 2017;17(1):202.

Bathen et al. Orphanet Journal of Rare Diseases

(2022) 17:14

50. Tarnopolsky M, Katzberg H, Petrof BJ, Sirrs S, Sarnat HB, Myers K, et al.
Pompe disease: diagnosis and management. evidence-based guidelines
from a Canadian expert panel. Can J Neurol Sci. 2016;43(4):472–85.
51. Jamieson N, Fitzgerald D, Singh-Grewal D, Hanson CS, Craig JC, Tong A.
Children’s experiences of cystic fibrosis: a systematic review of qualitative
studies. Pediatrics. 2014;133(6):e1683–97.
52. Zion YC, Pappadopulos E, Wajnrajch M, berg DE, Rosenbaum H. Rethinking fatigue in Gaucher disease. Mol Genet Metab. 2016;111(1):S30–S1.
53. Rath A, Salamon V, Peixoto S, Hivert V, Laville M, Segrestin B, et al. A
systematic literature review of evidence-based clinical practice for rare
diseases: what are the perceived and real barriers for improving the
evidence and how can they be overcome? Trials. 2017;18(1):1–11.
54. Bathen T, Velvin G, Rand-Hendriksen S, Robinson HS. Fatigue in adults
with Marfan syndrome, occurrence and associations to pain and other
factors. Am J Med Genet A. 2014;164A(8):1931–9.
55. Johansen H, Bathen T, Andersen LO, Rand-Hendriksen S, Ostlie K. Chronic
pain and fatigue in adults with congenital unilateral upper limb deficiency in Norway. A cross-sectional study. PloS one. 2018;13(1):e0190567.
56. Laberge L, Gallais B, Auclair J, Dauvilliers Y, Mathieu J, Gagnon C. Predicting daytime sleepiness and fatigue: a 9-year prospective study in
myotonic dystrophy type 1. J Neurol. 2020;267(2):461–8.
57. Hagemans ML, van Schie SP, Janssens AC, van Doorn PA, Reuser AJ, van
der Ploeg AT. Fatigue: an important feature of late-onset Pompe disease. J
Neurol. 2007;254(7):941–5.
58. Munn Z, Peters MD, Stern C, Tufanaru C, McArthur A, Aromataris EJBmrm.
Systematic review or scoping review? Guidance for authors when choosing between a systematic or scoping review approach. 2018;18(1):143.
59. Martí‐Carvajal AJ, Anand V, Cardona AF, Sola I. Eculizumab for treating
patients with paroxysmal nocturnal hemoglobinuria. Cochrane Database
Syst Rev. 2014(10).
60. Gruet M. Fatigue in chronic respiratory diseases: theoretical framework
and implications for real-life performance and rehabilitation. Front
Physiol. 2018;9:1285.
61. Cramp F, Hewlett S, Almeida C, Kirwan JR, Choy EH, Chalder T, et al.
Non‐pharmacological interventions for fatigue in rheumatoid arthritis.
Cochrane Database of Syst Rev. 2013(8).
62. Ho LY, Ng SS. Non-pharmacological interventions for fatigue in
older adults: a systematic review and meta-analysis. Age Ageing.
2020;49(3):341–51.
63. Moss-Morris R, Harrison AM, Safari R, Norton S, van der Linden ML,
Picariello F, et al. Which behavioural and exercise interventions targeting fatigue show the most promise in multiple sclerosis? A systematic
review with narrative synthesis and meta-analysis. Behav Res Therapy.
2021;137:103464.
64. Whittal A, Meregaglia M, Nicod E. The use of patient-reported outcome
measures in rare diseases and implications for health technology assessment. Patient. 2021;14(5):485–503.
65. Slade A, Isa F, Kyte D, Pankhurst T, Kerecuk L, Ferguson J, et al. Patient
reported outcome measures in rare diseases: a narrative review.
Orphanet J Rare Dis. 2018;13(1):61.
66. Nijhuis W, Franken A, Ayers K, Damas C, Folkestad L, Forlino A, et al. A
standard set of outcome measures for the comprehensive assessment of
osteogenesis imperfecta. Orphanet J Rare Dis. 2021;16(1):1–16.
67. Benjamin K, Vernon MK, Patrick DL, Perfetto E, Nestler-Parr S, Burke L.
Patient-reported outcome and observer-reported outcome assessment
in rare disease clinical trials: an ISPOR COA emerging good practices task
force report. Value in Health. 2017;20(7):838–55.
68. Whitehead LC, Unahi K, Burrell B, Crowe MT. The experience of fatigue
across long-term conditions: a qualitative meta-synthesis. J Pain Symptom Manage. 2016;52(1):131–43.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 15 of 15

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

