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ABSTRACT 

For women with Fabry disease, there are several factors which can influence the level of a 

patient’s engagement with the healthcare system to manage her disease. Unfortunately, some of 

these factors have the potential to reduce the likelihood that a female patient will become an 

active participant in her own medical management because of the influence on the patient’s 

perception of her own disease susceptibility and personal health beliefs, thus increasing her risk 

for negative Fabry-disease related health outcomes. These factors, such as the past history of 

labeling women as asymptomatic carriers and the influence of disease burden on the mental 

health of the patient, are structural and psychosocial in nature, and collectively contribute to the 

barriers perceived by women to engaging in disease management. Recognizing the multi-faceted 

origins and complexity of these factors, our team developed a three part project to examine 

contributing factors and their origins to these barriers. Parts one and two of this project focused 

on characterizing the health beliefs of females with Fabry disease using the Health Belief Model 

and identified patients’ perceived severity, susceptibility, and benefits to engaging in Fabry 

disease related care. This study, part three of the project, focuses on a different source, aiming to 

characterize Fabry healthcare providers’ clinical practices and beliefs in order to assess their 

potential role in the contributions to these barriers. By surveying 58 healthcare providers from a 

variety of locations, potential areas of clinical practice that may influence the health beliefs and 

barriers of women with Fabry disease were identified, including discrepancies in clinical practice 
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across providers of differing levels of experience, the inconsistent adherence to clinical practice 

guidelines, and use of the term “carrier” by providers to describe female patients. Understanding 

the presence of these factors allows for strategies to be developed that can address these barriers, 

and in turn, optimize clinical health outcomes for female Fabry patients. Furthermore, these 

strategies can be applied to address barriers for women affected by other X linked conditions, 

thus signifying the potential for a public health intervention based on the results of this three part 

project.  
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1.0  INTRODUCTION 

Fabry disease is a rare X-linked lysosomal storage disorder that results in the accumulation of 

glycosphingolipids throughout the vasculature endothelial cells of the body due to a deficiency 

of an enzyme called α-galactosidase A.1 Over time, progressive accumulation of 

glycosphingolipid substrates leads to a number of chronic symptomatic manifestations, some of 

which can be life threatening, involving several organ systems.2,3 Both males and females who 

harbor a pathogenic mutation in the galactosidase alpha (GLA) gene are at-risk for developing 

symptoms, however, the spectrum of clinical manifestations is known to be wider among 

heterozygous females.4 Previously, health professionals assumed that females could not be 

affected by the disease due to the fact that females possess a working copy of the gene, however 

more recent evidence indicates that asymptomatic female heterozygotes are the exception and 

not the rule.5  

With differences in the course of disease experienced by the population of Fabry affected 

females, new challenges for the healthcare providers caring for these individuals arise. 

Heterozygous females not only require a different method of diagnosis from their male 

counterparts, but the clinical care guidelines for initiation of therapies must be adapted to the 

needs of female heterozygotes as well. Female heterozygotes are at risk for significant 

manifestations of Fabry-related symptoms and therefore necessitate appropriate monitoring and 

treatment.5 At present, generalized practice guidelines for care of patients with Fabry disease 
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state that disease monitoring for both men and women take place with a team of multi-

disciplinary specialists on an annual or semi-annual schedule. These guidelines however differ 

between men and women regarding initiation of primary therapy, stating that initiation should 

take place by the age of 10 to 13 in males regardless of disease burden and only when significant 

clinical manifestations take place for females.6 However, multiple research studies evaluating the 

effectiveness of primary Fabry therapy in both men and women have concluded that initiation of 

therapy should take place before the first signs of disease are present, and therefore, are in 

conflict with current practice guidelines.7–10 In addition to inconsistencies in practice guidelines, 

other challenges heterozygous females face such as the uncommonness of Fabry disease, the 

prevailing misconception that female heterozygotes are unaffected carriers of the disease or only 

express mild symptoms, and the disparity between healthcare treatment of men and women in 

the context of limited objective evidence further compound to raise barriers to adequate disease 

management, monitoring, and treatment. Together, these challenges, some of which are unique 

to female heterozygotes, have the unusual potential to allow for miscommunication between the 

patient and the provider that can hinder optimal disease management, monitoring, and 

treatment.11 

The Lysosomal Storage Disorders (LSD) Program at the University of Pittsburgh and the 

Children’s Hospital of Pittsburgh of UPMC is dedicated to addressing the healthcare needs of 

patients who are affected by a lysosomal storage disorder, including Fabry disease, and their 

families. This longstanding program has seen several dedicated providers come and go, as well 

as a few providers who have remained through the years, but the devotion to the patients remains 

unfaltering.  A research project that aimed to characterize the unique clinical experiences and 

health beliefs of females diagnosed or at-risk for Fabry disease and their influencing factors was 
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originally conceived by two individuals of the LSD team, Dr. David Finegold, MD and genetic 

counselor Katie Long, MS, CGC. In their observations of their own female patients with Fabry 

disease, they noted that many of their heterozygous female patients were inconsistently clinically 

evaluated unless they presented with severe manifestations of the disease. Even more so, this 

trend appeared to take place despite recommendations for regular evaluation by healthcare 

professionals, an observation which was consistent with what had been reported in the current 

medical literature. A handful of studies had noted that heterozygous females frequently 

dismissed their own risk to develop significant Fabry-related manifestations and were more 

likely to attend genetic counseling and clinical evaluation appointments as an accompaniment of 

an affected male relative rather than for their own health management.2,5 Still, while the 

difference between males and females regarding their engagement in clinical monitoring had 

been identified, the psychosocial mechanisms driving this phenomenon had yet to be understood. 

Therefore, in order to capture and characterize the unique clinical experiences and health beliefs 

of females diagnosed or at-risk for Fabry disease, and their influencing factors, Ms. Long and Dr. 

Finegold designed a three part study to investigate multiple facets of the issue.  

Part one of this project focused primarily on achieving an understanding of the health 

beliefs of females who were diagnosed or at risk for Fabry disease. This was accomplished by 

conducting interviews with ten adult females affiliated with the LSD program who had a 

confirmed diagnosis of Fabry disease or a diagnosis based on family history. Utilizing the Health 

Belief Model as the structure to focus the content of the interview questions and thematic 

analysis to analyze the interview transcripts, the investigators were able to gain a more in-depth 

understanding of the personal beliefs of the participants. Part one revealed that the participants 

generally believed that Fabry disease was a serious disease but some individuals expressed 
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uncertainty with regard to severity and timing of symptom onset of the disease among females, 

especially when compared to the severity and timing of onset among males. Participants also 

demonstrated an understanding of the natural history of Fabry disease but in general lacked a 

perception of personal susceptibility to manifestations. Some participants even went on to 

acknowledge their own feelings of denial or inability to emotionally handle the implications of 

being a symptomatic mother, sister, daughter, or caretaker for a male relative, however others 

expressed inevitability to developing manifestations of Fabry disease, feeling susceptible despite 

following recommended monitoring and treatment. Several themes related to barriers were 

identified in participants’ responses including denial, grief, guilt, excessive worry, and sadness 

that influenced decision making with regards to engaging in routine evaluations, monitoring, and 

treatment.  Additionally, themes of duty and loyalty as well as modeling the caretaker role 

among women with a symptomatic male relative were noted.  

Part two of this project used the themes identified in part one to design a questionnaire to 

gain further insight into the health beliefs among a broader group of women diagnosed or at-risk 

for Fabry disease. For this part, the specific interest was focused in assessing barriers to engaging 

in preventative health behaviors in order to develop strategies to address these barriers and 

improve patient compliance with recommended therapies. Forty-four women participated in the 

study and the findings of part two were consistent with the findings of part one in that 

participants adequately understood the severity of Fabry disease for both males and females, but 

they viewed their personal susceptibility in a different manner. Additionally, participants’ 

perception of the appropriateness for the term “carrier” did not necessarily reflect their own 

perception of their ability to develop symptoms, but it was noted by the investigators that the use 

of this term could allow for possible miscommunications between participants and their 
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providers. Other findings included participants’ expectations of treatment with enzyme 

replacement therapy (ERT) which were not completely consistent with known clinical benefits of 

the therapy. Furthermore, new causes of perceived barriers to treatment and evaluation were 

identified in this study and included the financial burden of primary therapy as well as distance 

from treatment centers, anxiety, and feelings of being overwhelmed. However, a statistically 

significant difference between evaluations recommended to and completed by participants was 

not identified during the analysis of this study when investigating potential modifying variables 

and cues to action.  

This current study exists as part three in the project. It differs from the first two parts of 

the study in that assessment is focused on the practices and opinions of healthcare providers who 

are involved in the care of women who are either diagnosed or at-risk for Fabry disease.  A 

questionnaire was designed by using elements of concern that were identified in previous parts of 

the project, this time to quantitatively capture provider views of importance regarding different 

facets of Fabry-related care and adherence to published practice guidelines for Fabry disease. 

Additionally, the survey was also designed to collect data on the terms used by providers when 

describing asymptomatic and symptomatic female patients. The population recruited for this 

study contained a variety of participant backgrounds within the field of genetics, allowing for 

comparison of response behavior between differing groups of participants, thus providing insight 

to the spectrum of practices among healthcare providers.  

Collectively, the three parts of this project provide insights to the health beliefs of the 

female Fabry population with a specific interest in assessing barriers to engaging in preventative 

health behaviors, the clinical practices of providers caring for these individuals, and how the 

perceptions of these two groups align. With careful analysis, this project may help to contribute 
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to the development of strategies to address these barriers, improve patient compliance with 

recommended therapies, and optimize clinical outcomes.  

1.1 SPECIFIC AIMS 

The specific aims of this project are as follows: (1) To design and administer a 

questionnaire for providers, distributed to various medical institutions within the United States 

through an anonymous online survey. (2) To collect data via the questionnaire on the practices 

and beliefs of medical providers regarding the importance of clinical evaluation, continued 

monitoring, and treatment for females who are diagnosed or at-risk for Fabry disease as well as 

disease knowledge and symptoms, inheritance pattern, and recurrence risk of women with Fabry 

disease. (3) To collect data via the questionnaire on provider adherence to published 

recommendations for the management of females who are diagnosed or at-risk for Fabry disease. 

(4) To collect data via the questionnaire on healthcare provider views on the current usage and 

perceived appropriateness of the term “carrier” to describe females who are diagnosed or at-risk 

for Fabry disease. (5) To collect data via the questionnaire in order to assess the differences, if 

any, in the different categories of providers regarding the risk beliefs and care of females 

diagnosed or at-risk for Fabry disease (i.e. primary care, cardiology, nephrology, 

gastroenterology, etc.). 
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2.0  LITERATURE REVIEW 

2.1.1 Fabry Disease 

Fabry disease, also known as Anderson-Fabry disease, is a rare heritable lysosomal storage 

disorder that causes a gradual accumulation of a glycosphingolipid substrate, 

globotriaosylceramide (GL-3), in the lysosomes of cells due to insufficient levels or functioning 

of the α-galactosidase A enzyme.1 The accumulation of GL-3 throughout the body can cause a 

wide-range of clinical symptoms as severe as cerebrovascular disease, cardiac arrest, and end-

stage renal disease.2,3 Fabry disease is inherited in an X-linked pattern and affects both men and 

women of all ethnicities with an estimated prevalence of 1 in 40,000 to 1 in 117,000 based on 

clinical ascertainment.12 However, being an under-recognized condition, Fabry disease is often 

misdiagnosed due to its rarity and variable presentation of features, commonly leading to 

inappropriate or complete lack of treatment for affected patients.12 Newborn screening efforts in 

several countries have revealed that the estimated prevalence rate of Fabry disease is higher than 

originally estimated, with studies estimating a prevalence range of 1 in 1,250 to 1 in 7,057.13–17 

Additionally, studies conducting Fabry screening in high risk populations such as patients with 

hypertrophic cardiomyopathy have identified a higher prevalence than originally presumed.18 
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2.1.1.1 Molecular Genetics and Pathogenesis 

The underlying cause of Fabry disease is a disruption to the α-galactosidase A enzyme which is 

encoded by the GLA gene, located at position Xq22.1. The α-galactosidase A enzyme is 

responsible for catalyzing the hydrolytic cleavage of the terminal molecule of galactose from the 

substrate globotriaosylceramide (GL3).1,19 Without this cleavage, neutral glycosphingolipids 

accumulate throughout various organ systems over time in the lysosomes of cells leading to 

damage of the glomerular and tubular epithelial cells, the myocardial cells and valvular 

fibrocytes, neurons of the dorsal root ganglia and autonomic nervous system, as well as the 

endothelial, perithelial, and smooth muscle cells of the vascular system, eventually progressing 

to the various clinical symptoms that are characteristic of Fabry disease.20,21 The GLA gene is the 

only known gene to cause Fabry disease. To date, over 800 different pathogenic variants have 

been identified across a broad range of ethnic groups consisting of a wide variety of mutation 

types, including point mutations, splicing defects, and genomic rearrangements.22 This result, 

along with the fact that many affected families have their own unique mutation, make genotype 

to phenotype correlations difficult to predict.22,23 

2.1.1.2 Clinical Course of Fabry Disease 

Fabry disease is a multi-systemic condition resulting from the build-up of lysosomal GL3 

throughout the body. Symptoms arising from the disease are chronic and progressive in nature 

and although variable, can include manifestations in multiple organ systems including the renal, 

cardiac, neurologic, cerebrovascular, ophthalmologic, gastrointestinal, and dermatologic 

systems.2,3,12,24 Individuals diagnosed with Fabry disease may experience any combination of 

these symptoms due to both the disease presentation and severity being highly variable even 

between blood-related individuals.20,24,25 Of note, the highest levels of morbidity and mortality in 
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Fabry disease are attributed to renal insufficiency, central and peripheral disease of the nervous 

system, and cardiovascular disease.2,3,25  

 In the past, women were thought to not at-risk for development of Fabry disease 

symptoms however, it is now recognized that heterozygous women can experience clinical 

symptoms similar to their affected male counter parts, although with greater variability in clinical 

presentation. Approximately 60-70% of females heterozygous for the condition are estimated to 

experience at least one form of Fabry symptom.4 Overall, males and females differ in their Fabry 

disease presentations in that females as a group experience a wider spectrum of disease 

severity.12,24 For both men and women, first symptoms typically occur in childhood with the 

average age of disease onset occurring between 6 to 8 years in males and around 9 years for 

females.26,27 

 The earliest and most common clinical manifestations to present in an affected 

individual’s lifetime are typically neurological, gastrointestinal, and ophthalmologic 

symptoms.26,27 Neurological symptoms contribute the largest aspect of the disease burden 

experienced in the pediatric population and include acroparaesthesia (sensations of burning and 

tingling) of the hands and feet, pain crisis, generalized pain, altered temperature sensitivity, and 

dyshidrosis. Gastrointestinal symptoms include abdominal cramping, constipation, and diarrhea 

that can be severe enough to cause school absences. Ophthalmologic symptoms have not been 

reported as burdensome to the quality of life of pediatric patients however manifestations 

including cornea verticillata and tortuous vessels in the absence of hypertension can present in 

individuals even before the age of five.26,28  

Other clinical manifestations that may present over the lifetimes of individuals with 

Fabry disease are collectively not as common as the symptoms mentioned previously but are 



 10 

significant. These multi-systemic symptoms include angiokeratoma, tinnitus, hearing loss, 

vertigo, obstructive pulmonary disease, and various psychological conditions including panic 

attacks, depression, and adaptive functioning disorders.2,3,21,29–31 

 The most clinically significant symptoms with the highest contribution to mortality in 

Fabry disease when left untreated are renal, cardiac, and cerebrovascular manifestations.25,28,32 

End-stage renal failure, requiring chronic dialysis or renal transplantation, occurs in 

approximately 31% of males and 1-4% of females but more common renal involvement includes 

symptoms such as proteinuria, hypertension, and chronic renal insufficiency. Typically, such 

symptoms present in the second to third decades of life, however manifestations have been 

reported in individuals less than 10 years old.26,27 Untreated cardiac disease symptoms can 

progress to congestive heart failure or episodes of myocardial infarctions. Symptoms include 

conduction, rhythm, and valvular abnormalities, cardiomyopathy, and left ventricular 

hypertrophy.2,3 Additionally, cerebrovascular manifestations as severe as transient ischemic 

attacks and strokes present in affected individuals with an average age of onset of 34 years old 

for men and 40 years old for women.28  

  The disease burden and severity of the various clinical manifestations of Fabry disease 

results in a shortened lifespan of individuals affected with the disease. For affected men, the 

median life expectancy is 58.2 years, compared to 74.8 years in the healthy general U.S. 

population. For affected women, the median life expectancy is 75.4 years, compared to 80.1 

years in the healthy general U.S. population. This difference seen between men and women 

likely reflects the variable presentation and delayed age of onset recognized in the clinical course 

of affected women as compared to men.32 Enzyme replacement therapy treatment is likely to 

improve the lifespan outcomes for individuals with Fabry disease, however as of this point in 
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time, life expectancy for males and females has not been evaluated in the context of enzyme 

replacement therapy status.33  

2.1.1.3 Inheritance Pattern and Recurrence Risk 

The GLA gene responsible for Fabry disease is localized to the X chromosome at position 

Xq22.1, causing the disease to be inherited in an X-linked pattern.33 Women who are 

heterozygous for the mutation have a 50% chance of passing on the mutant allele with every 

pregnancy while hemizygous males will always pass on the mutant allele to their daughters but 

never to their sons, as one of the features of X-linked inheritance is that there is never male-to-

male transmission. De novo mutations in the GLA gene are quite rare. 

 Previously, it was believed that only men could be affected with symptoms of Fabry 

disease while women were labeled as asymptomatic carriers.25 However, more recently it has 

been discovered that many heterozygous women experience clinical symptoms similar to those 

of men with Fabry disease in higher proportions than have been previously recognized.12,24,34–36 

Furthermore, there is a great degree of clinical variability among heterozygous females which is 

not well understood. One suggested mechanism is that skewed X-inactivation could provide an 

underlying mechanism for such variability where more severely affected women are likely to 

express the X chromosome with the GLA mutation in affected organs.24 However, evidence from 

several studies do not support this claim.5,37,38 Another likely explanation is the influence of 

undiscovered genetic and environmental factors on the expression of Fabry symptoms.39 

Nevertheless, there is no longer any question to the potential for at-risk women to develop any or 

all symptoms of Fabry disease including premature death. Because of this knowledge, the current 

recommendation is to refer to women with a GLA mutation as a “heterozygote” instead of a 



 12 

“carrier” in order to avoid conveying the incorrect assumption that women are not at-risk to 

develop Fabry disease related symptoms.24,40 

2.1.1.4 Diagnosis 

For many reasons a clinical diagnosis of Fabry disease is difficult to make. The primary 

symptoms of Fabry disease are not specific and can be confused with other diseases, there is a 

wide variability of clinical presentations among patients, and the disease involves multiple organ 

systems. Often, the unclear presentation of the symptoms of Fabry disease, in conjunction with 

its rarity, result in a prolonged delay of an accurate diagnosis after the occurrence of symptoms, 

averaging around ten years for male and female patients grouped together.40 Examining 

symptomatic females alone, this delay comes to an average of 16.3 years following the initial 

onset of symptoms.12 Contributing to the diagnostic delay is the prevalence of misdiagnoses. 

Common misdiagnoses include but are not limited to rheumatological disease, arthritis, 

neuropsychological disease, and Raynaud’s syndrome.12 The suggestion of the presence of Fabry 

disease is most commonly contributed by nephrologists, dermatologists, ophthalmologists, or 

geneticists further highlighting a need for a multidisciplinary medical approach to Fabry patient 

care.40 

 Pedigree analysis and cascade screening of family members have served as useful tools 

for identifying at-risk individuals. In most cases, the proband will be an affected male when a 

diagnosis of Fabry disease is made in a new family, but identification of an index case allows for 

subsequent evaluation for individuals, including women, who have the potential to carry the 

family mutation. On average, approximately five family members are subsequently diagnosed 

with Fabry disease following diagnosis of the proband.40,41 
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 A confirmatory diagnosis of Fabry disease is made using biochemical and molecular 

methods, although there are important nuances to the testing methods that differ between males 

and females.33 In the past, confirmation of males suspected to have Fabry disease was made 

solely upon demonstration of absent or deficient α-galactosidase A activity in peripheral blood 

leukocytes and/or plasma. However, due to the potential presence of a common psuedodeficieny 

allele, D313Y, which results in reduced α-galactosidase A activity in plasma and slightly reduced 

levels in blood leukocytes, it is now recommended that a diagnosis be made only after both 

biochemical analysis and molecular testing of the GLA gene.42 In contrasts, at-risk women with a 

suspected diagnosis of Fabry disease may only be confirmed with molecular testing of the GLA 

gene, by direct sequencing of the gene followed by deletion/duplication analysis.  Examination 

by molecular methods is the only reliable method to provide a confirmation of diagnosis for 

women due to their heterozygous status, which can lead to low or normal α-galactosidase A 

activity, leading to false-negative or inconclusive results.24,33,43,44 

2.1.1.5 Disease Management and Treatment 

Fabry disease is a chronic and progressive condition in which multiple organ systems are 

affected. Therefore, management of the many manifestations of Fabry disease requires a 

multidisciplinary team of medical providers for affected individuals.6,20 The recommended 

guidelines for clinical evaluations and frequencies of follow-up are detailed in Eng et al. 2006 for 

all adult and pediatric individuals with Fabry disease. In summary, general evaluations should be 

made on a semi-annual or annual basis supplemented with evaluations from nephrology, 

cardiology, neurology, ophthalmology, pulmonology, orthopedics, ENT, and gastroenterology as 

clinically indicated.6  
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 The symptomatic manifestations of Fabry disease result from the accumulation of 

lysosomal GL3 throughout the body due to a deficiency of α-galactosidase A enzyme activity. 

By targeting this aberrant process, the primary treatment for Fabry disease was developed in the 

form of intravenous enzyme replacement therapy (ERT) of agalsidase alpha or beta, which are 

now considered the standard therapy to treat manifestations of Fabry disease. Prior to the 

development of ERT, treatment for Fabry disease was palliative and focused on symptomatic 

management only. ERT however, effectively decreases the levels of accumulated GL3 from the 

circulation and sites of substrate deposit such as the endothelium of the liver, skin, kidney, and 

the heart to improve patient health outcomes.20,45 Therefore, it is important that independent 

evaluations by relevant specialists for each organ system to be made in order to monitor the 

efficacy of ERT in each individual.45 

 ERT treatment with agalsidase beta is delivered intravenously in biweekly intervals at 

1mg/kg doses for most patients who receive it in the U.S.20,46 Typically, the procedure is initiated 

in an outpatient setting to verify the safety of the procedure for each patient, after which it can be 

relocated and administered at the patient’s home by a trained home care nurse. For older patients 

with disease manifestations, there are two goals of ERT. One of which is to curtail the 

progression of the disease and the other is to reverse underlying pathologic abnormalities and 

organ dysfunction caused by GL-3 accumulation. Current guidelines recommend that all adult 

male patients receive ERT regardless of their clinical presentation, as the symptoms of Fabry 

disease are well-known to progress over the lifetime of the individual. In younger patients, the 

goal of ERT is preventive in nature. Males at the age of 16 and younger are recommended to 

initiate ERT upon the development of symptoms or at the age of 10-13 years old if the child is 

asymptomatic. Women however, are advised to initiate ERT only upon the presentation of 
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progressing organ involvement or at the point of manifestation of significant symptoms such as 

chronic acroparesthesias resistant to conventional therapy, persistent proteinuria (>300 

mg/24hrs), glomerular filtration rate (GFR) below 80 ml/min/1.73m2, clinically significant 

cardiac involvement, a previous cerebrovascular accident or history of transient ischemic attacks, 

or ischemic changes on brain MRI.6,20 Clinically, ERT has been demonstrated by multiple 

studies to have a significant improvement in Fabry-related pain and quality of life for the 

patient.7,45,47,48 ERT in the pediatric population, both male and female, has also been 

demonstrated in the short term to have beneficial effects on the neurological outcomes of the 

disease by decreasing and preventing pain symptoms.48 Despite the utility of ERT, it is still 

important to implement and maintain adjunctive therapies and close disease monitoring to 

manage the multiple aspects of the disease, especially for proteinuria, stroke monitoring, 

gastrointestinal stress, and depression.33 

There has been a lack of consensus among clinicians regarding the efficacy of early 

initiation of ERT in the reduction and prevention of severe manifestations and clinical events 

(i.e. stroke, end-stage renal disease, cardiac arrhythmia). Some argue that because clinical 

manifestations of Fabry disease are the direct result of accumulation of GL3 and related 

glycosphingolipids, treatment should be initiated as early as diagnosis regardless of 

symptoms.8,49 More recently, long-term studies have evaluated the benefit of prolonged ERT and 

the effects of ERT on clinically significant symptoms and health-related quality of life outcomes 

in patients. These studies have concluded that ERT reduces the frequency of major clinical 

events compared to control groups through a slower progression of disease manifestations. 

However, these studies also acknowledge the lack of findings supporting complete prevention 

and reversal of organ damage leading to the conclusion that earlier, pre-symptomatic, 
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intervention with ERT would be of greater benefit to the patient than later intervention.7–10 In 

general, long-term application of ERT has the ability to delay the onset of both clinically 

significant events and mortality when initiated in the earliest stages of Fabry disease before the 

presence of organ damage.8,50,51  

Many of the complex factors of Fabry disease have also been identified as having a 

negative impact on the psychological functioning of both male and female Fabry disease patients 

by acting as barriers to disease treatment, evaluation, and monitoring. Impactful factors 

identified in the literature include the demanding recommendations for clinical evaluations and 

treatment, conflicts with schedules, financial resources, medical insurance, fear and distrust in 

treatment, and risk of infusion reactions to ERT.31,52 However, the existence of factors that create 

a unique burden in affected females remains unclear.  

2.1.2 Psychosocial Issues Associated with Fabry Disease 

Psychological issues are a commonly underappreciated and overlooked aspect of Fabry disease 

by providers. However, understanding these issues have the potential to provide insight to the 

existing barriers to optimizing treatment for affected patients. Individuals diagnosed with Fabry 

disease are at an increased risk for several mental health issues such as depression and anxiety, 

as well as social-adaptive functioning deficiencies compared to their healthy counterparts. 

Several studies on predominantly male Fabry patient populations have analyzed the contribution 

of various factors of Fabry disease and identified the chronic, unpredictable, life-limiting, and 

debilitating effects of the condition as significantly contributing towards an increase in the 

likelihood of clinical depression and other mental health issues in patients.4,28,53 Deficiencies in 

social-adaptive behavior function directly correlate with these mental health issues and are 
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reflected by the higher rates of alcoholism, marital issues, unemployment, non-compliance with 

treatment, and suicide in Fabry disease patients.28,31,54 Additionally, there is an added layer of 

psychological complexity resulting from receiving a genetic diagnosis which may further 

complicate the mental health status of patients with feelings of denial, anger, grief, survivor and 

parental guilt, blame, isolation, inability to cope, hopelessness, damage to self-esteem, changed 

relationship with family of origin, and a change in sense of identity.4,55 

 The symptoms of Fabry disease are well-known to negatively impact the day-to-day lives 

of those living with the condition in multiple ways. Chronic pain, fatigue, and exercise 

intolerance can limit the rate of physical activities of symptomatic patients to a sedentary 

lifestyle that may contribute to secondary health problems. Pain and fatigue, as well as 

embarrassment of visible disfiguring angiokeratomas in the genitalia region, can contribute to 

significant psychological distress and difficulties initiating and maintaining sexual relationships. 

Continuous severe neuropathic pain, which can only be alleviated by narcotic medications, can 

lead to substance dependence. Increased rates of alcoholism and suicide have also been reported 

as manifestations of poor social-adaptive functioning to the psychological and somatic facets of 

Fabry disease. ERT infusions can be disruptive and burdensome to the social lifestyle of patients. 

Furthermore, an increasing state of disability, awareness of a shortened lifespan, and the 

unpredictability of chronic symptoms such as pain crises and gastrointestinal dysfunction 

coupled with the experience of an extended diagnostic delay may lead to feelings of depression, 

becoming sullen, withdrawn, and fatalistic about the future and their own ability to be helped by 

medical science.4,28,29,52  
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2.1.2.1 Psychological Burden and Medical Quality of Life among Female Heterozygotes 

Although affected by the same disease as men, an increasing amount of evidence 

suggests that women who are heterozygous for Fabry disease not only share many mental health 

manifestations and psychosocial burdens as their male counterparts, but also experience Fabry 

related psychosocial issues that are unique to their gender. Similar to what has been identified in 

predominantly male cohorts, a 2007 study by Wang et al., which focused specifically on the 

experiences of 44 heterozygous women, identified a high prevalence of depression and anxiety 

stemming from factors such as disease rarity, chronic fatigue, exercise-intolerance, and pain at 

prevalence levels comparable to that of affected males.5 Another study on a cohort of 202 

affected females published in 2006 by Street et al. concluded that there are significant reductions 

in quality of life parameters compared to both healthy women and populations of other chronic 

disease suffers, including rheumatoid arthritis and multiple sclerosis.39 

The psychosocial burdens experienced uniquely by women have been attributed at least 

in part by disadvantages imposed by their devalued carrier status.  The nature of X-linked 

conditions is that women carry a working copy of gene along with a mutation while men only 

carry a mutation, driving the misconception that Fabry heterozygous women are either 

asymptomatic or experience intermittent and mild symptoms of the disease. With Fabry disease 

this assumption is incorrect and so the misconception persists, leading to the under recognition of 

the presence and extent of disease related symptoms in women.11 Additionally, misconceptions 

of carrier status may also drive women to fail to recognize their own disease risks as it may 

conflict with their own views of their health, especially when they do exhibit minimal symptoms 

themselves or compare themselves to much more severely affected men in their families.17  
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2.1.3 Barriers to Healthcare for Female Heterozygotes  

Gender has been identified as being a major contributory factor to the formation of unique 

barriers to healthcare and treatment for heterozygous Fabry patients. A substantial gender 

inequality gap exists in healthcare treatment overall which can lead to disparities in how a 

chronic disease patient, such as one with Fabry disease, is treated, managed, and followed.11,56 In 

the realm of healthcare, females have a history of being labeled by physicians as patients who are 

more problematic and less credible compared to male patients, resulting in reported health 

complaints by females being more likely to be attributed to psychosomatic origin or a potential 

mental health diagnosis when there is no objective evidence of the origin of the symptoms 

present.57 Furthermore, the prevailing misconception that heterozygous females are not affected 

by Fabry disease has also been reported as contributing to the prevalence of disregard, disbelief, 

and dismissal of health related complaints by healthcare providers, perpetuating the barriers to 

optimal healthcare for female heterozygotes.11 However, over corrective measures by physicians 

for the fallacy of devalued carrier status can be equally damaging to the quality of healthcare for 

heterozygotes. Two separate studies focusing on the experiences of women diagnosed with 

Fabry disease noted that in some cases, physicians had the tendency to attribute all of a patient’s 

symptoms to Fabry disease.11,17 The actions of both under and over attributing health complaints 

to Fabry disease have the dangerous potential to create barriers to communication between the 

provider and the patient and result in less than optimal delivery of healthcare, underscoring the 

importance of accurate communication between the provider and the patient about the potential 

origins of health ailments in a female with Fabry disease.  
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3.0  MANUSCRIPT 

3.1 INTRODUCTION 

Fabry disease is a rare X-linked lysosomal storage disorder caused by mutations in the 

galactosidase alpha (GLA) gene which encodes the enzyme α-galactosidase A1. Insufficient 

levels or functioning of this enzyme results in the progressive accumulation of a 

glycosphingolipid substrate, globotriaosylceramide (GL-3), throughout the vasculature 

endothelial cells of the body leading to multi-systemic manifestations.2,3 Symptoms arising from 

the disease include manifestations in the renal, cardiac, neurologic, cerebrovascular, 

ophthalmologic, dermatologic, and gastrointestinal systems which are chronic and progressive in 

nature. Those affected with Fabry disease often succumb to life-limiting complications from 

renal insufficiency, central and peripheral disease of the nervous system, cerebrovascular, and 

cardiovascular disease.2,3,12,24 

In the past, it was assumed that females were not at-risk for development of Fabry disease 

symptoms due to the fact that females possess a working copy of the GLA gene. However, it is 

now recognized that heterozygous women in fact, can experience clinical symptoms similar to 

their affected male counter parts, although with greater variability in clinical presentation, 

necessitating appropriate monitoring and treatment for the disease.4,5 Nevertheless, the 

differences in the course of disease experienced by the Fabry affected female population 
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introduce new challenges for the medical providers caring for these individuals. Heterozygous 

females not only require a different method of diagnosis from their male counterparts, but the 

clinical care guidelines for initiation of therapies should be adapted to the needs of female 

heterozygotes as well. At present, a discrepancy exists between the recommendations for men 

and women despite the presence of evidence suggesting the need for equal treatment.6–10,33 

Several studies evaluating the effectiveness of primary Fabry therapy in both men and women 

have concluded that initiation of therapy should take place before the first signs of disease are 

present.7–10 However, generalized guidelines for Fabry disease treatment recommend that 

initiation of enzyme replacement therapy (ERT) should take place by the age of 10 to 13 in 

males regardless of disease burden, whereas in females, initiation of ERT should only take place 

when significant clinical manifestations are present.6 

Furthermore, it has been reported that regardless of recommendations from healthcare 

providers, heterozygous women frequently dismiss their own risk to develop significant Fabry-

related manifestations and are not usually evaluated in the clinical setting unless they present 

with severe complications of the disease, suggesting the possible presence of barriers to 

treatment for female heterozygotes.2,5 A study dedicated to investigating the potential reasons as 

to why this scenario occurs at such a high frequency identified that female heterozygotes face 

several disadvantages in the healthcare setting which may contribute to their lack of participation 

in their own healthcare. The study identified factors such as the uncommonness of Fabry disease, 

the prevailing misconception that female heterozygotes are unaffected carriers of the disease or 

only express mild symptoms, and the disparity between healthcare treatment of men and women 

in the context of limited objective evidence that create inherent disadvantages for women with 

Fabry disease, long before they present for their first appointment in the clinic.11 In combination 
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with existing discrepancies in the disease guidelines, the inherent disadvantages heterozygous 

women face in the healthcare setting shape their own personal health beliefs and have the 

potential to raise barriers perceived by the patient which can hinder optimal disease management, 

monitoring, and treatment.  

Although to date the clinical course of Fabry disease among heterozygous females has 

been extensively studied, the unique clinical experience and health beliefs of these women are 

only more recently beginning to come to light. Previous unpublished research from the 

Children’s Hospital of Pittsburgh of UPMC focused on characterizing the health beliefs of 

female Fabry patients and identifying contributory factors to these beliefs through the patients’ 

own report elicited in the forms of both interviews and surveys.58 The findings of these studies 

identified that patients generally have an accurate understanding of the natural history of Fabry 

disease but demonstrated a decreased perception of personal susceptibility to the disease as well 

as feelings of anxiety and being overwhelmed in regards to the disease overall. In direct follow 

up to this research, this study focuses particularly on the clinical practices and beliefs of 

healthcare providers in order to investigate their contribution, or lack thereof, to the barriers 

perceived by female patients. This was achieved through using quantitative methods to ascertain 

and measure the clinical practices and opinions of genetic healthcare providers who work with 

adult female Fabry patients via an online survey. 
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3.2 METHODS 

3.2.1 Participants 

The participants for this study were comprised of healthcare providers who had experience 

caring for female patients who have been diagnosed with Fabry disease. Two providers who did 

not report themselves as having experience working with females diagnosed or at-risk for Fabry 

disease were excluded from the analysis in this study. Participants were recruited by an email 

advertisement containing a link to the online survey which was sent directly to select individual 

genetic counselors. Selected genetic counselors were chosen from the list generated by the Find a 

Genetic Counselor tool on the National Society of Genetic Counselors’ website for each state 

due to their listed affiliations with an institution that is known to have an established treatment 

center for lysosomal storage disorders, as listed by the Massachusetts General Hospital’s 

department of Neurology website. The responding recipients of this email were then asked to 

further distribute the recruitment letter to their colleagues who work with lysosomal storage 

disorders, thus maintaining anonymity of all participants. Once the email was received by 

potential participants, the anonymous online survey could be accessed by interested participants 

without further contact with the study administrators. Participants were not compensated for their 

involvement in the study. 

3.2.2 Instrumentation 

An online survey was administered through a web based link connecting participants to the 43 

question study on the Qualtrics survey system. The survey’s initial questions included non-
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identifying demographic questions focusing on the type of practitioner, personal experience 

working with Fabry disease, and number of female Fabry disease patients seen. The next series 

of questions asked the participant’s opinions on a variety of issues including the level of 

importance for initial evaluation in multiple clinical scenarios (i.e. degree of relatedness to a 

family member diagnosed with Fabry disease and expression of symptoms), clinical terms used 

regarding female Fabry patients, the clinical usefulness of published guidelines used by the 

participant, and the importance of initiation of primary therapy (ERT) given expression of 

various clinical symptoms. Finally, the survey asked participants to characterize the degree of 

compliance to recommended evaluation, monitoring, and treatment. The study questions were 

primarily single answer, multiple-choice response in format but some questions allowed for 

multiple response choices by the participant. The initial recruitment email script for this study 

described to participants that their informed consent was implied through their voluntary 

participation in the study by accessing the survey. The study was reviewed and approved by the 

University of Pittsburgh IRB committee under IRB number PRO16080196. 

3.2.3 Data Collection 

The web-based link to the study survey was accessible through the initial and follow-up 

recruitment emails. Initial contact via email requesting distribution of the survey was sent to 71 

people, forty-three of which responded with agreement to receive and forward the recruitment 

email containing a link to the survey. Due to the nature of the recruitment methods for this study, 

a response rate could not be calculated. The survey could be accessed January, 2017 through 

mid-February 2017. A statement was included in the recruitment emails for the participant’s 

reference emphasizing the voluntary nature of the study and that all answers recorded would 
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remain anonymous. Participants answered survey questions exploring their practices and beliefs 

regarding the clinical treatment of adult females diagnosed or at-risk for Fabry disease. Data 

collection took place after access to the online survey was closed. 

3.2.4 Data Analysis 

Data from the study survey was compiled and descriptive analysis for ordinal multiple choice 

responses were performed using Microsoft Excel. For inferential statistics, analysis was 

performed using the SAS analytical statistics software package. Analyses included Chi square 

tests between two variables to test for goodness of fit between observed and expected values for 

multiple survey questions (i.e. profession and a particular response). Due to the small sample 

size of the study, answers to survey questions represented by an ordinal scale were dichotomized 

into two groups for ease of analysis, (i.e. Very Important, vs Important, Somewhat Important, 

and Don’t know/ Not sure) in assessing the odds ratios of holding a particular belief in a given 

scenario. 

3.3 RESULTS 

3.3.1 Participants 

The survey was accessed by 58 participants, and by 50, yielding a completion rate of 86%. 

Incomplete surveys were included in the analysis due to the independence of each question 

analyzed. Two participant response sets were excluded because the participants did not meet 
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inclusion criteria for this study, which is being a professional who participates in the evaluation, 

management, and/or treatment of adult females either diagnosed or at-risk for Fabry disease. The 

participant sample included 39 genetic counselors, 12 physicians and 1 physician assistant (these 

two profession groups were pooled together for ease of calculating response count in this study), 

and 2 nurses plus 2 nurse practitioners (these two profession groups were also pooled together 

for calculating response count in this study). All physicians who participated in the study further 

identified their specialty in Genetics (n = 6), Medical Genetics (n = 4), or Biochemical Genetics 

(n = 2). Characteristics of the participants are summarized in Table 1. The survey contained three 

main topics: clinical evaluation, monitoring, and enzyme replace therapy (ERT) treatment. Each 

area included questions which asked for the participant’s views on the level of importance placed 

on the given aspect of Fabry disease care, along with questions designed to investigate opinions 

on various aspects of each topic. Additionally, the survey incorporated questions that probed the 

participants’ use of terms to describe their female Fabry patients and their perception of their 

patients’ compliance with recommended clinical evaluation, monitoring, and treatment. 
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Table 1 Study Participant Demographics 

 

Physicians and Physician 
Assistants 

CRNPs and 
RNs 

Genetic 
Counselors 

  n = 13 (23%) n = 4 (7%) n = 39 (70%) 

Experience 
   <1 year 0 (0%) 1 (25%) 6 (15%) 

1 to <5 years 3 (23%) 2 (50%) 27 (69%) 

5 to <10 years 1 (8%) 1 (25%) 2 (5%) 

10+ years 9 (69%) 0 (0%) 4 (10%) 

    # Pts personally seen 
   <5 females 7 (54%) 1 (33%) 24 (62%) 

5-10 females 4 (31%) 1 (33%) 8 (21%) 

11-20 females 1 (8%) 1 (33%) 4 (10%) 

<20 females 1 (8%) 0 (0%) 3 (8%) 

    # Pts treated with ERT 
   No females 2 (18%) 1 (33%) 5 (14%) 

<5 females 6 (55%) 1 (33%) 16 (46%) 

5-10 females 2 (18%) 0 (0%) 5 (14%) 

11-20 females 1 (9%) 1 (33%) 6 (17%) 

<20 females 0 (0%) 0 (0%) 3 (9%) 

3.3.2 Clinical Evaluation 

The clinical evaluation questions included in the survey asked the participants about their views 

regarding the level of importance of an initial clinical genetics evaluation for an adult female 

based on several scenarios which included different combinations of risk levels of inheriting 

Fabry disease and presentation of symptoms. These scenarios included (1) A reportedly 

asymptomatic woman with a family history indicating she has inherited Fabry disease (Example: 

Affected father), (2) A reported asymptomatic woman with a family history indicating she is at 

50% risk to have inherited Fabry disease (Example: Affected brother), (3) A reportedly 
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asymptomatic woman with a family history indicating she is at 25% risk to have inherited Fabry 

disease (Example: Affected maternal uncle), (4) A woman with a reported history of myocardial 

infarction and a family history indicating she is at 50% risk to have inherited Fabry disease 

(Example: Affected brother), (5) A woman with a reported history of myocardial infarction and a 

family history indicating she is at 25% risk to have inherited Fabry disease (Example: Affected 

maternal uncle) (6) A woman with a reported history of left ventricular hypertrophy and burning 

pain in her hands and feet with no known family history of Fabry disease. Responses to each 

scenario were counted and compared, see Figure 1.  In general, participants were in agreement 

that in the majority of the provided scenarios, an initial clinical genetics evaluation was “Very 

important”. In one scenario however, where an asymptomatic woman with a family history 

indicating that she is at a 25% risk to have inherited Fabry disease, the participant population 

was divided, ranking the need for initial clinical genetics evaluation as either “Important” or 

“Somewhat important”.  
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Figure 1 Responses to the level of importance placed on an initial clinical genetics evaluation for an adult woman 

in six different scenarios  

 

In order to investigate and identify the potential influence of experience and profession 

on the observed response behavior for this cluster of questions, the response categories for these 

questions were dichotomized into two groups, “Very Important” and all other answers. Chi 

square analyses were utilized to investigate if participant number of years of experience working 

with Fabry patients or their profession predicted higher views of importance for an initial clinical 

genetics evaluation. For ease of analysis, reported years of experience was dichotomized into 

those who have less than five years of experience and those who have five years or more, and 

profession was dichotomized into genetic counselors and all others. Even though the analysis did 

not result in any tests that were significant, it was found that those with five years or more 

experience had increased odds of 1.06 to 2.85 times more to rate the importance of clinical 

monitoring as “Very important” for each scenario (p = 0.757, p = 0.833, p = 0.947, p = 0.948, p 

= 0.768, p = 0.210). When testing for profession, neither significance nor signs of potential 
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correlation were identified for the scenarios (p = 0.848, p = 0.521, p = 0.182, p = 0.960, p = 

0.157, p = 0.264). Results are summarized in Table 2.  

 
Table 2 Chi Square Analysis for Initial Evaluation Scenarios 

Scenario

Overall 

Total Very 

Important

% <5 Years 

Experience 

say Very 

Important

% ≥5 Years 

Experience 

say Very 

Important

OR Point 

Estimate

95% 

Confidence 

Interval

% Other 

Professions 

say Very 

Important

% Genetic 

Counselors 

say Very 

Important

OR Point 

Estimate

95% 

Confidence 

Interval

A reportedly asymptomatic woman with a family history 

indicating she has inherited Fabry disease (Example: Affected 

father) 46 (85%) 84.21% 87.50% 1.312 0.235-7.323 86.67% 84.62% 0.846 0.151-4.745

A reported asymptomatic woman with a family history 

indicating she is at 50% risk to have inherited Fabry disease 

(Example: Affected brother) 36 (67%) 65.79% 68.75% 1.144 0.327-4.000 60.00% 69.23% 1.5 0.436-5.166

A reportedly asymptomatic woman with a family history 

indicating she is at 25% risk to have inherited Fabry disease 

(Example: Affected maternal uncle) 21 (39%) 31.58% 56.25% 2.785 0.838-9.261 53.33% 33.33% 0.438 0.130-1.472

A woman with a reported history of myocardial infarction 

and a family history indicating she is at 50% risk to have 

inherited Fabry disease (Example: Affected brother) 47 (87%) 86.84% 87.50% 1.061 0.183-6.134 86.67% 87.18% 1.046 0.180-6.081

A woman with a reported history of myocardial infarction 

and a family history indicating she is at 25% risk to have 

inherited Fabry disease (Example: Affected maternal uncle) 39 (72%) 71.05% 75.00% 1.222 0.323-4.627 86.67% 66.67% 0.308 0.060-1.572

A woman with a reported history of left ventricular 

hypertrophy and burning pain in her hands and feet with no 

known family history of Fabry disease 41 (76%) 71.05% 87.50% 2.852 0.554-14.688 86.67% 71.79% 0.392 0.076-2.027

Experience Profession

 

3.3.3 Clinical Monitoring 

The clinical monitoring questions elicited views regarding Fabry disease related monitoring. 

Participants were asked to rank their view on the level of importance they place on clinical 

monitoring, (e.g. urine protein excretion every 6 months, echocardiogram annually, brain MRI 

every 2-3 years, etc.) to the overall management of an adult female with Fabry disease. 

Responses were totaled, revealing a general consensus among participants that clinical 

monitoring was considered “Very important” or at least “Important”, see Figure 2a. Participants 

were also asked if female heterozygotes should be monitored as frequently as hemizygous males. 

Here, a divide in viewpoints was present among participants, where 12 participants responded 

with “Yes, in all cases” and 37 participants responded with “Yes, in some cases”, see Figure 2b.  



 31 

 

Figure 2 (A) Regarded importance for disease monitoring in females and (B) monitoring frequency compared to 

males  

 

To decipher any relationships between participant years of clinical experience with Fabry 

disease and views of clinical monitoring frequency for female patients as compared to males, Chi 

square analysis was utilized revealing that participants with five years or more experience had a 

67% increase in odds of to view the importance of clinical monitoring for female patients as 

“Very important” compared to those with less than five years of experience, however the finding 

did not reach significance (p = 0.4217). Additionally, compared to participants with five years or 

more experience, participants who had less experience were found to be at a 26% decreased 

likelihood of stating that female patients needed to be followed as frequently as males in all cases 

(p = 0.675). Investigating the effects of profession, physicians and nurses together compared to 

genetic counselors were found to be 40% less likely (OR = 0.6) to feel that the importance of 

clinical monitoring was “Very important” (p = 0.422). Physician and nurse participants were also 

found to be 22% less likely to state that female patients should not be monitored as frequently as 

male patients in all cases (p = 0.753). Chi square analysis is outlined in Table 3. 
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Table 3 Chi Square Analysis for Clinical Monitoring Scenarios 

Scenario

Total Very 

Important

% <5 Years 

Experience 

say Very 

Important

% ≥5 Years 

Experience 

say Very 

Important

OR Point 

Estimate

95% 

Confidence 

Interval

% Other 

Professions 

say Very 

Important

% Genetic 

Counselors 

say Very 

Important

OR Point 

Estimate

95% 

Confidence 

Interval

How important do you believe frequent clinical 

monitoring is to the overall management of an 

adult female with Fabry disease? 24 (48%) 44.44% 57.14% 1.667 0.479-5.794 57.14% 44.44% 0.6 0.173-2.086

Total 

"Yes, all 

cases"

% <5 Years 

Experience 

say All 

Cases

% ≥5 Years 

Experience 

say All 

Cases

OR Point 

Estimate

95% 

Confidence 

Interval

% Other 

Professions 

say All 

Cases

% Genetic 

Counselors 

say All 

Cases

OR Point 

Estimate

95% 

Confidence 

Interval

Do you believe adult females with Fabry disease 

should be clinically monitored as frequently as 

adult males with Fabry disease? 12 (24%) 77.14% 71.43% 0.741 0.182-3.011 78.57% 74.29% 0.788 0.179-3.477  

 

When asked about their knowledge of recommended intervals for follow up evaluations, 

participants disagreed about the interval to follow up with symptomatic females, although there 

was a strong consensus that asymptomatic females be re-evaluated every 12 months (Figure 3). 

Factors cited by participants that could influence their decision regarding the timing of clinical 

monitoring included medical history of the patient, the patient’s ERT treatment status, or 

uncertainty of the interval. 
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Figure 3 Responses to the frequency of follow up evaluation by a physician knowledgeable of Fabry disease given 

an asymptomatic or symptomatic female patient  

 

Participants were also asked to identify the resources they used for guidance when 

making decisions regarding clinical monitoring for both male and female patients. Although the 

differences were small and not significant, likely due to the low power of this study, a pattern 

can be seen in the responses where published literature and industry guidelines were cited more 

often for males and personal experience was cited more often for females, see figure 4a. 

Participants were then asked in the next question to state the level of usefulness they perceived of 

the resources to which they referred to in the previous question. For this question, approximately 

one-third (35.3%) of participants indicated that the resources they utilized were “Very 

beneficial”, see figure 4b. 
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Figure 4 (A) Various informational resources were used by participants in making clinical monitoring decisions 

and (B) usefulness of those resources 

3.3.4 Enzyme Replacement Therapy Treatment 

Views surrounding initiation of ERT was the final of the three main topics of the survey. To 

assess participant views in regards to making the decision to initiate ERT in a female patient, the 

survey included questions containing four scenarios, each describing a single clinical symptom 

in a female patient known to have Fabry disease, (e.g. chronic and disabling gastrointestinal 

dysfunction, pulmonary involvement, abnormal blood pressure regulation during exercise 

testing, and generalized fatigue and malaise) and asked if the participant viewed the symptom as 

a sole indication to initiate ERT. Figure 5 displays participant responses for this cluster of 

questions. In the cases of GI dysfunction and pulmonary involvement, participants generally 

agreed that these were symptoms that would indicate the initiation of ERT in some, but not all, 
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cases. Abnormal blood pressure regulation during exercise testing totaled the lowest number of 

responses for “Yes, in all cases” and “Yes, in some cases” and the highest frequency of 

responses for “Don’t know/Not sure” compared to the other three scenarios, although the 

response frequencies were again not significant. Generalized fatigue and malaise for initiation of 

ERT displayed the greatest level of disagreement among participants and was also the scenario 

that received the highest frequency of “No, never”.  

 

 

Figure 5 Responses to a provided clinical scenario as the sole indication for initiation of ERT in females with Fabry 

disease  

 

Evaluating the odds of saying that initiation of ERT would be considered as “Yes, for all 

cases” by level of experience found that in all scenarios but the GI dysfunction, those with more 

experience had a 2.16 fold increase in the odds of saying that initiation of therapy should be a 

sole consideration for initiating ERT (p = 0.727, p = 0.949, p = 0.657, p = 0.499), see Table 4. In 

fact, in the case of pulmonary involvement, 100% of those with five years of experience or 

greater said that initiation of ERT should take place in all cases. Running the same evaluation for 



 36 

profession, a similar phenomenon was not identified (p = 0.226, p = 0.999, p = 0.555, p = 0.952). 

This analysis found that genetic counselors only had a 78% increase in odds of saying that 

initiation of ERT should take place in all cases compared to all other professions grouped 

together in the scenario of generalized fatigue, see Table 4.  

 
Table 4 Chi Square Analysis for Initiation of Enzyme Replacement Therapy Scenarios 

Scenario

Overall 

Total Very 

Important

% <5 Years 

Experience 

say "Yes, all 

cases"

% ≥5 Years 

Experience 

say "Yes, all 

cases"

OR Point 

Estimate

95% 

Confidence 

Interval

% Other 

Professions 

say "Yes, all 

cases"

% Genetic 

Counselors 

say "Yes, all 

cases"

OR Point 

Estimate

95% 

Confidence 

Interval

Do you believe chronic, disabling 

gastrointestinal dysfunction is a potential sole 

consideration to initiating enzyme replacement 

therapy (ERT) for an adult female with Fabry 

disease? 9 (18%) 82.86% 78.57% 0.759 0.161-3.574 92.86% 77.14% 0.26 0.029-2.300

Do you believe pulmonary involvement is a 

potential sole consideration to initiating enzyme 

replacement therapy (ERT) for an adult female 7 (14%) 80% 100% <0.001 <0.001->99.99 85.71% 85.71% 1 0.170-5.878

Do you believe abnormal blood pressure 

regulation during exercise testing is a potential 

sole consideration to initiating enzyme 

replacement therapy (ERT) for an adult female 

with Fabry disease? 5 (10%) 88.57% 92.86% 1.677 0.171-16.482 85.71% 91.43% 1.778 0.264-11.984

Do you believe generalized fatigue and malaise 

is a potential sole consideration to initiating 

enzyme replacement therapy (ERT) for an adult 6 (12%) 85.71% 92.86% 2.167 0.230-20.423 100% 82.86% <0.001 <0.001->99.99

Experience Profession

 

 

Regarding resources referred to when making decisions concerning the initiation of ERT 

in female patients, participants who stated involvement in the decision making process were 

asked if they specifically utilized the clinical guidelines outlined by the Eng et al. (2006) or other 

literature, see Figure 6a.6 The result indicated that 58.9% of participants involved in ERT 

decision making specified that they referred to the Eng article in at least some cases and 31.4% 

participants involved in ERT decision making specified that they utilized other resources, the 

two categories were not mutually exclusive. Other sources cited by the participants included 

center protocols and/ or personal experience, the Genzyme Fabry registry, and other more 

recently published literature such as Biegstraaten et al. 2015 and Weidemann et al. 2012.59,60 

Participants who did state they referred to the 2006 Eng et al. paper were then asked a follow up 
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question asking them to rate the degree of helpfulness they found the guidelines in the Eng paper 

to be for making decisions regarding initiation of ERT for their female patients. Approximately 

one-fifth of responding participants (18.8%) viewed the guidelines to be “Very helpful”, see 

figure 6b. 

 

 

Figure 6 (A) Referral to 2006 Eng et al. when making decisions regarding the initiation of ERT in female patients 

and (B) the level of helpfulness of 2006 Eng et al. for this purpose 

3.3.5 Terminology and Compliance 

To further characterize the practices and beliefs of providers caring for female patients with 

Fabry disease, the survey included questions to explore participants’ preferred terms for 

describing both asymptomatic and symptomatic patients. Participants were asked to select which 

terms they use to describe both patient types and/or provide alternative terms which they utilize. 

Response categories included “Fabry female”, “Carrier”, “Female Heterozygote”, 

“Asymptomatic/Symptomatic Female”, or “Other”. Although there is not enough power to show 
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significance, differences can be seen between the asymptomatic and symptomatic categories 

which are conserved across provider groups, see Figure 7. Use of “Fabry Female” was selected 

at a higher frequency for describing symptomatic patients compared to asymptomatic patients 

while use of “Carrier” and “Female Heterozygote” displayed the opposite pattern.  

 

 

Figure 7 Frequency of responses to use of descriptive terms to describe female patients that are asymptomatic (A) 

and symptomatic (S) by provider category 

 

 Lastly, providers were asked to state the level of which they perceived their patient 

population to comply with recommended clinical evaluations, monitoring, and treatment. Figure 

8 depicts participant responses where 22.4% of participants described their patient population to 

be “Highly compliant” with clinical evaluations, and 20.4% of participants described their 

patient population to be “Highly compliant” with clinical monitoring. Conversely, 43% of 

participants declared their patient population to be “Highly compliant” with ERT treatment. 
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Figure 8 Frequency of responses describing participants’ perceptions of their female patients’ level of compliance 

with recommended clinical evaluation, monitoring, and treatment regimens 

3.4 DISCUSSION 

3.4.1 Practice Implications for Genetic Counselors 

The purpose of this study was to characterize the clinical practices and beliefs of healthcare 

providers involved in the care of adult female patients with Fabry disease in order to investigate 

the possible barriers which can hinder optimal disease management, monitoring, and treatment. 

The findings highlight a lack of consensus among genetics healthcare providers regarding 

clinical practice in several areas of Fabry-related care. Notably, participants with five years or 

more experience differed, although not significantly, from those with less experience in their 

opinions regarding the importance of all three topics of study (i.e. clinical evaluation, 

monitoring, and treatment). Overall, these findings highlight that clinician behavior is varied and 
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therefore raise the possibility that clinician behavior may have the potential to influence the 

barriers women with Fabry disease perceive and experience, in directions both positive and 

negative.  

During the clinical decision making processes, problems for healthcare providers may 

arise from the reduced penetrance and wide clinical variability of Fabry disease manifestations in 

female heterozygotes, and from the conflicting information in the literature regarding best 

clinical practices to care for these patients. For example, it is estimated that approximately 60-

70% of heterozygous females experience at least one symptom attributable to Fabry disease with 

an average age of onset at 9 years old.4,26,27 However, whether symptoms will be severe or mild 

in a given individual is a factor that cannot be reliably predicted by phenotype/genotype 

correlations or by studying other members in the family.22 As a result of this uncertainty, the 

clinical practice guidelines outlined in Eng et al. 2006 for adult patients with Fabry disease 

advises that enzyme replacement therapy (ERT) not be initiated in female patients unless an 

individual presents with progressing organ involvement or manifestations of significant clinical 

symptoms such as acroparesthesias resistant to conventional therapy, persistent proteinuria, or 

clinically significant cardiac involvement.6 Conversely, these same guidelines advise initiation of 

ERT in all hemizygous males, regardless of their clinical presentation, due to the knowledge that 

over the individual’s lifetime, accumulating glycosphingolipids will result in progressive organ 

involvement if left untreated.6 

In practice, there are trade-offs to be balanced when making the decision to initiate ERT 

in a patient, as well as considerations of the expectations and goals of the patient and provider for 

the use of ERT. For males, the clinical course of progression of Fabry disease is well known to 

reach medically significant outcomes when left untreated and therefore ERT is initiated early in 
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most patients’ lives, despite its costs and burdens, as a form of preventive healthcare to reduce 

the morbidity and mortality of the disease. However, in the early years of a female’s life, it is 

unknown whether she will develop any significant clinical manifestations or if she will live her 

life relatively unaffected by the disease. In the context of ERT initiation in female patients, a 

clinician must weigh the burden and cost of biweekly ERT infusions on the patient against the 

burden of the patient’s clinical manifestations, thus increasing the likelihood of a delay of ERT 

initiation in contrast to males. In comparison, according to the guidelines outlined by 2006 Eng 

et al., males should receive ERT in order to prevent the occurrence of Fabry symptoms, and 

women should receive ERT as a means to halt disease progression that has already begun to 

manifest.  

The findings of this study contribute evidence that the clinical practices among genetic 

healthcare providers involved in the care of patients with Fabry disease are not consistent. This 

was made evident by the differing, although non-significant, response patterns of distinct 

professional groups and experience levels among participants. Additionally, this observation may 

result as a byproduct from the lack of consistency between published guidelines and current 

literature or other unidentified factors. Importantly though, this inconsistency may in turn 

negatively impact female patients by contributing to their perceived barriers to participation in 

clinical evaluation, monitoring, and treatment thus limiting optimal disease treatment. If 

variability in clinical practice and barriers perceived by heterozygotes are truly linked, it can be 

predicted that a greater consistency among provider practices may help in reducing existing 

barriers for female patients and subsequently improve their clinical outcomes. Genetic 

counselors, having specific training in the psychosocial implications of disease, are well 

equipped to address this issue and should utilize their skills by integrating this newfound 
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knowledge of the potential contributions of variability in genetics provider practice to the 

perceived barriers to Fabry disease as part of their counseling to better meet the needs of the 

patient. With knowledge of how external factors may influence a patient’s decision making and 

behaviors, genetic counselors have the tools to formally counsel female patients regarding the 

psychosocial impacts of the barriers related to Fabry disease, and open a dialogue with the 

patient about finding strategies to reduce the impact of these barriers and ultimately improve the 

healthcare outcomes for these patients.  

3.4.2 Clinical Evaluation 

An initial clinical evaluation is an essential first step in establishing a diagnosis and commencing 

treatment for a patient affected with Fabry disease. Yet establishing a diagnosis in a patient that 

lacks a family history of the disease can be exceptionally difficult, as many of the symptoms of 

the disease are not specific to Fabry disease, often leading to a misdiagnosis or a ‘diagnostic 

odyssey’.40 To assist with guiding providers in the initial evaluation of Fabry disease, Laney et 

al. (2013), developed guidelines that highlight what combination of symptoms should trigger an 

initial evaluation for Fabry disease in a patient that lacks a family history.33 However, the 

findings of the initial evaluation scenario questions of this study suggest that all providers may 

not follow the 2013 guidelines when making decisions regarding initial evaluations because the 

guidelines suggest that any woman with a family history of disease should be evaluated. For 

patients who do not report a family history,  it is more likely that evaluations are often initiated 

by providers savvy enough to recognize the potential of the rare genetic disorder as an 

explanation for their patient’s ailments, rather than the provider having specific knowledge of the 

symptoms in the guidelines.  
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 This study found that even in scenarios where a patient does present with a family 

history, the importance of a clinical evaluation may not always be regarded as very important by 

genetics healthcare providers. Although this study was not powered for significance, a 

directional pattern in response frequency can be seen showing that with decreasing levels of 

inheritance risk, asymptomatic individuals are perceived to be in less of an urgent need of 

evaluation, see Figure 1. This is to be expected in context of the usual occurrences within Fabry 

care, where in many clinics female patients are often not evaluated, monitored, or treated when 

they have inherited a mutation but are not expressing symptoms of the disease.2,5 Chi square 

analysis did, however, identify an association in views of importance as it relates to the 

experience level of participants, although the results of the test did not reach significance. 

Participants who indicated that they had five or more years of experience were more likely to 

view the importance of clinical monitoring as “Very Important” compared to those with less than 

five years of experience, for all given scenarios, (Table 2). This finding although interesting, was 

expected because of the expectation that providers who have more experience would have a 

greater understanding of the potential for disease progression in females.  

3.4.3 Clinical Monitoring 

To monitor the progression of disease, determine the need and proper timing of initiation of ERT 

in Fabry patients, or to evaluate the efficacy of ERT on slowing disease progression, clinical 

monitoring of Fabry patients can serve as a useful tool for clinicians. On this topic, study 

participants generally agreed that the role of clinical monitoring in female patients with Fabry 

disease was very important (Figure 2a), although participants generally disagreed upon the 

proper interval which monitoring should take place in symptomatic females (Figure 3). 
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Interestingly, disagreement on the interval of monitoring was not seen for asymptomatic female 

patients, as a strong majority of participants cited annual monitoring as the appropriate interval 

for this population.  

The 2006 Eng et al. guidelines state that symptomatic females be evaluated every 6 

months.6 The variation observed in what participants perceived to be the interval necessary to 

monitor symptomatic female patients, ranging from more frequently to as frequently as 

monitoring in asymptomatic female patients, is somewhat surprising given that the guidelines 

address this issue. With this in mind, these findings suggest that a portion of genetics healthcare 

providers may be drawing from their professional judgment and experience or they may be 

factoring context that was not provided in the survey when making decisions regarding the 

timing of intervals for evaluation of a symptomatic female patient.  

When asked to make the comparison to male patients, some participants stated they 

believe that female patients should be monitored as frequently as male patients in all cases but 

others stated they believe that female patients should be monitored as frequently as males in only 

some cases (Figure 2b). Eng et al. guidelines state that female patients only require clinical 

monitoring as frequently as males when they are symptomatic.6 Further analysis revealed that in 

the group of participants who stated that clinical monitoring in females should be as frequent as 

monitoring in males, there was an overrepresentation of participants who had more experience 

within the field of Fabry disease, see Table 3. Although not significant, this is a pattern of 

responses that was expected, as providers who have spent more time in the field would have a 

higher probability of observing the capacity of a symptomatic female heterozygote to be affected 

to the same degree as a male patient. Generally speaking, the more experienced a genetics 
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provider is, the more likely it would be expected that the provider would treat male and female 

Fabry patients equally, despite the recommendations of clinical guidelines.  

Personal experience was also found to be cited as a resource utilized by the participants 

more frequently when making decisions regarding the interval for disease monitoring for a 

female patient than for a male patient. Again, the response frequencies were not significant, but 

the wide variability of disease severity in females may provide an explanation for this pattern. 

For instance, providers may refer to their personal experience when making the judgment to 

recommend an increased regimen of clinical monitoring for female patients with differing 

medical histories, even though they may all be symptomatic by definition. 

Despite the clinical utility of consistent disease monitoring, several female patients do not 

receive adequate follow up unless they present with serious complications of the disease, 

regardless of the recommendations made by their providers, due to the fact that many female 

patients deny their own susceptibility to manifest clinically significant symptoms.2,5 By 

recommending a schedule of clinical monitoring appointments for asymptomatic female patients 

that are as frequent as for male, or symptomatic female patients, it may send the message to 

asymptomatic female patients that their risk of developing significant symptoms has the potential 

to be as high as it is for male patients which may contribute to improvement in female attendance 

to their Fabry clinical monitoring appointments. Even so, a discussion between the provider and 

the female patient should take place when formulating a plan for clinical monitoring in order to 

identify any misconceptions about the patient’s own susceptibility to the disease. 
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3.4.4 Enzyme Replacement Therapy Treatment 

Intravenous enzyme replacement therapy (ERT) with agalsidase beta (Fabrazyme, Genzyme, 

Sanofi Inc.) was approved in 2003 by the Food and Drug Administration (FDA) and is currently 

the only approved treatment for Fabry disease within the United States. Regarding the timing for 

initiation of ERT in a patient, Fabry disease practice guidelines differ in their recommendations. 

Eng et al. (2006) states that ERT initiation in female patients should take place upon 

development of significant clinical manifestations, whereas guidelines published by Laney et al. 

in 2013 state that initiation of ERT should be determined based on the clinical judgement of a 

metabolic specialist in conjunction with the patient.6,33 Lack of strict specificity, as well as room 

for professional interpretation in the practice guidelines, are likely explanations for the wide 

range of responses observed for study questions eliciting participant opinions on when to initiate 

ERT in a hypothetical scenario involving a female patient. For each scenario, relatively few 

participants stated that they would consider the scenario to be the sole reason for initiating ERT 

in a female patient in all cases. In fact, the highest response counts were seen for considering the 

given scenario as a reason for initiating ERT in just some cases and for being uncertain if they 

would consider the scenario as a sole reason for initiating ERT (Figure 5). It is possible that 

individual providers interpret the severity of each clinical symptom differently or that the 

participants may be using context not provided by the survey, such as their own experience with 

how patients react psychosocially to each clinical symptom. For example, studies examining the 

day-to-day psychosocial burden of Fabry symptoms on patients have found that in some cases 

even though the manifestations alone may not be severe, chronic symptoms such as GI 

dysfunction or pain and fatigue may contribute to secondary health problems or mental health 

issues like depression and anxiety.4,28,52 It is possible that some providers integrate the potential 
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impact of these secondary health issues when evaluating the need for initiation of ERT in a 

patient. 

Another possible explanation for the range of responses observed in questions regarding 

initiation of ERT in the given hypothetical scenarios could be the rate of use of a particular set of 

guidelines by the participants. This study identified that only about two-thirds of the participants 

who were involved in the decision to initiate ERT in a patient referred to the 2006 Eng et al. 

guidelines in at least some cases (Figure 6a) and of these participants, only about one-fifth of 

them found the guidelines to be “Very helpful” (Figure 6b). Participants who do not find the 

guidelines to be very helpful may turn to other sources for guidance as they engage in clinical 

decision making for initiating ERT in their patients. 

Grouped together, participants who reported five years of experience or more were found 

to differ from those who had less experience regarding their views on considerations they place 

on initiation of ERT in the provided hypothetical scenarios. Chi square analysis revealed that in 

cases of pulmonary involvement, abnormal blood pressure regulation, and generalized fatigue 

and malaise those with more experience in the field were more likely to view the single symptom 

as a sole consideration to initiate ERT in a female patient (Table 4). As previously discussed, this 

finding can be explained by the available guidelines and the recent studies revealing the level of 

impact the symptoms of Fabry disease may have on female patients. Thus, these providers may 

be referring to their best clinical judgment when making the decision or they may have more 

familiarity with the level of burden these symptoms may impose on a patient compared to those 

who do not have as many years of experience in the field of Fabry disease. 
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3.4.5 Terminology 

This study examined terms used by participants in order to explore the potential existence of 

factors that could contribute to the barriers of engaging in clinical evaluation, monitoring, and 

treatment for women with Fabry disease. Terms that were found to be used more frequently to 

describe asymptomatic female patients by participants were “carrier” and “female heterozygote” 

and the term that was preferred to describe symptomatic female patients was “Fabry female”, see 

Figure 7. Nomenclature used for describing female Fabry patients is important because it can 

hold the potential for miscommunication between the patient and the provider regarding the 

patient’s potential for developing symptoms of the disease. For example, the term “carrier” does 

not accurately reflect the clinical status of female patients and may even lead to a delay in 

clinical evaluation and treatment, thus some authors have called for the cessation of the use of 

the term.5,24     

3.4.6 Compliance 

In agreement with what has been previously been reported in the literature, the participants of 

this study reported a lack of compliance for clinical evaluation and monitoring in their female 

patient population.2,5 Non-compliance with Fabry-related care has been correlated with 

deficiencies in social-adaptive functioning, depression and anxiety arising from the every-day 

burden of the disease, and the psychologically complex feelings that may arise when an 

individual is coping with a genetic diagnosis.4,28,31,55 However, in regards to ERT, the rate of 

participants reporting their patient population being “Highly compliant” is approximately double 

the rates reported for the other two categories. This may be because patients who receive ERT 
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may have symptoms that are more severe than average, thus increasing the patient’s motivation 

to comply with a treatment regimen, or that these patients may not be as susceptible as other 

patients to being impeded by barriers to receiving initial evaluations or monitoring, or some 

combination of both explanations. Yet, in order to determine the validity of these explanations, 

further studies would be required. 

3.4.7 Research Recommendations 

The purpose of this study was to explore the clinical practices and beliefs of healthcare providers 

involved in the care of adult female Fabry patients in order to identify factors originating from 

provider clinical practices that could contribute to a female patient’s perceived barriers to 

engaging in Fabry-related preventative health behaviors. By identifying these contributory 

factors, effective action can be taken to increase awareness of the contribution to barriers made 

by these factors and to improve the health outcomes of female Fabry patients overall. The results 

of this study suggest that all providers do not practice Fabry-related care in the same way. In 

each category of exploration, patterns in responses were identified which differed by provider or 

experience level, although these patterns were not found to be significant. A study incorporating 

a larger and more equally representative participant population would be useful in determining if 

the observed patterns of response behavior of participants of this study would reach significance.  

 In several cases, the resulting patterns of response frequencies brought attention to areas 

of interest. However, these areas require further investigation into the reasoning behind the 

participants’ particular response behavior in order to make accurate evaluations as to how the 

observed patterns could impact the perceived barriers by female Fabry patients. To accomplish 

this, a follow up study could include questions that ask participants what symptoms they 
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consider to be clinically significant and to rate the severity they perceive the symptom to be. For 

other questions that include scenarios, similar to what was done in this study, survey questions 

could be designed in a with qualitative methods to ask the participant to provide their reasoning 

when they answer that they agree in only some cases, compared to when a participant states that 

they agree for all cases in the provided scenario. Furthermore, targeted questioning that probes 

the participants’ reasoning could obtain insight into any disagreements or misunderstandings the 

participant may have about their stated utilized clinical practice guidelines, thus providing 

direction to further investigatory steps towards generating a solution that would result in a higher 

consistency of clinical practices. 

3.4.8 Study Limitations 

The purpose of this study was to elicit the practices and beliefs of healthcare providers regarding 

their care of females with Fabry disease. Survey question content was targeted to specific topics 

regarding Fabry care. However, the design of this study limited the ability to collect data that fell 

outside of the targeted categories. Most survey question responses were collected as ordinal data, 

which by its nature confines the ability to interpret response choices by a true numerical scale. 

Due to time constraints, the authors were not able to pilot this survey and therefore some 

questions did not provide an adequate spread of variance to run a statistical analysis. This study 

was based on a participant population of 58 providers representing three different professional 

categories and therefore this study did not have a large enough sample size to provide enough 

statistical power to obtain significance. During recruitment, it is possible that an ascertainment 

bias may have occurred due to the methods of participant recruitment. Due to the recruitment 

method via direct contact of selected genetic counselors, participants were recruited in 
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geographical clusters based on acquaintance to the initially contacted genetic counselors thus 

potentially limiting the distribution in the geographical representation of participants. This study 

was based on a population of genetic healthcare providers and therefore the findings should be 

generally transferrable to genetic healthcare providers overall but should not be generalized to 

healthcare providers of other fields despite their involvement in the care of patients with Fabry 

disease. The study population included individuals from several fields of medical genetics but 

may over or underrepresent some geographical areas. 

3.5 CONCLUSIONS 

The clinical practices and beliefs of healthcare providers regarding the clinical evaluation, 

monitoring, and treatment of Fabry disease are not homogeneous among genetics healthcare 

providers and may evolve at the individual level over time as a provider gains years of 

experience within the field. In general, views of importance held for each topic of Fabry-related 

care are more likely to be increased among providers with higher levels of experience compared 

to those who have less experience. From the results of this study, it appears that the vast majority 

of providers have an understanding of the complexity of Fabry disease care in a female patient 

given that not a single response was recorded in this study for “Not important at all” in questions 

regarding the perception of importance placed on clinical evaluation and monitoring. However, 

when it comes to the highest levels importance viewed for any given topic, those with more 

experience were the group most likely to hold this viewpoint.  

 In general, there was agreement among participants of this study in regards to the 

responses of the survey, however an increased level of disagreement among providers was noted 
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in a few key areas. Specifically, these areas were the level of importance placed on the 

evaluation of a reportedly asymptomatic woman with a 25% risk to have inherited Fabry disease, 

the interval of clinical evaluations for a symptomatic female patient, and generalized fatigue and 

malaise as a sole indication for initiating ERT. What these three topics have in common and 

what sets them apart from the other questions in the survey, is the heightened level of clinical 

variability, and in turn, unpredictability of disease presentation in a female patient. Applying 

what has been learned from this study, it is likely that where greater levels of unpredictability 

exists, providers with higher levels of experience are able to draw from their experience 

accumulated from their years of practice when making judgements in the clinical decision 

making process and therefore will be more likely to place higher levels of importance on these 

complex topics. In order to assist in minimizing the effect of the wide range of clinical practices 

between less experienced providers and their more experience counterparts on the barriers 

perceived by female Fabry patients, genetic counselors can utilize their professional skill-sets 

and training to target these issues during their counseling sessions with female patients. Genetic 

counselors are well-suited to identify and address the psychosocial impacts on patients created 

by external or environmental factors. Ultimately, this may assist in improving healthcare 

outcomes for female patients with Fabry disease. 
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4.0  RESEARCH SIGNIFICANCE TO GENETIC COUNSELING AND PUBLIC 

HEALTH 

The primary goal of this project was to assess the clinical practices and beliefs of healthcare 

providers involved in the care of females who are either diagnosed or at-risk for Fabry disease, 

however, the implications of the project’s results are not restricted to this small group of 

providers alone. In fact, the broader implications of exploring the relationship between provider 

practices and the health beliefs of their female patients touch upon the importance of both 

genetic counseling and areas among the core functions of public health as a part of improving the 

patient healthcare experience. The core functions of public health interact with each other and 

are collectively vital to the overall working of public health as a system, one that is designed to 

result in desired outcomes to improve the overall health of the general population. The ten 

essential functions of public health fall under three core services in the Essential Public Health 

Services framework: assessment, policy development, and assurance. This project, in its 

endeavor to improve the patient healthcare experience, involved elements that fit under at least 

two out of three of these core services in that it investigated the potential involvement of 

provider practices in the health-beliefs of their female patients (assessment) and the research is 

being conducted in order to eliminate barriers to access to care (assurance), thus exemplifying 

the significance to public health and the essential role that genetic counselors can play in the 

process.  
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This project was designed to be exploratory in nature, or restated, it was designed to 

assess the potential of a contribution by providers to the health beliefs of females with Fabry 

disease through investigating the providers’ clinical practices and beliefs. In doing so, this 

project made the attempt to diagnose and investigate one aspect of the health problem, which is 

lack of engagement in clinical evaluation, monitoring, and treatment among women with Fabry 

disease. Even though no hypothesis was formulated and tested in this study, the investigation did 

reveal results that hold potential to generate further understanding of the elements of the 

problem. Key areas among provider practices were identified that are speculated to contain 

higher levels of uncertainty which in turn may cause a wider variability in viewed levels of 

importance to the health management of female patients by providers with more years of 

experience. By identifying this element of clinical practice and beliefs of healthcare providers, a 

clearer picture of the potential contributions to the health beliefs of female patients comes into 

view, paving the way for interventions to be designed and implemented in the future.  

A goal of this three part project was to characterize the health beliefs of females who 

have been diagnosed or who are at-risk for Fabry disease, so that an improved level of 

understanding these beliefs can be obtained and strategies can be developed to improve the 

health outcomes of this population. In other words, this project contributes to the efforts to assure 

adequate healthcare for this population by attempting to eliminate barriers to access to 

healthcare. Barriers to Fabry-related clinical care have been identified through investigating the 

health beliefs of heterozygous females, which was accomplished in parts one and two of the 

overall project through in-depth interviews and a clinical survey utilized by participating 

patients. This study, or part three of the overall project, used the themes identified in the previous 

parts to evaluate a new source of potential influence on the health beliefs of female patients. 
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Together, the three parts of this project have contributed to a greater understanding of the 

existing barriers to participating in clinical evaluation, monitoring, and treatment by female 

Fabry patients, thus paving the way for the design of interventions that will reduce these barriers. 

In the clinic, genetic counselors can play a vital role in reducing patients’ existing 

barriers to participating in Fabry-related healthcare. Genetic counselors have specific training 

and knowledge of how external factors may influence a patient’s clinical decision making and 

behaviors. Therefore, genetic counseling is a suitable, pre-existing service that can be utilized to 

specifically target the known contributions of barriers related to Fabry disease care in a patient’s 

life. When barriers that are relevant to a patient are identified through open discussion between 

the patient and the genetic counselor, genetic counselors can proceed to formally counsel the 

patient on their personal perceptions and coping behaviors to the psychosocial impacts created 

by the barriers related to Fabry disease, work with the patient to develop personalized strategies 

aimed at reducing the impact of these barriers, and ultimately improve the patient’s healthcare 

outcomes. This intervention is not a novel model of the practice of genetic counseling, but it does 

exemplify the critical importance of genetic counseling in the complete delivery of healthcare to 

the patient.  
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5.0  SIGNIFICANCE TO PUBLIC HEALTH 

Healthcare can only be effective in preventing or lessening the effects of a disease in those who 

utilize it. Female heterozygotes harboring a mutation in the galactosidase alpha (GLA) gene are 

at risk for developing significant clinical manifestations of Fabry disease but even so, their 

utilization of clinical evaluations, monitoring, and treatment is often below the optimal frequency 

for what is necessary to avoid negative health outcomes. As knowledge of the psychosocial 

issues experienced by female heterozygotes continues to gain recognition as a strong determinant 

for lack of adherence to recommended care, efforts should be made to integrate this knowledge 

into a wider clinical practice.   

In order to address the problem of barriers and their negative impact on health outcomes, 

this chapter aims to propose the use of a questionnaire to be utilized by healthcare providers in 

the clinical setting as a means to initiate a dialogue between the patient and the provider about 

the patient’s potential worries, perceived susceptibility to disease manifestations, and perceived 

benefits and barriers to evaluation, treatment, and monitoring. Such a questionnaire can be 

designed to investigate what symptoms, if any, a patient may perceive as “possible to develop” 

and what symptoms, if any, a patient may perceive as “likely to develop” for both women with 

Fabry disease in general and for the patient’s feelings about herself. By identifying and 

addressing the psychosocial issues experienced by female heterozygotes, the questionnaire aims 
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to reduce potential barriers to disease evaluation, monitoring, and treatment and in turn improve 

disease outcomes and the overall health of women affected by Fabry disease.  

Expanding this questionnaire into the broader setting of public health practice by 

applying its use to women affected by other X linked conditions is a strategy that can be used to 

facilitate the communication of perceived barriers between patients and their providers and also 

to emphasize prevention of negative disease outcomes. Even though most X linked conditions do 

not result in serious manifestations of symptoms in female heterozygotes, the growing list of X 

linked conditions that are known to clinically affect heterozygous females include, but are not 

limited to, adrenoleukodystrophy, hemophilia A and B, and ornithine transcarbamylase (OTC) 

deficiency, along with the rare cases of females affected by skewed X inactivation, warrants a 

targeted public health intervention.  

Such a questionnaire serves as an appropriate population based intervention to reduce 

perceived barriers to healthcare experienced by women affected by X linked conditions primarily 

because X linked conditions collectively impact a significant population and knowledge 

deficiencies regarding the susceptibility of heterozygous females are prevalent. Furthermore, 

state and local governments have an incentive to reduce the adverse health outcomes of 

unchecked disease progression due to the healthcare cost of treating the significant negative 

health outcomes resulting from an X linked genetic disease. For example, a 2006 assessment of 

the cost effectiveness of ERT in Fabry disease based out of the UK concluded that even though 

the estimated annual cost of ERT per patient is staggeringly high, within the range of £252,000 

to £600,000 (or approximately $312,500 to $744,000) per year, the disease’s orphan status, lack 

of alternative treatment, and reduction in patient life years lost with ERT justify the initiation of 

treatment in affected individuals.61  
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5.1 EXTENDED APPLICATION TO OTHER X LINKED DISEASES 

Similar to Fabry disease, several other X linked disorders have been added to a growing list of X 

linked conditions that have been recognized as being penetrant in heterozygous females. An 

exploratory study in 2004 done by Dobyns et al. analyzed 36 different X linked disorders for 

their disease severity and penetrance in both male and female populations, finding that both 

severity and penetrance were always equal to or higher in males than in females. However, in 

likeness to Fabry disease, many of the conditions were also found to have wider variabilities in 

both severity and penetrance in females.38 Furthermore, because these X linked conditions share 

similar disparities to Fabry disease in severity and penetrance between males and females, it is 

possible that they share a similar susceptibility to a devalued carrier status.  

The range of severity of manifestations in females heterozygous for Fabry disease was 

underappreciated until recently because of the misconception that the X linked inheritance of 

Fabry disease protected females from manifestations and, in most cases, females’ physical 

disease burden was not as severe, nor as recognizable as it was in males. Unfortunately, these 

issues may not be specific to Fabry disease and may occur in other X linked conditions as well. 

Additionally, female heterozygotes of other X linked conditions could be susceptible to their 

own unique set of psychosocial burdens, comparable to the burdens experienced by females in 

Fabry disease. Overall, there are a number of X linked conditions that closely resemble the Fabry 

disease model of female heterozygote burden, warranting further application of the health belief 

questionnaire beyond Fabry disease. The following sections of this chapter explore three 

examples of X linked conditions in which the lives of female heterozygotes affected by the 

condition have potential to be improved through the use of the clinical questionnaire. 
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5.1.1 Fragile X Syndrome 

Well characterized in males, Fragile X syndrome is one of the most common genetic causes of 

intellectual disability and autism spectrum disorder (ASD).62 Manifestations arise through an X 

linked repeat expansion of CGG trinucleotides in the 5’ untranslated region of the FMR1 gene, 

located on the X chromosome. A normal allele is characterized by a length of 6-54 repeats, a 

premutation is characterized by 55-200 repeats, and repeats of ≥200 trinucleotides result in a full 

mutation.63 The classic manifestations of Fragile X affect males who harbor a full mutation for 

the condition with a characteristic phenotype, most prominent after puberty, and a spectrum of 

developmental and behavioral issues, seizures, and moderate to severe intellectual disability. In 

females heterozygous for the full mutation, a milder and more variable presentation is possible, 

typically with a normal intellectual functioning or borderline intellectual disability, learning 

disabilities, and social dysfunction.64 Other manifestations in females can take place when a 

woman harbors an allele in the premutation range, but again, presentation and severity are highly 

variable. In the premutation range, female heterozygotes are at an increased risk of Fragile X-

associated premature ovarian failure (FXPOF) causing them to undergo menopause usually 

before the age of 40, and a neurodegenerative disorder called Fragile X-associated tremor/ataxia 

syndrome (FXTAS) resulting in action tremors and gait ataxia developing after the age of 50.65,66 

Several unique psychosocial impacts stemming from the diagnosis of Fragile X, FXPOF, 

and FXTAS are presumed to exist despite the limited data on the subject. For premature ovarian 

failure, evidence can be gleaned from extrapolating findings from other studies not specific to 

Fragile X. Notably, a cross-sectional study examining 77 women with premature ovarian failure 

of several etiologies found that compared to controls, these women had significantly higher 

occurrences of depression, anxiety, body image, sexual dysfunction, and self-confidence.67 In 
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women whose lives were affected by FXTAS, a study designed to assess the needs of patients 

and their caregivers found that informational resources were ranked by study participants as the 

most important need for themselves, followed by emotional, and then instrumental needs. The 

authors acknowledged difficulties in delivering the informational needs, citing the evolving 

clinical picture of FXTAS, geographic barriers to research studies, and a paucity of providers 

familiar with FXTAS.68 

5.1.2 Ornithine Transcarbamylase (OTC) Deficiency 

Females may only rarely be affected by the neo-natal onset form of Ornithine Transcarbamylase 

Deficiency (OTC) but they are much more commonly affected by the post-neo-natal onset 

(partial) form of OTC deficiency which can manifest at any time from infancy to well into 

adulthood.69,70 OTC deficiency is an X linked disorder caused by a lack of ornithine 

transcarbamylase enzyme which is needed to clear the body of excess nitrogen in the urea cycle. 

Without this enzyme, excess ammonia accumulates in the bloodstream, damaging the central 

nervous system and the brain and resulting in vomiting, lethargy, and coma.71 Symptoms of 

later-onset OTC deficiency typically manifest after making dietary changes from breast milk to 

formula or whole milk during infancy or from undergoing significant stressors including febrile 

illness, high-protein diets, post-operatively, or during the post-partum period.72–74 At a minimum, 

it has been estimated that at least 15% of heterozygous females express some level of symptoms, 

however it is predicted that the true percentage of affected heterozygous females is much higher, 

hidden by a lack of a medical diagnosis.69 For many heterozygous women, a diagnosis only 

occurs via methods of cascade screening after a more severely affected relative is identified.  
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 There is a paucity of literature exploring the effects of a diagnosis of OTC deficiency on 

a heterozygous female’s psychosocial adaptation and functioning. Nevertheless, the course of 

OTC deficiency manifestations in female heterozygotes shares similar traits with the course of 

Fabry disease diagnosis in heterozygous females, and therefore concepts can be extrapolated. 

Fabry disease heterozygotes, and likely OTC deficiency heterozygotes, have been commonly 

found to deny the presence of any personal risk to develop clinical manifestations of the disease 

and have been identified as more likely to attend clinical evaluations in accompaniment of their 

affected sons or male relatives, rather than attend for the benefit of their own health evaluation.2,5 

This behavior is thought to be the product of perceived barriers to engaging in Fabry-related care 

due to the uncommonness of Fabry disease, the prevailing misconception that female 

heterozygotes are unaffected carriers of the disease or only express mild symptoms, and the 

disparity between healthcare treatment of men and women.11 

5.1.3 Hemophilia A 

Factor VIII clotting deficiency, also known as Hemophilia A or classical Hemophilia, is an X 

linked disorder which manifests in prolonged episodes of bleeding, and in more severe cases, 

episodes of spontaneous internal bleeding. Among affected individuals, the disorder can widely 

range in clinical severity. Individuals with less than 40% functional factor VIII protein will be 

affected with at-least some clotting deficiency. This holds true for heterozygous females as well, 

where about 30% of heterozygous females have functioning factor VIII levels of 40% or lower, 

making them susceptible to develop clinical manifestations to a degree that is akin to their male 

counterparts. Additionally, heterozygous females have also been reported to express milder 

forms of the condition at factor VIII levels between 35 to 60%.75,76  
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Multiple studies analyzing the psychosocial impact of Hemophilia A on female 

heterozygotes have found that women with the disease generally experience a variety of 

psychosocial burdens including a reduced quality of life compared to their healthy counterparts, 

reduced employment or restrictions in job performance, and stigmatization as a result of their 

disease.77–79 Additionally, the disease has been identified as influencing the mental health of 

female heterozygotes in terms of life satisfaction, self-esteem, anxiety, and depression.80–83 Each 

of these areas of burden are amenable to targeted intervention as a means to optimize clinical 

health outcomes and improve quality of life among affected patients. Furthermore, a Finnish 

study investigating the impact of diagnoses made in adolescence found that 22% of mothers 

failed to correctly recall their daughters’ genetic testing results and that the majority of these 

children did not follow up with receiving genetic counseling once they reached adulthood, thus 

placing themselves at a disadvantage for managing their potential disease manifestations in the 

future.84  

5.2 PROPOSED INTERVENTION 

Parts one and two of this three part study identified a decreased perception of personal 

susceptibility to clinical manifestations of Fabry disease in heterozygous female study 

participants, even though the corresponding knowledge base regarding the clinical course of 

Fabry disease was identified to be largely accurate. Views of decreased personal susceptibility, 

and influencers of decision making in regards to engaging in clinical evaluation, monitoring, and 

treatment, were primarily identified by the study participants as stemming from feelings of 

denial, grief, guilt, excessive worry, sadness, anxiety, and feelings of being overwhelmed. 
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Furthermore, in part three of the study, participating healthcare providers noted a lack of 

compliance to clinical evaluation, monitoring, and treatment in the female heterozygotes 

involved in their care. Overall, each part of the study highlights existing psychosocial barriers to 

engaging in preventative health behaviors for heterozygous females affected by Fabry disease 

likely contributing to the occurrence of preventable disease outcomes. With the utilization of a 

questionnaire by healthcare providers as a means of enabling discussion between the provider 

and the patient, barriers to engaging in preventative health behaviors for patients can be targeted 

and addressed in not only patients heterozygous for Fabry disease, but for patients of other X 

linked disorders as well. This proposed intervention aims to facilitate communications between 

the patient and the provider about perceived barriers to clinical evaluation, monitoring, and 

treatment as a means to improve patient compliance with recommended therapies and optimize 

clinical outcomes. 

 A questionnaire serves as a suitable tool for this particular need because it can be 

administered outside of the clinical session to avoid infringement on the already limited amount 

of time that is available for the provider to meet with a patient during a clinical session. The 

questionnaire has advantages over other forms of information collection in that it can be 

administered and completed ahead of the appointment for the provider to review prior to the 

beginning of the session, either electronically, or as a form that can be mailed to the patient for 

completion, or as a form given to the patient to complete in the waiting room directly before the 

appointment. Acknowledgement and respect for the time constraints that individual providers 

may have available to review any additional information about their patients is essential for the 

success of the intervention, and therefore it is critical that this questionnaire collects information 

in a concise and effective way. The goal of the questionnaire as an intervention would be to 
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screen for individuals who display signs of being susceptible to barriers to participating in 

routine disease monitoring or treatment, so that the providers can be notified of important issues 

to address during a session prior to the appointment with the patient.  

 Similar interventions with various modes of implementation have been successfully 

utilized in screening for mental health issues in the primary care setting. A 2013 study evaluating 

the utility of mental health screening administered by mail in a pediatric population in the 

context of primary care concluded that screening for mental health can be performed effectively 

in primary care practice.85 Screening for mental health issues via web-based methods in the 

primary care pediatric population has also received evidence supporting its effectiveness, as was 

determined by a study performed in 2013, which noted a particular advantage to the tool being 

that it assisted providers in balancing psychosocial and somatic concerns during routine 

appointments.86 Furthermore, a 2015 study utilizing an interactive voice response (IVR) system 

by phone to administer screening for lifestyle and behavioral risk factors in adults in the primary 

care setting identified that the IVR tool compared well to other screening methods in terms of the 

screened-for behaviors and was concluded to be an effective tool for screening in the primary 

care clinic.87  Each of these studies exemplify the benefits and utility of a questionnaire screening 

tool that can be utilized in the primary care setting in multiple forms, thus displaying potential 

for such a tool to be adapted to screening for patients who are susceptible to barriers to 

participating in their own X linked disease-related care.  

 For any X linked disease of interest that is known to affect the health of female 

heterozygotes to some degree, the proposed questionnaire can be employed by providers as a 

tool to elicit a heterozygous female patient’s knowledge, perceived susceptibility, and attitudes 

towards the disease and any corresponding treatment. By acknowledging the patient’s 
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perspective, this strategy can be utilized to diminish conflict regarding adherence to provider 

clinical recommendations and ultimately improve disease outcomes. Specifically, the 

questionnaire will include topics such as: 

1. Assessing the patient’s knowledge of potential symptoms of X linked disease of 

interest in both males and females  

2. Assessing levels of patient acknowledgement of their own symptoms (if present) and 

the patient’s beliefs regarding the potential to develop symptoms in the future 

3. Assessing the patient’s perception of the severity of the disease of interest in both 

males and females 

4. Assessing the patient’s knowledge regarding the inheritance pattern of the disease of 

interest 

5. Assessing the patient’s status of diagnosis for the disease of interest and feelings 

associated with the receipt of a diagnosis 

6. Assessing the patient’s level of fear or worry regarding the disease of interest 

7. Assessing the presence of factors that are established as having potential to 

exacerbate barriers to clinical monitoring and treatment (i.e. time, finances, feelings 

of anxiety or depression) 

8. Assessing the level of compliance with clinical recommendations for disease 

monitoring and treatment 

After the questionnaire has been completed by the patient, the administering provider can then 

use the patient’s responses to engage in a discussion with the patient regarding any identified 

issues.  In doing so, the provider can provide educational, empathetic, and psychosocial support 

to the patient which might not have otherwise been initiated.  
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For example, a patient who demonstrates a misconception of the degree of her 

susceptibility to the genetic condition may require further education about the penetrance and 

severity of certain manifestations in females. Successfully educating the patient about her risks to 

the disease has the potential to increase the likelihood that she will follow recommended disease 

monitoring and treatment. A patient who demonstrates strong feelings of fear or anxiety about 

the disease may require increased explicit verbalization of empathetic support and guidance from 

the provider team, or in some cases may benefit from the referral to a mental health specialist, in 

order to decrease and quell these feelings in the patient. As previously discussed in patients 

diagnosed with Fabry disease, patients experiencing higher levels of anxiety, fear, and stress 

regarding disease monitoring and treatment are less likely to comply with recommended 

monitoring and treatment. A patient who cites a lack of resources, such as transportation or 

finances, may necessitate connection with the institution’s social worker for assistance in 

accessing these resources. In each of these scenarios, targeted discussion of the identified issues 

between the patient and the provider takes a step towards the goal of improving the patient’s 

engagement in preventative health behaviors. When applied broadly to a large population of 

individuals susceptible to these barriers, an improvement of disease outcomes at the population 

level may be achieved.  

5.3 INTERVENTION EVALUATIONS 

In order to determine the effectiveness of the questionnaire in reducing the incidence of X linked 

disease-associated negative health outcomes in heterozygous females prior to investing in the 

large cost of wide-scale implementation, a small-scale pilot project is needed. In this project, 
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initial implementation and short-term evaluation of the effectiveness of the questionnaire as a 

public health intervention will take place among primary care providers (PCPs) in Pittsburgh, PA 

and then, pending promising results, will be extended to PCP clinics across the state of 

Pennsylvania for long-term assessment within a larger population. To organize the smooth 

implementation of the questionnaire among participating clinics, the pilot program coordinator 

for this evaluation will be tasked with recruiting PCPs, educating them on the use of the 

questionnaire, and distributing the materials to participating sites. To indirectly measure the 

effectiveness of the questionnaire in reducing the incidence of disease-related negative health 

outcomes, anonymous data regarding patient compliance to recommended clinical monitoring, 

knowledge about their disease, and negative feelings surrounding their diagnosis, prognosis, or 

care will be collected from the participating PCPs via an evaluation survey at several different 

time points, developed by the pilot-study coordinators. Responses collected from the data 

gathering survey will be used to assess the impact of the intervention over time from the 

initiation of the pilot program. The logic follows that increased patient involvement in routine 

evaluation, monitoring, and treatment (as needed) for their disease would result in reduced 

negative disease outcomes in the long-term. Therefore, improved patient compliance, disease 

knowledge, and feelings surrounding the diagnosis should suffice as surrogate evidence of the 

effectiveness of the questionnaire.  

 In total, the pilot study will undergo 4 to 5 years of data collection and evaluation in the 

state of Pennsylvania before the questionnaire can be validated for use as a nationwide public 

health measure. In the manner previously described, in the first two years of the study the 

implementation of the questionnaire will be confined to the smaller region and population of 

Pittsburgh, PA in order to minimize the expense of the pilot program while obtaining preliminary 
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data that would confirm or refute the effectiveness of the questionnaire. Time points for data 

collection via survey will take place at baseline (defined as the time of implementation of the use 

of the questionnaire at a particular participating clinic) and then in six month intervals. If the 

results from the first two years of the pilot study indicate a favorable direction in improved 

patient compliance to recommended evaluations, monitoring, and treatment, then the study can 

be expanded to the larger population and region of the entirety of the state of Pennsylvania to 

confirm applicability of the findings to other geographic areas. However, due to the logistics 

entailing the implementation of the questionnaire to such a large region, the second half of this 

pilot program will require a longer period of time to allow for adequate PCP participant 

recruitment and education regarding their role in the pilot study. Nevertheless, the 

implementation and data collection will follow the same outline as the first part of this program. 

Effectiveness of the pilot program will be measured in the short-term by assessing 

participating PCPs’ report of their patients’ behavior in regards to engaging in recommended 

clinical monitoring and treatment for their disease. The survey used to elicit this information 

from the participating PCPs will include free text fields where providers can include anecdotal 

feedback regarding the conversations that took place with their patients after implantation of the 

questionnaire. Any feedback received can be utilized for making improvements to the program 

and adjusting to the previously unforeseen needs of participating providers and their patients. 

Other variables used to measure the impact of the program, such as clinical outcomes, will 

require longer durations of time for adequate assessment and thus will be included in the long-

term assessments of the pilot program, likely after the intervention has been implemented nation-

wide.  
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5.4 CONCLUSIONS 

The intent of this intervention is to reduce negative health outcomes in female heterozygous 

patients affected by an X linked condition through identifying and addressing barriers to 

participating in clinical evaluation, monitoring, and treatment. Individually, X linked conditions 

affect only a fraction of the general population, however, collectively X linked conditions affect 

a population that is large enough to warrant a wide spread intervention. Identifying and 

addressing barriers can be achieved through the use of a clinical questionnaire, enabling medical 

providers to screen for patients who are susceptible to barriers to participating in clinical care. 

Once a patient has been identified by the questionnaire, the provider can address the issues 

reported by the patient and work with the patient to develop strategies to reduce these barriers 

during a clinical session, and thereby ultimately prevent negative health outcomes in the patient’s 

future. 

In order to test and evaluate the effectiveness of the proposed intervention, it is necessary 

for a small pilot study to be conducted. To conserve expenditure on the intervention in the initial 

stages of the evaluation, the questionnaire will be tested for its effectiveness with a small sample 

of participants consisting of primary care providers in the city of Pittsburgh, PA before being 

expanded to a larger sample of PCPs across the entire state of Pennsylvania. Data collection will 

take place in six month intervals via a short survey to participating providers to assess the 

effectiveness of the questionnaire over the time period of the pilot project. The survey will 

collect both short-term and long-term data to be used to determine the effectiveness of the 

questionnaire by eliciting the PCPs’ report of their patients’ behavioral patterns in regards to 

clinical monitoring and treatment for their X linked condition, and by collecting clinical 

outcomes of patients seen by participating PCPs. Given that the data collected in the small-scale 
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part of the project displays promising results about the effectiveness of the questionnaire, the 

project will then be allowed to be instituted for use in the larger population of the state of 

Pennsylvania, and then nationwide, to improve the lives of female heterozygous patients across 

the country.  
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APPENDIX A: IRB APPROVAL LETTER 
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APPENDIX B: PARTICIPANT RECRUITMENT EMAIL INVITATION 

Email Script for Healthcare professional recruitment: 

Subject: Assessing clinical practices and beliefs among providers following women diagnosed or 

at-risk for Fabry disease  

 

Dear Healthcare Professional, 

You are invited to participate in a research study. The purpose of this study is to better 

understand the health beliefs of women diagnosed and at-risk for Fabry disease. In order to 

assess how these health beliefs might be influenced, we will be surveying healthcare 

professionals involved in the care of women diagnosed and at-risk for Fabry disease. All 

individuals involved in the evaluation, monitoring, and/or treatment of individuals with Fabry 

disease are invited to participate. This study is being conducted by Bryony Lynch, a second year 

student at the University of Pittsburgh Genetic Counseling Program. 

Your participation would include completing this 10-15 minute online survey. This 

survey will assess your clinical practices and beliefs about the importance of clinical care for 

women with Fabry disease and your use of published medical management recommendations. 

This is an entirely anonymous survey, and so your responses will not be identifiable in any way. 

All responses are confidential, and results will be kept under a password protected computer. 

Your participation is voluntary. By completing this survey, you are agreeing to participate in this 

study. You may withdraw from the study at any time before submitting your survey responses. 
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There are no foreseeable risks associated with this project, nor are there any direct benefits to 

you. Participants will not receive any payment for participation.  

To complete this survey, please use the following link (you may have to copy and paste 

the entire link into your browser): 

[Insert internet link to Qualtrics here] 

If you would like to contact the study team for any comments or questions, please email Bryony 

Lynch or Nadene Henderson via the contact information below. 

Thank you for your time and consideration. 

Sincerely, 

Bryony Lynch 

Genetic Counseling Student 

University of Pittsburgh 

Bml53@pitt.edu 

 

Nadene Henderson MS, LCGC 

Genetic Counselor  

Children’s Hospital of Pittsburgh 

Nadene.Henderson@chp.edu 

 

 

Follow-up Email Script for Healthcare professional recruitment: 

The follow-up email script will contain the exact wording as stated in the original email script. 

However, the subject headline of the email will contain “Reminder: Assessing clinical practices 

and beliefs among providers following women diagnosed or at-risk for Fabry disease”  

mailto:Bml53@pitt.edu
mailto:Nadene.Henderson@chp.edu
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APPENDIX C: PARTICIPANT SURVEY 

A Survey of Providers Caring for Females with Fabry Disease 

 

Intro: We thank you for participating in this survey. This survey is part of a research study to 

examine the health beliefs of females diagnosed or at risk for Fabry disease. Your responses will 

be used in the analysis of data gathered on the knowledge and current practices of healthcare 

providers involved in the care of adult women with Fabry disease. For the purposes of this 

survey, the term "adult" refers to a person over the age of 18 years. If there is a question that you 

do not feel comfortable answering, you can skip it and continue on. Please answer the following 

questions to the best of your ability. The survey should take approximately 10-15 minutes. We 

would like to thank you in advance for your willingness to participate in this study. 

 

Q1 Are you a professional who participates in the evaluation, management, and/or treatment of 

adult females diagnosed or at risk for Fabry disease? 

 Yes (1) 

 No (2) 

 Don't know/Not sure (3) 

If Don't know/Not sure Is Selected, Then Skip To End of Survey. If No Is Selected, Then Skip To 

End of Survey 
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Q2 Please identify your current position 

 Physician (1) 

 Physician Assistant (2) 

 Nurse (3) 

 Nurse Practitioner (4) 

 Genetic Counselor (5) 

 Other (6) ____________________ 

If Genetic Counselor Is Selected, Then Skip To End of Block. If Nurse Is Selected, Then Skip To 

End of Block 

 

Q3 Please identify your specialty 

 

Q4 Collectively, how many years have you participated in the evaluation, management, and/or 

treatment of adults with Fabry disease? 

 Less than one year (1) 

 One year up to five years (2) 

 Five years up to ten years (3) 

 Ten years or greater (4) 

 

Q5 How long have you been working with adults with Fabry disease at your current institution? 

 Less than one year (1) 

 One year up to five years (2) 

 Five years up to ten years (3) 

 Ten years or greater (4) 

 

Q6 How many adult females diagnosed with Fabry disease does your clinical practice currently 

follow? 

 Less than 5 (1) 

 Between 5-10 (2) 

 Between 11-20 (3) 

 21 or more (4) 
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Q7 How many adult females diagnosed with Fabry disease do you follow clinically? 

 Less than 5 (1) 

 Between 5-10 (2) 

 Between 11-20 (3) 

 21 or more (4) 

 

Q8 Clinicians often choose to treat their patients in different ways. The following questions will 

give you an opportunity to tell us about your own clinical practice. 

 

Q9 Please identify the level of importance you place on an initial clinical genetics evaluation for 

an adult woman in the following scenarios:A) A reportedly asymptomatic woman with a family 

history indicating she has inherited Fabry disease (Example: Affected father) 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 

 

Q10 B) A reported asymptomatic woman with a family history indicating she is at 50% risk to 

have inherited Fabry disease (Example: Affected brother) 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 
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Q11 C) A reportedly asymptomatic woman with a family history indicating she is at 25% risk to 

have inherited Fabry disease (Example: Affected maternal uncle) 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 

 

Q12 D) A woman with a reported history of myocardial infarction and a family history 

indicating she is at 50% risk to have inherited Fabry disease (Example: Affected brother) 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 

 

Q13 E) A woman with a reported history of myocardial infarction and a family history indicating 

she is at 25% risk to have inherited Fabry disease (Example: Affected maternal uncle) 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 

 

Q14 F) A woman with a reported history of left ventricular hypertrophy and burning pain in her 

hands and feet with no known family history of Fabry disease 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important all (4) 

 Don't know / Not sure (5) 
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Q15 What term(s) do you use to describe an adult female who has inherited a mutation in the 

Fabry gene but does not have symptoms of Fabry disease? (Please select all that apply.) 

 Carrier (1) 

 Fabry female (2) 

 Female heterozygote (3) 

 Asymptomatic female (4) 

 Other (5) ____________________ 

 

Q16 What term(s) do you use to describe an adult female who has inherited a mutation in the 

Fabry gene and has symptoms of Fabry disease? (Please select all that apply.) 

 Carrier (1) 

 Fabry female (2) 

 Female heterozygote (3) 

 Symptomatic female (4) 

 Other (5) ____________________ 

 

Q17 To your knowledge, after full genetic, cardiac, renal, and neurologic evaluations, an 

asymptomatic adult female with confirmed Fabry disease should be recommended to be 

evaluated by a physician knowledgeable in Fabry disease every... 

 Three months (1) 

 Six months (2) 

 Twelve months (3) 

 Eighteen months (4) 

 Two years (5) 

 Other (6) ____________________ 
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Q18 To your knowledge, a symptomatic adult female with confirmed Fabry disease should be 

recommended to be evaluated with a physician knowledgeable in Fabry disease every... 

 Three months (1) 

 Six months (2) 

 Twelve months (3) 

 Eighteen months (4) 

 Two years (5) 

 Other (6) ____________________ 

 

Q19 Do you refer to any specific protocols or guidelines when recommending clinical 

monitoring and frequency for an adult male diagnosed with Fabry disease? 

 Yes (1) 

 No (2) 

 Don't know / Not sure (3) 

 I am not involved in the decision to recommend clinical monitoring (4) 

If No Is Selected, Then Skip To End of Block. If I am not involved in the de... Is Selected, Then 

Skip To End of Block 

 

Q20 Please indicate which of the following protocols or guidelines you refer to when 

recommending clinical monitoring and frequency for an adult male diagnosed with Fabry 

disease? (Please select all that apply.) 

 Center protocol (1) 

 Published literature / Document (2) 

 Industry produced assessment guidelines (3) 

 Other protocols or guidelines (4) 

 Personal experience (5) 

 Don't know / Not sure (6) 

If Center protocol Is Selected, Then Skip To End of Block. If Personal experience Is Selected, 

Then Skip To End of Block. If Don't know / Not sure Is Selected, Then Skip To End of Block. If 

Please indicate which of th... Is Equal to 0, Then Skip To End of Block 

 

Q21 Please specify the ‘other protocols or guidelines’ 
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Q22 Do you refer to any specific protocols or guidelines when recommending clinical 

monitoring and frequency for an adult female diagnosed with Fabry disease? 

 Yes (1) 

 No (2) 

 Don't know / Not sure (3) 

 I am not involved in the decision to recommend clinical monitoring (4) 

If No Is Selected, Then Skip To End of Block. If I am not involved in the de... Is Selected, Then 

Skip To End of Block 

 

Q23 Please indicate which of the following protocols or guidelines you refer to when 

recommending clinical monitoring and frequency for an adult female diagnosed with Fabry 

disease? (Please select all that apply.) 

 Center protocol (1) 

 Published literature / Document (2) 

 Industry produced assessment guidelines (3) 

 Other protocols or guidelines (4) 

 Personal experience (5) 

 Don't know / Not sure (6) 

If Center protocol Is Selected, Then Skip To How beneficial do you think the proto...If Personal 

experience Is Selected, Then Skip To How beneficial do you think the proto...If Don't know / Not 

sure Is Selected, Then Skip To How beneficial do you think the proto...If Please indicate which 

of th... Is Equal to 0, Then Skip To End of Block 

 

Q24 Please specify the ‘other protocols or guidelines’ 

 

Q25 How beneficial do you think the protocol or guidelines used by you (as mentioned 

previously) are to formulating clinical monitoring recommendations for an adult female with 

Fabry disease? 

 Very beneficial (1) 

 Beneficial (2) 

 Somewhat beneficial (3) 

 Don't know / Not sure (4) 

 



 81 

Q26 In your opinion, how important do you believe frequent clinical monitoring (e.g. urine 

protein excretion every 6 months, echocardiogram annually, brain MRI every 2-3 years, etc) is to 

the overall management of an adult female with Fabry disease? 

 Very important (1) 

 Important (2) 

 Somewhat important (3) 

 Not important at all (4) 

 Don't know / Not sure (5) 

 

Q27 Do you believe adult females with Fabry disease should be clinically monitored as 

frequently as adult males with Fabry disease? 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 

 Don't know / Not sure (4) 

 

Q28 Enzyme replacement therapy (ERT) is a treatment option which can be utilized to treat 

symptomatic individuals with Fabry disease. Please answer the next group of questions regarding 

enzyme replacement therapy in your clinical practice. 

 

Q29 How many adult females diagnosed with Fabry disease does your clinical practice currently 

treat with enzyme replacement therapy (ERT)? 

 None (1) 

 Less than 5 (2) 

 Between 5-10 (3) 

 Between 11-20 (4) 

 21 or more (5) 

 Don't know / Not sure (6) 

If None Is Selected, Then Skip To End of Block 
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Q30 Please read the following excerpt, then answer the question based on the excerpt:  "Females 

with Fabry disease should be offered ERT if they manifest significant symptoms or show 

evidence of progressive end organ Fabry involvement including: chronic acroparesthesias 

resistant to conventional therapy, persistent proteinuria (>300mg/24hrs), GFR below 

80nL/minute/1.73m2, clinically significant cardiac involvement, a previous cerebrovascular 

accident or history of transient ischemic attacks, or ischemic changes on brain MRI" (Eng et al 

2006).   Do you follow the guidelines that are listed in the previous excerpt (Eng et al 2006) 

when deciding to recommend enzyme replacement therapy (ERT) for an adult female with 

confirmed Fabry disease? 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 

 I am not involved in the decision to recommend ERT (4) 

 Don't know / Not sure (5) 

If I am not involved in the de... Is Selected, Then Skip To End of Block 

 

Q31 Do you refer to other literature or documents when recommending enzyme replacement 

therapy (ERT) for an adult female with confirmed Fabry disease? 

 Yes (1) 

 No (2) 

 Don't know / Not sure (3) 

If No Is Selected, Then Skip To How helpful are the guidelines cited ...If Don't know / Not sure Is 

Selected, Then Skip To How helpful are the guidelines cited ... 

 

Q32 Please specify the other literature or documents that you refer to when recommending 

enzyme replacement therapy (ERT) for an adult female with confirmed Fabry disease. 
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Display This Question: 

If Please read the following excerpt, then answer the question based on the excerpt:  

"Females with Fabry disease should be offered ERT if they manifest  significant symptoms or 

show evidence of progr... No, never Is Not Selected 

 

Q33 How helpful are the guidelines cited in the previous question (Eng et al 2006) when 

formulating your clinical decision to recommend enzyme replacement therapy (ERT) for an adult 

female with Fabry disease? 

 Very helpful (1) 

 Helpful (2) 

 Somewhat helpful (3) 

 Not helpful at all (4) 

 Don't know / Not sure (5) 

 

Q34 The next set of questions will provide an opportunity for you to convey your opinions 

regarding your decisions on initiating enzyme replacement therapy (ERT) for patients. Please 

answer the questions based on your own beliefs. 

 

Q35 Please indicate if you believe chronic, disabling gastrointestinal dysfunction is a potential 

sole consideration to initiating enzyme replacement therapy (ERT) for an adult female with 

Fabry disease. 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 

 Don't know / Not sure (4) 

 

Q36 Please indicate if you believe pulmonary involvement is a potential sole consideration to 

initiating enzyme replacement therapy (ERT) for an adult female with Fabry disease. 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 
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 Don't know / Not sure (4) 

 

Q37 Please indicate if you believe abnormal blood pressure regulation during exercise testing is 

a potential sole consideration to initiating enzyme replacement therapy (ERT) for an adult female 

with Fabry disease. 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 

 Don't know / Not sure (4) 

 

Q38 Please indicate if you believe generalized fatigue and malaise is a potential sole 

consideration to initiating enzyme replacement therapy (ERT) for an adult female with Fabry 

disease. 

 Yes, in all cases (1) 

 Yes, in some cases (2) 

 No, never (3) 

 Don't know / Not sure (4) 

 

Q39 Please answer the next group of questions based on your experience with patients. 

 

Q40 How do you characterize the degree of Fabry female patient compliance with recommended 

clinical evaluations? 

 Highly compliant (1) 

 Moderately compliant (2) 

 Slightly compliant (3) 

 Not at all compliant (4) 

 Don't know / Not sure (5) 

 

Q41 How do you characterize the degree of Fabry female compliance with recommended 

clinical monitoring (e.g. 24 hour urine for total protein, echocardiogram, brain MRI, etc)? 
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 Highly compliant (1) 

 Moderately compliant (2) 

 Slightly compliant (3) 

 Not at all compliant (4) 

 Don't know / Not sure (5) 

 

Q42 When a patient is recommended for enzyme replacement therapy (ERT), how do you 

characterize the degree of Fabry female compliance with recommended enzyme replacement 

therapy. 

 Highly compliant (1) 

 Moderately compliant (2) 

 Slightly compliant (3) 

 Not at all compliant (4) 

 Don't know / Not sure (5) 

 

Q43 End of Survey.  Thank you again for your participation.  If you have any questions 

regarding this survey, please feel free to contact the head of this study, Nadene Henderson MS, 

LCGC at Nadene.Henderson@chp.edu or Bryony Lynch Genetic Counseling Student at 

bml53@pitt.edu 
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