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Abstract

X-linked adrenoleukodystrophy (ALD) is a rare inherited neurological disorder that poses 

considerable challenges for clinical management throughout the lifespan. Although males are 

generally more severely affected than females, the time course and presentation of clinical 

symptoms is otherwise difficult to predict. Opportunities to improve outcomes for individuals 

with ALD are rapidly expanding due to the introduction of newborn screening programs for 

this condition and an evolving treatment landscape. The aim of this comprehensive review 

is to synthesize current knowledge regarding the neurocognitive and mental health effects 

of ALD. This review provides investigators and clinicians with context to improve case 

conceptualization, inform prognostic counseling, and optimize neuropsychological and mental 

health care for patients and their families. Results highlight key predictive factors and brain-

behavior relationships associated with the diverse manifestations of ALD. The review also 

discusses considerations for endpoints within clinical trials and identifies gaps to address in future 

research.
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1. Introduction

X-linked adrenoleukodystrophy (ALD) is a rare neurologic disease with highly variable 

clinical presentation. Although earlier epidemiological studies estimated the incidence of 

ALD at 1:16,800 births,1 newborn screening (NBS) programs in several states provide a 

range of updated estimates from 1:3,878 to 1:51,081 births.2–6 ALD is caused by pathogenic 

variants in the ABCD1 gene (OMIM 300371) located on Xq28, resulting in accumulation 

of very-long chain fatty acids in tissues and plasma that can contribute to a diverse set of 

phenotypes that evolve across the lifespan.

Clinical expression of ALD is more severe in males than in females. Specifically, most 

males develop adrenal insufficiency requiring lifelong monitoring.7 About 35–40% of boys 

with ALD develop a severe childhood cerebral form characterized by rapidly progressing 

brain inflammation and demyelination.8 Risk for developing childhood cerebral ALD 

(CCALD) is highest between 3 and 12 years of age.9 CCALD can be halted by treatment 

with hematopoietic cell transplantation (HCT), with better survival and reduced neurologic 

disability if performed earlier in the disease course.10,11 While roughly two-thirds of males 

with ALD reach adulthood without cerebral disease, they are at risk for developing an 

adult form of cerebral ALD (ACALD). Additionally, nearly all males with ALD and some 

females are at risk for developing myeloneuropathy due to spinal cord disease later in life. 

This symptom presentation, often referred to as adrenomyeloneuropathy (AMN) in males, 

presents with slowly progressing myelopathy and peripheral neuropathy, with symptoms 

including sphincter dysfunction, muscle stiffness and weakness in the legs, and neuropathic 

pain. As myeloneuropathy progresses, it typically leads to the development of functional 

disabilities such as the need for assistance in walking.

Aside from sex differences in symptom presentation, it is not currently possible to predict 

which manifestations of ALD will develop based on genotype or other biomarkers.12–14 

The same ABCD1 variant can result in remarkably divergent clinical courses. Once clinical 

signs of cerebral ALD emerge, the disease is often in advanced stages, with demyelinating 

lesions affecting multiple brain regions. There is limited treatment efficacy for patients 

with advanced disease since HCT does not reverse the injury to cerebral myelin and may 

even accelerate disease progression.10 The dramatic difference in outcomes associated with 

earlier treatment, along with advocacy from affected families, prompted the development of 

NBS programs for ALD and the addition of ALD to the federal Recommended Uniform 

Screening Panel in 2016.15 As of December 2022, a total of 30 U.S. states and the District of 

Columbia had begun screening male and female newborns for ALD; most states have been 

screening for less than 5 years.16

As more individuals with ALD are identified through NBS and have the opportunity to 

receive earlier management and treatment, consideration of the long-term neurocognitive 
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and mental health effects of ALD grows increasingly relevant. Along with NBS, 

improvements in HCT as well as newer treatments (e.g., gene therapy) hold promise to 

continue to improve the outlook for patients with cerebral ALD.17 These major advances 

have enabled a shift in focus from methods to keep patients alive and prevent neurological 

devastation toward goals such as maximizing neurocognitive function, mental health and 

quality of life. This review aims to integrate the literature reporting on these important 

functional outcomes among ALD patients. We highlight key brain-behavior connections 

and discuss the role of neurocognitive measurement in predicting and evaluating treatment 

outcomes. This review also provides clinicians with recommendations for improving 

interdisciplinary patient care based on literature findings, reveals gaps in the literature, and 

identifies needs for further research.

Methods

2.1 Search Strategy

A medical librarian created the literature search strategy after clarifying goals and defining 

selection criteria with the research team. The search strategy was built in Ovid MEDLINE 

using Medical subject headings (MeSH) and keywords (Supplemental Table 1); no limits 

were applied to database searches. Hand searching with review of relevant conference 

proceedings and reference lists from published articles was used as a supplement. The initial 

search was completed in February 2021 and updated in October 2022.

2.2 Selection Criteria

Studies were included if they met the following criteria: 1) peer-reviewed; 2) empirical 

study; 3) contained three or more patients with a clinical diagnosis of ALD; and 4) included 

quantitative measures of neuropsychological function. Quantitative measures included 

neurocognitive testing across a wide range of domains (e.g., intellectual functioning, 

language, memory, attention, etc.); standardized patient, caregiver or clinician measures 

of emotional or psychiatric symptoms; and questionnaires assessing adaptive functioning 

or quality of life. Studies were excluded if they were review articles or were not available 

in English. Studies that focused solely on neurologic symptoms/dysfunction, neuroimaging 

findings, or self-report of cognitive complaints were not included.

2.3 Search Results

Duplicate references were removed and 308 abstracts were uploaded to Rayyan18 for 

independent screening by two researchers (EIP and EM). Studies selected for full-text 

review were obtained as PDFs and reviewed by the research team. Conflicts were resolved 

by consensus. Thirty-two group studies (>3 patients) met inclusion criteria (Table 1). 

Additional case reports and references were identified during the full text phase that did 

not meet inclusion criteria but contained pertinent information, and are integrated in this 

review where relevant data were unavailable within the selected studies.

Results were categorized by the phenotypes that can be expressed in individuals with 

ALD at different life stages. Although the majority of published studies reporting on 

neuropsychological functioning have focused on children and adolescents, studies of 
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adults with ALD were also included to provide lifespan developmental context. Since the 

experiences of males and females differ considerably, they are discussed separately. In 

addition to the neuropsychological burden that ALD places on patients, it is also critical to 

acknowledge the impact of this disease on family members. Therefore, a final section briefly 

reviews issues related to the impact of ALD on the broader caregiver and sibling support 

system.

3. Males with ALD

3.1 Neurodevelopment in early childhood

In the absence of demyelinating lesions, neurodevelopment in infancy and early childhood 

has been presumed to be normal in males with ALD.19,20 Overt neurological signs 

attributable to CCALD are rarely evident prior to 3 years of age, with 19 months reported 

as the earliest known age of radiological disease onset.21,22 In a few reported cases, 

neurodevelopmental or neuropsychiatric symptomatology (e.g., autism spectrum disorder, 

anxiety, inattention) were present at an early age and preceded neurological symptoms by 

some years.23,24 However, no studies have prospectively examined whether there is greater 

susceptibility to these symptoms among individuals with ALD in the absence of cerebral 

lesions, or if these cases simply reflect the expected rate of neurodevelopmental disorders in 

the general population.

Boys with ALD who have not developed white matter lesions or neurological symptoms 

of CCALD are sometimes described as neurologically “asymptomatic,” although this could 

also be considered a “pre-symptomatic” period as patients may subsequently develop any 

combination of adrenal insufficiency, cerebral disease and/or spinal cord pathology. Four 

studies have examined neurocognitive function in neurologically asymptomatic boys with 

ALD in early to middle childhood. In the largest of these studies, Cox and colleagues 

reported that a substantial majority of boys with ALD who had normal MRIs also scored 

within normal limits (defined as > −2SD) across IQ, academic, and adaptive measures as 

well as five other neurocognitive domains.25 Notably, while this study’s methodology of 

creating summary scores from multiple tests within each domain likely reduced spurious 

findings from single tests, it also may have reduced the sensitivity of the study to detect 

subtle deficits (e.g., scores that were mildly below average or were a reduction from 

previous scores) or more selective deficits (e.g., low scores within a more specific domain of 

function).

Among a smaller group of neurologically asymptomatic boys with ALD who had no 

evidence of CCALD on MRI, deficits on tasks of visual perception and reasoning were 

noted, as well as associated neurophysiological differences (i.e., an increased amplitude of 

visual evoked potentials).26,27 Riva and colleagues reported that boys with neurologically 

asymptomatic ALD exhibited deficits relative to normative samples on a test of word 

retrieval and scored low average on a test of verbal fluency.28 Notably, most boys (7 of 8) 

in this asymptomatic group had some white matter findings on MRI, and 6 patients later 

experienced progression of cerebral disease. Consequently, the observed deficits reported 

in this study may represent early manifestations of cerebral disease rather than pre-clinical 

markers.
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3.2 Childhood onset cerebral adrenoleukodystrophy (CCALD)

3.2.1 Onset of cerebral disease—A recent meta-analysis reported the median age 

of diagnosis of CCALD as 7 years, with 90% of cases identified between ages 3 and 

12 years of age.29 When reviewing neuropsychological outcomes, the variability in the 

location of cerebral lesions is an important consideration, as different regions govern 

different skill areas. Disease most often initiates in the splenium of the corpus callosum 

with further advancement into parietal-occipital white matter (~80% of cases); the genu of 

the corpus callosum with subsequent frontal white matter involvement (15–17%); or rarely, 

in another location such as the projection fibers, cerebellum or basal ganglia (<5%).30–32 

Lesions arising in the corpus callosum can progress rapidly, particularly in younger patients, 

although in a small subset of patients cerebral disease spontaneously arrests after an initial 

period of deterioration.31,33 Severity of demyelination in CCALD has conventionally been 

measured using the Loes score,34 a rating system that quantifies the location and extent of 

cerebral lesions on magnetic resonance imaging (MRI) using a 0–34 point scale. Scores 

of 10 or higher have often been considered “high risk” for poorer treatment response and 

outcomes.10

Due to a lack of prospective longitudinal studies, existing data regarding neurocognitive 

changes associated with disease onset are extrapolated from retrospective observations 

of patients who have already developed cerebral disease. When prospective surveillance 

enables identification of CCALD at a very early stage (Loes score ≤ 2), neurocognitive 

deficits are typically absent or subtle (i.e., mildly abnormal) on standard neurocognitive 

testing.35 Beyond this stage, deficits can commonly be measured in neurocognitive domains 

that depend on efficient white matter connections or on posterior brain regions, including 

processing speed, sustained attention, visual perception and reasoning, fine motor speed 

and dexterity, and verbal fluency.26,36,37 Across a variety of neurocognitive measures, the 

degree of deficit is associated with the severity of the white matter abnormality on MRI 

(Figure 1).33 Behavioral concerns may also develop at an early stage; caregiver ratings 

of psychiatric symptomatology may reflect concerns regarding inattention, hyperactivity 

and impulsive behaviors.35 Other neurocognitive functions such as language, memory and 

working memory, which rely more substantially on frontal and temporal cortex as well 

as striatal circuits,38 may not reflect the extent of cerebral involvement at the outset of 

disease.37

In the absence of prospective surveillance, cerebral disease onset may not be detected 

until disease is more advanced. Case studies indicate that initial clinical symptoms are 

often non-specific and mimic behavioral or emotional disorders such as attention deficit 

hyperactivity disorder (ADHD) and anxiety.19,39 As a result, misdiagnosis is common 

and contributes to delays in disease identification in communities without NBS. In some 

instances, symptoms are first noted at school, such as problems with spatial orientation, 

hand-eye coordination, and difficulty learning and participating in academic work.19 Cases 

have been reported where auditory processing issues were the first noticeable clinical sign of 

CCALD.40 Boys may also present with heightened emotional lability, including irritability, 

agitation and oppositionality.19,41,42 Symptoms such as sleep disturbance, blunted affect, 
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reduced spontaneous speech, and poor eye contact have also been described in case reports 

as preceding neurocognitive decline.43

3.2.2 Neuropsychological outcomes after allogeneic HCT for CCALD—HCT 

has been effective in treating CCALD since the early 1990s and is presently the standard 

of care.44,45 Successful treatment typically halts the long-term advancement of cerebral 

demyelination, although it is common to observe some degree of clinical progression 

in the months following HCT as disease stabilizes.11,32,46,47 In terms of neurocognitive 

outcomes, studies have consistently demonstrated that HCT performed early in the disease 

process results in better preservation of abilities. Shapiro and colleagues were the first to 

report long-term neurocognitive outcomes after HCT among a set of 8 boys with CCALD 

treated before disease was advanced.46 Followed 5 to 10 years from HCT, these patients 

showed generally stable scores across a variety of neuropsychological measures. A study 

of long-term functional status found that when patients are treated with HCT at an early 

stage, outcomes such as school completion, employment and independence in daily living 

activities can be attainable.48

Several recent studies expand upon these initial findings and illustrate a fairly narrow 

window of opportunity to perform HCT without risk for persistent neurocognitive 

impairment. Pierpont et al. analyzed long-term outcomes of 62 patients who received 

HCT at a relatively early stage of CCALD considered “standard risk” (Loes < 10).37 

Nearly all patients survived with relatively few major neurological disabilities (e.g., spastic 

gait, swallowing difficulty). Nevertheless, at the most recent follow up evaluation (median 

of 4.2 years after HCT), 67% of patients had developed severe impairment in at least 

one neurocognitive domain. Higher pre-HCT Loes scores were associated with lower 

neurocognitive test scores at the time of transplant as well greater risk for a declining 

performance trajectory in the 5 years following treatment. A subsequent study focused on a 

subset of patients who, due to knowledge of their ALD status early in life, were treated with 

lower severity disease (Loes ≤ 5).35 Most boys whose cerebral disease was limited to the 

corpus callosum and immediately adjacent white matter (i.e., Loes ≤ 2) at the time of HCT 

functioned within normal limits on neurocognitive and psychiatric measures administered 

2 years after HCT. Performance in this sub-group was demonstrably better on tests of 

processing speed and fine motor dexterity than those with a greater extent of CCALD (Loes 

2.5–4.5). Those with the smallest lesions also showed fewer symptoms of inattention and 

hyperactivity on psychiatric rating scales, underscoring the importance of early detection of 

very small demyelinating lesions and rapid intervention for preserving mental health as well 

as cognition.

Because HCT does not repair damaged myelin, neurocognitive and psychiatric impairments 

acquired in the pre-HCT period do not routinely improve after treatment.37 Functions 

compromised by the existing white matter injury can interfere with acquisition of new 

knowledge or skills, resulting in worsening of standardized neurocognitive test scores over 

time (i.e., falling further behind healthy same-aged peers). This pattern has been frequently 

observed in patients when CCALD lesions extend into cerebral cortex.35,37 In the context of 

successful engraftment and stabilization of the lesion on MRI, these changes do not usually 
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reflect continued deterioration in function, but rather the failure to maintain the rate of skill 

development that is typical.

The long-term impact of CCALD on brain function after HCT differs across 

neuropsychological domains. The profile of strengths and weaknesses observed in pediatric 

patients is closely tied to the nature and location of damage to the neural substrate. Since 

CCALD in most cases involves myelin loss in neurons in posterior brain regions, problems 

on tasks requiring visual processing are common, such as visual-spatial reasoning or 

visual-motor integration.37,49 Other processing difficulties such as poor sustained attention, 

slowed processing speed, and reduced reaction time are also frequently observed.35,37 In 

contrast, several studies have demonstrated that verbal intellectual functioning, language 

skills and memory are more likely to remain intact among individuals with CCALD 

following HCT.36,37,46 Although most studies have analyzed neuropsychological outcomes 

of HCT recipient cohorts without regard to demyelination pattern, some information is 

emerging regarding outcomes for patients with less common variants of CCALD.50,51 Gupta 

et al. compared a small group of patients with lesions exclusively in frontal structures to 

those with lesions of only parietal-occipital structures.51 Neurocognitive outcomes were 

generally similar across the groups, with a slightly increased risk for working memory 

impairments among the patients with frontal lesions. Reflecting the importance of the 

frontal lobes for emotional and behavioral regulation, higher rates of severe psychiatric 

impairment were observed among the patients with frontal lesions, including problems such 

as hyperactivity, aggression, and atypical behaviors (e.g., poor social boundaries, tangential 

speech, destructive behaviors). This finding aligns with a report by Kaga et al. noting 

considerable ADHD-like behavior among three patients with frontal lesions26 Patients with 

a frontal pattern were also more likely have been prescribed stimulant medication for 

treatment of these behaviors.51

As the use of HCT for CCALD has increased in recent decades, there has been intensified 

focus on finding more precise predictors of neurocognitive outcomes. A variety of MRI 

markers (regional cerebral blood volume, diffusion tensor imaging metrics, intensity of score 

for active neuroinflammation, i.e., “gadolinium enhancement score”) have been associated 

with neurological, neurocognitive and motor outcomes.52–55 At the functional level, early 

studies reported that deficits in visual reasoning at baseline assessment were a predictor of 

neurocognitive decline after HCT.10,56 A more recent study revealed that poor performance 

on pegboard tasks of fine motor speed/dexterity at the pre-HCT assessment was predictive of 

greater impairment in adaptive functioning at follow-up.57 Thus, in addition to MRI severity 

metrics, neurocognitive tests involving speed, coordination, and execution of visual-motor 

tasks are important prognostic indicators to estimate functional capacities and independence 

in daily life of patients after HCT.

Aspects of the treatment regimen have also been examined in connection with 

neurocognitive outcomes. Conditioning for HCT involves use of chemotherapy and/or 

radiation, which has known long-term effects on neurocognitive function in pediatric 

patients.58–60 High-dose total body irradiation as part of the preparative conditioning has 

been specifically shown to be a risk factor for poorer neurocognitive outcomes in CCALD 

patients, including reduced working memory and adaptive function.37,57 On the other hand, 
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comparisons related to the source of stem cells (i.e., bone marrow vs. umbilical cord blood) 

have found no clear association between the graft source and neurocognitive outcomes.10,37

When cerebral disease has progressed to an advanced stage prior to treatment (Loes >10), 

severe neurocognitive and adaptive impairment is the typical outcome for HCT survivors. 

In long-term follow up of 23 patients who survived treatment for CCALD with advanced 

disease, more than half were unable to walk independently, read or write, make phone 

calls, or bathe without assistance at their most recent evaluation.57 In a study examining the 

quality of life of boys after HCT, boys treated with advanced CCALD had poorer mobility 

and perceived cognitive functioning than healthy boys and boys treated with early stage 

CCALD.61 Limitations in mobility and function were associated with increased symptoms 

of depression, anger and anxiety in this sample.

3.2.3 Neuropsychological outcomes after gene therapy for CCALD—Initial 

attempts to treat CCALD through lentiviral hematopoietic cell gene therapy have produced 

mixed results. An initial single-center feasibility trial with long-term follow up of 4 patients 

who received gene therapy reported that 3 boys (Loes scores: 2.25, 2.5, and 7) showed 

major neurocognitive decline (e.g., unable to produce sentences, cortical blindness) between 

9 and 60 months post treatment.62 The fourth patient, who was treated at an earlier 

age relative to the other patients (4.4 years old) and had a relatively low Loes score at 

baseline (2.5) with only parietal-occipital involvement, maintained stable, intact verbal and 

nonverbal intellectual functioning 8.3 years after treatment. An interim analysis of a larger 

international phase 2/3 trial reported that 15 of 17 patients (88%) were alive and free 

of major functional disability (e.g., cortical blindness, seizures, incontinence, wheelchair 

dependence, etc.) at a median of 29.4 months after receiving gene therapy.63 Accelerated 

approval for this lentiviral-mediated gene therapy product was recently granted by the 

Food and Drug Administration based on these data and another phase 3 study. Although 

neurocognitive test results have yet to be published from these trials, preliminary analyses 

of the phase 2/3 trial data have indicated a clear pattern of more favorable and stable 

neurocognitive outcomes among gene therapy recipients with the lowest pre-treatment Loes 

scores (i.e., ≤ 2) than those with higher scores.64

3.3 Adult non-cerebral phenotype and adrenomyeloneuropathy

Adrenomyeloneuropathy (AMN) is a common phenotype affecting most males with ALD 

during adulthood, emerging most often in the 3rd or 4th decade of life.8 Generally, in the 

absence of cerebral involvement, men with ALD or AMN tend to have intact intellectual 

functioning.65,66 While overall IQ is typically preserved, mild or isolated impairments 

in specific neurocognitive domains have been noted, most frequently within the domains 

of executive function,66–68 visuoconstruction,67,69 verbal fluency,67,69 and memory.68–70 

Psychomotor slowing has also been reported.67,68 In a sample of 33 men with ALD and 

no cerebral involvement, Buermans and colleagues reported that 6 patients (18%) had 

borderline to impaired scores in two cognitive domains and 3 patients (9%) had borderline 

or impaired scores in three cognitive domains.67 Neither age nor the presence of minor MRI 

abnormalities (i.e., vascular lesions) were associated with neurocognitive test performance. 

Schäfer and colleagues compared neurocognitive status in a large cohort (n=117) of men and 
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women categorized as having either pure AMN (Loes score of 0) or AMN with corticospinal 

tract involvement but no cerebral contrast enhancement (Loes score < 2).65 No clear 

differences were found between these two groups. Taken together, these studies suggest 

that patients diagnosed with AMN without cerebral involvement should not be assumed to 

be free of cognitive challenges, even if widespread or severe cognitive impairment is not 

typical.

As with other ALD phenotypes, mental health is an important component of care for 

individuals with AMN, but has received little research attention. A study by Walterfang et al. 

investigated psychiatric symptoms among a small cohort of 10 AMN patients, reporting 

a high prevalence of mood and anxiety disorders (60%).66 Major depressive episodes 

were especially common, and the group as a whole had self-reported depression scores 

in the mild to moderate range. Broader psychiatric symptoms were minimal. The level of 

psychopathology was not associated with a history of hypoadrenalism or mineralcorticoid 

replacement, suggesting that these findings did not primarily reflect a neuroendocrine effect.

3.4 Adult-onset cerebral adrenoleukodystrophy (ACALD)

3.4.1 Onset of ACALD—Although primary cerebral demyelination with onset in 

adulthood is relatively rare (2–5%),8,71,72 estimates indicate that between 19 and 63% of 

men with AMN will develop secondary cerebral demyelinating lesions, typically within 

10 years after onset of AMN symptoms.72–74 Patients are likely to show a rapid decline 

once patterns of cerebral demyelination are confirmed. As would be expected, men with 

ACALD show notable neurocognitive impairment relative to those without active cerebral 

involvement.65 Common areas of deficit include processing speed, visual-spatial perception 

and reasoning, and memory (both verbal and visual).65,69 Performance on measures of 

attention, verbal fluency, and verbal encoding have also measured below average in patients 

with ACALD compared to normative data.65 Executive functions may be profoundly 

impaired.69 As in the childhood form, language and verbal reasoning is generally spared 

in earlier stages of disease, but declines as the disease progresses to more advanced stages.69

Aligned with the findings in CCALD, the severity and location of white matter lesions 

are linked with neuropsychological profiles in ACALD. Specifically, Schäfer et al. reported 

associations between MRI severity and performance on measures dependent on processing 

speed.65 While processing speed deficits occurred irrespective of the pattern of localization, 

deficits in other cognitive domains were more closely tied to specific patterns of cerebral 

demyelination. Adults with lesions in parietal-occipital white matter demonstrated greater 

deficits in tasks involving visual construction abilities, while individuals with frontal lesions 

showed greater deficits in executive functions.65

Psychiatric disturbance is a prominent concern among men with ACALD, with a review 

of 34 case reports revealing that psychiatric symptomatology was described in 56% of 

patients.75 Symptoms such as emotional lability, agitation, aggression, and irritability may 

emerge as initial clinical signs, and are sometimes present for years before demyelinating 

disease is detected.76,77 These non-specific symptoms can be difficult to distinguish 

from primary psychiatric disorders such as bipolar disorder or schizophrenia.77,78 As the 

disease progresses, psychiatric symptoms increase in severity. Patients may experience 
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depression, character/personality disturbances, mania (disinhibition, emotional lability, 

increased spending, hypersexuality, loudness, and perseveration), obsessive-compulsive 

features, and psychosis (e.g., visual hallucinations).75,79–81

3.4.2 Neuropsychological outcomes after allogeneic HCT for ACALD—Similar 

to the findings in children, HCT at an early stage is the only treatment with demonstrated 

long-term efficacy in arresting disease progression from ACALD.32 Better functional 

outcomes have been observed among individuals who: 1) present with less severe 

radiological disease;79,80 2) have no or mild evidence of cognitive deficits and/or good 

preservation of activities of daily living and motor function prior to HCT,32,79,80 and 3) have 

no or limited involvement of the internal capsule, cerebellum or thalamus.32,80 Findings 

have been mixed with regard to the superiority of various stem cell sources and conditioning 

regimens for predicting long-term functional outcomes.32,79,80

During the early post-HCT period, men with ACALD commonly experience acute cognitive 

effects (e.g., disorientation, attention deficit), exacerbation of motor disability (e.g., ataxia, 

dysarthria, lack of ambulation, bladder disturbance), and/or behavioral changes (e.g., severe 

depression, behavioral disinhibition, psychosis).32,80 In a study of 14 adult patients (aged 

21–48 years), significant changes in intellectual functioning and/or behavior were observed 

in all but one patient during the months immediately following HCT.32 Although some of 

these effects are transient and resolve within 6 to 12 months, enduring consequences to 

interpersonal relationships may occur.32

After the immediate post-transplant period, ACALD patients often stabilize, and long-term 

outcomes remain favorable for a subset. Among patients who survived beyond the first 6 

months post-HCT, Kühl and colleagues reported that 3 (27%) showed continued progressive 

deterioration and died from ACALD; 3 (27%) showed moderate neurocognitive decline; 

and 5 (45%) showed stable neurocognitive functioning during a median of 5 years of 

follow-up.32 For patients whose neurocognitive function stabilized, continued MRI lesion 

progression was uncommon but AMN symptoms persisted. Another study reported stable 

cognitive functions in 9/11 (82%) survivors of HCT for ACALD, but these outcomes were 

based on a retrospective scoring system rather than quantitative neurocognitive testing.80 

Across studies, evidence of enduring psychiatric symptoms post-transplant is observed in 

some patients, including mood symptoms and episodes of psychosis.32,80 Quality of life 

can be quite varied as some patients are able to remain active, relatively independent, and 

employed, while others require substantial additional support in their daily life and are 

forced to retire or discontinue work in their professions.32,79,80

3.5 Impact of endocrine dysfunction on neuropsychological status

Approximately 80% of boys and men with ALD develop primary adrenal insufficiency 

(also known as Addison’s disease) within their lifetime, with the first decade of life 

representing a period of heightened risk.7 Adrenal insufficiency may be the first clinical 

manifestation of ALD, particularly in young boys under the age of 6, and the vast majority 

of boys with CCALD have adrenal insufficiency at the time of diagnosis.82 There is a 

lack controlled research in this population examining the effects of adrenal insufficiency on 
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neuropsychological function separately from other ALD phenotypes. Therefore, to consider 

the potential effects of adrenal insufficiency on cognition and mental health, we briefly 

review studies of primary adrenal insufficiency more generally.

Studies investigating neurocognitive functioning in individuals with primary adrenal 

insufficiency in other (i.e., non-ALD) adult populations have shown evidence of mild 

neurocognitive deficits, mainly in verbal learning and memory,83,84 visual memory,84 

episodic memory,85 attention,86 and some executive functions.84 Individuals with primary 

adrenal insufficiency generally perform similarly to matched healthy controls on measures 

of verbal intelligence, reasoning, working memory, autobiographical memory, processing 

speed, or psychomotor speed.83–86 Acute changes in mood, behavior, and mental status 

(e.g., delirium, psychosis) can be associated with untreated adrenal insufficiency and 

adrenal crisis, but these psychiatric symptoms typically resolve with hydrocortisone 

replacement.87 Depression, anxiety, and other mood changes are known side effects 

of hydrocortisone replacement;88 individuals with primary adrenal insufficiency have 

been shown to experience more depressive symptoms than matched healthy controls.83 

Impairments in quality of life have also been documented, even with the benefit of 

hydrocortisone replacement.89

In extrapolating these findings to consider the potential impact of adrenal insufficiency on 

neuropsychological functioning in males with ALD, it seems plausible or perhaps likely 

that acute effects on mood and psychiatric health could be observed in ALD patients 

experiencing untreated adrenal insufficiency. Further, adrenal insufficiency could contribute 

to chronic, milder effects on neurocognitive function and mental health. This could explain, 

at least in part, some of the mild deficits observed in some AMN patients relative to healthy 

adults reported in the literature. Although these effects depart from the severe impact of 

cerebral demyelination (CCALD and ACALD) on neuropsychological outcomes both in 

quality (i.e., which domains are most affected) and severity, they further underscore the 

importance of lifelong adrenal monitoring among males with X-ALD.

In addition to adrenal androgen deficiencies, primary testicular dysfunction is known to 

be a manifestation of disease among men with ALD. However, a recent review found 

sparse reports of the effects of low testosterone in ALD.90 Potential contribution of 

low testosterone to cognition and mental health might be estimated from the broader 

literature on low testosterone, which can be associated with depression and lower scores 

on neurocognitive testing, including memory, processing speed, attention, visuospatial, and 

language skills.91–93 However, the weight of this contribution to the neuropsychological 

presentation of adults with ALD is presently unclear and worth further investigation.

4. Females with ALD

Adrenal insufficiency and cerebral involvement are extremely rare among girls and women 

with ALD.94 More commonly, signs and symptoms of spinal cord dysfunction develop 

later in life, varying in severity from mildly impaired vibration sense or overresponsive 

reflexes with minimal functional disability to paraparesis requiring a wheelchair.95 This 

myeloneuropathy emerges in an age-dependent manner.96–98 Engelen and colleagues 
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reported that the frequency of neurological symptoms (i.e., myelopathy, peripheral 

neuropathy) among adult women with ALD was 67%, with a dramatic increase in frequency 

of symptoms with age (from 18% among women under age 40 to 88% among women over 

the age of 60).98 Gait disturbance, sensory symptoms, and incontinence (both urinary and 

bowel) were also common complaints. In terms of neurocognitive function, an early report 

indicated that the average full scale IQ of a cohort of 16 women with ALD was within 

the average range (M=103, SD=10.6),68 a finding which was recently replicated in a larger 

cohort of 47 women.65 Despite broadly intact intellectual functioning, a greater number of 

female patients with AMN than expected may experience deficits in working memory and 

executive function.65,68

Regarding the impact of ALD on quality of life among women, neurologically symptomatic 

women report reduced physical functioning and role limitations (e.g., reduced work 

productivity, limitations in daily activities as a result of physical health) relative to 

asymptomatic women.98 However, there were no measurable differences in terms of 

emotional or mental health status. The experience of females with ALD may be impacted 

considerably by their life stage at the time of diagnosis and the manner in which they learn 

about their status as having an X-linked condition. A recent study of females with X-linked 

conditions, including a high proportion of participants with ALD, found that many women 

(~90%) in this community felt that they had insufficient access to knowledgeable health 

care providers and medical information about their condition.99 A high proportion indicated 

the desire for more comprehensive counseling regarding their risk for symptoms as well as 

increased access to research studies, treatments and reproductive methods.

5. Impact of ALD on caregivers and family members

The psychological impact of diagnosis and management of ALD on parents and other 

caregivers can vary dramatically depending on the age of their child and the symptom 

presentation(s) that emerge, as well as availability of expert providers and treatment options. 

Among parents of children with ALD identified via NBS, considerable distress and anxiety 

may be experienced upon first learning of their child’s diagnosis, especially when the 

diagnosis is unfamiliar to the health care provider delivering the news.100 Follow-up 

appointments with genetic counselors and other medical professionals knowledgeable about 

ALD can help alleviate concerns and provide reassurance for some parents.100 A key source 

of stress frequently cited in qualitative interviews with parents whose child tested positive 

for ALD or other metabolic conditions on NBS is a lack of up-to-date, relevant, and 

culturally and linguistically sensitive educational materials about the child’s condition.101 

Additional tools for communicating with the child, their siblings, and extended family were 

noted to be important. In some cases, NBS programs may also lead to the diagnosis of 

other individuals in the family, such as siblings or extended family members who are at risk, 

creating additional challenges and psychological impacts.100 Despite these notable sources 

of uncertainty and stress, there is also emerging evidence of potential psychological benefits 

from NBS. Boychuk et al. found that among caregivers of patients with ALD and other 

metabolic diseases, those who were alerted of their child’s diagnosis from NBS results 

experienced fewer symptoms of depression compared to caregivers whose child’s diagnosis 
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was identified due to emergent clinical symptoms.102 These reassuring results suggest that 

the potential benefits of early identification may outweigh the risks for many families.

For families living in locations where NBS programs have yet to be adopted, parent 

experiences may reflect considerable concern regarding a long diagnostic journey and/or 

delays to diagnosis.103 Even after a diagnosis is made, lack of knowledge among health care 

professionals can contribute to ongoing stress among some parents. Mothers also reported 

significant feelings of powerlessness with regard to limited or unsatisfactory treatment 

options for their male children, especially those who were diagnosed at an advanced 

stage.103 This sentiment of frustration with lack of options has also been echoed among 

mothers of daughters with ALD, as the future risks and implications of this diagnosis for 

females can be challenging to ascertain.100

Caregiving for a child with a chronic illness can take a toll on caregivers’ mental health. 

Higher rates of depression, anxiety, mental and physical distress have been found among 

parents of patients with CCALD relative to healthy adults.104 Mothers may be particularly 

susceptible to depression, especially younger mothers and those whose children were more 

recently diagnosed. Guilt over being a genetic carrier weighs on some parents, as well as 

living with the uncertainty regarding disease progression.100,103–105 Romantic and spousal 

relationships may also be impacted in various ways. Relationship strain can be especially 

salient for those experiencing complicated grief from losing a family member (e.g., son, 

brother) to ALD.106 Parents reported using a variety of coping strategies for managing the 

emotional impact of ALD, including seeking external support from family members, relying 

on their faith or religion, seeking additional information about the disease and possible 

treatments, and remaining hopeful.100,103

While unaffected siblings often play key roles in families impacted by a pediatric chronic 

illness such as ALD, their perspectives are often overlooked in research. Parents of children 

with ALD have reported that their other children may also experience different parenting 

practices (e.g., attention, discipline practices) than their affected children.100 Research on 

the experiences of siblings with other rare metabolic neurological disorders suggest that they 

may be expected to take on additional caregiving responsibilities for their affected sibling, 

have less individualized time with their parents, have fewer opportunities to socialize with 

peers, and feel a wide range of emotions from pride to sadness and worry.107 For patients 

requiring HCT, the availability of a donor source from a family member may also contribute 

to family system stress. About 20–30% of transplants for cerebral forms of ALD have 

historically involved a matched family member as the donor, most often a sibling.10,32,50,80 

Although the experiences of sibling donors have not been studied specifically within ALD, 

research in other populations has indicated that they can face stressors including a lack of 

clear understanding about the procedure, internal and external pressure to donate, guilt over 

transplant complications, and anxiety.108,109 Siblings may also endure social isolation owing 

to the sibling’s immunosuppression protocols. Ensuring adequate social and emotional 

support for siblings is critical for promoting healthy adjustment, building strong family 

connections, and empowering them to be strong advocates for their affected siblings.107
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6. Discussion

ALD remains a complicated disease with wide-ranging presentation and severity of 

symptoms. The unpredictability of disease course and broad impacts on both the individual 

and their support system make clinical care challenging. NBS programs are an essential 

tool to increase early detection of disease manifestations, but adoption of NBS across 

the U.S. and other nations continues to progress slowly and there are many complexities 

to management of screen-positive cases.6,110,111 Evaluation of the success of these early 

detection efforts will depend on increasing the quality of measurement approaches. 

Historically, for patients with cerebral ALD, improving survival and freedom from major 

functional disability were important benchmarks to evaluate therapy relative to the natural 

history. However, as earlier identification of cerebral ALD becomes more widespread and 

novel treatment approaches are assessed relative to HCT, it will also be critical to consider 

the extent to which these care management approaches impact the neurocognitive and 

mental health burden of ALD.

Findings of this review identify specific neurocognitive domains that represent useful 

clinical endpoints when investigating the comparative effects of monitoring and therapeutic 

approaches. Specifically, for individuals with CCALD and ACALD, global metrics of 

neurocognition such as overall intellectual functioning (e.g., full scale IQ) may be too broad 

to capture localized, disease-related effects among patients with early disease; these global 

metrics will mask important strengths and weaknesses in each patient’s functioning. The 

brain-behavior relationships outlined in this review highlight that examination of specific 

subdomains is needed to evaluate effects of ALD on brain function. Measures of processing 

speed, for example, may represent a sensitive indicator of myelin integrity even in relatively 

early stages. Slowed processing is seen in both children and adults with cerebral disease, and 

in patients with a variety of demyelination patterns. Because parietal-occipital presentation 

is the most common demyelination pattern, especially in children, visual perceptual and 

visual reasoning abilities are also a sensitive indicator of cerebral disease burden for 

larger cohort studies, and can assist with prediction of outcomes. Changes in fine motor 

dexterity are also common in cerebral forms of ALD, but are also observed in men 

with AMN and therefore it may be challenging to distinguish phenotype-specific effects 

among adult patients. Attention problems, hyperactivity and executive functions may be 

additional important indicators of disease burden, but can be more difficult to measure with 

objective testing and may rely on parent or clinician-report scales. Finally, when considering 

outcomes among patients with more advanced disease, measures of adaptive functioning 

and quality of life may better capture the range of functioning as compared to direct 

neurocognitive testing which can be challenging for patients with profound visual, auditory 

or behavioral impairment to complete.

This review also underscores that across a variety of phenotypes, including AMN, 

psychiatric symptomatology is a prominent consequence of ALD. Despite these findings, 

very few controlled observational studies or clinical trials have utilized quantitative 

measures of psychiatric symptoms as endpoints. Among patients with cerebral forms of 

ALD, severe psychiatric conditions are commonly observed, and are especially apparent 

among individuals with a frontal pattern and those with ACALD. When present, these 
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symptoms nearly always persist after treatment and can have a profound effect on the 

trajectory of patients’ lives, limiting interpersonal relationships and the ability to develop 

or maintain independent daily functions. Although symptoms may differ in quality and 

severity, consideration of the emotional burden is also important for individuals with AMN. 

The sparse literature that exists suggest that symptoms of anxiety and depressed mood may 

be seen at a higher rate than in unaffected individuals. Importantly, anxiety or mood-related 

symptoms in AMN patients may not be direct sequelae of a disease process, but rather 

may be attributable to related factors (e.g., medications, feelings surrounding changes in 

functional abilities or quality of life, stressful life events). Nevertheless, inclusion of mental 

health related metrics in observational studies and trials will enable a more comprehensive 

perspective of ALD.

6.1. Gaps and suggestions for future research

Decades of research have provided a foundation enabling further questions to be asked, 

and there remain several gaps to fill in future investigation, outlined in Table 2. Broadly, 

we highlight the need for longitudinal and quantitative measurement of neurocognitive, 

mental health, and quality of life outcomes across ALD phenotypes, harmonization of 

neuropsychological and neuroimaging protocols across research sites and centers to increase 

sample sizes and generalizability of findings, and increased attention and study of the impact 

of ALD on women, caregivers, and other family members.

6.2 Implications for neuropsychological and mental health care

As there is currently no cure for ALD that avoids potentially complex and life-impacting 

complications, it will be important for care teams to guide families in coping with the 

disease and its many effects. An ideal care model will include resources for educational 

and/or occupational supports, rehabilitation, mental health treatment, and management of the 

practical concerns that arise (e.g., navigating insurance coverage; covering financial costs; 

supporting the potential need to relocate for treatment). Below we provide suggestions for 

evaluation and care at different stages of the ALD journey.

6.2.1 Early childhood monitoring—If available, prospective neurodevelopmental 

screening offers opportunities to establish an assessment of a patient’s baseline 

functioning prior to the potential onset of cerebral disease and identify any pre-existing 

neurodevelopmental differences that may not be associated with ALD. These evaluations 

can support a comprehensive care approach, providing an opportunity to further educate 

parents, caregivers, and siblings about the disease and the need for ongoing surveillance. For 

many boys who were identified via newborn screening, neurodevelopmental screening may 

provide reassurance that development is “on track,” consistent with absence of lesions on 

MRI.

6.2.2 Pre-treatment evaluation and care—Assessment of neurocognitive function 

prior to initiating therapy for cerebral ALD can help to quantify disease severity, and along 

with MRI results, can provide important information to assess the utility of transplant 

and estimate likely functional outcomes after treatment.10,57,61,80 Specifically, tests that 

measure speed and coordination of visual-motor functions (e.g., tests of fine motor dexterity 
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or visual perceptual skills) administered pre-treatment have been shown to be predictive 

of level of independence in daily living after treatment.10,57 For men with ACALD, 

quantifying AMN symptom burden may also aid in prediction of HCT outcomes.32 In some 

early-identified cases, patients may present to treatment with above average neurocognitive 

abilities, providing for a greater buffer against deficits associated with cerebral disease. In 

communicating results of these evaluations, clinicians can help set expectations for patients 

and families regarding areas where the patient is experiencing or may experience functional 

changes.

6.2.3 Post-treatment and long-term evaluation and care—After treatment for 

cerebral disease, evaluation by neuropsychologists and other mental health professionals 

facilitates targeted clinical, academic, home, occupational, and/or community-focused 

recommendations. Clinicians can encourage access to outpatient and/or school-based 

therapeutic interventions (e.g., occupational, physical, and speech/language therapy), which 

are critical for retention of functional skills and for targeting specific deficits. In the pediatric 

context, feedback from evaluations can help educate school personnel about this uncommon 

disease and how to help a student adapt in the academic setting. Involvement of special 

education professionals and interventionists can help to accommodate any changes in 

visual and auditory processing, communication, and mobility using adaptive devices and 

equipment and ensure maximal academic and community participation. Implementation of 

accommodations and behavioral techniques to support attention, emotional, and behavioral 

regulation in the classroom may also be warranted.

Mental health professionals within an interdisciplinary clinical team are in a unique 

position to recommend or provide treatment approaches to improve well-being. Specifically, 

individual or family-based psychotherapies can offer opportunities to process and learn skills 

for coping with ALD across the lifespan. In some cases, the affected individual and their 

family members may need space to process feelings of grief associated with changes in a 

patient’s functioning. Psychotherapy also provides parents and caregivers an opportunity to 

develop a diverse set of tools for managing any challenging behaviors that emerge, and to 

learn strategies for reducing stress. In some cases, medications are warranted to manage a 

patients’ symptoms, and referral to psychiatric care is needed.

Declines associated with advanced stages of cerebral disease are devastating, and will 

continue to be observed in males with ALD in the absence of universally implemented 

early detection programs and diligent follow-up. Such patients will require additional 

adaptations to support preservation of skills and quality of life for the longest timeframe 

possible. During advanced stages of disease, social workers and other clinicians can help 

connect parents, caregivers, and family members with governmental programs that may offer 

home and community-based support for families. These may include disability and waiver 

programs, nursing care, in-home personalized assistance, respite care, palliative care, and 

case management services.

6.2.4 Support for myeloneuropathy—For both men and women with 

myeloneuropathy, screening for mental health and psychiatric concerns, even when related 

to physical symptom burden and coping, may be a useful consideration in clinical practice. 
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Although there are frustratingly few therapeutic options to treat the symptoms of spinal 

cord disease, medications can be used to addressed spasticity and neuropathic pain, and 

referrals can be made to specialists in rehabilitation (e.g., physical therapists), continence 

care, and pain management.45 Specific interventions such as yoga or functional electrical 

stimulation may also be helpful at maintaining best possible function, including improved 

agility, balance, and walking capabilities, which are necessary for occupational and social 

functioning, and quality of life.112,113

6.2.5 Support for caregivers, siblings, and other family members—Emerging 

literature sheds light on the substantial caregiving and family burden associated with ALD, 

as well as important gaps that need to be addressed—namely, the need for better education 

among healthcare providers regarding ALD, increased insight regarding the perspectives 

of girls and women with ALD, a better understanding of the impact of ALD on family 

members (especially fathers and siblings), adequate psychological support for all family 

members, and access to accurate and comprehensive information for families.

6.2.6 Addressing barriers to care—Managing a chronic illness such as ALD requires 

extensive investment of time and resources, as well as access to high-quality health care. 

Some individuals and families experience psychosocial or systemic barriers that prevent 

access to or utilization of health care, and there has been increased attention to these 

disparities in access to treatments for rare disease (https://www.rarediseasediversity.org/). 

Geographic location (e.g., what state or region one lives in), access to comprehensive or 

specialized care centers, type of medical insurance in the U.S., and availability of a matched 

donor are just a few factors that may affect quality of care among individuals with ALD. 

Accordingly, it is important for clinicians to be aware of the many ways in which health care 

disparities contribute to greater psychological strain for some families. Efforts to optimize 

access to clinical care and support resources, discussed in Table 3, are critical for enhancing 

quality of life among affected families.

6.3 Conclusions

Considerable advances have been made in recent decades in understanding how different 

components of ALD diagnosis, disease course and treatment affect neurocognition and 

mental health. The ability of investigators and care teams to improve the everyday 

experience of patients and families will increase as additional progress is made toward 

optimizing early detection of cerebral disease and expanding treatment options, utilizing 

sensitive measurement tools to capture relevant outcomes, harmonizing protocols and 

care standards with consensus-based approaches,29,45,114 and improving understanding of 

predictive and modifiable factors in the disease course. Access to informed, interdisciplinary 

care at ALD centers of excellence115 and effective dissemination of knowledge about ALD 

will further impact the experience of families coping with this challenging disease.
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Synopsis

To inform future investigations, clinical trials, and multidisciplinary care practices, this 

comprehensive review synthesizes current knowledge regarding the neurocognitive and 

mental health effects of ALD across the lifespan.
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Figure 1. 
A) T2 axial FLAIR brain MRI showing a small region of demyelination in the splenium 

of the corpus callosum (Loes score = 1). This patient with CCALD showed no clinical 

deficits on neuropsychological testing when examined prior to treatment at 7.4 years of 

age. B) T2 axial FLAIR brain MRI from another patient with CCALD showing a larger 

region of demyelination involving parietal-occipital white matter (Loes score = 7). This 

patient showed clinical neuropsychological deficits including slowed processing speed and 

moderate visual-motor impairment when evaluated prior to treatment at 7.9 years of age.
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Table 2.

Summary of needs for investigations of neurocognition and mental health in ALD

Phenotype Needs

Neurologically 
asymptomatic

• Investigation of molecular or neuroimaging biomarkers that correspond to neuropsychological outcomes, 
to aid in prediction of future phenotype

• Longitudinal investigation of quantitative neuroimaging and neurocognitive metrics prior to development 
of cerebral disease

• Investigation of impact of adrenal and androgen dysfunction on neuropsychological function

Cerebral ALD 
(CCALD & 
ACALD)

• Identification and validation of sensitive neurocognitive methods for quantifying early, and potentially 
more subtle, effects of cerebral disease

• Harmonization of neuropsychological and neuroimaging protocols across sites/centers

• Increased reporting of longitudinal neurocognitive outcomes of investigational therapies

• Quantitative investigation of long-term outcomes with respect to emotional and psychiatric health

• Investigation of the impact of neurocognitive and mental health symptoms on long-term academic, 
employment, interpersonal and quality of life outcomes post-treatment

• Investigation of trends in the use of medication management and behavioral treatment among HCT 
survivors to address neurocognitive and mental health impacts, including patient- and caregiver-reported 
benefit of these therapies

• Trials of alternative therapies for individuals with advanced cerebral disease, inclusive of neurocognitive, 
mental health, and quality of life endpoints

Myeloneuropathy • Quantitative assessment of neurocognitive and psychiatric outcomes, including examining males and 
females separately

• In clinical trials, consideration not only of change in disability metrics, but also in mental health and 
quality of life

Caregivers/family • Data collection and analysis regarding the experience of family members during the ALD journey (data 
on siblings and fathers is especially lacking), including barriers to care, routine screening of family 
psychological functioning, family perceptions of access to resources and support aids, the treatment 
decision-making process, and family planning decisions

All phenotypes • Identification of the most important neuropsychological instruments and tools for measuring skills and 
symptoms across development; harmonization of those measures across sites/centers

• Increased sample sizes with enrollment across multiple sites/centers

• International consensus-based definition of subgroups in observational studies and clinical trials (i.e., 
using MRI findings, functional status) to clarify phenotype

• Incorporation of methodology in neurocognitive studies to account for neuroimaging findings, endocrine 
dysfunction and associated therapies, and psychosocial status of the family

• Psychiatric outcomes are described mostly in case studies; direct measurement of psychiatric 
symptomatology in group studies is needed; longitudinal examination of caregiver psychiatric 
symptomatology is also needed
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Table 3.

Crucial points for optimizing access and clinical care for ALD

Domain Target Needs

Mental health Caregivers and family • Support family coping and wellness after newborn screening diagnosis

Pediatric patients • Identify treatment and support resources, particularly for educational 
advocacy, need for peer social connections and recreational activity, and 
psychiatric concerns

Adult patients • Identify treatment and support resources, especially given higher prevalence 
of psychiatric concerns

Females with ALD • Identify support resources, especially given potential for feelings of stress or 
guilt among women related to a child’s symptoms, their own symptoms, 
and/or the need to consider reproductive options for themselves or any 
offspring

Supportive care Caregivers and family • Link families to financial support, waivers, case management, respite, county 
services, help with sibling care

• Careful monitoring of physical and psychological health of caregivers, which 
may be neglected when caring for a person with complex medical needs

Access and 
service 
utilization

Families receiving newborn 
screening or other 
presymptomatic diagnosis

• Identify psychosocial and systemic barriers to adherence to screening 
guidelines (i.e., to MRI surveillance protocols, cortisol treatment); develop 
plans to address barriers

• Identify methods to reduce disparities in care based on geographic 
location (e.g., where newborn screening is implemented) and other social 
determinants of health (e.g., race discrimination, income, access to insurance, 
transportation, housing, childcare, etc.)

Families and patients 
undergoing treatment

• Connect families to resources to support decision-making about treatment, 
navigate insurance coverage, and address logistical (e.g., housing, caregiving 
for other children) and financial impacts of treatment

• Support access to mental health professionals and rehabilitative therapies 
before, during, and after treatment

Families and patients in 
advanced stages of cerebral 
ALD, including those 
stabilized with significant 
functional impairments

• Identify local programs, facilities, or camps that offer events or activities for 
individuals with physical disabilities (e.g., vision loss, hearing loss, reduced 
mobility)

• Link families to local, state, federal, or non-profit supports and resources to 
obtain adaptive equipment, personal care assistance, respite care, and short- 
and long-term care options

Families and patients 
in advanced stages of 
myeloneuropathy

• Link families to local, state, federal, or non-profit supports and resources to 
obtain adaptive equipment, personal care assistance, respite care, and short- 
and long-term care options
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