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ABSTRACT OF THE THESIS 
 

Assessing procedures followed in response to the initiation of newborn screening (NBS) for X-
linked Adrenoleukodystrophy (X-ALD) 

by 

Makenna Nicole DuBois 

Master of Science in Genetic Counseling 

University of California, Irvine, 2020 

Professor Emeritus Moyra Smith, Chair 

 

X-linked adrenoleukodystrophy (X-ALD) is a genetic peroxisomal 

disorder associated with variable expressivity, incomplete penetrance, and lack of genotype-

phenotype correlation. Newborn screening (NBS) for X-ALD was only recently initiated and the 

follow-up and counseling methods are not yet well-defined. In addition, X‐ALD is the first 

condition on the recommended uniform screening panel with X‐linked inheritance and a largely 

adult-onset spectrum of disease for females, which poses new challenges for clinicians and 

families that must be explored. This study assessed informal protocols and expert opinions 

through survey questions on scenarios of newborns with X-ALD ascertained by NBS.   Results 

showed points of consensus, including that insurance discrimination should be discussed during 

counseling for both an adult woman with X-ALD and families of a newborn female with X-

ALD. Providers also agreed that a detailed, 3-generation pedigree should be taken and 

counseling should be performed in-person for both male and female newborns with X-ALD. 

Responses differed regarding discussion of adult-onset manifestations of X-ALD for adult 

females in comparison to families of a newborn. There was also disagreement regarding 

recommendation for evaluation of male and female newborns by metabolic specialists 
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and whether the diagnosis should be included in the electronic medical record. The results 

of this study have the potential to prompt a new conversation among professionals and serve as 

the foundation to improve guidelines, resources, and outcomes for these families.  
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1. PREFACE 
 

A family was called in for counseling for their 2-month-old  baby boy. This was their first 

baby, and they were overwhelmed. Their primary care physician called a few days prior letting 

them know that their child may have a life-threatening metabolic disorder called X-linked 

Adrenoleukodystrophy (X-ALD). Their primary care physician couldn’t answer any of their 

questions over the phone, and the past few days were filled with confusion, fear, and searching 

on ‘Google’ for any information that could provide them with an ounce of clarity. The family 

waited anxiously for the healthcare team to enter the room at the specialty care center.  

The healthcare team was equally as nervous. This was the first newborn screening case 

that they had identified in California since the newborn screening program for X-ALD had been 

implemented. How should this family be counseled regarding a condition with so much 

uncertainty? What should the protocol be moving forward? How many more of these cases will 

come this year? The genetic counselor and geneticist enter the room and introduce themselves. 

There is a tough, muscular, father with a big beard, likely in his mid-to late 30s, holding his 2-

month-old son. The mother, about the same age, was sitting quietly, teary eyed next to them.  

The genetic counselor explained that the confirmatory testing that was ordered showed 

that their son did indeed have the rare metabolic condition, X-ALD, and it was initially identified 

through the baby’s “heel-prick” test after he was born. She explained there are a few 

possibilities for what can happen to their son in the future, but nothing can be predicted ahead of 

time. The child is at risk for immediate life-threatening adrenal crisis from birth, but the other 

aspects of the disease may or may not ever manifest. He will have to have his first brain MRI in 
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about one or two years and be regularly followed in the clinic for signs and symptoms of this 

potentially very serious condition. The family seemed to digest this information appropriately.  

The genetic counselor then explained that because this is an X-linked condition, their son 

is not the only person at risk for developing symptoms of X-ALD. The counselor explained that it 

was possibly inherited from his mother. The counselor explained that over 80% of women 

typically develop some symptoms later in life, but the symptoms begin earlier for some women. 

Although milder than males, the symptoms can still be significant. 

The father began to cry. The mother sat in silence next to her husband and newborn son. 

The father replied and said, ‘So what I’m hearing is my son has a serious illness, and my wife 

could have it too. But you can’t tell me what will happen for certain and you can’t tell us 

anything more until my son is a little older? How are we supposed to enjoy being parents?’  
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2. INTRODUCTION AND BACKGROUND 
 

2.1 What is an inborn error of metabolism?  
 

The study of inborn errors of metabolism and the advancements in the field of 

biochemistry that began over a century ago provided the world with the first taste of 

individualized medicine (Arnold, 2018). Inborn errors of metabolism, also called metabolic 

disorders, consist of a group of conditions in which a single gene defect causes a block in a 

metabolic pathway in the body, resulting in either a buildup of substrate before the block or a 

decreased production of a product after the block (Martins, 1999).  In general, these conditions 

are early-onset, life-threatening disorders that require intervention by a specialized healthcare 

team. Due to the overlap in the clinical presentation of these 

disorders and nonspecific manifestations, they can be difficult to diagnose in a timely fashion 

before irreversible damage is done.  

This term, “inborn error of metabolism,” was first coined in 1908 by Sir Archibald 

Garrod after a mother brought her son to him because the urine in her child’s diapers turned 

black (Arnold, 2018; Martins, 1999). Garrod determined the block in the metabolic pathway in 

the body that lead to the darkening of urine, located other patients with a similar phenotype, and 

the condition later became known as Alkaptonuria (Arnold, 2018). Garrod was also able to 

determine the likely inheritance pattern of the condition, which followed simple Mendelian 

inheritance patterns (Arnold, 2018). Garrod later went on to describe other inborn errors of 

metabolism, including albinism, cystinuria, porphyria and pentosuria (Martins, 1999).   

About 30 years later, in 1934, another mother approached a Norwegian physician, 

Ivar Asbjørn Følling, for understanding why her two children had developed intellectual 
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disability and had a strange, mousy odor (Arnold, 2018). Dr. Følling determined 

that her children, as well as several other children with intellectual disability, had a block in the 

breakdown of the amino acid phenylalanine. He discovered that there was a toxic build-up of 

phenylalanine in the children’s blood, and demonstrated that these 

children were excreting phenylpyruvic acid in their urine (Følling, 1994). His discovery 

described the metabolic condition called Phenylketonuria (PKU). PKU was the first inborn error 

of metabolism described to have a significant impact on the central nervous system and lead to 

intellectual impairment (Følling, 1994).   

In 1953, Horst Bickel discovered that the intellectual impairment in individuals with 

PKU could be prevented with a very low phenylalanine and low-protein diet from birth (Arnold, 

2018). This concept of preventative diet modification became the standard of treatment for one 

of the major categories of metabolic disorders (Arnold, 2018). After this discovery was made, 

advances in chemistry and technology kick-started even more research in the field towards 

detection and treatment for inborn errors of metabolism (Arnold, 2018).   

The diagnosis of many metabolic conditions was historically made though simple urine 

and blood tests (Arnold, 2018). For example, biochemists realized that inborn errors of 

metabolism could be identified using paper chromatography to detect amino acids in the blood or 

urine of patients (Arnold, 2018). Later, this detection became automated with a technology 

called tandem mass spectrometry which can detect many different organic compounds in body 

fluids. Technologies like tandem mass spectrometry enabled the laboratory to quickly detect 

metabolites and their breakdown products derived during metabolism from a single blood or 

urine sample (Arnold, 2018). The testing detects different analytes that may be suggestive of 

a metabolic disorder (Arnold, 2018).  
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This began the “era of metabolomics,” which allowed for the original biochemical 

technologies to be applied on a large population scale (Arnold, 2018). Tandem 

mass spectrometry can reveal an abundance of information; however, this information may 

remain somewhat ambiguous to clinicians trying to tease out the correct diagnosis for a patient 

with an inborn error of metabolism (Timmermans & Buchbinder, 2010). This paved the way for 

genomics to be integrated into medical practice (Arnold, 2018; Ferreira & 

van Karnebeek, 2019). Molecular genetic testing in conjunction with tandem mass spectrometry 

helped to reduce some of the uncertainty for providers (Arnold, 2018; Ferreira & 

van Karnebeek, 2019; Timmermans & Buchbinder, 2010). Genetic testing is still used to confirm 

a clinical and biochemical suspicion for a certain metabolic disorder through sequencing and 

deletion/duplication analysis (Arnold, 2018). These technologies and advancements have helped 

to identify and describe over 1,000 metabolic disorders (Arnold, 2018; Ferreira & 

van Karnebeek, 2019).   

Throughout the 20th century, the inborn errors of metabolism have been classified into 

three major categories based on patient phenotype and different detectable metabolic 

analytes (Arnold, 2018). The first group includes disorders with an “intoxication phenotype,” in 

which disease is caused by a defect in a biological pathway that leads to accumulation of an 

abnormal metabolite that is toxic for the body (e.g. urea cycle defects, organic acidemias, amino 

acid disorders, carbohydrate disorders) (Arnold, 2018; Ferreira & van Karnebeek, 2019). Second, 

there are conditions of “energy deficiency,” in which the deficiency of a product leads 

to insufficient energy production (e.g. fatty acid oxidation disorders, glycogen storage disorders, 

gluconeogenesis defects, mitochondrial disorders) (Arnold, 2018).  The third category includes 

disorders that disturb the synthesis or breakdown of complex molecules in the body (e.g. 
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peroxisomal biogenesis disorders, lysosomal disorders, and disorders of glycosylation) (Arnold, 

2018). X-linked adrenoleukodystrophy falls under this third category.   

Many patients with metabolic disorders present with life-threatening metabolic crises that 

are often nonspecific and may include poor feeding, vomiting, dehydration, lethargy, hypotonia 

and seizures (Martins, 1999). For many of these disorders, the interval between birth and 

clinical manifestations may range from hours to weeks and therefore diagnosis is extremely 

time-sensitive (Martins, 1999; Saudubray and Garcia-Carzola, 2018) . These life-threatening 

metabolic crises paved the way for advocacy by parents within the medical community to 

determine what was wrong with their child and to urge for better treatment options and 

prevention (Arnold, 2018). Other inborn errors of metabolism may not present immediately after 

birth; however, early intervention and early treatment is essential to prevent manifestations of the 

disease later in life (Arnold, 2018).   

In the 1960s, Robert Guthrie developed an assay to identify pre-symptomatic newborns 

with phenylketonuria (PKU) (Matern et al., 2013). PKU was the first condition for which 

newborn screening was implemented (Matern et al., 2013). Babies with PKU may begin to 

develop features such as irritability, seizures, mousy-odor, pale hair and skin, and developmental 

delays around, typically around 6 months of age (babysfirsttest.org). As previously discussed, 

intervention for this condition is by diet modification which greatly improves outcome for 

individuals affected with the disorder who would otherwise be affected with irreversible 

neurological damage (Matern et al., 2013). Advocates argued that early identification of affected 

newborns and dietary modification for these newborns could prevent intellectual disability 

in these individuals (Timmermans & Buchbinder, 2010). PKU paved the way for newborn 

screening to expand in the United States (Timmermans & Buchbinder, 2010).  
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2.2 Newborn screening  
 

Newborn screening (NBS) is one of the longest-standing and well-accepted forms of 

screening for genetic conditions and detects newborns with serious or life-threatening conditions 

(Salm et al., 2012). The goal of NBS is to include conditions in which health complications, 

disability, morbidity, and mortality can be prevented through early intervention and treatment 

(Salm et al., 2012) (Matern et al., 2013). Conditions included on newborn screening 

panels should meet the below criteria for screening tests, as defined by Wilson and Jungner in 

1968 below (Andermann et al., 2008).   

Wilson and Jungner Criteria for Screening   

1.The condition should be an important health problem.   

2. There should be a treatment for patients with the disease.   

3. Facilities for diagnosis, confirmatory testing, and treatment should be available.   

4. There should be a recognizable latent or early symptomatic stage.   

5. There should be a suitable test or examination with high sensitivity and specificity.   

6. The test should be acceptable to the population.   

7. The natural history of the condition, including development from latent to declared disease, 

should be adequately understood.   

8. There should be an agreed policy on whom to treat as patients. 
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Continued 

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be 

economically balanced in relation to possible expenditure on medical care as a whole.   

10. Case-finding should be a continuing process and not a “once and for all” project.  

  

As genetic testing was incorporated to NBS panels, the classic criteria was adapted, and several 

new criteria emerged (Andermann et al., 2008). Examples of these adaptations to the new criteria 

for screening that emerged are included below (Andermann et al., 2008).   

Adaptations to Wilson and Jungner Screening Criteria   

o The screening program should respond to a recognized need.   

o The objectives of screening should be defined at the outset.   

o There should be a defined target population.   

o There should be scientific evidence of screening program effectiveness.   

o The program should integrate education, testing, clinical services and program 

management.   

o There should be quality assurance, with mechanisms to minimize potential risks of 

screening.  

o The program should ensure informed choice, confidentiality and respect for autonomy.  
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Continued  

o The program should promote equity and access to screening for the entire target 

population.  

o Program evaluation should be planned from the outset.  

o The overall benefits of screening should outweigh the harm.  

  

Regardless of the condition, the newborn screen is a screening test and is not diagnostic. 

Therefore, there must be confirmatory testing available and a treatment that should improve the 

outcome for that individual. In the United States, the conditions included in NBS programs are 

determined at the state level.  

Following the discovery of the detection and treatment for PKU, NBS emerged as a 

public health program in the United States. Decades later, with the implementation of NBS in the 

United States and in many countries internationally, the vast majority of newborns are routinely 

screened for genetic, endocrine, and metabolic disorders using tandem mass spectrometry on a 

dried blood spot specimen obtained from a few drops of blood from the newborn’s heel. Screen 

for hearing and heart defects is also performed using other 

modalities (Arnold, 2018; Timmermans & Buchbinder, 2010). Newborn age at specimen 

collection for the blood spot varies depending on the program and state. In California, specimen 

collection is usually between 24-48 hours of life. The tandem mass spectrometry 

analysis can compare the concentration of specific chemical compounds in the blood to those of 

healthy children (Timmermans & Buchbinder, 2010). Newborn screening results are positive 

when one or more metabolites and/or ratios are above or below the specified cut-off level 
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(Timmermans & Buchbinder, 2010). Generally, positive results are communicated to a regional 

newborn screening center to coordinate confirmatory biochemical testing in the blood or 

urine for the newborn, depending on the condition (Timmermans & Buchbinder, 2010). After 

confirmatory testing, if the values are still above the cut-off, the family is referred to a regional 

clinical care center for counseling, evaluation, and for any additional 

testing required (Timmermans & Buchbinder, 2010). Molecular genetic testing of that newborn’s 

DNA may be used as part of newborn screening and/or as part of confirmatory testing 

(Timmermans & Buchbinder, 2010).   

In May of 2006, the American College of Medical Genetics (ACMG) and U.S. Health 

Resources and Services Administration (HRSA) proposed a uniform panel of 29 core conditions 

which became the recommended uniform screening panel (RUSP). The RUSP includes these 29 

conditions and 25 additional conditions that are suggested to be included in each state for state 

mandated NBS (Newborn Screening Authoring Committee, 2008; Timmermans & Buchbinder, 

2010). PKU and Cystic Fibrosis (CF) are two conditions that are included on the RUSP. 

Supplemental figure 1 demonstrates an example of the NBS confirmatory testing and diagnostic 

testing process for PKU and Supplementary Figure 2 demonstrates an example the NBS 

confirmatory testing and diagnostic testing process for CF. These diagnostic algorithms released 

by the American College of Medical Genetics in the supplemental figures have been modified 

and adapted over time by different NBS programs in different states (Kharrazi et al., 2015). In 

addition, different states may have variations in the NBS protocol and diagnostic algorithms for 

these conditions (Kharrazi et al., 2015).   
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A. Newborn Screening for PKU  
 

Newborn screening for PKU is a good model of the newborn screening process, as it was 

the basis for the first newborn screening program in the United States and it fulfills the screening 

criteria as defined above. However, its implementation provided insight about some limitations 

for population-wide screening for genetic conditions. PKU affects approximately 1/10,000 

individuals of Northern European and East Asian descent and 1/5,000 individuals of 

Turkish/Irish descent (Regier & Greene, 2000). Affected newborns do 

not typically develop signs until several months after birth. Nearly all cases of PKU can be 

identified pre-symptomatically in the newborn period based on elevated levels of dried blood 

spot phenylalanine over 120 mg/dL, analyzed by tandem mass spectrometry (Regier & 

Greene, 2000). When a newborn has a screen positive result, the family is contacted with the 

recommendation to be seen at a regional newborn screening center for blood confirmatory 

testing of plasma amino acids (Supplemental Figure 1). If the phenylalanine level is still 

elevated, the newborn screen is considered a true positive and a low phenylalanine diet is 

initiated (Supplemental Figure 1). That family would be referred to a newborn screening 

specialty center where they would discuss the details of PKU and order confirmatory 

testing, which would include specialized labs like urine pterins and a red blood cell DHPR assay 

(Supplemental Figure 1). Urine pterins and a DHPR assay are used in order to “rule out 

the possibility of a defects in the synthesis or recycling of tetrahydropterin (BH4), which is the 

cofactor” for the phenylalanine hydroxylase enzyme (Regier & Greene, 2000). If this testing was 

normal, it would determine another cause for the abnormal newborn screen and elevated 

phenylalanine levels for the newborn.   
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Now with the availability of genetic testing, molecular genetic testing would be ordered if 

the urine pterins were normal.  Biallelic pathogenic mutations in the PAH gene would confirm a 

diagnosis of PKU for that newborn. There is a direct benefit for the child that is identified 

through newborn screening because of the window of opportunity for intervention and available 

treatment options. Originally, low-protein diet modification and restriction of dietary 

phenylalanine were the only treatment (Regier & Greene, 2000). But, the creation of 

phenylalanine free-medical formulas, phenylalanine free-medical foods, and therapies 

like Sapropterin, a form of tetrahydrobiopterin, or Large Neutral Amino Acids, which include 

supplementation with long chain amino acids other than phenylalanine, to help to further reduce 

phenylalanine concentrations in blood and prevent adverse clinical outcomes of PKU for affected 

individuals today (Regier & Greene, 2000).  

Ascertainment of PKU in the newborn period benefits both the newborn and the 

family.  Like many other inborn errors of metabolism, PKU is inherited in an autosomal 

recessive fashion. For a newborn that has a positive screen result and then is subsequently 

diagnosed with the condition, they are usually the first in the family with the disorder. Current 

siblings and any potential future siblings are also at risk to have PKU for that parental union 

(Martins, 1999).  For autosomal recessive conditions, the parents of an affected child would have 

a recurrence risk of 25% for each gestation (Martins, 1999). However, clinicians and researchers 

soon realized that PKU and most of the metabolic diseases have wide clinical variability, even if 

there is a clear inheritance pattern. Individuals with PKU may experience variable degrees of 

intellectual disability if the disorder goes untreated. The wide clinical variability among different 

metabolic disorders was appreciated more as additional conditions were added to NBS panels.  
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B. Newborn Screening for Cystic Fibrosis  
 

        Cystic fibrosis (CF) is an autosomal recessive disease caused by mutations in 

the CFTR gene. The disease affects multiple body systems, including the respiratory tract, 

exocrine pancreas, intestine, hepatobiliary system, and exocrine sweat glands (Moskowitz et al., 

2008; Ong et al., 2001).  It is associated with wide clinical variability. Newborn screening for CF 

exemplifies the challenges of screening for a condition associated with wide clinical variability, 

as well as the benefits and limitations of incorporation of molecular genetic testing into the 

screening process. People with “classic” cystic fibrosis have severe disease, a shortened life 

expectancy with an average of 40.7 years and require daily treatments to prevent respiratory 

infections and pulmonary disease (Ong et al., 2001). Other people with non-classic cystic 

fibrosis, also called cystic fibrosis-related disorders, have a range of symptoms that can manifest 

as only infertility (Ong et al., 2001). Unlike PKU, the treatment is much more than a diet 

modification. Although the disease spectrum varies greatly, the genotype of this condition can 

help to predict phenotype of the disease in patients. Cystic Fibrosis is included on newborn 

screening by first testing the dried blood spot to see if the immune-reactive trypsinogen (IRT) is 

above the cutoff. Newborns with a positive screen are then tested for specific, 

common mutations in the CFTR gene, with utilization of further genetic testing (e.g. sequencing 

and deletion duplication analysis) and additional testing modalities (e.g. sweat tests) if one or 

more harmful mutations is found in the gene. The mutations found in the gene can help predict 

the disease course for that child and determine what treatments they might be eligible 

for. However, counseling about disease progression is more difficult because the phenotype can 

range greatly, even for those with the same genotype. Some limitations for testing for cystic 

fibrosis on a population wide scale include: some mutations will be missed by the first round of 



 

14 
 

genetic testing; some therapies are mutation-specific, excluding some patients from certain 

treatments; and there is clinical variability for the condition which can complicate counseling. 

On the other hand, monitoring and treatment is available for newborns diagnosed with CF, 

phenotype can sometimes be predicted because the condition has good genotype-phenotype 

correlation, and the screening protocol for CF is robust, optimizing the number of newborns that 

get identified by newborn screening that are truly affected with CF.  

Both PKU and CF demonstrate the different criteria required for a condition to be 

included on newborn screening. They demonstrate the benefit of early intervention for newborns, 

but also highlight some drawbacks to newborn screening tests. Clinicians and the newborn 

screening programs have learned to overcome new challenges as a new condition is added to 

newborn screening and can apply that knowledge to future conditions included in the 

program (Tarini & Goldenberg, 2012). In summary, the diagnosis of these conditions was 

originally considered simple, based on their Mendelian inheritance (Arnold, 2018). However, 

clinicians and researchers soon realized that many genetic conditions, especially inborn errors of 

metabolism, have wide clinical variability as is the case with conditions like X-

Linked Adrenoleukodystrophy (X-ALD) and explaining disease progression and	outcome is not 

as straightforward (Schwan et al., 2019; Tarini & Goldenberg, 2012; Wiens et al., 2019). X-ALD 

has only recently been included on NBS panels and is the focus of this study.   

C. Challenges of Newborn Screening   
 

As more conditions were included on newborn screening panels in different states, 

several new challenges emerged as a result of newborn screening. First, all screening tests aim to 

minimize the false negative results and maximize true positive results. However, there are some 

families that receive a false positive result or a false negative result. These false-positive results 
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may increase parental anxiety, whereas false-negative results may give a false sense of 

reassurance (Murphy et al., 2017). Some reasons for a false positive result are improper sample 

collection, prematurity of the newborn, newborn diet, a transfusion, or total parenteral nutrition 

(Kaye et al., 2006). Sample collection for NBS screening is extremely important. Blood spots are 

best collected between 24 and 48 hours of life, but the best timing for sample collection varies 

depending on the condition and gestational and postnatal age of the newborn (Tarini, 2007) 

(Murphy et al., 2017). If a blood spot is drawn too early, too late, and/or collected incorrectly, it 

may increase the chance of a false positive or false negative 

result (https://www.health.state.mn.us/people/newbornscreening/providers/collection.html). Supp

lementary figure 3 used with permission from Kaye et al. 2006 provides examples 

of certain conditions where a newborn screen could return abnormal based on each of these 

factors.   

Aside from the challenges of the actual screening results, there are challenges for various 

newborn screening programs and families due to the wide variation in practice patterns among 

the newborn screening programs (Mandl et al., 2002). The cutoff values for positive 

screens, the protocols and guidelines for workup, and the availability of adequate educational 

materials describing disorders vary among NBS centers within a state and among different states 

across the country (Magoulas & El-Hattab, 2012). For instance, with cystic fibrosis, not all states 

incorporate the same protocols. Genetic testing may be more complete in one state, with 

sequencing and deletion/duplication analysis of the CFTR gene, whereas in others it tests for 

only a few of the most common mutations in the gene (Comeau et al., 2005; Tarini & 

Goldenberg, 2012). Furthermore, for some mutations found on sequencing, absolute information 

on pathogenicity may be lacking (Tarini & Goldenberg, 2012). In addition, social and ethical 
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concerns surround the access to treatment and long-term follow-up for families after a diagnosis 

made through NBS (Tarini & Goldenberg, 2012). For example, for many of the metabolic 

disorders, families have trouble getting the medical foods covered by insurance or may have 

hefty out of pocket costs for the recommended follow-up procedures and specialist visits 

(Tarini & Goldenberg, 2012; Weaver et al., 2010).  In conclusion, as new conditions are added to 

NBS, there are obstacles that clinicians must overcome and learn from. X-

linked adrenoleukodystrophy is a condition where many of these challenges came into focus for 

newborn screening providers and families.    
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2.3 X-linked Adrenoleukodystrophy  
 

X-Linked adrenoleukodystophy (X-ALD) is a peroxisomal disorder associated with 

adrenal insufficiency and neurologic deterioration. X-ALD is a rare and progressive inborn error 

of metabolism, it is the most common peroxisomal disorder (Engelen et al., 2014; Habekost et 

al., 2014; Huffnagel et al., 2019; Kemp et al., 2016; Wiens et al., 2019). The first cases of X-

ALD were described in the early to mid 19th century; however, there was no clear biomarker at 

the time, or DNA analysis, making diagnosis less streamlined (Engelen et al., 2014; Moser et al., 

1984). Like many X-linked diseases, it was historically assumed that female carriers with X-

ALD did not develop manifestations of the condition (adrenoleukodystrophy.info; Engelen et al., 

2014). However, both men and women can exhibit clinical features of the disease (Engelen et al., 

2014). In addition, the condition is marked with wide phenotypic variability, even among 

individuals in the same family  (Chen et al., 2017; Engelen et al., 2014; Huffnagel et al., 

2019; Jangouk et al., 2011; Lourenco et al., 2012; Wiens et al., 2019). The clinical spectrum of 

the disease ranges from isolated adrenocortical/adrenal insufficiency (Addison 

disease), to slow, progressive myelopathy and peripheral neuropathy in adulthood 

(adrenomyeloneuropathy or AMN), to cerebral-adrenoleukodystrophy (CALD) (Engelen et al., 

2014). Patients with adrenoleukodystrophy are not symptomatic at birth 

(https://adrenoleukodystrophy.info/). The phenotype and age of onset differs among males and 

females with X-ALD, but the AMN phenotype has a near 100% lifetime penetrance for both men 

and women with X-ALD (Wiesinger et al., 2015). The following sections describe the incidence, 

inheritance, clinical features, and steps for diagnosis, as well as the treatment options for X-

ALD. In addition, an introduction about NBS for X-linked adrenoleukodystrophy is provided.   
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A. Incidence   
 

The incidence of the condition in males and females is 1/17,000 live births (Kemp et al., 

2016; Moser et al., 2016; Wiens et al., 2019). However, with the implementation of newborn 

screening (NBS) in many states within the United States and in countries internationally, more 

precise information may become available about the true incidence of the disease (Wiesinger et 

al., 2015).   

B. Inheritance   
 

Genetic conditions differ by mode of inheritance depending on the chromosomal location 

of the gene and the mechanism of action of a genetic change. X-ALD is usually inherited, with 

reported de novo inheritance comprising only about 5% of cases (Wang et al., 2011). X-ALD is 

an X-linked disease caused by mutations in the ABCD1 (ATP binding cassette subfamily D 

member 1) gene located on the X chromosome, at Xq28 (Jangouk et al., 2011; Wiens et al., 

2019; Wiesinger et al., 2015). More than 2,000 X-ALD associated mutations have been 

identified in ABCD1  (www.x-ald.nl; Jangouk et al., 2011). As of April 24th, 2020 date, 36 

variants were classified as benign, 248 variants were classified as variants of unknown 

significance, and the remaining mutations were classified as pathogenic (www.x-ald.nl; 

accessed April 24th, 2020).  

The ABCD1 gene codes for a peroxisomal membrane protein, adrenoleukodystrophy 

protein (ALDP), that transports very long chain fatty acids (VLCFA) across the peroxisomal 

membrane for metabolism (Chen et al., 2017; Engelen et al., 2013; Habekost et al., 

2014; Jangouk et al., 2011; Wiens et al., 2019). Patients with causative mutations in 

the ABCD1 gene or deletions of this gene altogether (Moser et al., 1984), have dysfunction of 
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this membrane protein (Engelen et al., 2014; Engelen et al., 2014; Jangouk et al., 2011; Kemp et 

al., 2016; Wiesinger et al., 2015). The dysfunction leads to impaired degradation of the VLCFA 

within the peroxisomes (Wiesinger et al., 2015), and, ultimately, damaging accumulation of 

VLCFA in plasma (blood) and all body tissues  (Engelen et al., 2014; Engelen et al., 

2014; Jangouk et al., 2011; Kemp et al., 2016).   

Since the ABCD1 gene is located on the X chromosome, the condition exhibits X-linked 

inheritance. Males typically have one X chromosome and are generally more severely 

affected than females when they are diagnosed with an X-linked disorder. Females typically have 

two X chromosomes and are generally less severely affected than males, have later onset of the 

condition, or are differently affected with X-linked disorders. While sons of men with X-ALD 

will never inherit the condition from their father, their daughters will be heterozygous for the 

condition and are at risk for manifestations of the disease themselves (Wiesinger et al., 2015). 

Heterozygous females are affected with X-ALD and have a 50% chance to have a son with X-

ALD and a 50% chance to have daughters that are also heterozygous for the condition 

(Wiesinger et al., 2015). When a proband is identified and the mutation in the ABCD1 gene is not 

found in either parent, there is a 13% risk of recurrence in a subsequent pregnancy due to 

gonadal mosaicism (Wang et al., 2011; Wiesinger et al., 2015).  

In the past, it was described that in “recessive” X-linked disorders, heterozygotes are 

asymptomatic (Jangouk et al., 2012). In this older concept, women were labeled “carriers” 

and categorized as not having disease risk. We now understand that there are genetic 

mechanisms and environmental interactions at play which are not always completely understood 

that result in some females being symptomatic from an X-linked disorder. Conditions such 

as hemophilia, Fabry disease, and ornithine transcarbamylase deficiency demonstrate that 
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women are not just carriers of disease and they are not free of the manifestations of the 

condition (Jangouk et al., 2011). X-ALD, too, falls under this category and women are affected 

with manifestations of the disease. Some of the mechanisms that have been studied to determine 

why women are symptomatic include X-inactivation and modifier genes ( Engelen et al., 2014; 

Engelen et al., 2014; Jangouk et al., 2011; Kemp et al., 2016; Wiesinger et al., 2015).  

Occasionally, females develop features of a condition that may primarily affect males due 

to skewed X-inactivation. X-inactivation is a process in which dosage compensation between 

males and females is achieved by silencing the majority of the genes on one of the female X 

chromosomes (Cotton et al., 2015). This silencing occurs early in female embryonic 

development, but studies have shown that about 15% of genes escape inactivation and an 

additional 10% continue to be expressed (Cotton et al., 2015). This concept of “gene silencing” 

can be demonstrated by epigenetic studies that look at the methylation pattern on the 

chromosomes to see which genes are silenced or not. In addition, there are tissue differences in 

extent of skewed X chromosome analysis which further impacts phenotypic expression (Cotton 

et al., 2015). Several studies have been contradictory and have not been able to determine that 

skewed x-inactivation is the cause of X-ALD in women (Engelen et al., 2014; Habekost et al., 

2014; Huffnagel et al., 2019; Maier et al., 2002; Migeon et al., 1981; Salsano et al., 

2012; Watkiss et al., 1993; Weisinger et al., 2015). Possible reasons for these contradictory 

results include inadequate neurological characterization and patient age; therefore, further study 

needs to be done to elucidate the mechanism of skewed X-inactivation as it pertains to women 

with X-ALD (Weisinger et al., 2015). Weisinger et al 2015 discusses that other environmental 

factors and genes may influence the phenotype in both male and female patients with X-ALD 

(Weisinger et al., 2015).  
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Segregation analysis based on 3,862 individuals from 89 families suggested that a 

autosomal modifier locus may exist, that affects the function and expression of 

the ABCD1 gene (Weisinger et al., 2015). ABCD2 and ABCD3 were two candidate genes that 

were able to demonstrate compensation for lack of ABCD1 protein in vivo and in 

vitro (Weisinger et al., 2015). Unfortunately, again, this is an area of study that needs more work 

as there is not substantial evidence yetin support of a role for these candidate genes in patients 

with X-ALD (Weisinger et al., 2015).  

C. Clinical Features of X-ALD   
 

i. Males  
 

The course of disease and the features of the condition in males with X-ALD have been 

well documented in the literature and have been well studied (Engelen et al., 2014). The 

phenotypes observed in males are adrenal insufficiency, AMN, and CALD (Wiens et al., 

2019; Wiesinger et al., 2015). Males may present with these phenotypes in isolation or in 

combination, or, in rare cases, will not be symptomatic at all (Wiens et al., 2019).  

About 60-100% of male individuals with X-ALD experience AMN (Engelen et al., 2014; Moser 

et al., 2016). AMN is characterized by a slowly progressive spinal cord deterioration and adrenal 

insufficiency, in which the first signs in males can appear between 20 and 30 years of age 

(Wiesinger et al., 2015). Primary adrenocortical/adrenal insufficiency can sometimes be the first 

and only phenotype a male will experience, with a lifetime prevalence of about 80-90% 

(Huffnagel et al., 2019; Moser et al., 2016; Wiens et al., 2019; Wiesinger et al., 2015). Primary 

adrenal insufficiency is detected by elevated adrenocorticotropic hormone (ACTH) and low 

levels of cortisol in the first decade of life (Wiens et al., 2019). It is not unusual to present in 
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young babies (https://adrenoleukodystrophy.info/). The threat of an adrenal crisis in an 

individual that has not been diagnosed with this condition is great and can result in rapid 

deterioration or death if a child with X-ALD faces a life stressor like surgery or illness (Wiens et 

al., 2019).  

The third phenotype males with X-ALD may experience is CALD. CALD is a rapidly 

progressive, severe, and fatal cerebral demyelinating disease (Wiesinger et 

al., 2015; https://adrenoleukodystrophy.info/). Cognitive and neurological decline can develop 

both in childhood and adulthood (Wiesinger et al., 2015; https://adrenoleukodystrophy.info/). It 

is characterized by rapidly progressive neuroinflammation and demyelinating lesions in the 

cerebral white matter of the brain (Kemp et al., 2016; Wiesinger et al., 2015). The mechanism by 

which the very long chain fatty acids (VLCFAs) are involved in the onset and progression of 

CALD isn’t completely understood (Wiesinger et al., 2015). Furthermore, a mutation 

in ABCD1 is not sufficient for CALD to develop, and additional genetic or environmental factors 

are needed to trigger the development of the brain inflammation (Kemp et 

al., 2016)(Wiesinger et al., 2015). Previous estimates for a male newborn with X-ALD to 

develop CALD were about 60%, but recent data demonstrates the risk may be even higher 

(Wiens et al., 2019; Wiesinger et al., 2015). Data have shown that CALD risk is greatest between 

4 to 10 years old (35-40%) and again later in life in the 20s-30s (Wiens et al., 2019; Wiesinger et 

al., 2015).  The risk to develop CALD goes down during later adulthood (Wiens et al., 2019; 

Wiesinger et al., 2015). CALD without treatment rapidly leads to a vegetative state in the 

individual or even death (Wiens et al., 2019).  

ii. Females  
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In comparison to males with the condition, women with X-ALD were until 

recently considered asymptomatic carriers (Huffnagel et al., 2019). Women with X-ALD still 

continue to be unrecognized, untreated for long periods of time, and potentially given a 

misdiagnosis of multiple sclerosis (MS) or hereditary spastic paraparesis (Jangouk et al., 

2012; Wiesinger et al., 2015). Despite this, studies have shown that women with X-ALD have a 

high likelihood to develop signs of the condition, with the best predictor being age (Engelen et 

al., 2014). In contrast to males, only 1% of females experience CALD or adrenal insufficiency. A 

greater percentage of women exhibit AMN; however, it typically onsets later around the age of 

40-50 (Engelen et al., 2014; Huffnagel et al., 2019; Wiesinger et al., 2015).  

The earliest description of an adrenomyeloneuropathy-like phenotype from a female 

patient was by (Engelen et al., 2014; Penman, 1960). Later, a study by O’Neill et al. in 

1984 described 21 obligate carriers and developed some of the first literature on the signs and 

symptoms of X-ALD disease in women (Engelen et al., 2014; O’Neill et al., 1984). Moser et al. 

in 1991 estimated that 50% of women develop signs and symptoms of the disease in their 

lifetime, which was an initial estimate that has been further studied in recent years (Engelen et 

al., 2014; Moser et al., 1991).   

Recent studies have attempted to further elucidate and characterize the neurologic 

impairments in females with X-ALD, the frequency of manifestations of the disease, the typical 

age of onset, and the disease progression in women (Habekost et al., 2014). A case report by 

Jack et al. 2013 described the more typical disease onset of X-ALD in a 35-year-old 

woman who began feeling heaviness in her upper and lower limbs, pain in both knees, began to 

have difficulty climbing upstairs, running, and jumping for a period of 1.5 months (Jack et 

al., 2013). She later developed balance problems and lost much of her strength and tone. The 
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progression led to an abnormal gait and she could no longer work full-time (Jack et al., 2013). 

After a normal MRI and no apparent cause for her symptoms, this individual had no answers 

initially. Once her manifestations worsened and the disease progressed, she was reevaluated two 

years later. The reevaluation demonstrated elevated VLCFA levels. After further discussion 

about her family history, this woman was a known carrier of a variant in the ABCD1 gene and 

her brother had been affected with adrenal insufficiency (Jack et al. 2013).   

These case reports are helpful to describe the disease in women. Unfortunately, however, 

the timing of progression of disease in females is less clear and can vary. The research today is 

only scratching the surface about the experience of being affected with X-ALD as a female. A 

cross-sectional cohort study investigating the frequency of women with X-ALD and their clinical 

features demonstrated that 63% of women in their cohort had myelopathy, 57% had peripheral 

neuropathy, and 28% had fecal incontinence (Engelen et al., 2014). Furthermore, the research 

supported that the frequency of symptomatic women increased sharply with age. In the large 

cohort, only 18% of women younger than 40 years were symptomatic, whereas 88% were 

symptomatic at >60 years (Engelen et al., 2014). Another study by Engelen et al. found that 57% 

of their cohort had peripheral neuropathy, with abnormalities consistent with a 

sensorimotor axonal peripheral polyneuropathy that has been previously only reported in males 

(2014). This study concluded that women develop neurological manifestations, that neurological 

abnormalities are common, and the frequency of these features increase steeply with age 

(Engelen et al., 2014).  

Another single center cross-sectional study aimed to detect disease progression and to 

model the effect of the age and the duration of symptoms on the rate of progression in women 

with X-ALD (Huffnagel et al., 2019). The women in the study were followed for 8 years from 
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the initial evaluation. In this time, 24% of women became symptomatic during the follow up 

period with reported symptoms of urine incontinence, fecal incontinence, sensory complaints, 

spasticity, and several women had abnormal neurological examinations (Huffnagel et al., 2019). 

The youngest symptomatic woman in the study was 36 years and the oldest 73 years 

(Huffnagel et al., 2019). The youngest participant with aided walking was 38 years and the oldest 

participant with unrestricted walking was 74 years (Huffnagel et al., 2019) They utilized a EDSS 

(expanded disability status scale) in this study that was useful in assessing disease progression 

(Huffnagel et al., 2019). The study was able to demonstrate that the age and duration of 

symptoms of spinal cord disease are positively associated with the rate of progression using this 

scale (Huffnagel et al., 2019). They reported over 80% of women with X-ALD develop spinal 

cord disease in adulthood. They explained that some women have slow progression with 

significant change over years or decades while some women may have earlier onset with a faster 

rate of progression (Huffnagel et al., 2019). Future studies on disease progression and 

deterioration are essential for women with X-ALD (Huffnagel et al., 2019).  

Finally, although only about 1% of individuals with X-ALD have cerebral disease, it is 

possible for females to develop CALD. Heffungs et al. (1980) reports a sister of an affected 

male who had cerebral disease and adrenal insufficiency (Heffungs et al., 1980; Jangouk et al., 

2012). Furthermore, Powers et al. (1987) demonstrated that for a 32-year-old women with 

spasticity and dementia, cerebral demyelination was evident on imaging (Jangouk et al., 2012) 

(Powers et al., 1987). Lastly, Matsumuro et al. (1991) reported on a 51-year-old woman who was 

the mother of a son with X-ALD who had the AMN phenotype. This woman presented with 

impaired cognition, developed cognitive deficits and gait disturbances that progressed over four 
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years, and had a brain MRI that showed high intensity areas in the white matter (Jangouk et 

al., 2012; Matsumuro et al. ,1991).  

D. Diagnosis and Identification of Individuals with X-ALD  
 

Historically, diagnosis of CALD in boys was established by neuroimaging and 

early signs of ADHD in school, behavior problems, learning problems, and decline in fine motor 

skills (Moser et al., 2016). However, now with the availability of a good biomarker, biochemical 

testing, and sequencing of the ABCD1 gene, neuroimaging is supplementary but remains an 

important, non-invasive way to evaluate pathology of ALD (Jangouk et al., 2012). In addition, 

with the implementation of newborn screening, males and females at risk for X-ALD can be 

flagged prior to disease onset. In addition to biochemical and genetic testing, boys are monitored 

after the age of two yearly for features that may present.  

Males with X-ALD may be diagnosed by measuring the plasma very long chain fatty 

acids (VLCFA) (C26:0, C62:0/C22:0 ratio, C24:0/C22:0 ratio, C26:0-lysoPC), which is 

diagnostic nearly 100% of the time (Huffnagel et al., 2019). C26:0-lysoPC measurements in 

dried blood spots are a sensitive marker for VLCFA accumulation (Huffnagel et al., 2019). 

However, this approach has been known to only detect about 80% of females with X-ALD, 

providing normal biochemical results in affected individuals about 15-20% of the 

time (Engelen at el., 2014; Huffnagel et al., 2019; Wang et al., 2011). Elevated VLCFA 

represents a standard biomarker for diagnosis but is not reflective of phenotype or disease 

progression in males or females (Wiesinger et al., 2015). In one study, a comparison of the C26:0 

levels between asymptomatic and symptomatic carrier women of X-ALD demonstrated no 

significant difference (Engelen et al., 2014). Huffnagel et al. reported on a possible new 

diagnostic biomarker for women in this situation using C26:0-lysophosphatidylcholine (C26:0-
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lysoPC or C26:0-LPC) levels in plasma by a semi-targeted lipidomics approach (Huffnagel et al., 

2019). In the absence of positive biochemical screening, finding a known pathogenic variant 

through sequencing of the ABCD1 gene is the only way to detect most carriers of X-ALD 

(Engelen et al., 2014; Huffnagel et al., 2019).  

A. Moser et al. (2016) describes a recommended three-tier algorithm for newborn 

screening for X-ALD which was implemented in New York and subsequently followed in many 

states, including California. This was developed to try and capture the majority of males and 

females with the condition as newborns and in the pre-symptomatic stage (Moser et al., 

2016; Vogel et al., 2015)(Supplementary Figure 4). The first tier includes standard MS/MS of 

C26:0 LPC on the dried blood spot (Moser et al., 2016; Vogel et al., 2015). If this tier is flagged, 

second tier screening includes a measurement of C26:0 LPC using a form of high performance 

liquid chromatography MS/MS (LC-MS/MS) as the second tier on the dried blood spot (Moser et 

al., 2016; Vogel et al., 2015). If this second tier is also out of range, sequencing of 

the ABCD1 gene is recommended to be performed (Moser et al., 2016; Vogel et al., 

2015). Although this model has been used in many states, such as New York and California, it is 

up to the particular state’s NBS program to create their protocol and decide whether or not they 

chose to supplement analysis on the dried blood spot with ABCD1 sequencing as part of their 

NBS protocol (Wiens et al., 2019). Furthermore, the “cut-off” values in which a result is 

considered “out of range” is set by each individual NBS program for their state (Wiens et al., 

2019).   

For example, in Minnesota, they set their first tier to include LC-MS/MS and 

this same analysis gets repeated if it is flagged or is considered borderline by their state’s 

determined cutoff values (Wiens et al., 2019). Their “screen positive value” is greater than or 
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equal to 0.30 umol/L and results greater than or equal to 0.16umol/L to less than or equal 

to 0.29umol/L are considered “borderline.” Results in the “borderline range” in Minnesota get 

repeated by another heel stick and LC-MS/MS analysis on another blood spot (Wiens et al., 

2019). If the repeat LC-MS/MS is still greater than or equal to 0.16umol/L, the newborn is 

considered a “screen positive” and the NBS center contacts the primary care provider 

to recommend a consultation with one of the three genetics centers in the state (Wiens et al., 

2019). Upon that genetics consultation in Minnesota, the NBS center will order confirmatory 

serum VLCFA for the newborn and/or sequencing of the ABCD1 gene (Wiens et al., 2019). In 

contrast to this protocol in Minnesota, California uses the three tier algorithm protocol described 

by Moser et al. 2016 and includes sequencing as part of newborn screening if the newborn is 

above the “cut-off” for both tiers 1 and 2. The “cut-off” values for the first tier in California is 

greater than or equal to 0.42 umol/L and  less than or equal to 0.22 umol/L. If a newborn is still 

above the second-tier cut-off value, sequencing is performed and is incorporated as part of 

newborn screening. Regardless of the sequencing result, the family and the primary care provider 

are contacted, and the family is referred to a Metabolic center in California. If the sequencing 

result was negative or resulted in a variant of uncertain significance (VUS), the metabolic center 

would coordinate additional testing that could 

include, ABCD1 deletion/duplication testing, fibroblast studies, testing for Zelleweger spectrum 

disorder, or for other conditions that could result in elevated levels of C:26 LPC (Vogel et al., 

2015). If the sequencing result is positive, metabolic center in California 

would perform genetic counseling and coordinate the long-term follow-up for the family based 

on their center’s self-determined follow-up protocols.   
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As mentioned, if NBS results in a variant of unknown significance in the ABCD1 gene 

or is not able to identify a mutation based on the limitations of current technologies, other 

molecular testing methods may need to be employed. With current technologies, sequencing of 

the ABCD1 gene can detect about 90% of mutations within the gene (Wang et al., 

2011). Wiesinger et al. discussed additional molecular technologies that can be utilized when a 

mutation is not found in the ABCD1 gene by routine methods (e.g.  deletion/duplication analysis) 

and a clinical diagnosis is suspected (e.g. suspicion from a positive newborn screen) (Wang et 

al., 2011; Wiesinger et al., 2015). These techniques included quantitative polymerase chain 

reaction (qPCR), multiple ligation-dependent probe amplification (MLPA) or Southern blot to 

detect large deletions, duplications, or chromosomal rearrangements (Wang et al., 2011; 

Wiesinger et al., 2015). In addition, functional studies may be needed if a mutation is still not 

discovered with current molecular technology (Wiens et al., 2019). A report on the newborn 

screening program in Minnesota discussed how one male identified through newborn screening 

had a personal and family history of elevated VLCFA; however, no ABCD1 variant was detected 

by next generation sequencing or deletion/duplication analysis (Wiens et al., 2019). Functional 

studies on the patient's fibroblasts confirmed the diagnosis of X‐ALD for this individual (Wiens 

et al., 2019).  

In addition, follow-up studies and/or family testing may be required when a mutation is 

found in the ABCD1 gene but the mutation is classified as a variant of unknown significance. 

The same report on the newborn screening program in Minnesota discussed that four variants of 

unknown significance were identified in patients. These variants of unknown 

significance were reclassified as likely pathogenic after the variants were found to co‐segregate 

with elevated VLCFA in the family (Wiens et al., 2019). For the fourth variant for which family 
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studies were not possible, the report emphasized the importance of functional studies to 

determine disease risk for the family (Wiens et al., 2019). With the implementation of newborn 

screening that includes both males and females, other techniques are essential to determine 

disease risks for female newborns with normal biochemical screening that may be affected with 

the condition and missed by NBS. In addition, family testing and follow-up studies may be 

required for newborns that have normal sequencing in their ABCD1 genes. 

E. Genotype-Phenotype Correlation, Variable Expressivity, and Penetrance  
 

All patients with X-ALD carry a mutation in ABCD1 gene and, in theory, identical gene 

mutations should lead to specific phenotypes in patients (Kemp et al., 2016). However, over time 

this concept and simple Mendelian inheritance has proved to be not entirely applicable for a 

number of genetic conditions. Among the inborn errors of metabolism with variable phenotypes, 

X-ALD has proved to be the most puzzling for clinicians (Kemp et al., 2016). The molecular 

mechanisms of disease do not lead to straightforward predictions for patient phenotype. 

Although X-ALD is a single-gene disorder, the individual’s genetic background, involving many 

different genes, may be responsible for the onset of AMN for males and females. For CALD, the 

interaction between those background genetic factors and environmental triggers play a role 

(Wiesinger et al., 2015).  

There is a lack of phenotype-genotype correlation with X-ALD patients with the same 

mutation in the ABCD1 gene, within the same family, and even among monozygotic twins 

(Kemp et al., 2016; Turk et al., 2019; Wiesinger et al., 2015) (. For example, the most common 

mutation, a microdeletion within exon 5 of the ABCD1 gene (p.Gln472Argfs*83) 

has been demonstrated in 105 families to present with all the various clinical phenotypes of X-

ALD (Kemp et al., 2016). Therefore, identical mutations lead to very wide clinical phenotypes 
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which suggests there must be additional factors that modify disease phenotype in patients with 

X-ALD and contribute to the incomplete penetrance and variable expressivity (Kemp et al., 

2016). Data demonstrate that a mutation altering the function of ABCD1 contributes to the 

storage of VLCFA in all tissues that can lead to adrenal insufficiency and myelopathy (Kemp et 

al., 2016). However, additional environmental triggers or genetic factors are required for the 

development of CALD (Kemp et al., 2016).   

Various genes related to vitamin B12 metabolism were investigated as potential 

modifiers, and genes involved with fatty acid elongation or omega-oxidation of fatty acids 

represent good future modifier gene candidates (Wiesinger et al., 2015). ABCD1 has two close 

homologs, ABCD2 (ALDRP) and ABCD3 (PMP70), that are also located in the peroxisomal 

membrane and facilitate very long-chain acyl-CoA import into peroxisomes for β-oxidation 

(Geillon et al., 2014; Wiesinger et al., 2015). All of these transporter proteins need to form 

dimers in order to be functional; however, data have been conflicting as to whether ABCD1 can 

heterodimerize with the other two homologs to perform its function or if it can only 

homodimerize ( Geillon et al., 2014; Wiesinger et al., 2015). A few studies have demonstrated 

that the overexpression of both the ABCD2 and ABCD3 homologs may be able to compensate 

for dysfunctional ABCD1 to metabolize fatty acids (Geillon et al., 2014; Wiesinger et al., 2015). 

Therefore, these homologs represent good modifier candidates that may be important in helping 

explain the penetrance and variable expressivity of the condition. With newborn screening, the 

knowledge surrounding environmental factors and genetic modifiers which may alter phenotype 

will expand (Wiesinger et al., 2015).   

Furthermore, there is no correlation among certain types of mutations in ABCD1 and the 

phenotypes patients exhibit (Kemp et al., 2016; Wiesinger et al., 2015). For example, the most 
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deleterious types of mutations (e.g. frameshifts, large deletions) that cause the complete absence 

of protein, can lead to a milder phenotype in patients with X-ALD (Wiesinger et al., 

2015). A comprehensive overview of all 2768 described mutations in the ABCD1 gene is 

available online at http://www.x-ald.nl, and 30% of those are unique mutations in the gene 

(http://www.x-ald.nl accessed April 24th, 2020;Wiesinger et al., 2015). The majority 

of pathogenic mutations are missense mutations followed in frequency by nonsense mutations, 

frameshifts, insertions/deletions, splice site mutations, with the least common being deletions of 

one or more exons (http://www.x-ald.nl accessed April 24th, 2020). Of the mutations reported in 

the database 248/2768 (~9%) of mutations are currently classified as variants of unknown 

significance (http://www.x-ald.nl accessed April 24th, 2020). Again, with the implementation of 

newborn screening, more information will be gathered to understand the different types of 

molecular mechanisms that contribute to different phenotypes of X-ALD that individuals with 

the condition may exhibit.  In conclusion, there is not one single overarching factor that is 

responsible for the different clinical phenotypes of X-ALD (Wiesinger et al., 2015). There are 

many different genetic and environmental factors that contribute to the variability of phenotype 

and newborn screening for the condition and future research about candidate modifiers will help 

bridge the gaps that currently exist (Wiesinger et al., 2015).  

F. Treatment   
 

With the implementation of newborn screening for X-ALD in many states, endocrinology 

intervention is set up early to prevent adrenal crisis in newborns and allogenic hematopoietic 

stem cell transplant (HSCT) is available for the patients that develop CALD (Turk et al., 2019). 

Unfortunately, however, better tools and treatments are still needed for both men and women 
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with AMN. Nonetheless, all patients with X-ALD can be hopeful for the possibility of gene 

therapy as clinical trials are already underway (Turk et al., 2019).  

i. Adrenal Insufficiency and CALD   
 

a. Lorenzo’s Oil    
 

The first attempted treatment for  patients with X-ALD was Lorenzo’s oil. Lorenzo’s oil 

is an oral dietary therapy of oleic acid (C18:1) and erucic acid (C22:1) triglycerides (Kemp et al., 

2016; Moser et al., 2016; Turk et al., 2019). Clinical trials of the treatment demonstrated 

normalization of the C26:0 levels in the blood of patients with X-ALD. Unfortunately, the 

treatment did not alter the levels of C26:0 in the brain and was not able to demonstrate 

prevention of the cerebral form of the disease (Kemp et al., 2016; Turk et al., 2019). Lorenzo’s 

oil therapy is not FDA approved and there have been no double/blind placebo- controlled trials 

that have seen successful completion (Turk et al., 2019).  

b. Treatment of adrenal insufficiency    
 

It is recommended that adrenal dysfunction be closely monitored in all males (Turk et al., 

2019). Primary adrenal insufficiency is marked by elevated adrenocorticotropic hormone 

(ACTH) and low levels of cortisol in the first decade of life (Wiens et al., 2019). For those with 

adrenal insufficiency, adrenal hormone therapy monitored by an endocrinologist is well 

established and effective at preventing severe illness or loss of life due to an adrenal crisis 

(Moser et al., 2016; Turk et al., 2019).  

c. Allogenic hematopoietic stem cell transplant (HSCT)  
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The historic gold standard for detecting individuals with CALD is through MRI with or 

without contrast to be able to detect early and progressive white matter changes prior to overt 

cerebral involvement (Turk et al., 2019). With the implementation of newborn screening, the 

window in which an individual with X-ALD may be eligible for treatment widens. MRI 

abnormalities can be detected about 2 years before the emergence of neurologic deficits 

(Wiens et al., 2019). For this reason, MRI monitoring may begin as early as about 2 years old for 

a newborn who is identified with X-ALD. With early detection, allogenic hematopoietic stem 

cell transplant (HSCT) is available for these individuals that have present, yet early-stage, 

CALD. This stage of disease progression is defined by an IQ of 80 or greater and few lesions 

found on MRI (e.g. Loes score of less than 9) (Engelen et al., 2014; Moser et al., 2016). 

Prognosis following these criteria is good with a mortality rate of less than 5%, whereas with 

advanced disease, prognosis is poor and is associated with  an even more rapid form of the 

disease (Engelen et al., 2014; Kemp et al., 2016; Wiens et al., 2019). If HSCT is successful, 

lesions in the brain will stabilize after 6-12 months, but HSCT does not prevent myelopathy, 

peripheral neuropathy, or adrenal insufficiency later in life (Turk et al., 2019) (Kemp et al., 

2016). There is no pathophysiological reason that exists for excluding HSCT for CALD in adults 

(Kemp et al., 2016). However, transplant-related death rates are higher with age, especially in 

males who  have AMN as well as CALD (Kemp et al., 2016).  

d. ABCD1-gene therapy   
 

Because of the burden of morbidity of allogenic HSCT and the rising rate of newly 

diagnosed newborns of X-ALD, a trial of ABCD1-gene therapy for X-ALD was started and is 

currently in progress (Cartier et al., 2015; Moser & Fatemi, 2018; Turk et al., 2019). The goal of 

the STARBEAM study was to prevent CALD and cease CALD progression using gene therapy 
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(Moser & Fatemi, 2018). The therapy utilizes HSCT with ex-vivo lentiviral gene-correction of 

CD34 positive stem cells (Turk et al., 2019). Those that qualify for the study must meet the same 

MRI criteria as qualifying for HSCT and must not have a HSCT match (Moser & Fatemi, 2018). 

There were 17 boys that entered the study and 15 of the boys remained free of major functional 

disabilities at the 24 month follow-up (Moser & Fatemi, 2018; Turk et al., 2019). The two other 

boys did not benefit from the gene therapy. One had rapid neurologic deterioration and the other, 

who had evidence of rapid disease progression on MRI, withdrew from the study (Turk et al., 

2019). The other 15 individuals will be monitored to assess long-term effectiveness and safety of 

the therapy (Moser & Fatemi, 2018). Researchers hope that this gene therapy will become the 

new standard of care for boys with X-ALD that are identified by NBS once brain lesions develop 

on MRI (Moser & Fatemi, 2018).  

ii. AMN   
 

Unlike the CALD and adrenal insufficiency phenotypes, there is no disease-modifying 

treatment currently that prevents or slows the progression for males or females with chronic 

myopathy or AMN (Moser et al., 2016). Treatment is symptomatic with supportive care from 

rehabilitation physicians like physical and occupational therapists (Engelen et al., 2014). Many 

men and over 80% of women with X-ALD develop spinal cord disease in adulthood where 

treatment is supportive only (Huffnagel et al., 2019). Clinical trials have been conducted to at 

least assess the disease progression over time and develop treatments for patients with AMN. A 

two-year study by Huffnagel et al., 2019 used an Expanded Disability Status Score (EDSS), a 

Severity Scoring System for Progressive Myopathy (SSPROM), quantitative vibration 

measurement at hallux, the 6-minute walk test, and timed up-and-go to assess the progression of 

myelopathy in patients with X-ALD (Huffnagel et al., 2019: Turks et al., 2019). In addition to 
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the ex-vivo lentiviral gene therapy (STARBEAM Study), a gene therapy using intrathecal in-

vivo adeno-associated virus 9 (AAV9) carrying ABCD1 has been proven effective in a mouse 

model (Gong et al., 2015; Turks et al., 2019). The therapy corrected VLCFA metabolism and 

behavior in mice (Gong et al., 2015; Turks et al., 2019). Because the delivery of the gene therapy 

was intrathecal, this may be a promising therapy for patients with AMN (Turks et al., 2019).   

iii. Other investigated therapies   
 

Examples of other therapies that have been tried to treat patients with X-

ALD include lovastatin, bezafibrate, and pioglitazone (Kemp et al., 2016; Turks et al., 2019). 

Lovastatin is a cholesterol lowering drug that in one trial demonstrated normalization of plasma 

VLCFA levels, but the levels were not affected in other trials (Kemp et al., 2016; Turks et al., 

2019). Bezafibrate is another lipid-lowering drug that was tried because it was able to inhibit the 

protein ELOV1 from synthesizing VLCFA from long-chain fatty acids in fibroblasts (Kemp et 

al., 2016; Turks et al., 2019). Unfortunately, this drug did not lower the C26:0 levels in plasma 

of patients in vivo (Kemp et al., 2016). Pioglitazone halted axonal degeneration in an X-ALD 

mouse model and its effectiveness is being assessed in a multi-national, placebo-controlled, 

randomized trial for AMN patients (Turks et al., 2019).  

Furthermore, anti-inflammatory and antioxidant therapies have been studied and thyroid 

hormone agonists are currently being looked into as potential therapeutic candidates for X-ALD 

(Cassanovas et al., 2019; Turks et al., 2019). Anti-inflammatory drugs such as immunoglobulin, 

cyclosporine, cyclophosphamide, and interferon-beta were tried to modulate 

cerebral inflammation but were not shown to be effective (Turk et al., 2019). Antioxidant 

therapy using a combination of multiple high dose antioxidants have shown promise for patients 

with AMN (Cassanovas et al., 2019; Kemp et al., 2016; Turks et al., 2019). The therapy aims to 
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stimulate an alternate pathway for degradation of VLCFA (Cassanovas et al., 2019; Kemp et al., 

2016). These recent trials and therapies show promise for patients with X-ALD and signs 

of AMN.   

G. Newborn Screening   
 

i. Implementation, benefits, and limitations  
 

Dr. Hugo Moser, an expert on X-ALD and one of the pioneers of NBS, described how 

males and females with X-ALD are neurologically normal at birth and for that reason, there is 

a “window of opportunity” to identify newborns at risk (Moser et al., 2016). It is evident that 

early diagnosis of males with X-linked adrenoleukodystrophy is essential for preventing loss of 

life due to adrenal crisis and for timely treatment for CALD, since HSCT is not beneficial after 

the development of neurological manifestations (Moser et al., 2016; Wiens et al., 2019). 

Newborn screening for X-ALD helps to ensure that boys affected with X-ALD do not go 

undiagnosed and increases the chance that they may be a candidate for HSCT (Wiens et al., 

2019; Wiesinger et al., 2015).  

Because of the nature of the disease in males, Dr. Hugo Moser proposed that X-ALD be 

added to the list of disorders under consideration to be included on the Federal recommended 

uniform screening panel (RUSP) in the United States in 2004 (Moser et al., 2016). However, 

there was no validated screening test for the condition until many years later. Dr. Hugo Moser 

and a team of researchers developed a pilot study that crafted the X-ALD newborn screening 

test. He and his team demonstrated in 2006 that C26:0 lyophosphatidyl choline (C26:0LPC) was 

elevated through tandem mass spectrometry in postnatal venous dried blood spots (DBS) from 

males with X-ALD when compared to individuals that were not affected with X-ALD. NBS in 
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New York was implemented using a three tier algorithm: 1) standard MS/MS of C26:0LPC, 2) if 

first tier positive, measurement of C26:0LPC using high performance liquid chromatography and 

mass spectroscopy (HPLC-MS/MS) as the second tier test, 3) all newborns that screen positive in 

the first tier and remain elevated on the second tier have sequencing of their ABCD1 gene (Moser 

et al., 2016). Although this is very sensitive for males with X-ALD, studies have shown that only 

about 80% of female carriers can be identified with newborn screening since the biochemical 

screen may be normal (Weisinger et al., 2015).  

After a family in New York lost their son to CALD in 2012, the family drafted Aiden’s 

Law and lobbied the New York legislature to add X-ALD to NBS (Moser et al., 2016). NBS was 

launched in New York in December of 2013 and since then, many states have also started 

screening for the condition (Moser et al., 2016; Wiens et al., 2019). Refer to Supplementary 

Figure 3 in Appendix A for an example NBS algorithm for X-ALD 

(https://adrenoleukodystrophy.info). X-ALD is currently being screened for in at least 14 states 

(New York – 2013, Connecticut – 2015, California – 2016, Massachusetts, Illinois, Minnesota, 

New Jersey, Florida, Kentucky, Washington, D.C., Pennsylvania) and many others are 

mobilizing to begin screening for X-ALD in coming years (Moser et al., 2016; Schwan et al., 

2019; Wiens et al., 2019). Refer to Supplementary Table 1 for a complete list of states screening 

for X-ALD, Supplementary Table 2 for states planning to implement screening in coming 

months/years, Supplementary Table 3 for States with pilot newborn screening program for X-

ALD as of October 19th, 2019, and Supplementary Table 4 for with mobilized effort for newborn 

screening for X-ALD as of October 19th, 2019 (Turk et 

al., 2019; https://adrenoleukodystrophy.info). Subsequent states have implemented the same 
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three-tier algorithm as described by Moser et al. 2016 or a similar algorithm for identification of 

newborns at risk for X-ALD (Wiens et al., 2019).  

After a positive newborn screen, the state program notifies the newborn’s primary care 

physician. However, NBS programs have modified their protocol to eliminate this step and 

immediately schedule the family with a genetic counselor or have the genetic counselor be the 

one to contact the family (Wiens et al., 2019). It is recommended that a referral be placed to 

genetics to confirm the diagnosis, provide the family with genetic counseling, support services, 

and screen at-risk family members (Moser et al., 2016). However, because of the 

inheritance pattern of this condition, implementation of the recommended follow-up has been 

more complicated for specialty genetics newborn screening centers (Wiens et al., 2019). 

Ambiguity exists as to what is the responsibility of the primary care provider or the genetics 

specialty care center for follow-up of at-risk family members. Lastly, clear guidelines are not 

universal among specialty care centers for the follow-up of female newborns with X-ALD 

and at-risk family members (Wiens et al., 2019).  

Furthermore, parents and extended family members of newborns may be provided with a 

new diagnosis at the same time as their newborn (Wiens et al., 2019).  Based on the report from 

the newborn screening program in Minnesota, a total of 41 family members were diagnosed with 

X‐ALD following diagnosis in a proband ascertained by NBS (Wiens et al., 2019). This was 

likely an underestimate as not all eligible family members were able to complete the 

recommended follow-up testing (Wiens et al., 2019). The majority of conditions included on 

NBS panels exhibit autosomal recessive inheritance and only siblings of an affected individual 

are at risk for the condition (Wiens et al., 2019). However, X-ALD is an X-linked condition with 

a variable presentation. This type of inheritance can lead to one newborn screening 
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result affecting many family members in multiple generations (Wiens et al., 2019). Once a 

proband is diagnosed with X-ALD by NBS, there can be dozens of family members that are 

at risk (Wiens et al., 2019). This domino effect is logistically difficult for NBS specialty care 

centers for many reasons and it greatly impacts the families (Wiens et al., 2019).  

One of the obstacles for the NBS centers is that there is often an increase in referrals for 

family members to the specialty care center after a newborn is found to have X-ALD which may 

or may not be feasible for that center (Wiens et al, 2019).  A primary care provider may be 

responsible to order VLCFA biochemical testing and/or ABCD1 sequencing if 

the family members are unable to be seen at the genetics specialty care NBS center. However, 

the primary care provider may not be comfortable ordering the testing and/or delivering the 

result to the patient (Wiens et al., 2019). Minnesota’s experience was that primary care providers 

were comfortable ordering VLCFA biochemical testing but not ABCD1 sequencing (Wiens et al., 

2019). Given the complexities that exist among insurance coverage/cost, result interpretation, 

travel and location of family members, and primary care provider confidence ordering 

confirmatory testing, many at-risk family members do not end up getting tested (Wiens et al, 

2019).  

ii. Counseling for X-ALD  
 

It is understood that the goal of newborn screening for X-ALD is to prevent the 

possibility of CALD or adrenal crisis in young newborns because of the treatment options that 

are available. However, careful monitoring doesn’t eliminate the anxiety and fear parents 

experience. It also doesn’t help clinicians predict what the disease will be like for that 

newborn.  X‐ALD is the first condition on the recommended uniform screening panel (RUSP) 

with X‐linked inheritance, which poses new challenges for clinicians, as prior disorders have 
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been conditions inherited in an autosomal recessive pattern (Wiens et al., 2019). Autosomal 

recessive conditions on newborn screening panels only pose risks to siblings of an affected 

individual (Wiens et al., 2019). In contrast, for disorders X-ALD and any future X‐linked 

conditions included in newborn screening, such as Fabry Disease, numerous family members in 

different generations can be affected (Wiens et al., 2019). One challenge with counseling for X-

ALD is the “domino effect” (Wiens et al., 2019). This is something new for newborn screening 

centers as newborn screening for X-ALD requires more time and more resources to be devoted 

to consulting, counseling, and following up with these families (Wiens et al., 2019). Relatives 

(e.g. mothers, grandmothers) that are diagnosed may become symptomatic, if they did not 

have signs or symptoms already. This further complicates counseling sessions and follow-up.   

Because of the X-linked inheritance pattern, the risk of affected parents transmitting the 

affected allele can be predicted and discussed (Wiesinger et al., 2015). However, the fact that 

disease presentation for X‐ALD is highly variable, even within the same family, and there is no 

genotype-phenotype correlation that exists makes predicting disease severity almost impossible 

for clinicians. This means that once a newborn is diagnosed, “we are not able to predict in which 

way, at which age, or how severely, the disease will present in that individual” (Wiens et al., 

2019). A study by Schwan et al. interviewed patients who received a positive NBS result in 

California for X-ALD. The study described how several mothers of both boys and girls struggled 

with a lack of concrete answers regarding their child’s NBS result and possible disease 

progression; however, parents agreed that the condition should be included on NBS for both 

males and females (Schwan et al., 2019).   

For the vast majority of females, the condition is typically adult onset and not an 

immediate concern for the newborn, but may still generate “anxiety,” “fear,” and “confusion” for 
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these families (Schwan et al., 2019). Schwan et al. reported that “two of the three mothers with 

daughters expressed concern that their child may become severely disabled or die in childhood” 

(Schwan et al., 2019). Communication about the likely phenotype for a female did not dissipate 

the concern for these mothers (Schwan et al., 2019). Because the phenotypes in males have been 

clearly defined, the protocol for following up male newborns with X-ALD has been refined since 

the implementation of newborn screening and is clearer than that for female newborns. The 

Schwan et al. study noted that mothers of sons had differences in emotional 

progression in comparison to mothers of daughters (2019). Mothers of sons reported “more 

hopefulness and acceptance of their son’s result and possible X-ALD diagnosis compared to 

mothers of daughters” (Schwan et al., 2019). Opinions from parents in the study also differed 

regarding when timing of testing should be offered for males vs. female newborns (Schwan et 

al., 2019). There is a lack of guidelines for clinicians about what should be discussed for 

females who are diagnosed with X-ALD and the protocol for counseling about the phenotype of 

the condition, the disease progression, and follow-up recommendations are not universal across 

newborn screening centers. These concepts are explored within this study.   

Another challenge regarding counseling for X-ALD is the high number of unique 

mutations that have been identified and variants of unknown significance that are identified in 

the ABCD1 gene after newborn screening. For example, Schwan et al. interviewed 10 families 

that received a positive screening result for X-ALD in California. Five of the newborns were 

found to have a variant of uncertain significance (VUS), four were found to have a known 

pathogenic variant, and one had no variant identified but presented with elevated very long chain 

fatty acids (VLCFAs) (Schwan et al., 2019). Family testing and other testing modalities may 

need to be employed in these situations to clarify whether or not there is concern for that 
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newborn to be at risk for X-ALD and determine whether they will need to be followed by the 

proper specialists in the future (Wiens et al., 2019). Throughout the confirmatory testing process, 

patients and families are “patients in waiting” trying to understand the possibilities of what is to 

come after the confirmatory testing results which may or may not be immediately conclusive 

(Timmermans & Buchbinder, 2010). Overall, it is important that X-ALD has been included on 

NBS in many states; however, the emotional toll on families and the challenges faced 

by clinicians should continue to be addressed, explored, and learned from to improve patient care 

for these families.    
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3. PURPOSE OF STUDY 
   

It is well known that females with X-linked adrenoleukodystrophy are clinically impacted 

with manifestations of the disorder. The study is designed to identify whether there is a gap in 

the follow-up and care for females with X-ALD who are identified through Newborn 

screening. An additional goal is to assess informal protocols for female newborns with X-ALD 

and contribute information to improve guidelines, resources, and care for these families. There 

are lessons to be learned from screening for X-ALD that can be applied to future conditions 

included on newborn screening panels with X-linked inheritance, adult onset disease, or lack of 

genotype-phenotype correlation.   

3.1 Aims 
 The aims of the study are to:  

A) Compare the timing, mode of counseling, and follow-up for male vs. female 

newborns who screen positive and are subsequently diagnosed with X-ALD through newborn 

screening.  

B) Compare the content of counseling session discussions for female newborns diagnosed with 

X-ALD through NBS in comparison to an adult female with X-ALD.   

C) Compare perspectives between providers that are involved with NBS and those that are not 

involved with a NBS program, with respect to counseling families after a newborn screens 

positive and is subsequently diagnosed with X-ALD for males, females, and their adult female 

family members.  
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3.2 Hypotheses 
The hypotheses to be studied are:  

A) Male newborn in comparison to a female newborn  

i. If a male proband with a positive newborn screen is identified, it is expected that the 

family is more likely to have counseling in person versus “not in person” than a female 

newborn with a positive newborn screen.  

ii. If a male proband with a positive newborn screen is identified, it is expected that they 

are more likely to be evaluated within the metabolic clinic than a female newborn with a 

positive newborn screen.   

iii. If a male proband with a positive newborn screen is identified, it is expected that they 

are more likely to have their diagnoses included in their EMR than a female newborn 

with a positive newborn screen.   

B) Female newborn in comparison to an adult female with X-ALD  

i. If a female newborn with a positive newborn screen is identified, it is expected that 

providers are less likely to discuss the manifestations of X-ALD in females (myelopathy, 

peripheral neuropathy, and fecal incontinence) with the newborn’s family than with the 

adult females with X-ALD.  

ii. If a female newborn with a positive newborn screen is identified, it is expected that 

providers are less likely to discuss insurance discrimination with the newborn’s family 

than with the adult females with X-ALD.  
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4. Materials and Methods 
 

This research study was reviewed and confirmed to fall under the category of ‘self-

determined exempt human subjects’ research’ by the Institutional Review Board of the 

University of California, Irvine (Appendix F).  

4.1 Survey Construction and Content  
 

The survey questions were developed based on research from Engelen et al. (2014) that 

described the phenotype and disease progression for females with X-ALD. Information regarding 

newborn screening for X-ALD was taken from Moser et al. (2016) and Wiens et al. (2019), 

which described the experiences of Minnesota’s newborn screening program for X-ALD. 

Furthermore, Natalie Gallant, MD and UCLA Metabolic Division genetic counselors and 

physicians involved with the CA NBS program provided input on the survey questions. The 

survey was tested thoroughly by colleagues that were ultimately ineligible to take the survey and, 

therefore, provided unbiased feedback. The full list of survey questions is provided in Appendix 

C(i).   

The survey instrument was generated using UCI REDCap and was accessed through the 

website https://ci-redcap.hs.uci.edu/redcap_v9.4.1/DataEntry/record_status_dashboard.php?pid=2699.   

The survey included a total of up to 161 questions depending on the responses selected by the 

participant. There were up to 12 demographic questions, depending on the responses selected by 

the participant. Branching logic was utilized to ensure that participants did not receive questions 

that were not applicable to them. No single participant was offered every possible survey 

question. The survey had a variety of types of questions, including an assortment of 5 Likert 

scale-based questions, up to 37 multiple-choice questions, and up to 44 yes/no questions. The 
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survey was designed to capture responses from providers who are actively involved with the 

care of newborns with X-ALD through their particular state’s newborn screening program, or for 

providers that are familiar with the condition and have valuable input about how newborns with 

X-ALD should be followed after a positive NBS result. The demographic questions were the 

same for all respondents, but the remaining survey questions differed depending on the 

participant’s involvement with an NBS program or not.   

After the question “Are you directly involved with a Newborn Screening Program 

(NBS)?”, the survey utilized branching logic to generate responses to different questions 

depending on whether or not the participant was involved with a newborn screening program or 

not. If the individual was involved with a newborn screening program, there were 5 additional 

questions to answer regarding how many newborns with X-ALD have received a positive 

screening result at their center and what sort of testing is included as part of NBS in their state. 

Otherwise, the stems of the survey questions were similar. Individuals involved with NBS 

programs received the scenario questions in the format of, “What would be done in this 

scenario?” Participants who were not involved with an NBS program received the scenario 

questions in the format of, “What should be done in this scenario?”  

Overall, the number of questions answered for each respondent likely differed due to 

branching logic used and questions that may have been skipped by a respondent. The initial 

questions covered respondent demographic information, time in practice, and NBS program 

involvement. The remainder of the survey covered respondent level of confidence counseling 

patients and families after a positive newborn screen for X-ALD, the content discussed during 

counseling sessions after a newborn is confirmed to have X-ALD, and the timing of initial and 

follow-up after newborns screen positive and are subsequently confirmed to have X-ALD.   
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4.2 Participant eligibility and inclusion  
 

Individuals were eligible to participate in this study if they were a practicing metabolic 

geneticist or clinical geneticist, a physician or nurse practitioner/nurse who works directly with 

patients with X-linked Adrenoleukodystrophy (X-ALD), or a practicing genetic counselor in any 

specialty. Participants were required to be practicing within the United States and at least 18 

years of age or older. Respondents were able to exit the survey at any time. The survey was only 

provided in English. As such, the participants were required to read and understand English. 

Internet access was required in order to participate in this study.   

There was a total of 91 individuals that opened the survey link. A total of 2 

responses were removed because the participants began the survey and were ineligible to take the 

survey (PhD scholar, a physician outside of the United States). An additional 5 responses were 

removed because the participants did not progress pass “Start.” A total of 16 surveys were 

marked incomplete, meaning not every possible question offered to the participant was 

answered. The 16 incomplete responses were included in the overall analysis. An additional 

analysis, discussed below in Section 2.6, was performed for the responses marked “incomplete” 

to determine if there was a specific question at which respondents stopped answering.    

4.3 Survey Recruitment  
 

Participants were recruited through a variety of methods (e.g. listerv post, email, and 

flyers). A post was made on a Metabolic Physician listserv called MetabL with the study 

information sheet attached by Dr. Natalie Gallant, MD. The listserv includes about 

500 physicians closely involved with caring for patients with metabolic disorders and physicians 

involved with patients with X-ALD. Physicians on this listserv may be practicing in the 
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United States or internationally. Those who responded to the post and were qualified to take the 

survey (practicing in the United States and over 18) had access to the survey link through the 

listserv at that time through Natalie Gallant, MD. International respondents were “kicked out” of 

the survey after question 5 if they did not select “United States” as the country in which they 

practice. Although responses from professionals practicing internationally are equally as 

valuable, the Institutional Review Board of the University of California, Irvine required all 

survey participants be within the United States for the research to qualify ‘self-determined 

exempt human subjects research. The post made on MetabL is listed in Appendix C(ii).  

Flyers were left on tables at the National Society of Genetic Counselors (NSGC) annual 

conference in Salt Lake City, Utah November 5th - 8th, 2019. The flyers contained the 

information from the study information sheet, the link to the survey, and the lead researcher’s 

contact information. Flyers were passed out and posted in the restrooms at the Lysosomal 

Storage Disorder Symposium at Cedars-Sinai Medical Center in Los Angeles, California on 

December 6th, 2019. Flyers contained the same information as the flyer used at NSGC as well as 

a QR code to take the survey. The conference was hosted by Natalie Gallant, MD and a brief 

announcement was made about the study at the conference. No tables were set up or formal 

advertisements were made about the study at either event. The flyers are available for review in 

Appendix C(ii).   

The survey was sent out to about 4,000 genetic counselors through the NSGC email on 

November 6th, 2019 and a reminder was sent out through the same email listserv on December 

4th, 2019 (NSGC 2019 Professional Status Survey). The NSGC email included an 

abbreviated title of the survey, abbreviated version of the survey information sheet, and the study 

coordinator, Makenna DuBois, contact information. The survey title and survey information 
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sheet were abbreviated as there were character and word limits set forth by NSGC in order to 

send out the study information. However, once participants clicked on the survey link, they 

viewed the complete title and survey information sheet. The link below shows the process that 

must be completed in order to have the survey sent out through the 

NSGC emailhttps://www.nsgc.org/p/cm/ld/fid=141.The title and description of the study that 

were sent out through the NSGC email are listed in Appendix C(ii).   

Additional recruitment was made by the thesis committee and colleagues via email. 

The study information sheet was attached in each email along with information about the study. 

The content of the emails differed only by wording modifications depending on depending on 

who sent the email and who the recipient of the email was. Natalie Gallant, MD, several previous 

classmates, newborn screening coordinators and affiliates, and colleagues were willing to 

forward the email and the study information sheet along to individuals that 

were eligible to take the survey. Contact information of participants was not kept, the 

survey was anonymous, and taking the survey was entirely optional.  Examples of the emails that 

were sent are available in Appendix C(ii). The study information sheet that was used is available 

in Appendix C(iii).   

4.4 Protection of Participant Privacy  
 

Participants were asked to complete an anonymous web-based survey generated through 

UCI REDCap, a secure web application for building and managing online surveys and databases. 

Participants accessed the online survey link in their own private settings. The privacy of 

participants was protected throughout the entirety of the data collection process. No personal 

identifiers were obtained in this study. This research study did not cause any harm to 
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the participants. All research data was stored securely and confidentially through the UCI Health 

Intranet. All research data will be removed after the project is completed.    

4.5 Consent   
 

On the first page of the online survey, all participants were provided with the study 

information sheet provided by the UCI IRB office. This page included contact information for 

the lead researcher and faculty sponsor, the purpose of the study, and the eligibility 

requirements. Implied informed consent (unwritten consent) was obtained prior to participating 

in the study. By clicking ‘Start,’ participants indicated that they consented to be a research 

participant.  

4.6 Statistical Analysis  
 

Survey analysis was conducted by using the statistical software, Statistical Package for 

Social Sciences (SPSS) and access to use the software was granted by the University of 

California, Irvine Office of Information Technology. A Pearson Chi-Square test was used to test 

for association between categorical variables. When the expected frequency was less than 5 

for any cell in the contingency table comparing the response to two categorical variables, the 

Fisher Exact test was used to test for an association. A McNemar chi-square test of symmetry 

was used to analyze how providers would respond to a question in one scenario in comparison to 

how they would respond to the same question in another scenario. Nominal P-values less than 

0.05 were considered statistically significant. No correction was made for multiple 

comparisons.   

For categorical variables with multiple categories, the data were recoded and an 

additional variable was set up to recode the data into two categories for more powerful and 
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meaningful data analysis. For example, the question “What is your professional role/title?” had 

four possible categories: ‘Nurse/Nurse Practitioner,’ ‘Genetic Counselor,’ ‘Physician,’ and 

‘Other (please specify).’ The variable including the four categories was DQ1. Because the role of 

a nurse/nurse practitioner is more similar to that of a physician and the person that responded 

‘other’ is a physician, was a nurse, and was a genetic counselor in their career, the three 

categories were recoded and combined into one. A new variable was created, called DQ1_recode 

and contained two categories: ‘Genetic Counselor’ and ‘Physician or Nurse/Nurse Practitioner.’ 

The new variable DQ1_recode was utilized for much of the analysis.   
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5.	Results	
 

5.1 Demographics of Participants 
 

The characteristics and demographics of the participants are summarized  in Tables 1 – 6. 

Of the approximately 5,000 individuals who were invited to take the survey, there were 91 

participants who responded to the survey. Of these, two were removed from the analysis because 

they did not meet the eligibility criteria to participate in the survey (i.e. a physician practicing 

outside of the United States and a PhD scholar). An additional 5 participants were removed from 

the analysis because they pressed “start” to begin the survey, but did not answer any subsequent 

questions in the survey. past “start.” There were a total of 84 respondents included in the 

analysis. 

Table 1 summarizes that 48 of the respondents were genetic counselors (57.1%) and 31 

were physicians (36.9%), 4 were nurses/nurse practitioners (4.8%), and 1 responded as ‘other’ 

but did not specify their role (1.2%). Table 1 and Figure 1 demonstrate that the majority of the 

physicians specialized in metabolic genetics (N=18, 58.1%).  

Table 1. Survey participant professional role/title and physician specialty.  

Professional role/title 

 N (%) 

Genetic Counselor  48 (57.1) 

Physician  31 (36.9) 

Nurse/Nurse Practitioner  4   (4.8) 

Other  1   (1.2)  

Total 84 (100.0) 
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Table 1 Continued 

Physician Specialty 

 N (%) 

Metabolic Genetics  18 (58.1) 

General Genetics  8 (25.8) 

Other 5 (16.1) 

Total 31 (100.0) 

*For the individuals that selected “other” they did not specify the professional role/title or specialty. 

	

 

Figure 1. Survey participant professional role/title and physician specialty. 
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old (N = 37, 44.0%) (Table 2). The majority of the participants had between 6 – 15 years in 

practice (N = 44, 52.4%), with responses ranging from less than one year in practice to 26+ years 

in practice (Table 2). Only 68 participants out of the 84 total participants selected the region of 

the country in which they practice. Of the 68 participants that responded to the question, a large 

portion practice in the West (N = 19, 27.9%), followed by the Midwest (N = 12, 17.6%) and the 

Southwest (N =12, 17.6%). The remaining providers practice in the Northeast (N = 10, 14.7%), 

Southeast (N = 10, 14.7%), and the Northwest (N = 3, 4.4%). Lastly, 2 selected ‘other’ (2.9%) 

and of those that selected other, they specified that they practice in the ‘Deep South’ and ‘Texas’ 

(Table 2). 

Table 2 summarizes the gender, age, years in practice, and region of practice of the 

participants.  Of the 84 participants included in the analysis, 65 participants were female 

(77.4%), 17 were male (20.2%), and 2 (2.4%) responded as ‘other’ and did not specify their 

preferred gender identity (Table 2). The majority of the participants were between 25 – 34 years 

old (N = 37, 44.0%) (Table 2). The majority of the participants had between 6 – 15 years in 

practice (N = 44, 52.4%), with responses ranging from less than one year in practice to 26+ years 

in practice (Table 2). Only 68 participants out of the 84 total participants selected the region of 

the country in which they practice. Of the 68 participants that responded to the question, 10 

practice in the Northeast (14.7%), 10 in the Southeast (14.7%), 12 in the Midwest (17.6%), 3 in 

the Northwest (4.4%), 12 in the Southwest (17.6%), 19 in the West (27.9%), and 2 selected 

‘other’ (2.9%) and specified that they practice in the ‘Deep South’ and ‘Texas’ (Table 2). 
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Table 2. Survey participant gender, age, years in practice, and location of practice. 

Gender 

 N (%) 

Female  65 77.4 

Male 17 20.2 

Other 2 2.4 

Total 84 100.0 

*For the individuals that selected “other” they did not specify their preferred gender.  

Age (years) 

 Frequency Percent 

Less than 18 0 0.0 

18 – 24 4 4.8 

25 – 34 37 44.0 

35 – 44 17 20.2 

45 – 54 6 7.1 

55 – 64 16 19.0 

65+ 4 4.8 

Total 84 100.0 

Years in Practice (years) 

 Frequency Percent  

Less than 1  12 14.3 

1 – 5  26 31.0 

6 – 10  18 21.4  

11 – 15  5 6.0  

16 – 20  5  6.0 

21 – 25  7  8.3 

26+ 11 13.1 

Total  84 100.0 
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Table 2 Continued 

United States Region of Practice 

 Frequency Percent 

Northeast  10 14.7 

Southeast 10 14.7 

Midwest  12 17.6 

Northwest 3 4.4 

   

Southwest  12 17.6 

West  19 27.9 

Other (please specify):  2 2.9 

Total  68 100.0 

*The two participants that selected “other” were from ‘Texas’ and the ‘Deep South.’  

*Sixteen participants did not answer this question. 

 

Table 3 and Figure 2 demonstrate that the majority of the genetic counselors were female  

(N= 46, 95.8%), while a greater proportion of the physicians or nurses/nurse practitioners were 

male (N = 16, 44.4%), although over half were female (N=19, 52.8%). The difference was 

statistically significant (Fisher’s Exact Test, 2 d.f., p < 0.001) (Table 3).  
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Table 3. Survey participant gender and professional role/title. 

 

What is your gender?  

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Female 

Male 

Other 

Total 

46 95.8 19 52.8 65 77.4 

1 2.1 16 44.4 17 20.2 

1 2.1 1 2.8 2 2.4 

48 100.0 36 100.0 84 100.0 

*Fisher’s Exact Test, 2 d.f., p < 0.001,  significant.  

	

 

Figure 2. Survey participant professional role/title and gender. 
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Table 4 summarizes the years in practice of the provider by the participants’ professional 

role/title. The majority of the genetic counselors had between 0 – 10 years in practice (Table 4). 

Twelve genetic counselors had less than 1 year in practice (25.0%), 20 had 1 – 5 years in practice 

(41.6%), 11  had 6 - 10 years in practice (22.9%) and only 1 genetic counselor had 26 or greater 

years in practice (2.1%) (Table 4 & Figure 3). In contrast to the genetic counselors, the 

physicians or nurses/nurse practitioners were more evenly distributed between the categories, 

and the largest number were in the group of individuals with over 26 years in practice (N = 10, 

27.8%) (Table 4 & Figure 3). The number of years in practice differed significantly based on the 

professional role of the provider (Fisher’s Exact Test, 6 d.f., p < 0.001) (Table 4).  

Table 4. Survey participant years in practice and professional role/title. 

How many years have you 
been in practice?  

What is your professional role/title?  

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Less than 1  

1-5 

6-10 

11-15  

16-20 

21-25 

26+ 

Total 

12 25.0 0 0.0 12 14.3 

20 41.6 6 16.7 26 31.0 

11  22.9 7 19.4 18 21.4 

1 2.1 4 11.1 5 6.0 

2 4.2 3 8.3 5 6.0 

1  2.1 6 16.7 7 8.3 

1 2.1 10 27.8 11 13.1 

48  100.0 36 100.0 84 100.0 

*Fisher’s exact test, p < 0.001 (d.f. 6), significant.  
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Figure 3. Survey participant professional role/title and years in practice. 
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Forty-two participants were directly involved with a newborn screening program (50%), 34 were 

not directly involved with a newborn screening program (40.5%), and 8 selected ‘other’ (9.5%) 

(Table 5a & Figure 4). Those that responded ‘other’ specified their involvement with a NBS 

program and the responses are listed in Table 5b.  

Table 5b. All survey participant responses to ‘Other’ from Table 5a.  

• ‘I worked with the NBS program in a previous position’ 

• ‘Worked with NBS program in a previous position’  

• ‘Follow-up lab testing’  

• ‘Referral Center and on the Advisory Committee’  

• ‘Member of technical advisory committee’  

• ‘Metabolic NBS but not for X-ALD’  

• ‘Consultant’  

• ‘Treating Physician, not involved in policy / setting cutoffs’ 

 

Of the 42 participants that were directly involved with a newborn screening program, 20 were 

genetic counselors (47.6%) and 22 were physicians or nurses/nurse practitioners (52.4%) (Table 

6). Of the 42 participants that were not directly involved with a newborn screening program or 

selected ‘other’ 28 of the participants were genetic counselors (66.7%) and 14 were physicians or 

nurses/nurse practitioners (33.3%) (Table 6). There was not a significant difference in this 

sample in involvement in a newborn screening program based on the professional role of the 

participant (Fisher’s Exact Test, 1 d.f., p = 0.122) (Table 6).  
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Table 6. Survey participant involvement in a newborn screening program and professional 
role/title. 

Are you directly 
involved with a 
newborn screening 
program? 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Yes  20 23.8 22 26.2 42  50.0 

No 28 33.3 14 16.7 42 50.0 

Total  42  36  84 100.0 

*Fisher’s Exact Test, p = 0.122 (1 d.f.), not significant.  

 

Of the 42 individuals that were not directly involved with a NBS program or responded ‘other,’ 

19 provide direct care for patients with X-ALD (45.2%) and 23 do not provide direct care for 

patients with X-ALD (54.8%) (Table 7 & Figure 4).  

Table 7. Survey participants not involved with a newborn screening program and if they care for 
patients with X-ALD. 

Do you provide care for patients with X-ALD? N Percent 

Yes  

No 

Total  

19 45.2 

23 54.8 

42 100.0 
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Figure 4. Survey participant involvement with a newborn screening program. Providers that 
selected “No” or “Other” were broken down by their involvement providing direct care for 

patients with X-ALD. 
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5.2 Mode of Counseling  
 

Participants were asked to consider two hypothetical scenarios. The difference between 

 the two scenarios was whether the subject was a male newborn that screened positive for X-

ALD or a female newborn with X-ALD (Appendix A). Participants responded to the question 

stem ‘Counseling IS/SHOULD most often be performed:’ and selected one of the following 

options: ‘By phone call/video call,’ ‘In person,’ ‘In writing (email, letter, etc.),’ or ‘Other (please 

specify).’ A new variable was created to group all of the options that were not ‘In person.’ These 

results are summarized in Table 8. 

 

Table 8. Mode of counseling following a positive newborn screen for X-ALD: male vs. female 
newborn. 

Counseling IS/SHOULD most 
often be performed:  

Female Newborn Scenario 

Total In person Not in person 

N (%) N (%) N (%) 

Male newborn 
Scenario 

In person 72 96.0 1 1.3 73 97.3 

Not in person 0 0.0 2 2.7 2 2.7 

Total 72  3  75 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 1.00, not significant. 

 

Newborn screening providers and non-newborn screening providers responded similarly 

to the question and 96.0% of all providers (n = 72) responded that both a male and female 

newborn should be counseled ‘In person’ rather than ‘Not in person’ (Table 8). The responses 

were similar between providers that were involved with a newborn screening program and those 

that are not (Appendix D). The one provider that responded that a male should be counseled ‘In 
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person’ and a female should be counseled ‘Not in person’ was not involved with a NBS program 

(1.3%) (Table 8). There was no significant difference in these samples between the responses for 

the male newborn scenario in comparison with the female newborn scenario and overall a 

newborn should be counseled ‘In person’ (McNemar chi square test of symmetry, 1 d.f., p = 

1.00) (Table 8). 

Survey responses for both the male and female scenario about the mode of counseling 

following a positive newborn screen were compared with the professional role/title of the survey 

participant. Of the 82 total participants that responded to both the professional role/title question 

and the male scenario question about the mode of counseling, 91% of genetic counselors 

responded that a male should be counseled ‘In person’ (n = 43) and 97% of physicians/nurses or 

nurse practitioners responded that a male should be counseled ‘In person’ (n = 34) (Table 9). 

There was not a significant difference in this sample based on professional role in the response to 

the male newborn scenario (Fisher’s exact test, 1 d.f., p = 0.387) (Table 9). The majority of 

providers, regardless of their professional role/title responded that a male newborn should be 

counseled ‘In person.’ 

There were 7 fewer responses for the female scenario question. Of the 75 participants that 

responded to both the professional role/title question and the female scenario question about the 

mode of counseling, 93% of the genetic counselors responded that a female should be counseled 

‘In person’ (n = 39) and 97% of the physicians/nurses or nurse practitioners responded that a 

female should be counseled ‘In person’ (n = 32) (Table). There was not a significant difference 

in this sample based on professional role in the response to the female newborn (Fisher’s exact 

test, 1 d.f., p = 0.626) (Table 9). The majority of providers, regardless of their professional 

role/title responded that a female newborn should be counseled ‘In person.’ Overall, the 
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percentage of practitioners who would counsel in person is high for both scenarios, and there is 

no significant difference between the genetic counselors and the physicians/nurse/NPs (Table 9).  

Table 9. Survey participant response for the mode of counseling for a newborn with a positive 
newborn screening result and survey participant professional role/title. 
 

What is your professional role/title? p-value 

Counseling IS/SHOULD 
most often be 
performed: 

Genetic Counselor Physician or 
Nurse/Nurse Practitioner 

N 
In 

Person 
(#) 

In 
Person 

(%) 
N 

In 
Person 

(#) 

In 
Person 

(%) 

 Male Newborn 47 43 91 35 34 97 0.387 

Female Newborn 42 39 93 33 32 97 0.626 

*Detailed version of table listed as Table 9 in Appendix D.  

*N = total number of responses to question. 

*In person (#) = total number of participants that responded “In person” to the question.  

 

Survey responses for both the male and female scenarios about the mode of counseling 

following a positive newborn screen were compared with the years in practice of the survey 

participant. These results are summarized in Table 10 and detailed table is listed in Appendix D.  

Of the 82 total responses to the male scenario question and the question about years in practice, 

97% of providers with 0 – 5 years in practice, 83% of providers with 6 – 15 years in practice, 

100% of providers with 16 – 25 and 26+ years in practice would counsel a male newborn ‘In 

person’ (Table 10). Of the 75 total responses to the female scenario question and the question 

about years in practice, 94% of providers with 0 – 5 years in practice, 89% of providers with 6 – 

15 years in practice, 100% of providers with 16 – 25 and 26+ years in practice would counsel a 

male newborn ‘In person’ (Table 10).  
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There was not a significant difference in the response to the male newborn sample based 

on the years in practice of the participant (Fisher’s exact test, 3 d.f., p = 0.063) (Table 10) or the 

female scenario (Fisher’s exact test, 3 d.f., p = 0.474) (Table 10). Regardless of the years in 

practice of the participant, the majority of participants responded that a male and female 

newborn should be counseled ‘In person.’  

Table 10. Mode of counseling for a male vs female newborn and years in practice. 
 

How many years have you been in practice?  p- 
value 

Counseling 
IS/SHOULD most often 
be performed: 

0 – 5 6 – 15 16 - 25 26+ 

‘In person’ Responses 

N # % N # % N # % N # % 

Male Newborn 36 35 97 23 19 83 12 12 100 11 11 100 0.063 

Female Newborn 34 32 94 18 16 89 12 12 100 11 11 100 0.474 

*Detailed table listed as Table 10 in Appendix D.  
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5.3 Metabolic specialist evaluation  
 

Survey participants were asked to consider two hypothetical scenarios. The difference 

between the two scenarios was whether the subject was a male newborn diagnosed with X-ALD 

through newborn screening or a female newborn diagnosed with X-ALD through newborn 

screening (Appendix C). Participants responded to the question stem ‘Would/Should this 

newborn be evaluated for clinical symptoms of X-ALD at your metabolic clinic/by metabolic 

specialists?’ by selecting ‘Yes’ or ‘No.’ The results are summarized in Table 11a and the 

responses from the newborn screening providers (i) and the providers not involved with a 

newborn screening program (ii) are separated and the responses from all of the providers are 

combined (iii).  
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Table 11. Evaluation of clinical symptoms by a metabolic provider: male vs. female newborn 

Table 11a. Provider responses broken down by involvement in NBS.  

(i) NBS provider Response  

Would it be recommended that this 
newborn be evaluated for clinical 
symptoms of X-ALD at your 
metabolic clinic? 

Female Newborn Scenario  

Total Yes No 

N (%) N (%)  N   (%) 

Male Newborn 
Scenario 

Yes 14 40.0 17 48.6 31 88.6 

 No 0 0.0 4 11.4 4 11.4 

Total 14  21  35 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p < 0.001, significant. 

(ii) Responses from individuals not involved with a NBS program 

Should this newborn be evaluated for 
clinical symptoms of X-ALD by 
metabolic specialists?  

Female Newborn Scenario  

Total Yes No 

N (%) N (%) N  (%) 

Male Newborn 
Scenario 

Yes 21 55.3 10 26.3 31 81.6 

No 0 0.0 7 18.4 7 18.4 

Total 21  17  38 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.002, significant. 

(iii) Responses from all providers  

Would/Should this newborn be 
evaluated for clinical symptoms of X-
ALD at your metabolic clinic/by 
metabolic specialists? 

Female Newborn Scenario 

Total Yes No 

N (%) N (%) N (%) 

Male  

newborn Scenario 

Yes 35 47.9 27 37.0 62 84.9 

No 0 0.0 11 15.1 11 15.1 

Total 35  38  73 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p < 0.001, significant. 
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A large percentage of newborn screening providers (n = 17, 48.6%) responded that a 

recommendation would be made for a male newborn to be evaluated by metabolic specialists and 

that the same recommendation would not be made for a female newborn (Table 11a (i) & Figure 

5). In contrast, the majority of providers that are not involved with NBS (n = 21, 55.3%) 

responded that a recommendation should be made for a clinical evaluation by metabolic 

specialists for both a male and a female newborn (Table 11a (ii)); only 10 participants who are 

not newborn screening provdiders responded that a recommendation would be made for the male 

newborn and not the female newborn (26.3%) (Table 11a (ii) & Figure 5). A greater proportion 

of providers that are not involved with NBS (n = 7, 18.4%) responded that neither a male 

newborn nor a female newborn should be evaluated by metabolic specialists in comparison to the 

newborn screening providers (n = 4, 11.4%) (Table 11a). In general, providers that are involved 

with newborn screening are more likely to recommend that a male newborn be evaluated by a 

metabolic specialist than a provider that is not involved with a newborn screening program.  

There was a significant difference in this sample between the responses for the male newborn 

scenario in comparison with the female newborn scenario for the newborn screening providers 

(McNemar chi square test of symmetry, 1 d.f., p = 0.00) and the providers that were not involved 

with newborn screening (McNemar chi square test of symmetry, 1 d.f., p = 0.02) (Table 11a).  

Out of all of the providers, regardless of involvement with a NBS program, 47.9% of 

providers would recommend a clinical evaluation by metabolic specialists for both a male and 

female newborn (n = 35), fewer (n = 27, 27.0%) would only make the recommendation for a 

male, and 15.1% would not recommend it at all (n = 11) (Table 11a (iii)).  There was a 

significant difference in this sample between the responses for the male newborn scenario in 
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comparison with the female newborn scenario (McNemar chi square test of symmetry, 1 d.f., p < 

0.001) (Table 11a). Overall, there is a difference among how providers would recommend a 

clinical evaluation by metabolic specialists for a male and female newborn.   

 

Figure 5. Survey participant response male vs. female scenarios: evaluation of clinical symptoms 
by metabolic providers and participant involvement in a NBS program. 

 

Survey participants that responded ‘Yes’ to the question ‘Should/Would this newborn be 

evaluated for clinical symptoms of X-ALD by metabolic specialists?’ received the question 

‘When would/should it be recommended that this newborn be evaluated by metabolic 

specialists?’ They selected one of the following options, ‘Immediately, one time visit,’ 

‘Immediately, with a plan for follow-up,’ ‘Not immediately, around the average age of symptom 

onset,’ or ‘Not immediately, if symptoms develop.’ This question was asked for both the male 

and female scenarios. A total of 66 participants responded to the male scenario question. Sixty-
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one participants selected the option ‘Immediately with a plan for follow-up’ (92.5%), 2 

participants selected ‘Immediately, one time visit’ (3.0%), and 3 participants selected ‘Not 

immediately, around the average age of symptom onset (4.5%) (Table 11b & Figure 6). In 

contrast, 34 participants responded to the female scenario. Nineteen participants selected 

‘Immediately, with plan for follow-up’ (55.9%), 10 participants selected ‘Immediately, one time 

visit’ (29.4%), 2 selected ‘Not immediately, around the average age of symptom onset’ (5.9%), 

and most notably 3 selected ‘Not immediately, if symptoms develop’ (8.8%) for this scenario 

(Table 11b & Figure 6).  

Table 11b. Survey participant responses to the question ‘When would/should this newborn be 
evaluated for clinical symptoms of X-ALD at your metabolic clinic/by metabolic specialists?’ 

Male Newborn Scenario 

 N Percent 

Immediately, one time visit 2 3.0 

Immediately, with a plan for follow-up 61 92.5 

Not immediately, around the average age of 
symptom onset 3 4.5 

Total 66 100.0 

Female Newborn Scenario 

 N Percent 

Immediately, one time visit 10 29.4 

Immediately, with a plan for follow-up 19 55.9 

Not immediately, around the average age of 
symptom onset 2 5.9 

Not immediately, if symptoms develop 3 8.8 

Total 34 100.0 
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VII. REFERENCES  

 

Only the providers that responded ‘Yes’ to the ‘Would/should this newborn be evaluated 

for clinical symptoms of X-ALD at your metabolic clinic/by metabolic specialists?’ received the 

question in Table 11b. There were a total of 34 participants that answered the female scenario 

question in comparison to 66 participants that responded to the male scenario question. Fewer 

providers responded yes for a female which explains the decreased number of responses to the 

female scenario question. A paired analysis was run among the two scenarios (male vs. female) 

and whether or not the provider would recommend that the newborn be seen “Immediately, with 

a plan for follow-up” or by one of the other methods defined in Table 11b. Providers were more 

likely to recommend that a male be evaluated immediately with a plan for follow up and would 

Figure 6. Survey participant response to the question ‘When would/should this newborn be 
evaluated for clinical symptoms of X-ALD at your metabolic clinic/by metabolic specialists?’ for 
both the male and female newborn scenarios. 
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recommend one of the other options for a female (McNemar chi-square test of symmetry, 1 d.f., 

p < 0.001, significant) (Table 11b & Figure 6).  

Survey responses for both the male and female scenario questions about the evaluation of 

clinical symptoms by a metabolic provider following a diagnosis of X-ALD by newborn 

screening were compared with the professional role/title of the survey participant. The results are 

summarized in Table 12 and a more detailed table is listed in Appendix D.   

Among the total 38 newborn screening providers that responded to the male scenario 

question, 95% of the physicians or nurses/nurse practitioners (n = 19) responded ‘Yes,’ whereas 

only 78% of genetic counselors responded ‘Yes’ (n = 14) (Table 12). There was a significant 

difference in this sample between the genetic counselor and physician or nurse/nurse practitioner 

responses (McNemar chi square test of symmetry, 1 d.f., p = 0.01) (Table 12). Physicians or 

nurses/nurse practitioners directly involved with a newborn screening program were more likely 

to recommend a clinical evaluation for a male that is diagnosed with X-ALD through newborn 

screening than genetic counselors.  

Among the total 35 providers involved with a NBS program that responded to the female 

scenario question,  40% of the physicians or nurses/nurse practitioners (n = 8) and 40% of the 

genetic counselors responded ‘Yes’ (n = 6) (Table 12). There was not a significant difference in 

this sample between the genetic counselor and physician or nurse/nurse practitioner responses 

(McNemar chi square test of symmetry, 1 d.f., p = 0.238) (Table 12). Physicians or nurses/nurse 

practitioners directly involved with a newborn screening program were equally as likely to 

recommend a clinical evaluation for a female that is diagnosed with X-ALD through newborn 

screening as genetic counselors. 
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Table 12. Provider role and evaluation of clinical symptoms by a metabolic provider: male vs 
female scenario and participant professional role/title. 

 

What is your professional role/title? p-value 

Genetic Counselor Physician or 
Nurse/Nurse Practitioner 

N 
Yes 

 (#) 

Yes 

 (%) 
N 

Yes 

 (#) 

Yes 

 (%) 

NBS Provider        

Would it be 
recommended that this 
newborn be evaluated 
for clinical symptoms 
of X-ALD at your 
metabolic clinic? 

Male 

Newborn 
18 14 78 20 19 95 0.001 

Female 
Newborn 15 6 40 20 8 40 0.238 

Provider not involved with NBS        

Should it be 
recommended that this 
newborn be evaluated 
for clinical symptoms 
of X-ALD by metabolic 
specialists? 

Male 
Newborn 35 24 69 38 10 26 p<0.001 

Female 
Newborn 25 16 64 13 5 38 0.152 

All providers        

Would/Should it be 
recommended that this 
newborn be evaluated 
for clinical symptoms 
of X-ALD by metabolic 
specialists? 

Male 
Newborn 45 38 84 34 29 85 1.000 

Female 
Newborn 40 22 55 33 13 39 0.241 

*Detailed table listed as Table 12 in Appendix D.  

 

Among the total 41 providers that are not involved with a newborn screening program 

that responded to the male scenario question,  69% of the genetic counselors responded ‘Yes’ (n 

= 24), whereas only 26% of the physicians or nurses/nurse practitioners responded ‘Yes’ (n = 10) 

(Table 12). There was a significant difference in this sample between the genetic counselor and 
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physician or nurse/nurse practitioner responses (McNemar chi square test of symmetry, 1 d.f., p 

< 0.001) (Table 12). A greater percentage of genetic counselors that are not involved with a 

newborn screening program would make a recommendation for a male newborn to be evaluated 

for clinical symptoms of X-ALD than physicians or nurses/nurse practitioners.  

Among the total 38 providers involved with a NBS program that responded to the female 

scenario question,  38% of the physicians or nurses/nurse practitioners (n = 5) and 64% of the 

genetic counselors responded ‘Yes’ (n = 16) (Table 12). There was not a significant difference in 

this sample between the genetic counselor and physician or nurse/nurse practitioner responses 

(McNemar chi square test of symmetry, 1 d.f., p = 0.152) (Table 12).  

 When comparing how providers responded to each of the scenarios, an additional 11% of 

genetic counselors directly involved with a newborn screening program would recommend a 

clinical evaluation by a metabolic specialist for a male than genetic counselors that are not 

directly involved with a newborn screening program (Table 12). On the other hand, an additional 

24% of genetic counselors that are not directly involved with a newborn screening program 

would recommend a clinical evaluation by a metabolic specialist for a female than the genetic 

counselors that are directly involved with a newborn screening program (Table 12). An 

additional 69% of physicians or nurses/nurse practitioners that are directly involved with a 

newborn screening program would recommend a clinical evaluation for a male newborn than 

physicians or nurses/nurse practitioners that are not directly involved with a newborn screening 

program (Table 12). The responses for the physicians or nurses/nurse practitioners for the female 

scenario were similar regardless of their involvement in a newborn screening program (Table 

12).  
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 When the responses from all of the providers were combined, there was not a significant 

difference in this sample between the genetic counselor and physician or nurse/nurse practitioner 

responses for the male scenario (Pearson chi-square = 1.765, 1 d.f., p = 1.000 ) or for the female 

scenario (Pearson chi-square = 1.765, 1 d.f., p = 0.241) (Table 12). Of the 79 total responses to 

the male scenario question, 84% of the genetic counselors responded ‘Yes’ (n = 38) and 85% of 

the physicians or nurses/nurse practitioners’ responded ‘Yes’ (n = 29) (Table 12). Of the 73 total 

responses to the female scenario question, 55% of the genetic counselors responded ‘Yes’ (n = 

22) and 39% of the physicians or nurses/nurse practitioners’ responded ‘Yes’ (n = 13) (Table 

12). Overall, providers are more likely to recommend an evaluation for a male regardless of the 

professional role/title. 

Survey responses for both the male and female scenarios about the recommendation for a 

clinical evaluation by metabolic specialists following a diagnosis of X-ALD through newborn 

screening were compared with the years in practice of the survey participant. These results are 

summarized in Table 13 and a detailed table is listed in Appendix D.   
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Table 13. Evaluation of clinical symptoms: male vs female newborn and years in practice. 

 

How many years have you been in practice?  p- 
value 

0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 

N # % N # % N # % N # % 

Would/Should 
it be 
recommended 
that this 
newborn be 
evaluated for 
clinical 
symptoms of X-
ALD by 
metabolic 
specialists? 

Male  

Newborn 36 31 86 20 18 90 12 11 92 11 7 64 0.207 

Female 
Newborn 

33 19 58 17 7 41 12 5 42 11 4 36 0.541 

*Detailed table listed as Table 13 in Appendix D.  

*Newborn screening providers given “Would it be recommended…” question stem and providers that are 
not involved with NBS given “Should it be recommended…” question stem 

 

Of the 79 total responses to the male scenario question and the question about years in 

practice, 86% of providers with 0 – 5 years in practice, 90% of providers with 6 – 15 years in 

practice, 92% of providers with 16 – 25 years in practice, and 64% of providers with 26+ years 

in practice responded ‘Yes’ that a clinical evaluation by a metabolic specialist should be 

recommended for a male (Table 13 & Figure 7). Of the 73 total responses to the female scenario 

question and the question about years in practice, 58% of providers with 0 – 5 years in practice, 

41% of providers with 6 – 15 years in practice, 42% of providers with 16 – 25 years in practice 

and 36% of providers with 26+ years in practice responded ‘Yes’ that a clinical evaluation by a 

metabolic specialist should be recommended for a female (Table 13 & Figure 7).  
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There was not a significant difference in this sample between the subgroups defined by 

years of practice, with respect to whether a clinical evaluation by a metabolic specialist should be 

recommended for a male (Fisher’s exact test, 3 d.f., p = 0.207) or the female scenario (Pearson 

chi square = 2.319, 3 d.f., p = 0.541) (Table 13 & Figure 7). Regardless of the years in practice 

of the participant, the majority of participants responded that a recommendation for a clinical 

evaluation by metabolic specialists would be recommended for a male more than a female.   

 

 

Figure 7. Percent of providers that responded "Yes" for a clinical evaluation by metabolic 
specialists by years of practice of the provider. 

 

Of the providers that were not involved with newborn screening or responded “other” and 

explained their involvement with a newborn screening program, results were analyzed for each 

scenario (male vs. female) by whether or not the respondent provides care for patients with X-

ALD (Table 14 & Figure 8).  
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Table 14. Responses to male and female scenario questions in response to the question ‘Should it 
be recommended that this newborn be evaluated for clinical symptoms of X-ALD by metabolic 
specialists?’ and their involvement caring for patients with X-ALD. 

Should it be recommended that this 
newborn be evaluated for clinical 
symptoms of X-ALD by metabolic 
specialists?  

Do you provide care for patients 
with X-ALD?  

Total Yes No 

N (%) N (%) N (%) 

Male Scenario Yes 14 73.7 19 90.5 33 82.5 

No 5 26.3 2 9.5 7 17.5 

Total 19 100.0 21 100.0 40 100.0 

*Fisher’s Exact test, d.f. 1, p = 0.226, not significant.  

Female Scenario  Yes 7 35.0 10 58.8 17 45.9 

No 13 65.0 7 41.2 20 54.1 

Total 20 100.0 17 100.0 37 100.0 

*Pearson Chi-square = 2.100, d.f. 1, p = 0.194, not significant. 

 

Of the 40 providers that were not involved with a newborn screening program, that 

responded to the clinical evaluation question for the male scenario, and the question about their 

involvement with providing care for patients with X-ALD, 73.7% (n = 14) of the providers that 

responded ‘Yes’ that a male newborn should recommended to be evaluated for clinical 

symptoms of X-ALD by a metabolic specialist provide direct care for patients with X-ALD and 

90.5% (n = 5) providers that do not provide direct care for patients with X-ALD responded ‘Yes’ 

that a male newborn should be recommended to be evaluated for clinical symptoms of X-ALD 

by a metabolic specialist. In contrast, only 35.0% (n = 7) of providers that care for patients with 

X-ALD responded that a female newborn should be recommended to have an evaluation for 
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clinical symptoms of X-ALD by a metabolic specialist and 58.8% (n = 10) of providers that do 

not care for patients with X-ALD responded that a female should have a recommendation to be 

evaluated for clinical symptoms of X-ALD by a metabolic specialist. For both of these 

comparisons, the results were not significant. For the male scenario the p-value was 0.226 

(Fisher’s Exact test, d.f. 1, p = 0.226, not significant) and for the female scenario the p-value was 

0.194 (Pearson Chi-square = 2.100, d.f. 1, p = 0.194, not significant) (Table 14 & Figure 8).  

 

Figure 8. Survey participants that responded “No” or “Other” to the question ‘Should this 
newborn be evaluated for clinical symptoms of X-ALD by metabolic specialists?’ and their 
responses to both the male and female scenarios compared by their involvement with by their 
involvement with caring for patients with X-ALD. 
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5.4 Inclusion of diagnosis in electronic medical record (EMR) 
 

Participants responded to the question stem ‘Would/Should this baby’s diagnosis be 

listed in their electronic medical record (EMR)?’ by selecting ‘Yes’ or ‘No.’ Among the 35 

newborn screening providers that responded to both scenario questions, all providers (N =35, 

100.0%) would include the diagnosis in the EMR for a male, but only 29 of these 35 providers 

would also include the dx in the EMR of a female (N = 29, 82.9%) (Table 15 & Figure 9). The 

remaining 6 would include it for a male and not a female (N = 6, 17.1%).  In this sample, 

providers are significantly less likely to include the diagnosis in the EMR for a female 

(McNemar chi square test of symmetry with the Yates continuity correction, chi-square = 4.17, 1 

d.f., p = 0.041) (Table 15).  

In contrast to the providers that were involved with a NBS program, 38 providers that 

were not involved with NBS program responded to both scenario questions. Of these,  35 

(92.1%) responded ‘Yes,’ that both the male and a female should have their diagnosis included 

in the EMR, 2 (5.3%) providers responded ‘Yes,’ a male should have their diagnosis listed in the 

EMR but a female newborn should not, and 1 (2.6%) responded ‘No’ neither male or female 

should have their diagnosis listed in the EMR (Table 15 & Figure 9). There was not a significant 

difference in this sample between the responses for the male newborn scenario in comparison 

with the female newborn scenario (McNemar chi square test of symmetry, 1 d.f., p = 0.500) 

(Table 15). With the exception of 3 providers, the majority of the providers responded that the 

diagnosis should be included in the EMR for both a male and a female newborn.  
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Table 15. X-ALD diagnosis included in the EMR: male vs. female newborn. 

A) NBS provider response 

Would this baby’s diagnosis typically be 
listed in the electronic medical record 
(EMR)? 

Female Newborn Scenario  

Total Yes No 

N (%) N (%)  N   (%) 

Male Newborn 
Scenario 

Yes 29 82.9 6 17.1 35 100.0 

 No 0 0.0 0 0.0 0 0.0 

Total 29  6  35 100.0 

*McNemar chi square test of symmetry with the Yates continuity correction, chi-square = 4.17, 1 d.f., p = 0.041, 
significant. 

B) Responses from individuals not involved with a NBS program 

Should this baby’s diagnosis be listed in 
the electronic medical record (EMR)? 

Female Newborn Scenario  

Total Yes No 

N (%) N (%) N  (%) 

Male Newborn 
Scenario 

Yes 35 92.1 2 5.3 37 97.4 

No 0 0.0 1 2.6 1 2.6 

Total 35  3  38 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.500, not significant. 

C) Responses from all providers  

Would/Should this baby’s diagnosis 
(typically) be listed in their electronic 
medical record (EMR)? 

Female Newborn Scenario 

Total Yes No 

 N (%) N (%) N (%) 

Male  

newborn Scenario 

Yes 64 87.6 8 11.0 72 98.6 

No 0 0.0 1 1.4 1 1.4 

Total 64  9  73 (100.0) 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.008, significant. 
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Finally, the responses from all of the participants were combined and of the 73 total 

responses to both scenario questions, 64 (87.6%) responded ‘Yes,’ that both the male and a 

female should have their diagnosis included in the EMR, 8 (11.0%) providers responded ‘Yes,’ a 

male newborn should have the diagnosis listed in the EMR but a female newborn should not, and 

1 (1.4%) responded ‘No’ neither male or female should have their diagnosis listed in the EMR 

(Table 15 & Figure 9). There was a significant difference in this sample between the responses 

for the male newborn scenario in comparison with the female newborn scenario (McNemar chi 

square test of symmetry, 1 d.f., p = 0.008) (Table 15). Providers are more likely to include a 

male’s diagnosis in the EMR than a female.  

 

 

Figure 9. Survey participant responses inclusion of diagnosis of male vs. female newborn in the 
EMR. 
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Survey responses for both the male and female scenario and including the diagnosis in 

the EMR following a diagnosis made after newborn screening were compared with the 

professional role/title of the survey participant. The results are summarized in Table 16 and a 

more detailed table is listed in Appendix D.  

Table 16. Inclusion of X-ALD diagnosis in the EMR: male vs female scenario and participant 
professional role/title. 
 

What is your professional role/title? p-value 

Genetic Counselor 
Physician or 
Nurse/Nurse 
Practitioner 

N 
Yes 

 (#) 

Yes 

 (%) 
N 

Yes 

 (#) 

Yes 

 (%) 

All providers        

Would/Should this 
baby’s diagnosis 
(typically) be listed in 
their electronic 
medical record 
(EMR)? 

Male 

Newborn 
45 45 100 34 33 97 0.430 

Female 
Newborn 40 35 88 33 29 88 1.00 

*Detailed table listed as Table 16 in Appendix D.  

 

Of the 79 total participants that responded to both the professional role/title question and the 

male scenario question about including the newborn’s diagnosis in the EMR, 100% of the 

genetic counselors (n = 45) and 97% of the physicians/nurses or nurse practitioners (n = 33) 

responded that a male should have his diagnosis included in the EMR (Table 16).  There was no 

significant difference in response between the two groups of respondents (Fisher’s exact test, 1 

d.f., p = 0.430) (Table 16). 
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Of the 73 total participants that responded to both the professional role/title question and 

the female scenario question about including the diagnosis in the EMR, 88% of the genetic 

counselors (n = 35) and 88% of the physicians/nurses or nurse practitioners (n = 29) responded 

that a female should have her diagnosis included in the EMR. There was no significant 

difference between these groups (based on professional role/title) in whether the diagnosis of a 

female newborn would be included in the EMR (Fisher’s exact test, 1 d.f., p = 1.00) (Table 16). 

There was no difference among professional role/title and whether or not a diagnosis would be 

included in the EMR. Regardless of the professional role/title, males were more likely to have 

their diagnosis included in the EMR (Figure 10).  

 

Figure 10. Survey participant professional role/title and inclusion of newborn diagnosis in the 
EMR. 
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newborn screening were compared with the years in practice of the survey participant. These 

results are summarized in Table 17 and a detailed table is listed in Appendix D.  Of the 79 

participants that responded to both the years in practice question and the male scenario question 

about including the diagnosis in the EMR, 100% of providers with 0 – 5 years in practice, 100% 

of providers with 6 – 15 years in practice, 100% of providers with 16 – 25 years in practice, and 

91% of providers with 26+ years in practice responded ‘Yes’ that a male newborn’s diagnosis 

should be included in the EMR (Table 17). Of the 73 total responses to the female scenario 

question and the question about years in practice, 58% of providers with 0 – 5 years in practice, 

41% of providers with 6 – 15 years in practice, 42% of providers with 16 – 25 years in practice 

and 36% of providers with 26+ years in practice responded ‘Yes’ that a clinical evaluation by a 

metabolic specialist should be recommended for a female (Table 17).  

There was not a significant difference based on years in practice, with respect to whether 

a male newborn’s diagnosis would be included in the EMR (Fisher’s exact test, 3 d.f., p = 0.139)  

or the female scenario (Fisher’s Exact Test, 3 d.f., p = 0.344) (Table 17). Regardless of the years 

in practice of the participant, the majority of participants responded that the diagnosis should be 

included in the EMR. However, only 82% of providers with 0 – 5 years in practice responded 

that the diagnosis should be in the EMR for a female newborn.  A similar pattern was seen for 

providers with more experience, with the diagnosis being less likely to be included in the EMR 

for a female in comparison with a male newborn (except in the group with 16-25 years of 

experience), for which 100% of the providers would include the diagnosis in the EMR for both 

males and females (Table 17). 
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Table 17. Inclusion of X-ALD diagnosis in the EMR: male vs female newborn and years in 
practice. 
 

How many years have you been in practice?  p- 
value 

0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 

N # % N # % N # % N # % 

Would/Should 
this baby’s 
diagnosis 
(typically) be 
listed in their 
electronic 
medical 
record 
(EMR)? 

Male 

Newborn 
36 36 100 20 20 100 12 12 100 11 10 91 0.139 

Female 
Newborn 33 27 82 17 16 94 12 12 100 11 9 82 0.344 

*Detailed table listed as Table 17 in Appendix D.  
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5.5 Counseling about the adult onset manifestations in females with X-ALD 
 

Participants responded to the question stem ‘Would/Should the following be discussed 

during this mother’s (or adult female)/newborn’s counseling session’ by selecting ‘Yes’ or ‘No’ 

in response to a list of 9 topics that might be included in a counseling session for X-ALD. 

Myelopathy, peripheral neuropathy, and fecal incontinence were three manifestations of X-ALD 

in women analyzed as well as the topic of insurance discrimination. The provider responses to 

these topics were compared between the first mother scenario and the newborn female scenario. 

A. Myelopathy  
 

Table 18 summarizes the responses from just the newborn screening providers (A), just 

the providers that are not involved with a NBS program (B), and all providers (regardless of their 

involvement with a newborn screening program (C) and their responses to counseling about the 

topic of myelopathy in both scenarios.  
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Table 18. Counseling about myelopathy: mother with X-ALD vs female newborn with X-ALD. 

A) NBS provider response 

Would myelopathy be discussed during 
the counseling appointment?  

Female Newborn Scenario  

Total Yes No 

N (%) N (%)  N   (%) 

Mother 
Scenario 

Yes 28 77.7 6 16.7 34 94.4 

 No 0 0.0 2 5.6 2 5.6 

Total 28  8  36 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.031, significant. 

B) Responses from individuals not involved with a NBS program 

Should myelopathy be discussed during 
the counseling appointment? 

Female Newborn Scenario  

Total Yes No 

N (%) N (%) N  (%) 

Mother Scenario 
Yes 26 76.5 4 11.8 30 88.2 

No 1 2.9 3 8.8 4 11.8 

Total 27  7  34 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.375, not significant. 

C) Responses from all providers  

Should/Would myelopathy be discussed 
during the counseling appointment? 

Female Newborn Scenario 

Total Yes No 

N (%) N (%) N (%) 

Mother 

Scenario 

Yes 54 77.1 10 14.3 64 91.4 

No 1 1.4 5 7.1 6 8.6 

Total 55  15  70 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.012, significant. 
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Of the 36 newborn screening providers that responded to both the mother and female 

newborn scenario questions about the topic of myelopathy, 28 (77.7%) responded ‘Yes,’ that 

myelopathy would be discussed in the counseling session for both a mother with X-ALD and 

with the family of a newborn female with X-ALD, 6 (16.7%) providers responded that 

myelopathy would be discussed with a mother with X-ALD but not with a family of a female 

newborn with X-ALD, and 2 (5.6%) providers responded that myelopathy would not be 

discussed in a counseling session for a mother with X-ALD or with a family of a female 

newborn with X-ALD. There was a significant difference in this sample between the responses 

for the female newborn scenario in comparison with the mother scenario (McNemar chi square 

test of symmetry, 1 d.f., p = 0.031) (Table 18). Newborn screening providers would discuss 

myelopathy with the family of a female newborn as well as with a mother with X-ALD during 

counseling the majority of the time; however, 6 providers responded that they would discuss 

myelopathy with a mother with X-ALD and not with a family of a female newborn (Table 18).  

Of the 34 providers that are not involved with newborn screening that responded to both 

the mother and female newborn scenario questions about the topic of myelopathy, 26 (76.5%) 

responded ‘Yes,’ that myelopathy should be discussed in the counseling session for both a 

mother with X-ALD and with the family of a newborn female with X-ALD, 4 (11.8%) providers 

responded that myelopathy should be discussed with a mother with X-ALD but not with the 

family of a female newborn with X-ALD, 1 (2.9%) provider responded that myelopathy should 

be discussed with the family of a female newborn but not with a mother with X-ALD, and 3 

(8.8%) providers responded that myelopathy would not be discussed in a counseling session for a 

mother with X-ALD or with the family of a female newborn with X-ALD. There was not a 

significant difference in this sample between the responses for the female newborn scenario in 
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comparison with the mother scenario (McNemar chi square test of symmetry, 1 d.f., p = 0.375) 

(Table 18).  

The NBS and non-NBS groups were then combined, to assess the entire sample whether 

there was a difference in whether myelopathy would (or should) be discussed for a mother with 

X-ALD in comparison with a newborn female with X-ALD. Out of the 70 providers that 

responded to both the mother and female newborn scenario questions about the topic of 

myelopathy, 54 (77.1%) responded ‘Yes,’ that myelopathy should be discussed in the counseling 

session for both a mother with X-ALD and with the family of a newborn female with X-ALD, 10 

(14.3%) providers responded that myelopathy should be discussed with a mother with X-ALD 

but not with a family of a female newborn with X-ALD, 1 (2.9%) provider responded that 

myelopathy should be discussed with a family of a female newborn but not with a mother with 

X-ALD, and 5 (7.1%) providers responded that myelopathy would not be discussed in a 

counseling session for a mother with X-ALD or with a family of a female newborn with X-ALD. 

There was a significant difference in this sample between the responses for the female newborn 

scenario in comparison with the mother scenario (McNemar chi square test of symmetry, 1 d.f., p 

= 0.012) (Table 18). There is a difference in the content of counseling for 10 of the providers and 

the providers would discuss myelopathy as a manifestation of X-ALD with a mother but they 

would not discuss it with a family of a female newborn (Table 18 & Figure 11).  
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Figure 11. All provider responses to question “Should/would myelopathy be discussed during a 
counseling appointment for a counseling visit focused on a female newborn vs. a mother with X-
ALD. 

 

Survey responses for discussing myelopathy in a counseling session for both the mother 

and female newborn scenarios were compared with the professional role/title of the survey 

participant. The results are summarized in Table 19 and a more detailed table is listed in 

Appendix D.  
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Table 19. Counseling content - myelopathy: mother vs female newborn scenario and participant 
professional role/title. 
 

What is your professional role/title? p-value 

Genetic Counselor 
Physician or 
Nurse/Nurse 
Practitioner 

N Yes 
 (#) 

Yes 
 (%) N Yes 

 (#) 
Yes 
 (%) 

All providers        
Would/Should 
myelopathy be 
discussed during the 
counseling 
appointment?  

Mother 
Scenario 39 36 92 33 30 91 1.00 

Female 
Newborn 
Scenario 

38 28 74 32 27 90 0.383 

*Detailed table listed as Table 19 in Appendix D.  
 

Of the 72 participants that responded to both the professional role/title question and the 

mother scenario question about discussing myelopathy as a manifestation of X-ALD in women 

during counseling, 92% of the genetic counselors (n = 36) responded that myelopathy should be 

discussed with the mother and 91% of physicians or nurses/nurse practitioners (n = 30) 

responded that myelopathy should be discussed with the mother (Table 19 & Figure 12). There 

was no significant difference in this sample between the professional role/title of the participant 

in comparison with the mother scenario (Fisher’s exact test, 1 d.f., p = 1.000) (Table 19 & Figure 

12). Genetic counselors and physicians or nurses/nurse practitioners were equally as likely to 

discuss myelopathy with a mother with X-ALD during a counseling session. 

Of the 70 participants that responded to both the professional role/title question and the 

female newborn scenario question about discussing myelopathy as a manifestation of X-ALD in 

women during counseling, 74% of the genetic counselors (n = 28) responded that myelopathy 

should be discussed with the family of a female newborn with X-ALD and 90% of physicians or 

nurses/nurse practitioners (n = 27) responded that myelopathy should be discussed with the 
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family of a female newborn with X-ALD (Table 19). There was no significant difference in this 

sample between the professional role/title of the participant in comparison with the female 

newborn scenario (Pearson chi square = 1.179, 1 d.f., p = 0.383) (Table 19). Genetic counselors 

and physicians or nurses/nurse practitioners were equally as likely to discuss myelopathy with 

the family of a female newborn with X-ALD during a counseling session. However, an 

additional 18% of the genetic counselor providers responded that myelopathy would be 

discussed with the mother during counseling but did not answer the same for the female newborn 

scenario (Table 19). On the other hand, physicians or nurses/nurse practitioners responded 

similarly in both scenarios (Table 19). 

 

 

Figure 12. Discussion of myelopathy during counseling: mother vs female newborn scenario and 
participant professional role/title. 

 

Survey responses for both the mother and female newborn scenario about whether or not 

myelopathy as a manifestation of X-ALD in women would be discussed during a counseling 
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session were compared with the years in practice of the survey participant. These results are 

summarized in Table 20 and a detailed table is listed in Appendix D.   

 

Table 20. Counseling content – myelopathy: mother vs female newborn scenario and years in 
practice of participant. 
 

How many years have you been in practice?  p- 
value 

0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 

N # % N # % N # % N # % 

Would/Should 
myelopathy 
be discussed 
during the 
counseling 
appointment? 

Mother 
Scenario 33 31 94 17 16 94 11 10 91 11 9 82 0.635 

Female 
Newborn 

Scenario 
32 25 78 17 13 76 11 10 91 10 7 70 0.724 

*Detailed table listed as Table 20 in Appendix D.  

 

Of the 72 participants that responded to both the years in practice question and the 

mother scenario question about myelopathy, 94% of providers with 0 – 5 years in practice (n = 

31), 94% of providers with 6 – 15 years in practice (n = 16), 91% of providers with 16 – 25 years 

in practice (n = 10), and 82% of providers with 26+ years in practice (n = 9) responded ‘Yes’ 

that myelopathy should be discussed during a counseling appointment for a mother with X-ALD 

(Table 20). There was not a significant difference based on years in practice in response to the 

mother scenario (Fisher’s exact test, 3 d.f., p = 0.635) (Table 20). Those with 26 or more years of 

experience had the lowest percentage of providers who would discuss myelopathy (Table 20). 

However, there was not a significant difference among the different age groups and the majority 
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of providers regardless of years of practice would discuss myelopathy with a mother with X-

ALD during counseling.  

Of the 70 participants that responded to both the years in practice question and the female 

scenario question discussing myelopathy as a manifestation of X-ALD in women, 86% of 

providers with 0 – 5 years in practice, 91% of providers with 6 – 15 years in practice, 82% of 

providers with 16 – 25 years in practice, and 64% of providers with 26+ years in practice 

responded ‘Yes’ that myelopathy should be discussed during a counseling appointment with a 

family of a newborn female with X-ALD (Table 20). There was not a significant difference in 

this sample based on the years in practice in response to the female newborn scenario (Fisher’s 

exact test, 3 d.f., p = 0.724) (Table 20). The majority of providers regardless of years of practice 

would discuss myelopathy with the family of a female newborn with X-ALD during counseling.  

 

B. Peripheral Neuropathy  
 

Table 21 summarizes the responses from just the newborn screening providers (A), just 

the providers that are not involved with a NBS program (B), and all providers (regardless of their 

involvement with a newborn screening program (C) and their responses to counseling about the 

topic of peripheral neuropathy in both scenarios.  
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Table 21. Counseling about peripheral neuropathy: mother vs female newborn scenario. 

A) NBS provider response 

 

Female Newborn Scenario  

Total Yes No 

N (%) N (%)  N   (%) 

Mother 
Scenario 

Yes 25 73.5 7 20.6 32 94.1 

 No 1 2.9 1 2.9 2 5.9 

Total 26  8  34 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.070, not significant. 

B) Responses from individuals not involved with a NBS program 

 

Female Newborn Scenario  

Total Yes No 

N (%) N (%) N  (%) 

Mother 
Scenario 

Yes 27 77.1 6 17.1 33 94.3 

No 0 0.0 2 5.7 2 5.7 

Total 27  8  35 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.031, significant. 

C) Responses from all providers  

 

Female Newborn Scenario 

Total Yes No 

N (%) N (%) N (%) 

Mother 

Scenario 

Yes 52 75.4 13 18.8 65 94.2 

No 1 1.4 3 4.3 4 5.8 

Total 53  16  69 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.002, significant. 
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Of the 34 newborn screening providers that responded to both the mother and female 

newborn scenario questions about the topic of peripheral neuropathy, 25 (73.5%) responded 

‘Yes,’ that peripheral neuropathy would be discussed in the counseling session for both a mother 

with X-ALD and with the family of a newborn female with X-ALD, 7 (20.6%) providers 

responded that peripheral neuropathy would be discussed with a mother with X-ALD but not 

with a family of a female newborn with X-ALD, 1 (2.9%) provider responded that peripheral 

neuropathy would be discussed with a family of a female newborn but not with a mother with X-

ALD, and 1 (2.9%) provider responded that peripheral neuropathy would not be discussed in a 

counseling session for a mother with X-ALD or with a family of a female newborn with X-ALD.  

The results suggest that providers may be more likely to discuss peripheral neuropathy for the 

mother in comparison to for the newborn scenario; however, the comparison did not reach 

statistical significance, although close to it (McNemar chi square test of symmetry, 1 d.f., p = 

0.070) (Table 21). Therefore, the majority of newborn screening providers responded the same 

for both the mother and female newborn scenarios.  

Of the 35 providers that are not involved with newborn screening that responded to both 

the mother and female newborn scenario questions about the topic of peripheral neuropathy, 27 

(77.1%) responded ‘Yes,’ that peripheral neuropathy should be discussed in the counseling 

session for both a mother with X-ALD and with the family of a newborn female with X-ALD, 6 

(17.1%) providers responded that peripheral neuropathy should be discussed with a mother with 

X-ALD but not with a family of a female newborn with X-ALD, and 2 (5.7%) providers 

responded that peripheral neuropathy would not be discussed in a counseling session for a 

mother with X-ALD or with a family of a female newborn with X-ALD. Providers were 

significantly more likely to respond that peripheral neuropathy should be discussed with mothers 
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with X-ALD in comparison with the family of a newborn female (McNemar chi square test of 

symmetry, 1 d.f., p = 0.031) (Table 21). Again, the majority of the providers that were not 

involved with newborn screening would discuss peripheral neuropathy for both scenarios; 

however, an additional provider would not discuss peripheral neuropathy in either scenario. 

These results, although similar to the newborn screening providers, reached statistical 

significance; however the sample size was very small.     

The NBS and non-NBS groups were then combined, to assess the entire sample whether 

there was a difference in whether peripheral neuropathy would (or should) be discussed for a 

mother with X-ALD in comparison with a newborn female with X-ALD. Out of the 69 providers 

that responded to both the mother and female newborn scenario questions about the topic of 

peripheral neuropathy, 52 (75.4%) responded ‘Yes,’ that peripheral neuropathy should be 

discussed in the counseling session for both a mother with X-ALD and with the family of a 

newborn female with X-ALD, 13 (18.8%) providers responded that peripheral neuropathy should 

be discussed with a mother with X-ALD but not with a family of a female newborn with X-ALD, 

1 (1.4%) provider responded that peripheral neuropathy should be discussed with a family of a 

female newborn but not with a mother with X-ALD, and 3 (4.3%) providers responded that 

peripheral neuropathy would not be discussed in a counseling session for a mother with X-ALD 

or with a family of a female newborn with X-ALD. There was a significant difference in this 

sample between the responses for the female newborn scenario in comparison with the mother 

scenario (McNemar chi square test of symmetry, 1 d.f., p = 0.012) (Table 21). Overall the 

majority of providers would discuss peripheral neuropathy in both scenarios; however, 13 

providers (18.8%) would only discuss peripheral neuropathy during counseling with a mother. 

There is a difference in the content of counseling as it pertains to discussing peripheral 
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neuropathy as a manifestation of X-ALD for a mother and a female newborn with X-ALD (Table 

21 & Figure 13).  

 

 
Figure 13. All provider responses to question "Should/would peripheral neuropathy be discussed 
during a counseling appointment for a counseling visit focused on a female newborn vs. a 
mother with X-ALD. 

 
 

Survey responses for discussing peripheral neuropathy in a counseling session for both 

the mother and female newborn scenarios were compared with the professional role/title of the 

survey participant. The results are summarized in Table 22 and a more detailed table is listed in 

Appendix D.  
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Table 22. Counseling content – peripheral neuropathy: mother vs female newborn scenario and 
participant professional role/title. 
 

What is your professional role/title? p-value 

Genetic Counselor 
Physician or 
Nurse/Nurse 
Practitioner 

N 
Yes 

 (#) 

Yes 

 (%) 
N 

Yes 

 (#) 

Yes 

 (%) 

All providers        

Would/Should 
peripheral 
neuropathy be 
discussed during the 
counseling 
appointment?  

Mother 

Scenario 
40 39 98 32 29 91 0.317 

Female 
Newborn 

Scenario 
38 28 74 32 25 78 0.782 

*Detailed table listed as Table 22 in Appendix D.  

 
 

Of the 72 participants that responded to both the professional role/title question and the 

mother scenario question about discussing peripheral neuropathy as a manifestation of X-ALD in 

women during counseling, 98% of the genetic counselors (n = 39) responded that peripheral 

neuropathy should be discussed with the mother and 91% of physicians or nurses/nurse 

practitioners (n = 29) responded that peripheral neuropathy should be discussed with the mother 

(Table 22). Providers were equally as likely to discuss peripheral neuropathy during counseling 

for a mother with X-ALD regardless of their professional role/title (Fisher’s exact test, 1 d.f., p = 

0.317) (Table 22 & Figure 14).  

Of the 70 participants that responded to both the professional role/title question and the 

female newborn scenario question about discussing peripheral neuropathy as a manifestation of 

X-ALD in women during counseling, 74% of the genetic counselors (n = 28) responded that 



 

103 
 

peripheral neuropathy should be discussed with the family of a female newborn with X-ALD and 

78% of physicians or nurses/nurse practitioners (n = 25) responded that peripheral neuropathy 

should be discussed with the family of a female newborn with X-ALD (Table 22). Again, there 

was no difference based on the professional role/title of the provider and whether or not 

peripheral neuropathy would be discussed during counseling with a family of a female newborn 

with X-ALD (Pearson chi square = 0.186, 1 d.f., p = 0.782) (Table 22 & Figure 14). Genetic 

counselors and physicians or nurses/nurse practitioners were equally as likely to discuss 

peripheral neuropathy with a mother with X-ALD and the providers were equally as likely to 

discuss peripheral neuropathy with the family of a female newborn with X-ALD.  

 

 

Figure 14. Discussion of peripheral neuropathy during counseling mother vs female newborn 
scenario and participant professional role/title. 

 

Survey responses for both the mother and female scenario about whether or not 

peripheral neuropathy as a manifestation of X-ALD in women would be discussed during a 
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counseling session were compared with the years in practice of the survey participant. These 

results are summarized in Table 23 and a detailed table is listed in Appendix D.  Of the 72 

participants that responded to both the years in practice question and the mother scenario 

question about peripheral neuropathy, all of providers with 0 – 5 years in practice (n = 34), all of 

providers with 6 – 15 years in practice (n = 17), 82% of providers with 16 – 25 years in practice 

(n = 9), and 80% of providers with 26+ years in practice (n = 8) responded ‘Yes’ that peripheral 

neuropathy should be discussed during a counseling appointment for a mother with X-ALD 

(Table 23). There was a significant difference in this sample between the years in practice of the 

participant in comparison with the mother scenario (Fisher’s Exact Test, 3 d.f., p = 0.010) (Table 

23). All of the providers with 0 – 15 years of experience responded that peripheral neuropathy 

should be discussed whereas there were some providers with greater than 16 years of experience 

who would not (Table 23).  

Of the 70 participants that responded to both the years in practice question and the female 

newborn scenario question discussing peripheral neuropathy as a manifestation of X-ALD in 

women, 78% of providers with 0 – 5 years in practice (n = 25), 76% of providers with 6 – 15 

years in practice (n = 13), 82% of providers with 16 – 25 years in practice (n = 9), and 60% of 

providers with 26+ years in practice (n = 6) responded ‘Yes’ that peripheral neuropathy should 

be discussed during a counseling appointment with a family of a newborn female with X-ALD 

(Table 23). There was not a significant difference based on years in practice of the participant for 

the female newborn scenario (Fisher’s Exact Test, 3 d.f., p = 0.696) (Table 23). Overall, 

however, the majority of providers regardless of years of practice would discuss myelopathy 

with the family of a female newborn with X-ALD during counseling.  
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Table 23. Counseling content – peripheral neuropathy: mother vs female newborn scenario and 
years in practice of participant. 
 

How many years have you been in practice?  p- 
value 0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 
N # % N # % N # % N # % 

Would/Should 
peripheral 
neuropathy 
be discussed 
during the 
counseling 
appointment? 

Mother 
Scenario 34 34 100 17 17 100 11 9 82 10 8 80 0.010 

Female 
Newborn 
Scenario 

32 25 78 17 13 76 11 9 82 10 6 60 0.696 

*Detailed table listed as Table 23 in Appendix D.  
 
 

 

C. Fecal Incontinence  

 

Table 24 summarizes the responses from just the newborn screening providers (A), just 

the providers that are not involved with a NBS program (B), and all providers (regardless of their 

involvement with a newborn screening program (C) and their responses to counseling about the 

topic of fecal incontinence in both scenarios.  
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Table 24. Counseling about fecal incontinence – mother vs female newborn scenario. 

A) NBS provider response 

 

Female Newborn Scenario  

Total Yes No 

N (%) N (%)  N   (%) 

Mother 
Scenario 

Yes 19 55.9 5 14.7 24 70.6 

 No 0 0.0 10 29.4 10 29.4 

Total 19  15  34 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.063, not significant. 

B) Responses from individuals not involved with a NBS program 

 

Female Newborn Scenario  

Total Yes No 

N (%) N (%) N  (%) 

Mother Scenario 
Yes 24 70.6 7 20.6 31 91.2 

No 1 2.9 2 5.9 3 8.8 

Total 25  9  34 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.070, not significant. 

C) Responses from all providers  

 

Female Newborn Scenario 

Total Yes No 

N (%) N (%) N (%) 

Mother 

Scenario 

Yes 43 63.2 12 17.6 55 80.9 

No 1 1.5 12 17.6 13 19.1 

Total 44  24  68 100.0 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.003, significant. 
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Of the 34 newborn screening providers that responded to both the mother and female newborn 

scenario questions about the topic of fecal incontinence, 19 (55.9%) responded ‘Yes,’ that fecal 

incontinence would be discussed in the counseling session for both a mother with X-ALD and 

with the family of a newborn female with X-ALD, 5 (14.7%) providers responded that fecal 

incontinence would be discussed with a mother with X-ALD but not with the family of a female 

newborn with X-ALD, and 10 (29.4%) provider responded that fecal incontinence would not be 

discussed in a counseling session for a mother with X-ALD or with the family of a female 

newborn with X-ALD. There was not a significant difference when comparing the responses to 

these two groups, but the data suggest that this is more likely to be discussed with the mother 

with X-ALD than with the family of a female newborn (McNemar chi square test of symmetry, 1 

d.f., p = 0.063) (Table 24).  

Of the 34 providers that are not involved with newborn screening that responded to both 

the mother and female newborn scenario questions about the topic of fecal incontinence, 24 

(70.6%) responded ‘Yes,’ that fecal incontinence should be discussed in the counseling session 

for both a mother with X-ALD and with the family of a newborn female with X-ALD, 7 (20.6%) 

providers responded that fecal incontinence should be discussed with a mother with X-ALD but 

not with the family of a female newborn with X-ALD, 1 (2.9%) provider responded that fecal 

incontinence should be discussed with the family of a female newborn but not with a mother 

with X-ALD, and 2 (5.9%) providers responded that fecal incontinence would not be discussed 

in a counseling session for a mother with X-ALD or with the family of a female newborn with 

X-ALD. Again, this does not reach statistical significance, but the data suggest that this is more 

likely to be discussed with the mother with X-ALD than with the family of a female newborn 

(McNemar chi square test of symmetry, 1 d.f., p = 0.070) (Table 24). The majority of the 
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providers that are not involved with a newborn screening program would discuss fecal 

incontinence during counseling for both scenarios. In comparison to the newborn screening 

providers, fewer responded that fecal incontinence would not be discussed in either scenario and 

more responded that the topic should only be discussed with a mother.   

The NBS and non-NBS groups were then combined, to assess the entire sample whether 

there was a difference in whether fecal incontinence would (or should) be discussed for a mother 

with X-ALD in comparison with a newborn female with X-ALD. Out of the 68 providers that 

responded to both the mother and female newborn scenario questions about the topic of fecal 

incontinence, 43 (63.2%) responded ‘Yes,’ that fecal incontinence should be discussed in the 

counseling session for both a mother with X-ALD and with the family of a newborn female with 

X-ALD, 12 (17.6%) providers responded that fecal incontinence should be discussed with a 

mother with X-ALD but not with a family of a female newborn with X-ALD, 1 (1.5%) provider 

responded that fecal incontinence should be discussed with a family of a female newborn but not 

with a mother with X-ALD, and 12 (17.6%) providers responded that fecal incontinence would 

not be discussed in a counseling session for a mother with X-ALD or with a family of a female 

newborn with X-ALD. There was a significant difference in this sample between the responses 

for the female newborn scenario in comparison with the mother scenario (McNemar chi square 

test of symmetry, 1 d.f., p = 0.003) (Table 24 & Figure 15). Although the greatest percentage of 

providers would discuss fecal incontinence with a mother and a family of a female newborn with 

X-ALD during counseling, some providers would only discuss fecal incontinence with a mother, 

and others would not discuss the topic at all in either scenario.  
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Figure 15. All provider responses to question “Should/would fecal incontinence be discussed 
during a counseling appointment for a counseling visit focused on a female newborn vs. a 
mother with X-ALD. 

 

 

Survey responses for discussing fecal incontinence in a counseling session for both the 

mother and female newborn scenarios were compared with the professional role/title of the 

survey participant. These results are summarized in Table 25 and a detailed table is listed in 

Appendix D.  
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Table 25. Counseling content – fecal incontinence: mother vs female newborn scenario and 
participant professional role/title. 
 

What is your professional role/title? p-value 

Genetic Counselor 
Physician or 
Nurse/Nurse 
Practitioner 

N 
Yes 

 (#) 

Yes 

 (%) 
N 

Yes 

 (#) 

Yes 

 (%) 

All providers        

Would/Should fecal 
incontinence be 
discussed during the 
counseling 
appointment?  

Mother 

Scenario 
39 32 82 30 23 77 0.764 

Female 
Newborn 

Scenario 
38 26 68 31 18 58 0.453 

*Detailed table listed as Table 25 in Appendix D.  

 

Of the 69 participants that responded to both the professional role/title question and the 

mother scenario question about discussing fecal incontinence as a manifestation of X-ALD in 

women during counseling, 82% genetic counselors responded that fecal incontinence should be 

discussed with the mother (n = 32) and 77% physicians/nurses or nurse practitioners responded 

that fecal incontinence should be discussed with the mother (n = 23) (Table 25). There was no 

significant difference based on the professional role/title of the participant in response to the 

mother scenario (Pearson chi square = 0.304, 1 d.f., p = 0.764) (Table 25 & Figure 16). The 

majority of the providers responded similarly to the mother scenario regardless of their 

professional role/title.  

Of the 69 participants that responded to both the professional role/title question and the 

female newborn scenario question about discussing fecal incontinence as a manifestation of X-
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ALD in women during counseling, 68% genetic counselors responded that fecal incontinence 

should be discussed with the family of the female newborn (n = 26) and 58% physicians/nurses 

or nurse practitioners responded that fecal incontinence should be discussed with the family of 

the female newborn (n = 18) (Table 25). There was no significant difference based on the 

professional role/title of the participant in response to the mother scenario (Pearson, chi square = 

0.793, 1 d.f., p = 0.453) (Table 25 & Figure 16). The majority of the providers responded 

similarly to the female newborn scenario regardless of their professional role/title. 

 

 

Figure 16. Discussion fecal incontinence in counseling mother vs female newborn scenario and 
participant professional role/title. 

 

Survey responses for both the mother and female scenario about whether or not fecal 

incontinence as a manifestation of X-ALD in women would be discussed during a counseling 

session were compared with the years in practice of the survey participant. These results are 

summarized in Table 26 and a detailed table is listed in Appendix D.  
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Table 26. Counseling content – fecal incontinence: mother vs female newborn scenario and 
years in practice of participant. 
 

How many years have you been in practice?  p- 
value 

0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 

N # % N # % N # % N # % 

Would/Should 
fecal 
incontinence 
be discussed 
during the 
counseling 
appointment? 

Mother 
Scenario 33 29 88 17 13 76 11 8 73 8 5 63 0.300 

Female 
Newborn 

Scenario 
32 24 75 17 11 65 11 5 45 9 4 44 0.181 

*Detailed table listed as Table 26 in Appendix D.  

 

Of the 69 participants that responded to both the years in practice question and the 

mother scenario question about fecal incontinence, 88% of the providers with 0 – 5 years in 

practice (n = 29), 76% with 6 – 15 years in practice (n = 13), 73% with 16 – 25 years in practice 

(n = 8), and 63% with 26+ years in practice (n = 5) responded that fecal incontinence  should be 

discussed with a mother with X-ALD. There was not a significant difference based on the years 

in practice of the participant in response to the mother scenario (Fisher’s exact test, 3 d.f., p = 

0.300) (Table 26). The majority of providers responded that fecal incontinence would be 

discussed with a mother, regardless of number of years in practice.  

Of the 69 participants that responded to both the years in practice question and the female 

scenario question discussing fecal incontinence  as a manifestation of X-ALD in women, 75% of 

the providers with 0 – 5 years in practice (n = 24), 65% of the providers with 6 – 15 years in 

practice (n = 11), 45% of the providers with 16 – 25 years in practice (n = 5), and 44% of the 

providers with 26+ years in practice (n =4)  responded that fecal incontinence should be 
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discussed with the family of a female newborn with X-ALD. There was not a significant 

difference based on the years in practice of the participant in response to the female newborn 

scenario (Fisher’s exact test, 3 d.f., p = 0.181) (Table 26). The majority of providers responded 

that fecal incontinence should be discussed with a family of a female newborn with X-ALD 

regardless of the number of years in practice of the provider.  

 
 
D. Insurance Discrimination  

 

These results are summarized in Table 27. Of the 71 providers that responded to both the 

mother and female newborn scenario questions about the topic of insurance discrimination, 51 

(71.8%) responded ‘Yes,’ insurance discrimination should be discussed in the counseling session 

for both a mother with X-ALD and with the family of a newborn female with X-ALD, 10 

(14.1%) providers responded that insurance discrimination should be discussed with a mother 

with X-ALD but not with a family of a female newborn with X-ALD, 4 (5.6%) provider 

responded that insurance discrimination should be discussed with a family of a female newborn 

but not with a mother with X-ALD, and 6 (8.5%) providers responded that insurance 

discrimination would not be discussed in a counseling session for a mother with X-ALD or with 

a family of a female newborn with X-ALD. There was not a significant difference based on the 

responses to the female newborn scenario in comparison to the mother scenario (McNemar chi 

square test of symmetry, 1 d.f., p = 0.180) (Table 27 & Figure 17). The majority of providers 

would discuss insurance discrimination in a counseling session for a mother with X-ALD as well 

as with a family of a female newborn with X-ALD.  
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Table 27. Counseling about insurance discrimination – mother vs female newborn scenario. 

All providers  

Would/Should insurance discrimination 
be discussed during the counseling 
appointment? 

Female Newborn Scenario 
Total Yes No 

N (%) N (%) N (%) 
Mother 
Scenario 

Yes 51 71.8 10 14.1 61 85.9 
No 4 5.6 6 8.5 10 14.1 

Total 55  16  71 100.0 
*McNemar chi square test of symmetry, 1 d.f.,  p = 0.180, not significant. 

 

 

Figure 17. All provider responses to question “Should/would insurance discrimination be 
discussed during a counseling appointment for a counseling visit focused on a female newborn 
vs. a mother with X-ALD. 

 

Survey responses for discussing insurance discrimination in a counseling session for both 

the mother and female newborn scenarios were compared with the professional role/title of the 
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survey participant. These results are summarized in Table 28 and a detailed table is listed in 

Appendix D. Of the 74 participants that responded to both the professional role/title question and 

the mother scenario question about discussing insurance discrimination as a topic during 

counseling, 88% of the genetic counselors (n = 36) responded that insurance discrimination 

should be discussed with a mother and 82% of the  physicians or nurses/nurse practitioners (n = 

27) responded that insurance discrimination should be discussed with a mother. There was no 

significant difference based on the professional role/title of the participant in response to the 

mother scenario (Fisher’s Exact Test, 1 d.f., p = 0.525) (Table 28 & Figure 18). The response to 

the mother scenario was similar among the different provider roles/titles.  

Of the 71 participants that responded to both the professional role/title question and the 

female newborn scenario question about discussing insurance discrimination as a topic during 

counseling, 83% of the genetic counselors (n = 33) responded that insurance discrimination 

should be discussed with a family of a female newborn and 69% of the  physicians or 

nurses/nurse practitioners (n = 29) responded that insurance discrimination should be discussed 

with a family of a female newborn (Table 28 & Figure 18). There was not a significant 

difference based on the professional role/title of the participant (Pearson, chi square = 2.534, 1 

d.f., p = 0.155) (Table 28 & Figure 18). The response to the female scenario was similar among 

the different provider roles/titles.  
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Table 28. Counseling content – insurance discrimination: mother vs female newborn scenario 
and participant professional role/title. 
 

What is your professional role/title? p-value 

Genetic Counselor 
Physician or 
Nurse/Nurse 
Practitioner 

N 
Yes 

 (#) 

Yes 

 (%) 
N 

Yes 

 (#) 

Yes 

 (%) 

All providers        

Would/Should 
insurance 
discrimination be 
discussed during the 
counseling 
appointment?  

Mother 

Scenario 
41 36 88 33 27 82 0.525 

Female 
Newborn 

Scenario 
40 33 83 32 22 69 0.155 

*Detailed table listed as Table 28 in Appendix D.  

 

 

Figure 18. Discussion about insurance discrimination in counseling for mother vs female 
newborn scenario and participant professional role/title. 
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Survey responses for both the mother and female scenario about whether or not insurance 

discrimination would be discussed during a counseling session were compared with the years in 

practice of the survey participant. These results are summarized in Table 29 and a detailed table 

is listed in Appendix D. 

 

Table 29. Counseling content – insurance discrimination: mother vs female newborn scenario 
and years in practice of participant. 
 

How many years have you been in practice?  p- 
value 0 – 5 6 – 15 16 - 25 26+ 

Response = ‘Yes’ 
N # % N # % N # % N # % 

Would/Should 
insurance 
discrimination 
be discussed 
during the 
counseling 
appointment? 

Mother 
Scenario 34 32 94 17 12 71 12 9 75 11 10 91 0.082 

Female 
Newborn 
Scenario 

33 28 85 16 11 69 11 8 73 11 8 73 0.501 

*Detailed table listed as Table 29 in Appendix D.  
 

Of the 74 participants that responded to both the years in practice question and the 

mother scenario question about insurance discrimination, 94% of the providers with 0 – 5 years 

in practice (n = 32), 71% with 6 – 15 years in practice (n = 12), 75% with 16 – 25 years in 

practice (n = 9), and 91% with 26+ years in practice (n = 10) responded that insurance 

discrimination should be discussed with a mother with X-ALD. There was not a significant 

difference in this sample based on years in practice of the participant in response to the mother 

scenario (Fisher’s exact test, 3 d.f., p = 0.082) (Table 29). The majority of providers responded 

that insurance discrimination would be discussed with a mother, regardless of number of years in 

practice.  
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Of the 71 participants that responded to both the years in practice question and the female 

scenario question discussing insurance discrimination as a manifestation of X-ALD in women, 

85% of the providers with 0 – 5 years in practice (n = 28), 69% of the providers with 6 – 15 

years in practice (n = 11), 73% of the providers with 16 – 25 years in practice (n = 8), and 73% 

of the providers with 26+ years in practice (n = 8) responded that insurance discrimination 

should be discussed with the family of a female newborn with X-ALD. There was not a 

significant difference based on the years in practice of the participant in response to the female 

newborn scenario (Fisher’s exact test, 3 d.f., p = 0.501) (Table 29). The majority of providers 

responded that insurance discrimination should be discussed with a family of a female newborn 

with X-ALD during a counseling appointment regardless of years in practice.  
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5.6  Exploratory Results 
 
A.  Timing of follow-up male vs female newborn 
 
i. Timing to provide counseling  
 

Survey participants responded to the question ‘When is the BEST time to provide 

detailed counseling (regarding the natural history of the condition, inheritance, etc.) after a male 

newborn screens positive for X-ALD?’ by selecting ‘After the initial positive screening result,’ 

‘After the confirmatory (biochemical and/or molecular) test result,’ or ‘Other (please specify).’ 

This question was also asked for the female newborn scenario. Of the 75 participants that 

responded to this question for both scenarios, 53 (70.7%) responded that for both a male and 

female newborn detailed counseling should be after the confirmatory test result (Table 30a). 

Three (4.0%) responded that for a male counseling should be after the confirmatory test result 

and for a female should be after the initial positive screening result (Table 30a). Two (2.7%) 

responded that a male should have counseling after the confirmatory test result, but selected 

‘other’ for the female scenario and specified as follows (‘positive screen can point to other 

diseases beside X-ALD, do confirmatory testing and then decide when to counsel’ and ‘after 

molecular test, because it could be zellweger if just biochem is done’) (Table 30a and 30b). One 

participant (1.3%) responded that counseling should be performed after the initial positive 

screening result for a male and counseling should be after the confirmatory test result for a 

female. Four (5.3%) responded ‘other’ for the male scenario and  the responses are specified in 

Table 30b but responded that counseling should be after the confirmatory testing is completed 

for a female (Table 30a). Nine (12.0%) responded that counseling for both a male and female 

should be after the initial positive screening result (Table 30a). Three (4.0%) responded ‘other’ 

and specified that for both scenarios counseling should be (‘After initial positive screening in 
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conjunction with screening versus diagnostic,’ ‘after initial positive but before the confirmatory, 

and ‘After the initial +NBS, molecular testing included in NBS’) (Table 30a and 30b). There was 

not a significant difference based on the timing of detailed counseling in response when 

comparing the responses of these two groups (Fisher’s exact test, 2 d.f., p = 0.435) (Table 30a). 

 
 
Table 30. Timing to provide counseling following a positive NBS for X-ALD: male vs. female 
newborn. 

Table 30a. Participant responses 

 

Female Newborn Scenario 

Total 

After the 
confirmatory 
(biochemical 

and/or 
molecular) test 

result 

After the 
initial positive 

screening 
result 

Other 
(please 

specify): 
N (%) N (%) N (%) N (%)  

Male 
Newborn  
Scenario 

After the 
confirmatory 
(biochemical and/or 
molecular) test result 

53 70.7 3 4.0 2 2.7 58 77.3 

After the initial 
positive screening 
result 

 1 1.3 9 12.0 0 0.0 10 13.3 

Other (please 
specify): 4 5.3 0 0.0 3 4.0 7 9.3 

Total 58  12  5  75 (100.0) 
*Fisher’s Exact Test, 2 d.f., p = 0.435, not significant.  
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Table 30b. Specified responses for participants that selected ‘Other’ for comparisons made in 

Table 30a. 

Male Scenario Responses 

• We perform detailed counseling after the positive newborn screen but this includes 

ABCD1 sequencing, so if it’s pathogenic or likely pathogenic we provide detailed 

counseling when they come in for confirmatory studies. 

• Sequencing results already available at the time of positive NBS call, so after initial 

screening result available 

• I think it’s best to offer it after the initial screen if the patient wants it, but patient 

doesn’t need to be counseled extensively until after confirmatory testing. 

• Situation dependent 

• Not only at the first visit (we see patients only after biochem/molecular in CA) but in 

follow-up as patients may not recall / internalize due to shock / anxiety / stress 

Female Scenario Responses 

• Positive screen can point to other diseases beside X-ALD, do confirmatory testing and 

then decide when to counsel 

• After molecular test, because it could be zellweger if just biochem is done 
 

Responses that were the same for both male and female scenarios  

• After initial positive screening in conjunction with screening versus diagnostic 

• After initial positive but before the confirmatory  

• After the initial +NBS; molecular testing is included in NBS 
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ii. Appointment timing in a metabolic specialty clinic 
 

Survey participants responded to the question ‘How long would/should it take for this 

newborn to be seen at a specialty clinic?’ by selecting one of the following ‘< 1 week,’ ‘1 week – 

1 month,’ ‘> 1 month,’ or ‘No need to be seen in person at a specialty center.’ The results are 

depicted in Table 31. Of the 35 newborn screening providers that responded to both the male and 

female scenario questions about the timing of the initial visit after a diagnosis of X-ALD through 

NBS, 19 (54.3%) responded that both a male and female newborn would be seen in the clinic in 

< 1 week, 6 (17.1%) providers responded that a male would be seen in < 1 week and a female 

would be seen between 1 week and 1 month, 10 (28.6%) providers responded that both a male 

and female newborn would be seen within 1 week – 1 month (Table 31). Females were more 

likely to be seen in one week to one month and males were more would likely be seen sooner 

(McNemar chi square test of symmetry, 1 d.f., p = 0.031) (Table 31). This response was 

interesting as none of the NBS providers responded that newborns would be seen in greater than 

a month for either scenario.  

The response was more variable for the 38 providers that were not involved with 

newborn screening.  An analysis was run to compare responses for newborns seen in less than 

one week between responses for seeing a newborn in clinic one week or greater. There results 

demonstrated that there was a difference among how long providers that are not involved with 

NBS were willing to wait to see these newborns in clinic and providers were willing to wait 

longer to see a female newborn in clinic than a male newborn (McNemar chi-square Test of 

symmetry, p = 0.016) (Table 31) 
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Table 31. Survey responses to timing to be seen in clinic following a diagnosis of X-ALD by 
NBS: male vs female newborn. 

A) NBS providers 

How long would it take 
for this newborn to be 
seen at a specialty 
clinic? 

Female Newborn Scenario 

Total < 1 week 
1 week – 1 

month > 1 month 

No need to be 
seen in 
person 

 N (%) N (%) N (%) N (%) N (%) 
Male 
Newborn 
Scenario 

< 1 week 19 54.3 6 17.1 0 0.0 0 0.0 25 71.4  
1 week – 1 
month 

0 0.0 10 28.6 0 0.0 0 0.0 10 28.6 

> 1 month 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
Total 19  16  0  0  35 100.0 
*McNemar chi-square test of symmetry, p = 0.031, significant.  
B) Non-NBS providers 

How long should it 
take for this newborn 
to be seen at a specialty 
clinic? 

Female Newborn Scenario 

Total < 1 week 
1 week - 1 

month > 1 month 

No need to be 
seen in 
person 

 N (%) N (%) N (%) N (%) N (%) 
Male 
Newborn 
Scenario 

< 1 week 8 21.0 6 15.8 0 0.0 1 2.6 15 39.5 
1 week - 1 
month 

0 0.0 17 44.7 3 7.9 1 2.6 21 55.3 

> 1 month 0 0.0 0 0.0 1 2.6 1 2.6 2 5.2 
Total 8  23  4  3  38 100.0 
*McNemar chi-square test of symmetry comparing < 1 week to other categories, p = 0.016, significant.   
C) All providers  
How long 
would/should it take 
for this newborn to be 
seen at a specialty 
clinic? 

Female Newborn Scenario 

Total < 1 week 
1 week - 1 

month > 1 month 

No need to be 
seen in 
person  

 N (%) N (%) N (%) N (%) N (%) 
Male 
Newborn 
Scenario 

< 1 week 27 37.0 12 16.4 0 0.0 1 1.4 40 54.8 
1 week - 1 
month 

0 0.0 27 37.0 3 14.1 1 1.4 31 42.5 

> 1 month 0 0.0 0 0.0 1 1.4 1 1.4 2 2.7 
Total 27  4  39  3  73 100.0 
*McNemar chi-square test of symmetry comparing < 1 week to other categories, p < 0.001, significant.   
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The NBS and non-NBS providers were combined to evaluate whether there was a 

difference for the male vs. female scenario in the combined sample. Out of the 73 providers that 

responded to both the male and female newborn scenario questions about the timing of the initial 

visit after a diagnosis of X-ALD through NBS, there was again an overall difference in response 

based on the timing of when a male and a female newborn should be seen for a clinical 

evaluation. The analysis was run comparing responses that a newborn would be evaluated in less 

than 1 week and the responses to all other categories. Many providers would evaluate both a 

male and a female newborn in less than a week; however, the results demonstrate an overall 

difference in how long providers are willing to wait to evaluate newborns following 

ascertainment by NBS (McNemar chi-square test of symmetry comparing < 1 week to other 

categories, p < 0.001) (Table 31). The results also are suggest that providers are willing to wait 

longer to evaluate a female newborn than a male newborn.  
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B. Pedigree taking  
 

Survey participants responded to the question ‘How often should/would a detailed, 3-

generation family history (pedigree) be taken for this patient?’ and selected one of the following 

options, ‘Always,’ ‘Sometimes,’ or ‘Never.’ This question was asked for both the male and 

female scenarios. Of the 73 participants that responded to this question for both scenarios, 71 

(97.3%) responded that a pedigree is always taken for both a male and female newborn and 2 

(2.7%) responded that a pedigree is sometimes taken for both a male and female newborn (Table 

32).  There was not a significant difference in response based on how often a pedigree is taken 

for either scenario (McNemar chi square test of symmetry, p = 1.00) (Table 32). Overall, 

providers responded that a pedigree should be taken for both a male and a female newborn 

ascertained by NBS.  

 
Table 32. Survey participant responses to frequency of taking a pedigree for a newborn that is 
diagnosed with X-ALD through NBS. 

 

Female Newborn Scenario 

Total Always Sometimes 
N (%) N (%) N (%) 

Male  
Newborn  
Scenario 

Always 71 (97.3) 0 (0.0) 71 (97.3) 

Sometimes 0 (0.0) 2 (2.7) 2 (2.7) 

Total 71  2  73 (100.0) 
*McNemar chi-square, p = 1.00, not significant.  
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C. Term for female with X-ALD  
 

Survey participants responded to the question, ‘In general, what is the best term to 

describe females that have been confirmed to have elevated very long chain fatty acids (VLCFA) 

and/or pathogenic mutation in their ABCD1 gene?’ and selected one of the following options, ‘A 

carrier,’ ‘Affected,’ ‘Heterozygote,’ ‘I don’t know,’ or ‘Other (please specify).’ The majority of 

respondents selected either ‘Heterozygote’ (N = 34, 46.6%) or ‘A carrier’ (N = 20, 27.4%) 

(Table 33a & Figure 19). The remaining responses consisted of 7 (9.6%) that selected ‘Affected,’ 

7 (9.6%) that selected ‘I don’t know,’ followed by 5 (6.8%) that specified ‘Other’ the best term 

to call females (Table 33a & Table 33b & Figure 19). Table 33b depicts the responses for the 

individuals that selected ‘Other.’ 

Table 33a. Survey participant response for how to refer to females with X-ALD. 

In general, what is the best term to 
describe females that have been 
confirmed to have elevated very long 
chain fatty acids (VLCFA) and/or 
pathogenic mutation in their ABCD1 
gene? N (%) 

A Carrier 20 27.4 
Affected 7 9.6 

Heterozygote 34 46.6 
I don't know 7 9.6 

Other (please specify): 5 6.8 
Total 73 100.0 

 

Table 33b. Suggested Terms for those that selected ‘Other’ in table 33a. 

• A carrier that may become symptomatic 

• Hemizygote 

• X-ALD female 

• Asymptomatic 

• X-linked 
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Figure 19. Survey respondent selections for best term for a female with X-ALD. 

 

The responses to this question were compared to whether or not the participant is 

involved with a newborn screening program. Of the providers involved with NBS, 11 (31.4%) 

selected ‘A carrier’, 3 (8.6%) selected ‘Affected,’ 13 (37.1%) selected ‘Heterozygote,’ 5 (14.3%) 

selected ‘I don’t know,’ and 3 (8.6%) selected ‘Other’ (Table 34 & Figure 19). Of the providers 

that were not involved with a newborn screening program, 9 (23.7%) selected ‘A carrier’, 4 

(10.5%) selected ‘Affected,’ 21 (55.2%) selected ‘Heterozygote,’ 2 (5.3%) selected ‘I don’t 

know,’ and 2 (5.3%) selected ‘Other’ (Table 34 & Figure 19). There was not a significant 

difference based on the term selected to refer to a female with X-ALD in response to the 
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participant’s involvement with a NBS program (Pearson chi square = 3.632, 4 d.f.,  p = 0.473) 

(Table 34 & Figure 20). 

 

Table 34. Survey participant involvement in NBS and best term to refer to a female with X-ALD. 

In general, what is the best term 
to describe females that have been 
confirmed to have elevated very 
long chain fatty acids (VLCFA) 
and/or pathogenic mutation in 
their ABCD1 gene? 

Are you directly involved with a 
NBS program?  

Total Yes No 

N (%) N (%) N (%) 
A Carrier 11 31.4 9 3.7 20 27.4 
Affected 3 8.6 4 10.5 7 9.6 

Heterozygote 13 37.1 21 55.2 34 46.6 
I don't know 5 14.3 2 5.3 7 9.6 

Other (please specify): 3 8.6 2 5.3 5 6.8 
Total 35 100.0 38 100.0 73 100.0 

*Fisher’s Exact Test, 4 d.f., p = 0.473, not significant.  
 

 

Figure 20. Survey participant involvement in NBS by best term for a female with X-ALD. 
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 The responses to the question of the best term to call a female with X-ALD in this 

section were compared to the provider’s professional role/title. Of the genetic counselors, 12 

(30.0%) selected ‘A carrier’, 6 (15.0%) selected ‘Affected,’ 14 (35.0%) selected ‘Heterozygote,’ 

5 (12.5%) selected ‘I don’t know,’ and 3 (7.5%) selected ‘Other’ (Table 35 & Figure 21). Of the 

physicians or nurses/nurse practitioners, 8 (24.2%) selected ‘A carrier’, 1 (3.0%) selected 

‘Affected,’ 20 (60.6%) selected ‘Heterozygote,’ 2 (6.1%) selected ‘I don’t know,’ and 2 (6.1%) 

selected ‘Other’ (Table 35 & Figure 21). There was not a significant difference based on the 

participant’s professional role/title in response to the ‘best term’ to refer to a female with X-ALD 

(Fisher’s Exact Test, 4 d.f.,  p = 0.183) (Table 35). 

 

Table 35. Survey participant professional role/title and term for X-ALD female. 

In general, what is the best term to 
describe females that have been 
confirmed to have elevated very 
long chain fatty acids (VLCFA) 
and/or pathogenic mutation in 
their ABCD1 gene? 

What is your professional role/title? 

Total Genetic Counselor 
Physician or 

Nurse/NP 

N (%) N (%) N (%) 
A Carrier 12 30.0 8 24.2 20 27.4 
Affected 6 15.0 1 3.0 7 9.6 

Heterozygote 14 35.0 20 60.6 34 46.6 
I don't know 5 12.5 2 6.1 7 9.6 

Other (please specify): 3 7.5 2 6.1 5 6.8 

Total 40 100.0 33 100.0 73 100.0 
*Fisher’s Exact Test, 4 d.f., p = 0.183, not significant. 
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Figure 21.Survey participant professional role/title and best term for a female with X-ALD.  
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6. DISCUSSION 
  

Newborn screening for X-ALD has only recently been initiated and the protocols for 

newborns that screen positive, get diagnosed, and require follow-up have not been universally 

defined. Goals of newborn screening for X-ALD include prevention or early detection and 

treatment of adrenal crisis in newborns (Moser et al., 2016). There is a wide spectrum of disease 

in both males and females with X-ALD. Males may be asymptomatic or affected with just one or 

with a combination of the three main phenotypes of the condition: adrenomyeloneuropathy, 

cerebral ALD, and adrenal insufficiency. Newborn screening ascertains females who can expect 

a largely adult-onset disorder, rather than one with risks for immediate and life-

threatening complications as for males with the condition (Engelen et al., 2014; Wiens et al., 

2019). Less than 1% of females develop cerebral disease or adrenal insufficiency, however 

over 80% of females are symptomatic by age 60 with manifestations such as fecal incontinence, 

myelopathy, and peripheral neuropathy (Engelen et al., 2014). In addition, not all males present 

with these severe phenotypes. The guidelines that newborn screening providers and families 

should abide by regarding long-term follow-up for females identified through newborn 

screening, who may not become symptomatic until adulthood, need to be developed by further 

collaboration among experts in the field incorporating best available evidence and 

experience. This X-linked disorder is usually inherited, apart from a 5% de novo mutation rate; 

there are also cases of parents with gonadal mosaicism and the condition is still inherited (Wang 

et al., 2011). Therefore, newborn screening for this X-linked disorder leads 

to cascade testing and coordinating care for family members that are at-risk for the 

condition (Wiens et al., 2019). Newborn screening specialty centers have worked to develop 

their own protocols that may incorporate recommendations made by state screening 
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programs, advisory committees, and based upon shared experiences as additional states began 

screening for X-ALD (Moser et al., 2016; Wiens et al., 2019).   

This study assessed current and suggested practices for female newborns with X-ALD, 

and results have the potential to improve guidelines, resources, and care for these families. This 

study was designed to identify gaps in the follow-up and care for females with X-ALD who are 

identified through newborn screening. The aims of this study were to: compare the content of 

counseling session discussions for female newborns and mothers with X-ALD; compare the 

timing, mode of counseling, and follow-up for male and female newborns are diagnosed with X-

ALD through newborn screening; and lastly, compare perspectives from providers that are 

involved with a newborn screening program and those that are not.   

 

 6.1 Points of agreement and differences for the male and female newborn scenarios   

  

Results showed a consensus in several aspects for how providers responded to questions 

about the protocols for male and female newborns following an X-ALD diagnosis through 

newborn screening. The results revealed that 96.0% of all providers, regardless of their 

involvement in a newborn screening program, responded that counseling should be in person for 

both a male and a female newborn with X-ALD rather than over the phone, in writing, or by 

another mode of counseling (p = 1.00). This is important for states that are currently screening 

for X-ALD and for any future states that may add the condition on to the newborn screening 

platform. The survey did not give providers the option to select multiple modes of counseling 

for this question. It is possible that providers perform counseling in person but may also 

supplement the counseling through other methods, such as a family letter in writing or by email, 

or may have subsequent conversations over the phone with families.   
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Another consensus that came out of the results of the survey was that 97.3% of providers 

responded that a detailed, 3-generation pedigree should always be taken for a male or a female 

newborn that is diagnosed with X-ALD through newborn screening (p = 1.00). The other 2.7% 

of providers responded that a pedigree should sometimes be taken for either a male or a female 

newborn with X-ALD. No providers responded that a pedigree would never be taken. This result 

is encouraging and is an important take away from the study. Because this is an X-linked 

condition, the family history is essential to identify family members who may also be at-risk for 

the condition. Wiens et al. (2019) described the experience that the state of Minnesota had after 

implementing newborn screening for X-ALD in their state and the importance of familial 

cascade testing. This result from the study as well as the recent literature supports the need for 

taking a detailed family history for X-ALD families and for any future X-linked disorders that 

are added to the recommended uniform screening panel (RUSP) for newborn screening in the 

United States.  

There were, however, several questions with discrepant results that can create a dialogue 

for providers and inspire future studies for how to address situations following a newborn 

screening result for X-ALD. We assessed whether the diagnosis of X-ALD should be included in 

the electronic medical record for a male vs. a female newborn ascertained by newborn 

screening. Including a diagnosis in an EMR is an essential way for providers among different 

specialties to access health information for an individual and to provide continuity of care 

(Bowman, 2013). For males, the diagnosis is more immediately impactful, as males can begin to 

develop symptoms within the first few years of life and likely have more routine follow-up 

following their diagnosis (Wiens et al., 2019). For females, the clinical features largely manifest 

in adulthood; however, a small portion of women do develop symptoms younger than the 
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average age of symptom onset (Engelen et al., 2014). The results demonstrated that 87.6% of all 

providers responded that the diagnosis should be included in the EMR regardless of whether the 

newborn is male or female and 1.4% of providers (n = 1) responded that the diagnosis should not 

be included in the EMR for a male or a female newborn. However, 11.0% of providers 

responded that only a male newborn’s diagnosis should be included in the EMR. Overall, these 

results demonstrated that males were more likely to have their diagnoses included in the EMR 

compared to females that are diagnosed with X-ALD through newborn screening (p = 0.008).   

This result from the study is interesting because if the family relocated or became lost to 

follow-up, there may be implications for not having the diagnosis readily available in the 

medical record for a female with X-ALD. Possible concerns about including the diagnosis in the 

EMR for a female may be risks for insurance discrimination in the future, decreased future 

patient care as providers may attribute symptoms unrelated to X-ALD to the diagnosis, or 

providers not considering females as truly “affected” with X-ALD (Graber et al., 2017). 

Furthermore, there may be other reasons why a provider would not include the diagnosis in the 

EMR for X-ALD or why a family would choose to exclude the diagnosis from the medical 

record. These topics could be explored in future studies.   

Furthermore, the results demonstrated that providers responded that a recommendation 

should be made for a male to be evaluated for clinical symptoms of X-ALD by a metabolic 

specialist immediately following a newborn screening diagnosis more often for a female in 

the same scenario (p < 0.001). Among all providers, 47.9% of the providers responded that a 

recommendation for a clinical evaluation for both a male and a female newborn should be made, 

37.0% of providers responded that only a male should be evaluated, and 15.1% of providers 

responded that neither a male nor female need a clinical evaluation. When the results were split 
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between the providers that were involved with a newborn screening program and those that are 

not, 40.0% of newborn screening providers responded that both a male and female should be 

evaluated, 48.6% newborn screening providers responded that only a male should be evaluated, 

and 11.4% responded that neither should have an evaluation. In contrast, 55.3% of providers that 

are not involved with a newborn screening program responded that both a male and a female 

should be evaluated, only 26.3% of the providers that are not involved with newborn screening 

responded that only a male should be evaluated, and 19.4% responded that neither should have 

an evaluation.   

Although the data does not reach statistical significance, there is an 

observational difference here among how providers that are currently care for males and females 

with the condition would recommend a clinical evaluation following ascertainment by NBS for 

males and female newborns with X-ALD.  Of the providers that were not involved with a 

newborn screening program that care for patients with X-ALD, 35% responded that a male 

should have a clinical evaluation whereas 19% of these providers responded that a female should 

have a clinical evaluation. Of the providers that were not involved with a newborn screening 

program that do not care for patients with X-ALD, 48% responded that a male should not have a 

clinical evaluation whereas 27% of these providers responded that a female should not have a 

clinical evaluation.  

Overall these data show, providers that are involved with newborn screening are less 

likely to evaluate a female with X-ALD and providers that care for patients with X-ALD and are 

not involved with a newborn screening program had a similar response. A possible explanation 

for this is that since  females typically do not develop symptoms until much later in life, the 

resources for this type of follow-up for a female might not be available through the newborn 
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screening program or follow-up might not be well covered by insurance at this time (Engelen et 

al., 2014). In addition, providers that care for these patients may be responding based on 

experience; however, experts should discuss the best practices for evaluating and 

following heterozygous females that are ascertained by NBS. These topics regarding insurance 

coverage, cost to families, and resources for follow-up for females is important and should be 

evaluated in future studies.   

All the providers that responded ‘Yes’ to this question were then asked when the best 

time for a clinical evaluation for a metabolic specialist would be for the male and female 

scenarios. The majority (92.5%) of providers that responded to the male scenario selected that 

the male newborn should be scheduled for a clinical evaluation by a metabolic specialist 

immediately with a plan for follow-up. No providers selected that the male would not be 

scheduled immediately and they would be scheduled only if symptoms develop. In contrast, a 

large percentage (55.9%) of the providers that responded to this question for a female said the 

female ‘should be evaluated immediately with a plan for follow-up' or responded that the female 

would not need to be seen immediately. Providers responded that the female newborn should be 

seen around the age of symptom onset (5.9%), or if symptoms develop (8.8%), or would be seen 

immediately for a one-time visit (29.4%). Fewer participants were offered this question for the 

female scenario because fewer providers responded ‘Yes’ to the previous question about 

whether  the female should be evaluated. Statistically, there was not a significant difference to 

how providers responded to the question when comparing the responses to the male and female 

scenarios (p = 0.357).   

Based on the results from these questions, a female should be evaluated; however, 

immediately following a newborn diagnosis might not be the best time for a clinical evaluation 
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by a metabolic provider. The resources may better be devoted for males that screen positive or 

for other more urgent newborn screening diagnoses. The timing of when a female should be 

evaluated by a metabolic specialist could be further studied as newborn screening for X-ALD 

continues over time. There should be ways to keep families of female newborns connected to the 

metabolic clinic so that they don’t get lost to follow-up and the female has the ability to obtain 

more information about the condition as she ages.   

The results did not demonstrate a difference between how all of the genetic counselors 

and physicians or nurses/nurse practitioners responded to the question about the evaluation of 

clinical symptoms by a metabolic specialist for the male scenario (p = 1.00) or the female 

scenario (p = 0.241). However, there was a difference among how genetic counselors and 

physicians responded to the question about the evaluation of clinical symptoms by a metabolic 

specialist for a male newborn depending on their involvement with a newborn screening 

program. When the results were analyzed by subgroup, 78% of genetic counselors involved with 

newborn screening responded a male should be evaluated whereas 95% of physicians responded 

a male should be evaluated (p = 0.001). In contrast, for those not involved with a newborn 

screening program, more genetic counselors (69%)  than physicians or nurses/nurse practitioners 

(26%) responded that a male should be evaluated. These responses between the newborn 

screening providers and non-newborn screening providers were opposite and contributed to the 

overall p-value of 1.00. While the genetic counselors had similar responses regardless of whether 

they are involved with a NBS program, these results demonstrate that physicians or nurses or 

nurse practitioners involved with a newborn screening program are more likely to recommend a 

clinical evaluation for a male newborn than physicians or nurses/nurse practitioners that are not 

involved with a newborn screening program. Some potential speculations for these interesting 
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findings include that a portion of the physicians who do not care for patients with X-ALD may 

not be aware of the pre-symptomatic screening protocols, while the physicians involved with 

newborn screening understand that the families need to be connected early on, or that the 

families may get lost to follow-up without an immediate appointment for counseling and an 

evaluation. The data implies that genetic counselors may be more aware of these concepts 

regardless of whether or not they are involved in a NBS program. This is an interesting 

difference that could be explored further in the future.  

 

6.2 Provider points of agreement and differences in response for females with X-ALD  

Participants were asked to select the “best term” to refer to females with females with X-

ALD. Almost half (46.6%) of the participants selected that the “best” term to refer to a female 

with X-ALD is heterozygote. However, 27.4% of the participants selected carrier as the best 

term to describe a female with X-ALD. One provider specified that the term carrier could be 

used if followed by terminology like a carrier “that may become symptomatic.” These findings 

were specifically for the scenarios of a female newborn and a mother with X-ALD. However, the 

results can be used as a proxy and likely generalize for all adult women with X-ALD. 

The term “carrier” for females that are diagnosed with X-ALD is outdated and does not 

describe the condition in females accurately. The term “carrier” refers to an individual who has 

inherited a mutated allele but typically does not exhibit symptoms of the disease because another 

mutated allele is required for the disease to manifest. About 80% of women with X-ALD exhibit 

manifestations of the disorder and, therefore, the disease is not silent for most women 

(Engelen et al., 2014; adrenoleukodystrophy.info). Papers have been titled “Women are Not Just 

Carriers,” “Underrecognized and Undertreated,” “Multiple Sclerosis in an 
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Adrenoleukodystrophy carrier” and participants of online support groups of women with the 

condition have expressed concerns about using the term “carrier” to describe the disease in 

women in the literature (Jangouk et al., 2012; Jenkins et al., 2011; Lourenco et al., 2012). If the 

term carrier is used, including descriptive terminology following the term carrier would be 

appropriate and helpful in clarifying, particularly for providers not as familiar with XALD or 

genetics, that females with X-ALD can become symptomatic.  This result from the study 

supports more recent literature characterizing the disease for women and addresses complaints 

from women who are advocates for their disease (Engelen et al., 2014). This study 

supports the recommendation to refer to females with X-ALD as 

heterozygotes, as many providers selected this term. Use of the term "carrier" may lead to an 

inaccurate assumption that females with XALD are not at risk for manifestations of the disease.   

As female heterozygotes can develop symptoms, guidelines should be developed to 

determine what should be discussed during counseling at various life stages so that females with 

X-ALD and their families are fully informed about the condition. When comparing the content 

of counseling for a female newborn with X-ALD and a mother with X-ALD, several 

topics emerged that should be included during counseling for both scenarios. Most respondents 

indicated that the following topics should be discussed, with no difference between what would 

be discussed with a family of a newborn female and a mother with X-ALD: 

inheritance/reproduction/risks to family members, average age of onset of symptoms, increased 

likelihood to develop symptoms with age, specialists that may be necessary (i.e. urologists, 

physical therapists, neurologists, and metabolic specialists), insurance discrimination (i.e. life 

insurance, disability), and treatment/management options for females.   



 

140 
 

For example, 71.8% of providers responded that insurance discrimination should be 

discussed during the counseling appointment for both the a family of a female newborn 

diagnosed with X-ALD and with a mother with X-ALD. Discussing insurance discrimination 

with patients is an important component of providing informed consent and is emphasized as part 

of genetic counseling training (NSGC Policy and Publications). The genetic information 

nondiscrimination act (GINA) is a federal law that protects people with genetic diagnoses from 

being discriminated against by their health insurer; however, the federal protection does not 

extend to life insurance, long-term care, or disability insurances 

(Genetic Information Discrimination). It is recommended that any individuals concerned about 

being denied these insurances obtain them prior to any genetic testing (Genetic Information 

Discrimination; https://www.eeoc.gov/laws/types/genetic.cfm). Because women with X-ALD 

don’t typically exhibit symptoms of the disorder until adulthood, adult female family members 

should potentially be aware of this prior to genetic testing as a part of familial cascade testing if a 

newborn is diagnosed through newborn screening (Engelen et al., 2014). In addition, results of 

this study indicate most providers feel the topic of insurance discrimination should be part 

of genetic counseling for the family of a female newborn with X-ALD.  

While consensus was reached on several topics, results demonstrated a difference in how 

providers responded to what should be discussed during counseling for each of the topics 

regarding the manifestations of X-ALD in females: myelopathy, peripheral neuropathy, and fecal 

incontinence. Providers in general, regardless of involvement in a newborn screening program, 

were more likely to discuss the topics of myelopathy, peripheral neuropathy, and fecal 

incontinence in a counseling session with an adult female with X-ALD than with a family of a 

female newborn.  



 

141 
 

For the topic of myelopathy, 77.1% of all providers responded that the topic of 

myelopathy should be discussed in counseling for both scenarios, 14.3% of providers responded 

that the topic should only be discussed with a mother, and 7.1% responded that the topic should 

not be discussed at all in either scenario. When the responses were broken down by provider 

involvement with newborn screening, NBS providers were less likely to discuss adult 

manifestations when counseling the family of newborn. These results are limited due to the small 

sample size of the data. However, a possible conclusion from this data given the limitation is that 

providers that are directly involved with counseling families when the individual identified with 

X-ALD is still a newborn have learned from experience that mentioning the details about the 

manifestations of an adult woman with X-ALD is too much information too soon. It is also 

possible that the topic is not immediate knowledge that is helpful for the family at that point in 

time and is something that providers would be more likely to mention later at subsequent visits 

or later in life when it is more immediately impactful. Qualitative studies with semi-structured 

interviews would be helpful to elicit detail regarding rationale of omitting this information from 

the counseling session.   

For the topic of peripheral neuropathy, 75.4% of all providers responded that the topic 

should be discussed during counseling for both scenarios, 18.8% responded that it should only be 

discussed with the mother, and 4.3% responded that it should not be discussed in a counseling 

session focused on a female newborn with X-ALD or during a counseling session focused on a 

mother/adult female with X-ALD.  When the comparisons were broken down by provider 

involvement with NBS, there was a significant difference among how providers that were not 

involved with a newborn screening program responded to this question. This was an opposite 

finding from myelopathy, in which there was a difference between the providers that were 



 

142 
 

involved with NBS responded to that question. However, the sample size is small when these 

groups are analyzed separately and a larger sample size is required to make such conclusions.   

Lastly, for the topic of fecal incontinence, the results demonstrated that 63.0% percent of 

providers responded that fecal incontinence should be discussed in both scenarios, 17.6% of 

providers responded that the topic should only be discussed with a mother and 17.6% 

of providers responded that it should not be discussed at all. In contrast to myelopathy and 

peripheral neuropathy, this topic had the greatest portion of providers that would not discuss the 

topic at all for either scenario and there were no differences when the responses were split by 

provider involvement with a newborn screening program. Therefore, this topic would be 

discussed the least during counseling, regardless of who the counseling session was focused on. 

In addition, providers, regardless of involvement with newborn screening, are less likely to 

discuss the topic, even with an adult female/mother with X-ALD. It is possible that providing 

that information would be too much too soon for families, similar to other adult onset 

manifestations. However, it is also possible that this result may reflect a greater level of 

discomfort for the provider to disclose or perceived discomfort for the patient in comparison to 

the other manifestations.   

In conclusion, there are certain counseling points that providers responded would be 

discussed in a counseling session focused on an adult female/mother with X-ALD and with a 

family of a female newborn (when the session is focused on the clinical aspects of the condition 

for her during adulthood). However, there were differences among provider response regarding 

the adult onset manifestations of X-ALD in women (e.g. myelopathy, peripheral neuropathy, and 

fecal incontinence). The respondents were overall more likely to discuss these adult onset 

manifestations with a mother with X-ALD than with the family of a female newborn (when 
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counseling about how the condition may affect her later in life).  However, these results raise a 

dilemma: what is the alternative if these families are never seen again after that first counseling 

visit? A discussion should be started about how these more detailed facets of the disorder for 

women should be addressed, and it could be a topic for future studies. It is worth mentioning that 

the discussions that providers have will change over time and should be revisited.  

Perspectives from families would provide valuable information about what they feel 

would be helpful information and how long-term follow-up should be performed for females. In 

addition, providing the family with written materials about the condition could be another good 

alternative for providers and families discussing these topics when the affected individual is a 

newborn. Over half (57.8%, n= 22) of providers responded that detailed, patient-friendly 

resources about the adult-onset condition for affected females with X-ALD are available and 

provided to families seen. Only 38 providers responded to this question as it did not apply for 

many. However, for those providers that are seeing patients with X-ALD, there may be materials 

available based on these results, and providers should collaborate and work together to share 

materials about the adult-onset condition for females and their families for those that may not 

have access.  

Already, there are new treatment options on the horizon that may become available to 

families with female newborns or symptomatic adult women with X-ALD which may prove as 

additional motivators to continue with long-term follow-up. Initial research regarding the 

possibility of gene therapy for males with cerebral adrenoleukodystrophy and now specifically 

for males with adrenomyeloneuropathy is promising and could be extended to females with the 

condition (Moser & Fatemi, 2018; Turks et al., 2019). Furthermore, stem cell transplant research 
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for adrenomyeloneuropathy is also underway which could make a difference for women that are 

symptomatic (Turks et al., 2019).    

 

6.3 Limitations of the Study  

There were several limitations of the study. First, the study was designed to capture 

responses from providers that were involved with a newborn screening program and those that 

were not. In order to capture both sets of responses, for several questions, there were two 

versions of the question created. Providers that were involved with a newborn screening program 

were prompted with questions beginning with, ‘What would be done?’ for a certain scenario 

whereas the other providers received questions beginning with, ‘What should be done?’ for a 

certain scenario. There was some variability in how these questions could be interpreted. For 

example, for the question about evaluating a newborn for clinical symptoms of X-ALD 

following a diagnosis of X-ALD through newborn screening, newborn screening providers were 

asked, ‘Would it be recommended that this newborn be evaluated for clinical symptoms of X-

ALD at your metabolic clinic?’ whereas the other providers received the question, ‘Should it 

be recommended that this newborn be evaluated for clinical symptoms of X-ALD by metabolic 

specialists?’ By asking newborn screening providers what would be done in the scenario at their 

center, it may not entirely capture their opinions of what they think should be done in 

the scenario, but may be representative of other logistical policies.   

In addition, some providers in each of the groups (providers directly involved with 

newborn screening and providers that are not directly involved with newborn screening) received 

additional questions that the other group did not receive because they were not applicable to the 

other group. One question that was asked to the providers that were not directly involved with a 

newborn screening program was ‘Do you provide care for patients with X-ALD?’  It was 
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important to capture the amount of providers that were caring for patients with X-ALD that 

weren’t involved with a newborn screening program in order to be able to fully understand the 

results from that group and interpret the responses to the questions. If all of the providers not 

involved with a newborn screening program were not caring for patients with X-ALD, the results 

would have different meaning than if the providers were. However, this question was not asked 

to the providers that were directly involved with a newborn screening program. This is a 

limitation of the study because the assumption was made that providers directly involved with a 

newborn screening program were providing care for X-ALD patients, which may or may not be 

true.   

Another limitation with how the survey was designed was that some of the questions 

could have provided additional insight by being ‘select all that apply’ style questions rather than 

multiple choice. For example, for the scenario question regarding the best mode of counseling 

for a newborn that screens positive, the options were multiple choice and participants could only 

select one option. However, it is possible that providers are providing counseling in person in 

combination with one of the other options, for example in writing and over the phone. One 

provider selected ‘Other’ and specified that the best way to provide counseling is in person and 

in writing. Initially, for the analysis, this participant was grouped into the ‘Not in person’ group 

of individuals because they selected ‘other,’ but after reading the answer, the response was 

manually put in the ‘In person’ group for the final analysis. This participant’s answer indicated 

that the question might have been better asked as a ‘select all that apply’ style question and 

participants might have responded differently with that style of question.   

Additional limitations of the study were that there was a small sample size and there were 

several questions where the total possible number of participants did not respond to the question. 
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91 participants opened the survey, however, only 84 participants responses could be used in the 

analysis. Of those 84 participants, 16 were partial responses, meaning that they did not answer 

every possible question in the survey they were offered. Those 16 were used in the analysis 

because a large majority of the questions were answered. Given this small sample size, the 

results obtained contain less statistical power and a larger sample size would have been ideal for 

data analysis (Biau et al., 2008). Nonetheless, interesting themes emerged, statistical significance 

was reached for several analyses, and the McNemar paired analyses helped provide more 

statistical power (Biau et al., 2008).   

One question that was missing responses was regarding the participants’ region of 

practice. Thirteen participants did not answer this question and it is possible that based on the 

regions of the country that were offered, they could not decide where they were located or they 

did not want to specify where they practiced. Another question partially answered was specifying 

the physician specialty. Physicians were given the options of metabolic genetics, general 

genetics, or other (please specify). Five providers selected ‘other’ but did not specify 

their specialty. Providers that care for patients with X-ALD were welcome to answer the 

survey, so it is possible that endocrinologists, neurologists, or other specialty providers took the 

survey and did not specify their specialty. In addition, the survey was only open to those 

providers practicing in the United States due to limitations of the University of California, Irvine 

IRB self-determination protocol. Providers outside of the U.S. have valuable insight and should 

be included in future research regarding newborn screening for the condition as other 

countries are screening for X-ALD and have contributed tremendously to researching and 

advancing our knowledge about this condition. Furthermore, there were only 4 nurses or nurse 

practitioners that responded to the survey. The survey likely did not reach many nurses, and as 
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nurses are integral in caring for these patients and for the coordination of newborn screening 

programs, their responses likely are not well captured in this survey.   

In addition, fewer participants answered the female newborn scenario questions overall in 

comparison to the male scenario questions. There are different possible explanations for this 

outcome. The first possibility is survey fatigue. Since the female scenario questions were 

presented second in the survey and due to the survey length, participants may have been more 

likely not to finish the survey or to skip questions. However, there was no consistent place in the 

survey where participants stopped answering questions. Often, questions were skipped and 

participants continued to answer the final survey questions. Another possibility is that 

participants might not have been able to decide on their answer to the female scenario question 

and selectively chose not to answer specific questions. Anecdotally, the topic of how to follow 

females after a diagnosis through newborn screening is a current debate among newborn 

screening programs and providers involved with newborn screening for X-ALD is new in many 

states, and participants might have been ambivalent in their responses to certain questions.   

Also, there were limitations for how the data analysis could be performed due to the 

population of participants that responded to the survey. Genetic counseling is a young field, a 

genetic counseling program takes two years to complete, and the majority of genetic counselors 

are female (2019 NSGC Professional Status Survey). On the other hand, physicians require 

longer schooling and training, are on average older professionals, and are 66.1% male and 33.9% 

female (2018 Survey of America’s Physicians). Therefore, the survey participant role/title was 

largely confounded by the gender of the participant as well as the age and years in practice of the 

participant. In addition, the age of the participant was confounded by the role and the years in 

practice of the provider. These confounders were taken into consideration in designing the 
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analysis and the variables that were used for the majority of the analyses were the professional 

role/title of the provider and the years in practice of the provider.   

  

6.4 Future Directions   

There were several conclusions that provide inspiration for future research and future 

studies. The results demonstrated that providers are more likely to recommend a clinical 

evaluation and include the diagnosis of X-ALD in the EMR for a male newborn diagnosed with 

X-ALD than for a female newborn. Although they are more likely to include the diagnosis in the 

EMR for a male, still a large percentage of providers responded that a recommendation for a 

clinical evaluation for a female should be made as well as that her diagnosis should be 

included in the EMR. The timing of when a clinical evaluation for a female newborn should be 

performed and the reasons why providers would include or exclude a diagnosis in the EMR still 

needs further discussion from experts in the field and these topics can be explored in future 

studies. For example, studies could explore informal protocols that have been put in place by 

newborn screening centers across the country and internationally for females that are diagnosed 

with the condition through newborn screening to determine when centers tend to perform a 

clinical evaluation for a female newborn, when they are scheduled to return to the clinic, if the 

diagnosis gets included in the EMR, and how clinics avoid losing a family to follow-up. 

Understanding parent perspectives about counseling and follow-up intervals for females that 

screen positive for X-ALD would also be an area of research that would contribute to provider 

knowledge involved with newborn screening for X-ALD in the future.   

Furthermore, the Schwan et al. 2019 study touched on assessing mental health for adults 

with X-ALD and for parents that are diagnosed with the condition through cascade testing 
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coordinated by newborn screening. Parents have a lot to process with a new diagnosis for their 

child, let alone an unexpected diagnosis for themselves and family members. It is essential that 

providers keep in mind parents’ mental health as well as provide information about how their 

physical health could be affected by the disorder. Future research could dive into parent 

perspectives through the newborn screening process for X-ALD and explore how the process 

impacted their mental health. A tremendous burden is placed on the entire family following these 

newborn screening results. Based on the responses from this study, most participants responded 

that a mother should either ‘always’ (38.8%) or ‘sometimes’ (61.2%) be given recourses and/or a 

referral to mental health services. It was encouraging that out of the 67 providers that responded 

to this question, no provider selected ‘Never’ in response to this question. This study did not 

explore how mental health is affected by a newborn screening diagnosis for individuals in the 

family and this is another area that needs further study.   

In terms of coordinating follow-up and care for family members found to have X-ALD 

through cascade testing, additional study should be done to determine how different programs 

have coordinated testing and connect families that may not be in close proximity with providers 

and counselors in their area. In a pediatric hospital, there is much focus on the child and there 

may not be the same opportunities for follow-up and care for adult family members with the 

condition. There is a role for family physicians and the newborn screening providers to work 

together to ensure these families are supported and well connected with the care they will need.    

Another area of study that deserves future research is how families are able to handle the 

costs of the follow-up care recommendations after a diagnosis is made for X-ALD. Although the 

cost for the newborn screening program is determined by the state public health program, the 

costs of subsequent follow-up is not included (Newborn Screening Authoring Committee, 2008). 
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A parent whose son was diagnosed with X-ALD described “how the out of pocket cost for each 

MRI was $1400” due to the type of insurance they had (February 28 2020, personal 

communication). They expressed that they feel like “they have to do it because they are afraid of 

what might happen if they don’t” (February 28 2020, personal communication). When an MRI is 

recommended every 6 months after age 2, endocrine labs are recommended every 3 – 4 months 

and follow-up clinic visits are also recommended every 6 months, the families may have 

significant medical costs associated with a condition that may or may not ever manifest.   

Nurse case managers and social workers are needed in clinics that follow patients 

diagnosed with X-ALD through newborn screening over time to help manage 

financial constraints. Accessible education materials may also help families to help 

navigate financial barriers to care. The role of the primary care provider could also be integral in 

helping the newborn screening providers coordinate follow-up for families that have insurance 

that may require a primary care physician to order labs, imaging studies, etc. For families where 

keeping up with the recommended follow-up is not an option due to limitations, the state 

screening programs may need to consider ways to help the families with follow-up costs.   

 

6.5 Conclusions 

This study topic was inspired by personal experiences with families undergoing the 

journey of a new diagnosis of X-ALD via newborn screening, the cascade effect of diagnosing 

family members following newborn screening, and through the experiences of healthcare 

providers involved with their care. Although there have been challenges to overcome for both 

families and providers with this condition as a part of newborn screening, there are downsides to 

not screening for X-ALD, such as potentially missing a life-threatening adrenal crisis or 

irreversible neurologic deterioration. Therefore, the challenges should be addressed and revisited 
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as providers can collaborate about their experiences with X-ALD as a part of newborn screening. 

This study aims to begin that conversation and although the sample size was relatively small, 

there were lessons learned. Newborn screening for XALD is new, and the opinions for how to 

deal with many of the questions brought up in the survey may change over time as we learn more 

about the condition in males and females, as we discover new treatment options, and as we learn 

to navigate newborn screening for the disorder over time. Providers need to stay current on the 

treatment options that become available both for males and females with this condition. This 

study demonstrates several consensuses made by providers that responded to the survey, that 

are interested in this topic and that are involved in caring for these families with X-ALD or are a 

part of newborn screening for the condition.   

A large percentage of providers responded that heterozygote is the best term to refer to 

females diagnosed with X-ALD. Previous literature has referred to females with X-ALD as 

carriers of the condition. However, recent data is evolving about the manifestations of the 

disorder in women and they are affected with this disease (Engelen et al., 2014). The term carrier 

can be misleading unless followed by terminology that explains that a woman may be come 

symptomatic and the use of the term heterozygote to refer to females with the condition is more 

appropriate. Providers also supported discussing the topic of insurance discrimination during 

counseling with both an adult woman with X-ALD as well as with families that have a newborn 

female with X-ALD. In regard to males and females with X-ALD, providers responded that a 

detailed, 3-generation pedigree should always be taken following a newborn screening diagnosis 

for the condition and that they should typically be seen in person for counseling following a 

positive newborn screening result for X-ALD.   
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Several questions had discrepant results which can prompt further discussion and future 

research surrounding newborn screening for X-ALD and for conditions with X-linked 

inheritance, with variable penetrance, or lack of genotype-phenotype correlation. For the male 

and female scenarios, providers were more likely to recommend a clinical evaluation by 

metabolic specialists and include the diagnosis in the EMR for a male newborn with X-ALD 

than a female newborn. These findings raise new questions about why there might be differences 

between how a male and a female with X-ALD are treated at various stages following a 

diagnosis. The responses to these questions can prompt new discussion to help guide protocols 

for females following a newborn screening diagnosis for the condition.   

The differences that were uncovered for the content of counseling for an adult woman 

with X-ALD and for a family with a female newborn diagnosed with X-ALD are also interesting 

starting points for a similar dialogue. Myelopathy, peripheral neuropathy, and fecal incontinence 

are all manifestations of X-ALD in women and the disease progression in women is still being 

researched (Engelen et al., 2019) (Huffnagel et al., 2019). There were discrepant results from 

providers surrounding when these manifestations would be discussed during counseling. The 

manifestations were more likely to be discussed with a mother with X-ALD than with a family of 

a female newborn with the condition. It may be too much information for a family too soon to 

describe the adult onset disorder while the child is still an infant. However, a plan for follow-up 

and a plan for a later discussion of these manifestations should be indicated for the families of 

female newborns in order for families to be fully aware of the condition and how it affects males 

and females differently.  

Overall, several points of consensus emerged from analyses of participant responses and 

the results also revealed differences among provider responses. The differences prompt a new 
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conversation among professionals and experts in the field and serve as the foundation to shape 

protocols and guidelines for newborn screening for X-ALD.    
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APPENDIX A - Supplementary Figures & Tables 
 

 

 

Supplementary	Figure	1.	ACMG	ACT	Sheet	and	Confirmatory	Algorithm	for	Phenylketonuria	
(PKU).		ACMG	ACT	Sheets	and	Confirmatory	Algorithms	[Internet].	Bethesda	(MD):	American	
College	of	Medical	Genetics;	2001-.	Newborn	Screening	ACT	Sheets	and	Confirmatory	
Algorithms. Available	from:	https://www.ncbi.nlm.nih.gov/books/NBK55827/	

		

		
		
		
		
		

Elevated Phenylalanine 

Assay 
Plasma amino acids

Normal
Elevated phenylalanine

Normal/Reduced tyrosine

Newborn screening result was 
false positive.

No further action required.

Begin low phenylalanine diet;
Assay urine pterins;
RBC DHPR assay 

Urine pterins - abnormal
DHPR activity - normal

Urine pterins - abnormal
DHPR activity - reducedUrine pterins - normal

PKU
Continue diet

Consider PAH genotyping

BH4 deficiency
Evaluate for specific pterin defect;

Initiate treatment with BH4 and 
neurotransmitter precursors.

DHPR deficiency
Initiate treatment with BH4 and 
neurotransmitter precursors.

Phenylalanine Elevated

Abbreviations/Key
RBC =  Red blood cell
PKU =  Phenylketonuria
PAH =  Phenylalanine hydroxylase
BH4 =  Tetrahydrobiopterin
DHPR =  Dihydropteridine reductase

Disclaimer: This guideline is designed primarily as an educational resource for clinicians to help them provide quality medical care It should not be considered inclusive of all proper 
procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results. Adherence to this guideline does not necessarily ensure a 
successful medical outcome. In determining the propriety of any specific procedure or test, the clinician should apply his or her own professional judgment to the specific clinical circumstances 
presented by the individual patient or specimen. Clinicians are encouraged to document the reasons for the use of a particular procedure or test, whether or not it is in conformance with this 
guideline. Clinicians also are advised to take notice of the date this guideline was adopted, and to consider other medical and scientific information that become available after that date.

Action steps are shown in shaded boxes; results are in the unshaded boxes.

© American College of Medical Genetics, 2009         (Funded in part through MCHB/HRSA/HHS grant #U22MC03957)
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Supplementary Figure 2. ACMG ACT Sheet and Confirmatory Algorithm for Cystic Fibrosis 
(CF). ACMG ACT Sheets and Confirmatory Algorithms [Internet]. Bethesda (MD): American 
College of Medical Genetics; 2001. Newborn Screening ACT Sheets and Confirmatory 
Algorithms. Available from: https://www.ncbi.nlm.nih.gov/books/NBK55827  

	

		
		
		

Immunoreactive Trypsinogen (IRT Elevated)
Immunoreactive Trypsinogen 

(IRT) Screening

Moderately elevated IRT Highly elevated IRT

Repeat IRT
CFTR mutation 
panel testing

(ACMG/ACOG 23)

Elevated 2nd IRT Single mutation Two mutations

Expanded mutation 
panel testing

One or two mutations

Determine sweat chloride

>60mEq/L is Positive for cystic 
fibrosis (CF)

Disclaimer: These standards and guidelines are designed primarily as an educational resource for physicians to help them provide quality clinical services.  Adherence to these standards and 
guidelines does not necessarily ensure a successful medical outcome.  These standards and guidelines should not be considered inclusive of all proper procedures and tests or exclusive of 
other procedures and tests that are reasonably directed to obtaining the same results.  In determining the propriety of any specific procedure or test, the healthcare provider should apply his or 
her own professional judgment to the specific clinical circumstances presented by the individual patient or specimen.  It may be prudent, however, to document in the patient record the 
rationale for any significant deviation from these standards and guidelines.

Actions are shown in shaded boxes; results are in the unshaded boxes.

© American College of Medical Genetics, 2006 (Funded in part through MCHB/HRSA/HHS grant #U22MC03957)

*Mutational analysis if not already done
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Supplementary Figure 3. Kaye and Committee on Genetics (2006) Table describing the effects of 
sample timing, preterm birth, diet, transfusion, total parental nutrition on a newborn screening 
result for a number of disorders included on newborn screening panels. Kaye, C. I. (2006). 
 Committee on Genetics. Introduction to the Newborn Screening Fact Sheets, Pediatrics. 
118 (3) 1304-1312; DOI: 10.1542/peds.2006-1782  
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Supplementary Figure 4. Example of a simplified newborn screening algorithm for X-ALD.   
https://adrenoleukodystrophy.info/ 
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Supplementary Table 1. X-ALD newborn screening in the United States as of October 19th, 
2019.  

State  X-ALD Newborn Screening Implementation  

New York  December 2013  

Connecticut  December 2015  

California  September 2016  

Minnesota  February 2017  

Pennsylvania  April 2017  

Washington  March 2018  

Tennessee  April 2018  

Florida  May 2018  

Nebraska  July 2018  

Kentucky  July 2018  

Washington, D.C.  September 2018  

Rhode Island  April 2019  

Michigan  October 2019  

   
 
 

Supplementary Table 2: States anticipated to begin newborn screening for X-ALD in 2020 as of 
October 19th, 2019.  

State  

Utah  

Wisconsin  

New Jersey  
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Supplementary table 3: States with pilot newborn screening program for X-ALD as of October 
19th, 2019.  

State  

Georgia  

North Carolina  

Massachusetts  

   
 
 
Supplementary Table 4: States with mobilized effort for newborn screening for X-ALD as of 
October 19th, 2019.  

State  

Arizona  

New Mexico  

Colorado  

Iowa  

Louisiana  

Ohio  

West Virginia  

Virginia  

Maryland  
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APPENDIX C - Survey and Data Collection Materials 
 

A. Complete Survey 
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B. Survey Recruitment Flyers  

(Flyer 1) 
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(Front of flyer 2) 

 

(Back of flyer 2) 
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C. Study recruitment emails  

 
1. NSGC Email  
The survey was sent out on 11/6/19 and again on 12/4/19. 
  
“Title: Assessing procedures followed for newborn screening for X-Linked 
Adrenoleukodystrophy” 
 
“Newborn screening (NBS) for X-Linked Adrenoleukodystrophy (X-ALD) was only recently 
initiated and follow-up and counseling methods are not yet absolutely defined. We designed a 
study to gather information about provider approaches to counseling and follow-up for these 
patients. The study explores genetic counselor, physician, and Nurse/NP perspectives about the 
content discussed during counseling for males, females, and families affected with X-ALD 
following a positive newborn screening result. The online survey is estimated to take 15 minutes 
to complete. Genetic counselors of any specialty are eligible to participate. The purpose of the 
survey is to improve guidelines, resources, and care for families with X-ALD and for newborns 
with X-ALD identified through NBS. Please contact Makenna DuBois at duboism@uci.edu with 
any questions. Complete the survey.” 
 
2. Emails  
 
Email To UCI Faculty  
Same email was sent out on 10/30/19 and an email reminder was sent out on 1/8/2020. 
 
Subject: X-linked Adrenoleukodystrophy Student Thesis Survey  
 
“My name is Makenna DuBois, and I am a second year student in the Genetic Counseling 
Masters Program at University of California, Irvine. My current research interest lies in the area 
of metabolic disease, specifically X-linked Adrenoleukodystrophy (X-ALD). Newborn screening 
for X-linked Adrenoleukodystrophy was only recently initiated, and the follow-
up and counseling methods are not yet absolutely defined. Our study explores genetic counselor, 
physician, and Nurse/NP perspectives about the content discussed during counseling for males, 
females, and families affected with X-ALD following a positive newborn screening (NBS) 
result. The online survey is estimated to take 15 minutes to complete. The purpose of the survey 
is to improve guidelines, resources, and care for families with X-ALD and for newborns with X-
ALD identified through NBS. Please click on the study information sheet (attached) for more 
information. Thank you for your consideration.  
Please contact Makenna DuBois at duboism@uci.edu with any questions. 
Survey link: https://is.gd/duboism_xaldsurvey 
 
Best,  
 
Makenna DuBois” 
 
The Study Information Sheet was attached.  
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Email to Colleagues that Expressed interest  
 
Emails were sent out throughout the data collection period.  
 
Subject: X-linked Adrenoleukodystrophy Student Thesis Survey  
 
“My name is Makenna DuBois, and I am a second year student in the Genetic Counseling 
Masters Program at University of California, Irvine. My current research interest lies in the area 
of metabolic disease, specifically X-linked Adrenoleukodystrophy (X-ALD). Newborn screening 
for X-linked Adrenoleukodystrophy was only recently initiated, and the follow-
up and counseling methods are not yet absolutely defined. Our study explores genetic counselor, 
physician, and Nurse/NP perspectives about the content discussed during counseling for males, 
females, and families affected with X-ALD following a positive newborn screening (NBS) 
result. The online survey is estimated to take 15 minutes to complete. The purpose of the survey 
is to improve guidelines, resources, and care for families with X-ALD and for newborns with X-
ALD identified through NBS. Please click on the study information sheet (attached) for more 
information. Thank you for your consideration.  
Please contact Makenna DuBois at duboism@uci.edu with any questions. 
Survey link: https://is.gd/duboism_xaldsurvey 
 
Best, 
 
Makenna DuBois”  
 
The Study Information Sheet was attached.  
 
Email to NBS Coordinators for states that are screening for X-ALD  
Email was sent out on 1/8/2020. 
 
Subject: X-linked Adrenoleukodystrophy Student Thesis Survey  
 
“Dear coordinators and other affiliates of newborn screening programs,  
 
My name is Makenna DuBois, and I am a second year student in the Genetic Counseling Masters 
Program at University of California, Irvine. My current research interest lies in the area of 
metabolic disease, specifically X-linked Adrenoleukodystrophy (X-ALD). Newborn screening 
for X-linked Adrenoleukodystrophy was only recently initiated, and the follow-up and 
counseling methods are not yet absolutely defined. Our study explores genetic counselor, 
physician, and Nurse/NP perspectives about the content discussed during counseling for males, 
females, and families affected with X-ALD following a positive newborn screening (NBS) 
result. The online survey is estimated to take 15 minutes to complete. The purpose of the survey 
is to improve guidelines, resources, and care for families with X-ALD and for newborns with X-
ALD identified through NBS.  
 
Please forward this email to any contact (e.g. genetic counselor, physician, nurse/nurse 
practitioner) that is eligible to respond to the survey. If any further discussion is required, please 



 

197 
 

do not hesitate to reach out to me. 
 
Please click on the study information sheet (attached) for more information. Thank you for your 
consideration.  
Please contact Makenna DuBois at duboism@uci.edu with any questions. 
Survey link: https://is.gd/duboism_xaldsurvey 
 
Best,  
 
Makenna DuBois” 
 
The Study Information Sheet was attached.  
 
Email to Genetics Colleagues  
 
Subject: Student thesis on newborn screening for X-linked adrenoleukodystrophy – participation 
requested  
 
“I am writing to ask you to consider participating in a genetic counseling masters thesis.  I am 
working with Makenna DuBois, a second year student in the Genetic Counseling Masters 
Program at University of California, Irvine on her thesis on newborn screening for X-linked 
Adrenoleukodystrophy.  As you know, newborn screening for XALD was only recently initiated, 
and the follow-up and counseling methods are not yet well-defined. This study explores genetic 
counselor, physician, and Nurse/NP perspectives about the content discussed during counseling 
for males, females, and families affected with XALD following a positive newborn screening 
result. The online survey is estimated to take 15 minutes to complete. The purpose of the survey 
is to improve guidelines, resources, and care for families with X-ALD and for newborns with X-
ALD identified through NBS. Please click on the study information sheet (attached) for more 
information.  
 
Please contact Makenna DuBois at duboism@uci.edu with any questions. 
Survey link: https://is.gd/duboism_xaldsurvey 
Thank you for your time and consideration! 
Best wishes, 
Natalie Gallant” 
 
The Study Information Sheet was attached.  
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D. Study Information Sheet  
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APPENDIX D – Expanded Results Tables 
 

Table 8. Mode of counseling male vs. female newborn. 

A) NBS provider response 

 
Female Newborn Scenario  

Total In person Not in person 

 N (%) N (%)  N   (%) 

Male 
Newborn 
Scenario 

In person 34 (94.4) 0 (0.0) 34 (94.4) 

 Not in person 0 (0.0) 2 (5.6) 2 (5.6) 

Total 34  2  36 (100.0) 

B) Responses from individuals not involved with a NBS program 

 
Female Newborn Scenario  

Total In person Not in person 

 N (%) N (%) N  (%) 

Male Newborn 
Scenario 

In person 37 (94.9) 1 (2.6) 38 (97.4) 

Not in person 0 (0.0) 1 (2.6) 1 (2.6) 

Total 37  2  39 (100.0) 

C) Responses from all providers  

 

Female Newborn Scenario 

Total In person Not in person 

 N (%) N (%) N (%) 

Male  

newborn 
Scenario 

In person 71 (94.7) 1 (1.3) 72 (96.0) 

Not in person 0 (0.0) 3 (4.0) 3 (4.0) 

Total 71  4  75 (100.0) 
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Table 9. Survey participant response for the mode of counseling for a newborn with a 
positive newborn screening result and survey participant professional role/title. 

  A) Male Newborn Scenario  

Counseling IS/SHOULD most often 
be performed: 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Male Newborn 
Scenario 

In person 43 (52.4) 34 (41.5) 77 (93.9) 

Not in person 4 (4.9) 1 (1.3) 5 (6.1) 

Total 47  35  82 (100.0) 

*Fisher’s Exact Test, chi-square = 1.120, 1 d.f., p = 0.387, not significant. 

B) Female Newborn Scenario 

Counseling IS/SHOULD most often 
be performed: 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

In person 39 (52.0) 32 (42.7) 71 (94.7) 

Not in person 3 (4.0) 1 (1.3) 4 (5.3) 

Total 42  33  75 (100.0) 

*Fisher’s Exact Test, chi-square = 0.619, 1 d.f., p = 0.626, not significant.  
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Table 10. Mode of counseling for a male vs female newborn and years in practice. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 – 25 26+ 

 N (%) N (%) N (%) N (%)   

Male  

Newborn 

Scenario 

In person 35 (42.7) 19 (23.2) 12 (14.6) 11 (13.4) 77 (93.9) 

Not in 
person 1 (12.2) 4 (4.9) 0 (0.0) 0 (0.0) 5 (6.1) 

Total 36  23  12  11  82 (100.0) 

*Fisher’s Exact Test, chi-square = 7.310, 3 d.f., p = 0.063, not significant. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

In person 32 (42.7) 16 (21.3) 12 (16.0) 11 (14.6) 71 (94.7) 

Not in 
person 2 (2.7) 2 (2.7) 0 (0.0) 0 (0.0) 4 (5.3) 

Total 34  18  12  11  75 (100.0) 

*Fisher’s Exact Test, chi-square = 2.506, 3 d.f., p = 0.474, not significant. 
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Table 12. Provider role and evaluation of clinical symptoms by a metabolic provider: 
male or female scenario. 

A) NBS provider response – Male Newborn Scenario 

Would it be recommended that this 
newborn be evaluated for clinical 
symptoms of X-ALD at your 
metabolic clinic? 

What is your professional 
role/title? 

 

 

 

Total 

Genetic 
Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%)  N   (%) 

Male Newborn 
Scenario 

Yes 14 (36.8) 19 (50.0) 33 (86.8) 

 No 4 (10.5) 1 (2.6) 5 (13.2) 

Total 18  20  38 (100.0) 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.001, significant. 

B) NBS provider response – Female Newborn Scenario 

Would it be recommended that this 
newborn be evaluated for clinical 
symptoms of X-ALD at your 
metabolic clinic? 

What is your professional 
role/title? 

 

 

 

Total 

Genetic 
Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N  (%) 

Female 
Newborn 
Scenario 

Yes 6 (17.1) 8 (22.9) 14 (40.0) 

No 9 (25.7) 12 (34.3) 21 (60.0) 

Total 15  20  35 (100.0) 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.238, not significant. 
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Table 12 Continued  

C) Responses from individuals not involved with a NBS program – Male Newborn Scenario 

Should it be recommended that this 
newborn be evaluated for clinical 
symptoms of X-ALD by metabolic 
specialists? 

What is your professional 
role/title? 

Total 
Genetic 

Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Male  

newborn 
Scenario 

Yes 24 (58.5) 10 (24.4) 34 (82.9) 

No 3 (7.3) 4 (9.8) 7 (17.1) 

Total 35  38  41 (100.0) 

*McNemar chi square test of symmetry, 1 d.f.,  p < 0.001, significant. 

D) Responses from individuals not involved with a NBS program – Female Newborn Scenario 

Should this newborn be evaluated 
for clinical symptoms of X-ALD by 
metabolic specialists? 

What is your professional 
role/title? 

 

 

 

Total 
Genetic 

Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Female  

newborn 
Scenario 

Yes 16 (42.1) 5 (13.2) 17 (44.7) 

No 9 (23.7) 8 (21.1) 21 (55.3) 

Total 25  13  38 (100.0) 

*McNemar chi square test of symmetry, 1 d.f.,  p = 0.152, not significant. 
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Table 12 Continued  

E) All provider responses – Male Newborn Scenario 

Would/Should this newborn be 
evaluated for clinical symptoms of 
X-ALD at your metabolic clinic/by 
metabolic specialists? 

What is your professional 
role/title? 

Total 
Genetic 

Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Male  

newborn 
Scenario 

Yes 38 (48.1) 29 (36.7) 67 (84.8) 

No 7 (8.9) 5 (6.3) 12 (15.2) 

Total 45  34  79 (100.0) 

*Pearson chi-square = 0.011, 1 d.f.,  p = 1.000, not significant. 

F) All provider responses – Female Newborn Scenario 

Would/Should this newborn be 
evaluated for clinical symptoms of 
X-ALD at your metabolic clinic/by 
metabolic specialists? 

What is your professional 
role/title? 

 

 

 

Total 
Genetic 

Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

N (%) N (%) N (%) 

Female  

newborn 
Scenario 

Yes 22 (30.1) 13 (17.8) 35 (47.9) 

No 18 (24.7) 20 (27.4) 38 (52.1) 

Total 40  33  73 (100.0) 

*Pearson chi-square = 1.765, 1 d.f.,  p = 0.241, not significant. 
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Table 13. Evaluation of clinical symptoms for a male vs female newborn and years in 
practice. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Male  

Newborn 

Scenario 

Yes 31 (39.2) 18 (22.8) 11 (13.9) 7 (8.9) 67 (84.8) 

No 
5 (6.3) 2 (2.5) 1 (1.3) 4 (5.1) 12 (15.2) 

Total 36  20  12  11  79 (100.0) 

*Fisher’s Exact Test, chi-square = 4.732, 3 d.f., p = 0.207, not significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 19 (26.0) 7 (9.6) 5 (6.8) 4 (5.5) 35 (47.9) 

No 
14 (19.2) 10 (13.7) 7 (9.6) 7 (9.6) 38 (52.1) 

Total 33  17  12  11  73 (100.0) 

*Pearson chi square = 2.319, 3 d.f., p = 0.541, not significant. 
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Table 15. Diagnosis inclusion in the EMR and survey participant professional role/title. 

  A) Male Newborn Scenario – All providers 

 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Male Newborn 
Scenario 

Yes 45 (56.9) 33 (41.8) 78 (98.7) 

No 0 (0.0) 1 (1.3) 1 (1.3) 

Total 45  34  79 (100.0) 

*Fisher’s exact test, chi-square = 1.340, 1 d.f., p = 0.430.  

B) Female Newborn Scenario – All providers 

 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

Yes 35 (47.9) 29 (39.7) 64 (87.7) 

No 5 (6.8) 4 (5.6) 9 (12.3) 

Total 40  33  73 (100.0) 

Fisher’s Exact Test, chi-square = 0.002, 1 d.f., p = 1.00.  
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Table 16. Inclusion of diagnosis in the EMR for a male vs female newborn and years in 
practice. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Male  

Newborn 

Scenario 

Yes 36 (45.5) 20 (25.3) 12 (15.2) 10 (12.7) 78 (98.7) 

No 
0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3) 1 (1.3) 

Total 36  20  12  11  79 (100.0) 

*Fisher’s Exact Test, chi-square = 6.261, 3 d.f., p = 0.139, not significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 27 (37.0) 16 (2.2) 12 (16.4) 9 (12.3) 64 (87.7) 

No 
6 (8.2) 1 (1.4) 0 (0.0) 2 (2.7) 9 (12.3) 

Total 33  17  12  11  73 (100.0) 

*Fisher’s Exact Test, chi-square = 3.320, 3 d.f., p = 0.344, not significant. 
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Table 18. Discussion of myelopathy mother vs female scenario by provider role/title. 

  A) Mother Scenario – All providers 

 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Mother 

 Scenario 

Yes 36 (50.0) 30 (41.6) 66 (91.7) 

No 3 (4.2) 3 (4.2) 6 (8.3) 

Total 39  33  72 (100.0) 

*Fisher’s exact test, chi-square = 0.046, 1 d.f., p = 1.000, not significant.  

B) Female Newborn Scenario – All providers 

 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

Yes 28 (40.0) 27 (38.6) 55 (78.6) 

No 10 (14.3) 5 (7.1) 15 (21.4) 

Total 38  32  70 (100.0) 

Pearson chi-square = 1.179, 1 d.f., p = 0.383, not significant.   
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Table 19. Discussion of myelopathy for a mother vs female newborn with X-ALD in 
counseling and years in practice of the participant. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Mother 

Scenario 

Yes 31 (43.1) 16 (22.2) 10 (13.9) 9 (12.5) 66 (91.7) 

No 2 (2.8) 1 (1.4) 1 (1.4) 1 (1.4) 6 (8.3) 

Total 33  17  11  11  72 (100.0) 

*Fisher’s Exact Test, chi-square = 2.072, 3 d.f., p = 0.635, not significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 25 (35.7) 13 (18.6) 10 (14.3) 7 (10.0) 55 (78.6) 

No 
7 (10.0) 4 (5.7) 1 (1.4) 3 (4.3) 15 (21.4) 

Total 32  17  11  10  70 (100.0) 

*Fisher’s Exact Test, chi-square = 1.526, 3 d.f., p = 0.724, not significant. 
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Table 21. Discussion of peripheral neuropathy mother vs female scenario by provider 
role/title. 

  A) Mother Scenario – All providers 

 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Mother 

 Scenario 

Yes 39 (54.1) 29 (40.3) 68 (94.4) 

No 1 (1.4) 3 (4.2) 4 (5.6) 

Total 40  32  72 (100.0) 

*Fisher’s exact test, chi-square = 1.601, 1 d.f., p = 0.317, not significant.  

B) Female Newborn Scenario – All providers 

 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

Yes 28 (40.0) 25 (35.7) 53 (75.7) 

No 10 (14.3) 7 (10.0) 17 (24.3) 

Total 38  32  70 (100.0) 

*Pearson chi-square = 0.186, 1 d.f., p = 0.782, not significant.   
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Table 22. Discussion of peripheral neuropathy for a mother vs female newborn with X-
ALD in counseling and years in practice of the participant. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Mother 

Scenario 

Yes 34 (47.2) 17 (23.6) 9 (12.5) 8 (11.1) 68 (94.4) 

No 0 (0.0) 0 (0.0) 2 (2.8) 2 (2.8) 4 (5.6) 

Total 34  17  11  10  72 (100.0) 

*Fisher’s Exact Test, chi-square = 8.605, 3 d.f., p = 0.010, significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 25 (35.7) 13 (18.6) 9 (12.9) 6 (8.6) 53 (75.7) 

No 
7 (10.0) 4 (5.7) 2 (2.9) 4 (5.7) 17 (25.7) 

Total 32  17  11  10  70 (100.0) 

*Fisher’s Exact Test, chi-square = 1.705, 3 d.f., p = 0.696, not significant. 
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Table 24. Discussion of fecal incontinence mother vs female scenario by provider role/title. 

  A) Mother Scenario – All providers 

 

What is your professional 
role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%) 

Mother 

 Scenario 

Yes 32 (46.4) 23 (33.3) 55 (79.7) 

No 7 (10.1) 7 (10.1) 14 (20.3) 

Total 39  30  69 (100.0) 

*Pearson chi-square = 0.304, 1 d.f., p = 0.764, not significant.  

B) Female Newborn Scenario – All providers 

 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

]Yes 26 (37.7) 18 (26.1) 44 (63.8) 

No 12 (17.4) 13 (18.8) 25 (36.2) 

Total 38  31  69 (100.0) 

*Pearson chi-square = 0.793, 1 d.f., p = 0.453, not significant.   
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Table 25. Discussion of fecal incontinence for a mother vs female newborn with X-ALD in 
counseling and years in practice of the participant. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Mother 

Scenario 

Yes 29 (42.0) 13 (18.8) 8 (12.0) 5 (7.2) 55 (79.7) 

No 4 (6.0) 4 (6.0) 3 (4.3) 3 (4.3) 14 (20.3) 

Total 33  17  11  8  69 (100.0) 

*Fisher’s Exact Test, chi-square = 3.672, 3 d.f., p = 0.300, not significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 24 (34.8) 11 (15.9) 5 (7.2) 4 (5.8) 44 (63.8) 

No 
8 (12.0) 6 (8.7) 6 (8.7) 5 (7.2) 25 (36.2) 

Total 32  17  11  9  69 (100.0) 

*Fisher’s Exact Test, chi-square = 4.833, 3 d.f., p = 0.181, not significant. 
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Table 27. Counseling about insurance discrimination – mother with X-ALD vs Female 
newborn with X-ALD by professional role/title. 

A) Mother Scenario – All providers 

 

What is your professional role/title? 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Mother 

Scenario 

Yes 36 (48.6) 27 (36.5) 63 (85.1) 

No 5 (6.8) 6 (8.1) 11 (14.9) 

Total 41  33  74 (100.0) 

Fisher’s Exact Test, chi-square = 0.518, 1 d.f., p = 0.525, not significant.  

B) Female Newborn Scenario – All providers 

 

Professional role/title 

Total Genetic Counselor 

Physician or 
Nurse/Nurse 
Practitioner 

 N (%) N (%) N (%)  

Female Newborn 
Scenario 

Yes 33 (46.5) 22 (31.0) 55 (77.5) 

No 6 (8.5) 10 (14.0) 16 (22.5) 

Total 40  32  71 (100.0) 

Pearson chi-square = 2.534, 1 d.f., p = 0.155, not significant.  
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Table 28. Discussion about insurance discrimination for a mother vs female newborn with 
X-ALD in counseling and years in practice of the participant. 

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%) N (%) 

Mother 

Scenario 

Yes 32 (43.2) 12 (16.2) 9 (12.2) 10 (13.5) 63 (85.1) 

No 2 (2.7) 5 (6.8) 3 (4.1) 1 (1.4) 11 (14.9) 

Total 34  17  12  11  74 (100.0) 

*Fisher’s Exact Test, chi-square = 6.169, 3 d.f., p = 0.082, not significant.  

 

Years in Practice 

Total 0 - 5 6 - 15 16 - 25 26+ 

 N (%) N (%) N (%) N (%)   

Female  

Newborn 

Scenario 

Yes 28 (39.4) 11 (15.5) 8 (11.3) 8 (11.3) 55 (77.5) 

No 
5 (7.0) 5 (7.0) 3 (4.2) 3 (4.2) 16 (22.5) 

Total 33  16  11  11  71 (100.0) 

*Fisher’s Exact Test, chi-square = 2.383, 3 d.f., p = 0.501, not significant. 

 

  



 

216 
 

APPENDIX E – Summary Results Tables 
 

Summary Results Table 1. Significant Results   

Main Hypotheses  Test Used  Total # Responses   P – Value  

There is a difference between gender and 
the professional role/title of the 
participants (Table 3).  

Fisher’s Exact 
Test   84  p < 0.001  

There is a difference between the years in 
practice and the professional role/title of 
providers (Table 4).     

Fisher’s Exact 
Test  84  p < 0.001  

The recommendations made by providers 
for a newborn to have a clinical evaluation 
by a metabolic specialist would be 
different for a male versus a female 
newborn that is diagnosed with X-ALD 
through NBS (Table 11a).  

McNemar chi-
square  73  p < 0.001  

There is a difference between how 
providers would recommend including the 
X-ALD diagnosis in the EMR for a male 
versus a female newborn (Table 15). 

McNemar chi-
square  73  p = 0.008  

There is a difference between how 
providers would discuss myelopathy as a 
manifestation of X-ALD in counseling for 
a mother versus a female newborn (Table 
18). 

McNemar chi-
square  70  p = 0.012  

There is a difference between how 
providers would discuss peripheral 
neuropathy as a manifestation of X-ALD in 
counseling for a mother versus a female 
newborn (Table 21). 

McNemar chi-
square  69  p = 0.002  

There is a difference between how 
providers would discuss fecal incontinence 
as a manifestation of X-ALD in counseling 
for a mother versus a female newborn 
(Table 24). 

McNemar chi-
square  68  p = 0.003  
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Summary Results Table 2. Non-significant Results   

Main Hypotheses  Test Used  Total # Responses  P – Value  

There is a difference between the 
professional role/title of the provider and 
their involvement in a newborn screening 
program  (Table 6). 

Fisher’s Exact 
Test   84   p = 0.122  

There is a difference between how 
providers would counsel a male versus a 
female newborn that screens positive for 
X-ALD. (Table 8)   

McNemar chi-
square  75  p = 1.000  

There is a difference between how 
providers would discuss insurance 
discrimination in counseling for a mother 
versus a female newborn (Table 29).  

McNemar chi-
square  

71 p = 0.180 

There is a difference between the timing 
for follow-up for a male and a female 
newborn for a clinical evaluation by a 
metabolic specialist following a diagnosis 
of X-ALD by newborn screening (Table 
11b). 

Fisher’s Exact 
Test  34 p = 0.357 

There is a difference between how often a 
pedigree would be taken for a male and a 
female newborn following ascertainment 
by newborn screening (Table 32).  

McNemar chi-
square 

73 p = 1.00 
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APPENDIX F – University of California, Irvine IRB documents 
 

 

 



 

219 
 

 



 

220 
 

 



 

221 
 

 



 

222 
 

 



 

223 
 

 



 

224 
 

 



 

225 
 

 



 

226 
 

 



 

227 
 

 

 



 

228 
 

 

 



 

229 
 

 




