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Abstract: 
Background and scientific rationale for the study
We present a protocol for a systematic review of current literature on fatigue in persons with a Hereditable Thoracic Aortic Disease (HTADs), such as Marfan syndrome (MFS), Loeys Dietz syndrome (LDS), vascular Ehlers Danlos syndrome (vEDS) and other HTADs. We are not aware of previous systematic reviews addressing aspects of fatigue in HTADs. A systematic review with an overview of relevant published papers on fatigue in HTADs could serve as a baseline for further studies including an overview of the characteristics of investigated patient populations, different research questions and the methods used to investigate fatigue. A systematic review may also provide a better understanding of fatigue-related aspects and can provide important information for developing more knowledge-based practice for people with HTADs.
The aims
The aims of our systematic review are (i) to identify publications of fatigue in patients with HTADs, (ii) to critically appraise the identified literature, (iii) and analyze and synthesize what the research reveals about fatigue in these patient groups, (iv) discuss clinical implications and directions  for future research on fatigue in HTADs. 
Method 
A systematic review will be conducted by searching the published literature in all relevant databases and other sources. Studies will be selected based on predefined inclusion criteria and will include all types of primary studies and reviews. A flow chart will detail the flow of papers through the different stages of the review, including reasons for exclusion and inclusion. Each paper will be critically appraised using specific validated criteria for different study designs and presented in tables with explanations and justifications of the quality assessment of included studies. The synthesizing of results will be charted and presented in tables, including; reference details, design, methods and measurements, results related to fatigue finding (such as prevalence, association, experiences, and intervention outcomes). The results will give an overview of available research evidence, indicate the quality of the papers and the relevance for clinical practice, identify knowledge gaps, and serve as a basis for making recommendations for future research.
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1. Introduction and the scientific rationale for the study HTAD
1.1. Introduction 
This is a protocol for a systematic review study of fatigue in patients with heritable thoracic aortic diseases (HTADs). According to systematic review methodology, the preparation of a protocol is an essential component of the systematic review process to promote transparency and consistency through the review process, and to prevent selection bias (1,2,3). HTADs are a group of genetic conditions affecting the aorta and other major arteries (4,5,6,7,8). An extensive list of human genes and clinical implications associated with HTADs are described in several papers (7,8). According to Renard (8)  approximately 53 genes are associated with HTADs, but only 11 genes (COL3A1, FBN1, SMAD3, TGFB2, TGFBR1, TGFBR2, ACTA2, MYH11,  MYLK, LOX and PRKG1) were assessed as having a “definitive” and “strong” gene-disease association during the curation process (8). Mutations in the five first genes are defined as non syndromic HTAD (nsHTAD), with vascular manifestation alone (4,8,9). The most common syndromic HTADs are Marfan syndrome (MFS), Loeys-Dietz syndrome (LDS) and vascular Ehlers-Danlos syndrome (vEDS). These diagnoses show clinical overlap regarding cardiovascular, skeletal, craniofacial, ocular and cutaneous features (7,8,10,11). The most serious complications in HTADs are related to the cardiovascular system with risk of aneurysm and dissection of aorta and other large arteries (4). Life-threatening complications can require emergency intervention without warning, with increased risk of subsequent morbidity and potential loss of physical function (4,11). Many have skeletal sign with hypermobile joints, chest deformities and scoliosis (6,7). Because of the risk of aortic dissection, many patients are advised to refrain from contact sport, to limit physical exertion and strict blood pressure control (12,13). Unfortunately, for some followed by inactivity and a sedentary lifestyle (13,14,15,16). Physical impairment, fatigue and chronic pain may be exacerbated by the fact that most HTADs have no effective treatment or cure, and the research is limited (4,6,17,18,19,20,21). The experience of living with a HTAD disease is vastly more complex than its medical features (16,21,22). Any aspects of life may be affected, but there is a lack of clarity as what actually contributes to fatigue in patients with HTADs. It seems that fatigue is an under-recognized and under-researched aspect in most HTADs. Both more clinical understanding of the mechanisms of fatigue in HTADs and more research seem warranted. 
1.2. Fatigue 
In recent years fatigue has increasingly been recognized as an important clinical factor affecting several aspects of patients` lives. A problem is that fatigue is a complex phenomenon lacking a clear and unanimous or overarching theory. The term fatigue refers to a variety of related conceptually distinct constructs. Authors often do not explicit define fatigue, but rather imply its meaning by the constructs they measure (23,24,25). Other similar terms used in the literature of fatigue is “lack of vitality”, “exhaustion”, “tiredness”, “mental or/and physical fatigue”. (27,29). One common definition is “an overwhelming sense of tiredness, lack of energy and feeling of exhaustion, mental, physical or both (27,29). Several attempts have been tried to classify fatigue according to affected domains (motor versus cognitive) or it presumptive origin (central versus peripheral) (25). However, these definitions do not take into account that subjective perception of fatigue and severity deficits in motor or cognitive tasks (fatigability) often are not identifiable. In our study the main focus is on self-perceived fatigue. 
There is also a wealth of distinct and discrepant scales created to measure fatigue, both generic and disease-specific (25,29). Disease-specific measures developed specific to assess these HTADs may help obtain more accurate information about how HTAD diagnoses affect fatigue. As far as we know, no such measurements have been developed.
Vitality has in several studies been described the opposite of fatigue, low degree of vitality may indicate severe fatigue. The Rand version of SF-36 Health Survey (30) is a health quality of life measure with the subscale of vitality defined as a scale for measuring general energy, lack of vitality i.e. similar to fatigue (26,28,31). Vitality is found strongly to correlate with different validated measures of fatigue (26,28,31). Therefore, in our review we find it appropriate to include the vitality scores from SF-36. 
1.3. Fatigue in HTADs
Fatigue is a common feature in different diseases, and may have multiple contributing factors (e.g., sleep disorders, pain, reduced physical activity, depression and pharmacotherapy (32). There might be multiple association or contributing factors associated to fatigue in people with HTADs e.g. sleep disorder, pain, reduced muscle activity, cardiovascular and respiratory factors, working capacity, use of beta-blockers, reduced visual acuity, scoliosis, joint hypermobility, cognitive function, psychological distress and demographic aspects (e.g. age, gender, work participation, education, having children, living along or married). 
Figure 1 described how the complexity of the diagnoses and daily life aspects might influence fatigue in patients with HTADs. 
Figure 1: HTAAD interaction between health-realted symptoms, daily life and fatigue 
[image: ]
2. The rationality for the systematic review
There is a need for more research on fatigue in HTADs. A systematic overview of fatigue measurements, assessment quality and findings in patients with HTADs will be conducted. 
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 (33). A systematic review of fatigue in HTADs may be of importance for clinical practice, further research and as a basis for evaluating the need for developing disease specific scales related to potential direct effects of the particular condition. 
A systematic review could serve as a baseline for further studies, the amount of primary research studies versus secondary studies (systematic reviews) and if fatigue related aspects are primary outcome or not. An overview of the characteristics of investigated patient populations, different research questions and the methods used to investigate fatigue in HTADs may provide a better understanding of the prevalence, associations, and how people experience fatigue. Further, the results will provide an overview of available research evidence, indicate the quality of the papers and the relevance for clinical practice, identify knowledge gaps, and serve as a basis for making recommendations for future research. The review may also generate knowledge that can be important for developing more knowledge- based practice and for developing guidelines for monitoring these patient groups. 
3. Objectives and research questions
3.1. Objectives
A systematic review of relevant research on fatigue in patients with a HTAD diagnoses will be conducted. The objective is fourfold; (i) to identify publications of fatigue in patients with HTADs, (ii) to critically appraise the found literature, (iii) analyze and synthesize what the research reveals about fatigue in these patient groups (iv) and discuss clinical implications and directions for future research on fatigue in HTADs. 

3.2. The research questions: 
· What is the extent and characteristics of the studies on fatigue in HTADs (e.g., MFS, LDS, vEDS)?
· How much focus is given to experienced fatigue in the studies? (i.e. experienced fatigue primary or secondary aim/outcome),
· 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).
· What types of study designs have been used (e.g., quantitative cross sectional studies, qualitative, retrospective, RCT etc). 
· 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)
· What do the results of the studies on fatigue in HTADs indicate (prevalence, predictors/associations, experiences, perceptions, outcomes etc.)?
· How is the methodological quality of these studies?
· Which predictors/associations are identified in association to fatigue in HTADs?
· Do the results from included studies have any implication for clinical practice or futher research?

4. Method
4.1. Study design 
Systematic review will be conducted using the recommendations for systematic reviews [33,34, 35,36] and quality assessment for different types of studies [37,39,39]. Due to limited amount of studies, all types of studies will be included, quantitative, qualitative primary studies and review studies. This will gain an overview of relevant research on fatigue.  
4.2. Inclusion and exclusion criteria 
The criteria comprise basic inclusion criteria as well as quality criteria. The criteria were developed based on a preliminary review of a random subset of relevant fatigue studies and informed by theoretical literature on the different conceptual understanding of fatigue (21). A table will be prepared to concretize and visualize the inclusion and exclusion criteria.  
Three basis selection criteria are developed:
 1) Individuals affected with a specific HTADs. No exclusions will be made on the basis of age, gender or ethnicity. Studies with mixed populations including HTADs diagnoses that did not report subgroup analyses will be excluded. 
2) All types of peer-reviewed studies presenting own results, published in English, German, French or Nordic language will be included. Unpublished data, short communications, clinical guidelines, letters to editor, expert statement, opinion, poster presentations and case-report studies with less than four participants will be excluded. 
3) The third inclusion criteria is related to the aim/outcome of the study “at least one primary aim was to describe fatigue and/or predictor variables or factors associated with fatigue in HTADs”.  We also will included articles using vitality score, because this is defined as the opposite as fatigue (Brown 26, Penner 25, McCabe 27).  The lower vitality score on e.g. SF-36, the more fatigue.
4.3. Literature search: 
Systematic searches strategies will be conducted in the following databases: PubMed, MEDLINE, Cochrane, Embase, Cinahl, Eric, Google Scholar and Web of Science (literature from 1990 to October 2022).  The following search terms and Boolean operators will be used: Heritable thoracic aortic aneurysm and dissection OR heritable aortic disease OR hereditary thoracic aortic diseases OR familiar thoracic aortic aneurysm dissection OR genetic aortic diseases FTAAD OR FTAD OR HTAAD OR HTAD OR TAD OR Genetic Aortic Disease AND Marfan syndrome OR Loeys-Dietz OR vascular Ehlers-Danlos OR Ehlers Danlos syndrome Or Rienhoff OR arterial tortuosity OR familial thoracic aortic OR Heritable thoracic aortic OR aneurysm osteoarthritis syndrome OR FTAAD OR HTAAD OR TAAD OR ACTA2 OR MYH11 OR FBN1 OR TGFBR1 OR TGFBR2 OR TGFB2 OR TGFB3 OR SMAD3 OR MYLK OR PRKIG1 OR COL3A, OR LOX OR PRKG1, and all the genes associated with thoracic aortic aneurysm and dissection (7,8). Another search will be done in the same databases with the following terms: Fatigue OR exhaustion OR dizziness OR sleep problems OR sleep apnea OR vitality OR dizziness. Then search one will be (AND) combined with search two. References in included articles both the review and primary papers will be examined. In addition, searches in grey literature will be conducted. Leading experts in the field HTADs (people with excellent clinical experiences and professionals with several publications on fatigue, pain, QoL and clinical aspects and psychosocial aspects in peer reviewed scientific papers on HTADs) will be consulted for additional literature. 
4.4. Review and data extraction: 
Two researchers (authors) will independently review the abstract and/or articles from each citation that will be identified through the search strategy described above. When considered potentially eligible, the complete text of these studies will be obtained and reviewed by the same two researchers against the eligibility criteria to determine their eligibility. Then the third and fourth researchers will verify the article inclusions or exclusions and do the final eligibility. All included articles will be screened and categorized independently by two reviewers on the basis of the content in the articles [1,2,33,34,35). Each paper will be critically appraised by using specific validated criteria for different types of studies (36,37,38), by the same two reviewers. Two other reviewers will assess the results to ensure accuracy and the quality of the critical appraisal. 
A priori data extraction and synthesizing will be conducted (1,2,3,33) of two reviewers by collecting information on the following reference: (title, author and publication year, study population, diagnostic information, recruitment source, country, study design and methodology; fatigue measurements and vitality sub scores measurement, key predictor variables, intervention and comparator (if applicable), key findings, authors conclusion and implication for clinical practice, study limitations and study funding). Then two other researchers will make assessment of the preliminary data extraction and synthesizing to ensure the accuracy and comprehensiveness of the results included. Discrepancies and disagreement will be discussed and resolved by involving a fourth researcher. The findings from the different studies will be synthesized and categorized in specific themes described in the paper.  

4.5. Collating, appraising, summarizing, and reporting of results:
[bookmark: _GoBack]A flow chart will present the information through the different stages of the review, included and excluded references, and reasons for exclusion, and number of papers on each disease. The critical appraisal will be presented in a table describing the quality assessment based on the specific criteria (36,37,38) for the different studies included in our review. A matrix will be used for summarizing and synthesizing the results from the different studies. Issues of special interest will be: statistical comparison with healthy controls/population norms or other diseases; analysis of associations with related health problems and fatigue predictors. The outcome and estimate will be presented as described in the original papers. We will probably not be able to perform any statistical procedures or meta-analysis due to small sample sizes and the heterogeneity of studies. We will probably rather use a narrative synthesis of the findings taking in account methodological quality and analytic rigor in the examination and reporting of findings. 
4.6. Evaluation and discussion of the findings of the systematic review:
The results will provide an overview of the available research on fatigue in patients with HTADs and identify research gaps. We will discuss the quality of the instrument/ measurements used in the different studies and disadvantages/advantages of using these different measurements in groups with HTADs. The discussion will also deal with how different variables may be associated to fatigue in HTADs and in which way the available evidence may be relevant for clinical practice, documentation for developing clinical guidelines and preventive strategies and recommendations for future research. 
5. Conclusion:
We consider a systematic review to be a useful method for quality assessment and synthesizing research within fatigue in HTADs. The findings could reveal gaps in the current research; serve as a source for future research; identify risk of bias assessments and judging the quality of the evidence. The method and data will be presented transparent, in a manner that provide the reader with useful information for an overall judging of the present research evidence on fatigue in persons with HTAD diagnoses.  
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