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Abstract
Background and Objectives
X-linked adrenoleukodystrophy (ALD) is a neurodegenerative disease primarily affecting male
patients. Female patients with ALD are also affected in adulthood, yet their disease course and
symptom burden remain poorly defined. In this single-site study, we set out to characterize
disease burden in female individuals with ALD and identify barriers faced by this patient
population.

Methods
Adult female individuals with genetically or biochemically confirmed ALD were recruited
through an outpatient specialty clinic and a patient advocacy group.We performed a retrospective
chart review and conducted prospective telephone interviews to assess symptom presence and
onset, interventions and management strategies, injuries, comorbidities, and quality of life
(QOL). For comparison, we retrospectively gathered data from ALD diagnosis and symptom
onset for adult male patients with ALD seen in our clinic.

Results
We included 127 female (median [interquartile range] age = 50.2 [39.2, 59.9]) and 82 male
individuals with ALD (median [interquartile range] age = 37.5 [24.2, 43.9] years). Among our
female cohort, 115 (91%) reported neurologic symptoms. The most common symptoms were
urinary symptoms (74%), walking difficulty (66%), and spasticity (65%). Mental health
symptoms were also common (64%). Of interest, 70 (55%) reported a history of falls, 61 (48%)
had sustained injuries from falling, and 54 (43%) had a history of fractures. Compared with the
male cohort, our female cohort had a significantly later age at symptom onset and diagnosis. In
addition, symptom presentation was less likely to prompt a diagnosis in female individuals. Of
46 female individuals who sought clinical care for symptoms before diagnosis, 22 were initially
misdiagnosed. Fifty-one (90%) of 57 female interviewees reported encountering challenges
with health care access, and 49 (86%) reported a reduction in different aspects of QOL.
Activities of daily living beyond walking were affected in 25 (44%) participants.

Discussion
We conclude that symptoms related to myelopathy and neuropathy are common in female
individuals with ALD and that their disease burden is aggravated by the high rates of mental
health problems, barriers to health care access, and injuries and complications requiring
treatment. Limitations of our study include a risk for recall bias and selection bias.

Introduction
X-linked adrenoleukodystrophy (ALD) is a neurodegenerative disease due to variations in the
ABCD1 gene, resulting in impaired degradation of very long chain fatty acids (VLCFAs).1 In
male patients, the clinical spectrum has been well-studied and includes a spinal cord disease
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known as adrenomyeloneuropathy that progresses with age in
all, followed in frequency by primary adrenal insufficiency in
80%, and cerebral inflammatory disease known as cerebral
ALD (cALD) in 60%2,3. Female heterozygotes for ALD were
previously believed to be unaffected and simply be carriers.
While adrenal insufficiency and cALD occur in less than 1% of
female patients, more than 80% are now recognized to de-
velop progressive spinal cord disease similar to the male
phenotype.4,5 Impaired gait and balance, spasticity, urinary
and bowel dysfunction, and peripheral neuropathy increase
with age and significantly interfere with activities of daily
living.6-8 Symptomatic female individuals with ALD report
poor quality of life (QOL) and depression, sleep disturbances,
fatigue, and sexual dysfunction.9

The onset of neurologic symptoms in female patients is often
10–15 years later than inmale patients and female patients have
been described to experience more fecal incontinence, numb-
ness, pain, small fiber neuropathy, and restless leg syndrome.10

In contrast to male hemizygotes, some of the phenotypic var-
iability in female heterozygotes may arise from skewed
X-inactivation patterns, which can lead to selective expression
of either the allele with the pathogenic variant or the unaffected
allele.11 X-inactivation patterns have been found to correlate
with neurologic manifestations in this population.12 However,
other conflicting studies have found that skewed X-inactivation
is common in female patients with ALD but does not consis-
tently correlate with clinical symptoms.13,14

Despite a high symptom burden, female individuals with ALD
commonly face barriers to accessing medical information and
receiving the care needed to manage symptoms.15 There are
often limited resources and awareness regarding ALD among
medical providers, and ALD diagnoses are often not recognized
in female patients who seek medical advice. In addition, there
have been multiple previous reports of female patients, with
ALD being misdiagnosed with other conditions such as multiple
sclerosis or hereditary spastic paraplegia until a family history
of ALD is detected.16-23 There are currently no FDA-approved
treatments for the adult manifestations of ALD,24 although
strategies exist to manage symptoms.25 Clinical trials are often
limited to male patients whose disease progression has been
more well-studied. This is likely due in part to the slow rate of
disease progression in female patients, making it difficult to de-
tect clinically relevant changes over time.26 The lack of treatment
options and clinical trials has been previously reported as a pri-
ority need among female individuals with X-linked diseases.15

The goal of this study was to evaluate disease burden, define
clinical characteristics, explore barriers faced, assess QOL, and

better understand the daily experiences of female individuals
with ALD. We aim to emphasize the unmet needs of the female
ALD community and highlight sex-related disparities in di-
agnosis, treatment, and quality of care. By adding to the growing
literature, we hope to improve disease recognition and medical
care in this population. Understanding the disease course in
female patients will help inform trial readiness and elucidate the
pathophysiology and appropriate treatment for this disorder.

Methods
Retrospective Chart Review
We retrospectively reviewed the medical charts of all female
patients ≥18 years old with genetically or biochemically con-
firmed ALD who were seen in the Massachusetts General
Hospital Leukodystrophy clinic from 2006 through July 2023.
We extracted data concerning ALD diagnosis, presence of
neurologic signs and symptoms, age at symptom onset, inter-
ventions and management strategies, injuries, comorbidities,
and imaging studies. Presence of signs and symptoms were
recorded from standard of care neurologic examinations per-
formed by a licensed physician and validated by a board-certified
neurologist. For comparison, we gathered data from ALD di-
agnosis and age at symptom onset for all adult male patients
with ALD seen in our clinic during the same study period.

For female patients only, we retrospectively collected labo-
ratory results from X-inactivation studies and plasma VLCFA
analysis performed during diagnostic workup. Results recor-
ded in ug/mL were converted to umol/L by multiplying by
2.52 for C26:0, by 0.92 for C24:0/C22:0, and by 0.86 for C26:
0/C22:0.27 Normal VLCFA levels were <1.2 umol/L for C26:
0, <1.0 for the ratio C24:0/C22:0, and <0.02 for the ratio
C26:0/C22.0.28 X-inactivation analysis of the androgen re-
ceptor (AR) locus was performed on DNA samples by
Greenwood Genetic Center. X-inactivation patterns were
determined by PCR analysis of a polymorphic CAG repeat in
the AR gene before and after digestion with the methylation-
sensitive restriction enzyme HpaII because methylation of
these sites has been shown to correlate with X-inactivation.29

X-inactivation ratios greater than 90:10 were considered
highly skewed, ratios between 80:20 and 90:10 were consid-
ered moderately skewed, and ratios of less than 80:20 were
considered random patterns.

Interview
To supplement the data of our retrospective chart review and
better understand the patient perspective, we conducted
telephone interviews with female individuals with ALD
(eAppendix 1). Participants were recruited from our clinic

Glossary
ALD = adrenoleukodystrophy; AR = androgen receptor; cALD = cerebral ALD; IQR = interquartile range; NBS = newborn
screening; QOL = quality of life; VLCFA = very long chain fatty acid.
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and through a study advertisement distributed by a patient
advocacy group. The interviews focused on ALD diagnosis,
symptom presence and onset, interventions and management
strategies, injuries, and comorbidities. We also asked partic-
ipants about any specialists seen outside of neurology, barriers
faced in receiving care, activities of daily living, the effect of
ALD on overall QOL, and any factors contributing to QOL.

For patients who underwent both the interview and the chart
review, the interview was used as the primary source of data
for any patient-reported information such as symptom pre-
sentation and onset. We considered a history of injuries,
comorbidities, and interventions if they were mentioned ei-
ther in the interview or medical chart.

Data Analysis
Data analysis was performed using XLSTAT 2021.4.1.

We used a χ2 test to determine the association between
patient sex and what led to their ALD diagnosis. A Kaplan-

Meier analysis was used to assess time to symptom onset,
and a log-rank test was used to determine any differences
between male and female individuals. If a range of years was
provided for symptom onset age, the midpoint of that range
was used for analysis. A Mann-Whitney U test was used to
analyze the difference between age of ALD diagnosis in male
and female individuals. p values <0.05 were considered
significant.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was reviewed and approved by the Mass
General Brigham Human Research Committee. Informed
consent was waived for the retrospective chart review,
and verbal consent was obtained from interview
participants.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Table 1 Neurologic Symptoms Reported by Female Patients in Our Cohort and Median Age at Onset (Years) for Each
Symptom (N = 127)

Prevalence n (%) Onset age median (IQR)

Myelopathy symptoms

Urinary symptoms 94 (74.0) 42 (33, 51)

Walking difficulty 84 (66.1) 44 (37, 50)

Spasticity 82 (64.6) 43 (32,52)

Numbness 82 (64.6) 43 (34, 54)

Bowel symptoms 78 (61.4) 41 (32, 51)

Imbalance 75 (59.1) 45 (38, 53)

Paresthesia 70 (55.1) 40 (33, 52)

Neuropathic pain 55 (43.3) 38 (32, 49)

Sexual dysfunction 33 (26.0) NA

Other symptoms

Depression/anxiety 81 (63.8) NA

Fatigue 79 (62.2) NA

Insomnia 72 (56.7) NA

Joint pain 68 (53.5) 41 (33, 51)

Restless legs syndrome 55 (43.3) 43 (33, 51)

Chronic headaches 48 (37.8) NA

Memory difficulties 47 (37.0) NA

Word finding difficulties 34 (26.8) NA

Brain fog 29 (22.8) NA

Cold/heat intolerance 21 (16.5) NA

Abbreviations: IQR = interquartile range; NA = not assessed.
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Results
Study Population
A total of 127 adult female individuals with ALD were in-
cluded in our study. The median (interquartile range [IQR])
age at the most recent data point was 50.2 (39.2, 59.9) years.
We identified 89 female patients in our retrospective chart
review and prospectively conducted interviews with 57

participants. Nineteen participants were included in both the
chart review and interview. The majority (45 [78.9%]) of
interviewees were recruited through the study advertisement,
and the remainder (12 [21.1%]) were recruited in our outpatient
clinic. Throughout the recruitment process, no individuals de-
clined participation or were deemed ineligible to participate. We
reviewed the medical charts of 82 adult male patients with ALD
(median [IQR] age = 37.5 [24.2, 43.9] years).

Figure 1 Prevalence of Neurologic Symptoms Among Female Individuals Stratified by Age Group (N = 127)

Figure 2 Time to Myelopathy Symptom Onset in Female (N = 127) and Male (N = 82) Individuals

The y-axis represents the proportion
of symptomatic individuals at each
given age.
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Neurologic Signs and Symptoms
Neurologic symptoms were reported by 115 (90.6%) fe-
male individuals. The most common symptoms were uri-
nary symptoms in 74.0%, walking difficulty in 66.1%, and
spasticity in 64.6% (Table 1). The symptoms with the
earliest median (IQR) onset age were neuropathic pain (38
[32, 49] years) and paresthesia (40 [33, 52] years). The
prevalence of most neurologic symptoms increased with
age (Figure 1).

Time to symptom onset was later in our female cohort
compared with our male cohort (p < 0.001), with a median
(IQR) onset of 37 (28, 46) years in female individuals and 28
(23, 34) years in male individuals (Figure 2).

Of the 89 female patients included in our chart review,
77 (86.5%) had abnormalities on neurologic examination.
Two of these patients were asymptomatic with signs only.
The most common signs were impaired sensation in
83.1% and hyperreflexia in 69.7% (Table 2). Twenty-seven
(30.3%) patients had poor capillary refill and/or skin dis-
coloration, suggestive of autonomic or small fiber
dysfunction.

Injuries and Comorbidities
Seventy (55.1%) of 127 female individuals had a history of
falls, 61 (48.0%) had sustained injuries from falling, and 54
(42.5%) had a history of fractures. Forty (31.5%) had a di-
agnosis of osteoporosis or osteopenia, 52 (40.9%) had

a diagnosis of arthritis, and 9 (7.1%) had Raynaud. Thirty-
seven (29.1%) had recurrent UTIs. Twenty-three (18.1%)
had endocrine abnormalities, most commonly hypothyroid-
ism (n = 15), adrenal insufficiency (n = 4), hyper-
prolactinemia (n = 3), and hyperaldosteronism (n = 2).

Symptom Management
Female individuals in our cohort used a variety of treatments
and strategies to manage symptoms (Table 3). The most
common medications used were analgesics (60%) with most
patients requiring them for chronic use. Among non-
pharmacologic interventions, female individuals frequently
sought out physical therapy, exercise, and alternative medicine
to address musculoskeletal symptoms.

Laboratory Evaluation
Plasma VLCFA results were available in 53 (59.6%) medical
charts and elevated in 49 (92.5%) cases. C26:0 was elevated in
44 (83.0%); the ratio C24:0/C22:0 was elevated in 43
(81.1%) and C26:0/C22:0 in 36 (67.9%). Mean VLCFA
values were 1.96 ± 0.76 umol/L (C26:0), 1.18 ± 0.21 (C24:0/
C22:0), and 0.03 ± 0.02 (C26:0/C22:0).

X-inactivation studies were performed on 43 (48.3%) of the
89 female patients in our chart review. Eight (18.6%) had
a highly skewed pattern, 16 (37.2%) had a moderately skewed
pattern, 16 (37.2%) had a random pattern, and 3 (7.0%) had
an uninformative pattern.

Imaging Studies
Brain MRI data were available for 48 (53.9%) of female
patients in our chart review. The median (IQR) age at brain
MRI was 47.0 (38.9, 57.1) years. Twenty-three (47.9%) had
nonspecific white matter changes, 21 (43.8%) had a normal
MRI, 3 (6.3%) had mucosal thickening with an otherwise
normal MRI, and only 1 (2.1%) had active cALD with con-
trast enhancement akin to the cerebral disease pattern seen in
male patients.

Spine MRI data were available for 46 (51.7%) female patients.
The median (IQR) age at spine MRI was 50.0 (39.0, 57.9)
years. Only 2 (4.3%) had a normal MRI, and the remainder
(95.7%) had abnormal findings. The most common abnormal
findings were degenerative changes (n = 31%, 67.4%), disk
herniation (n = 21%, 45.7%), spinal stenosis (n = 17%,
37.0%), facet joint disease (n = 12%, 26.1%), spinal cord
atrophy (n = 7%, 15.2%), signal abnormality (n = 6%, 13.0%),
spondylosis (n = 5%, 10.9%), spinal curvature (n = 5%,
10.9%), and edema (n = 3%, 6.5%).

Thirty-three (37.0%) female patients had undergone EMG
and/or nerve conduction studies at a median (IQR) age of
46.3 (39.2, 54.4) years. Seventeen (51.5%) had normal
studies, and 16 (48.5%) had abnormal findings. Specifically,
10 patients had electrophysiologic evidence of peripheral
neuropathy, 3 radiculopathy, and 3 reduced motor or sensory
response with unclear significance.

Table 2 Prevalence of Neurologic Signs Observed Among
Female Patients in Our Retrospective Cohort
(N = 89)

n (%)

Impaired sensationa 74 (83.1)

Hyperreflexiaa 62 (69.7)

Sensory ataxia 47 (52.8)

Gait abnormality 46 (51.7)

Muscle weakness 34 (38.2)

Hypertoniaa 31 (34.8)

Cerebellar ataxia 31 (34.8)

Action tremor 23 (25.8)

Head titubation 12 (13.5)

Dysmetria 5 (5.6)

Dysdiadochokinesia 2 (2.2)

Dystonia 12 (13.5)

Cervical dystonia 7 (7.9)

Limb dystonia 5 (5.6)

a Deficits were noted in the lower extremities.

Neurology.org/N Neurology | Volume 104, Number 5 | March 11, 2025
e213370(5)

Copyright © 2025 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
H

ar
va

rd
 U

ni
ve

rs
ity

 o
n 

10
 F

eb
ru

ar
y 

20
25

http://neurology.org/n


Diagnostic Delay
Female individuals were diagnosed with ALD later than male
patients. The median (IQR) age of ALD diagnosis was 37.0
(30.4, 46.2) years in our female cohort and 23.9 (15.0, 33.7) years
in our male cohort (p < 0.001).Male patients weremore likely to
be diagnosed because of symptom presentation. Where the
majority (53.7%) of male patients obtained a diagnosis due to
symptom presentation, the majority (83.5%) of female individ-
uals were diagnosed because of family screening (p < 0.001),
either following a symptomatic diagnosis in a family member
(65.4%) or after a younger relative was identified on newborn

screening (NBS) (18.1%).Most symptomatic diagnoses (94.0%)
were made in a male family member. Forty-six (36.2%) female
individuals sought care for symptoms before diagnosis, and 22 of
these patients were initially misdiagnosed, most commonly with
multiple sclerosis or hereditary spastic paraplegia.

Barriers and Effect on QOL
Fifty-one (89.5%) of 57 interviewees reported encountering
challenges to receiving sufficient medical care (Table 4). The
most reported barrier was a lack of knowledge about ALD
among health care providers (n = 40%, 70.2%). Fifty-three

Table 3 Interventions and Management Strategies Used Among Female Individuals in Our Cohort (N = 127)

Medications/procedures Nonpharmacologic

Type of therapy/strategy n (%) Type of therapy/strategy n (%)

Spasticity and gait management

Antispasmodics 47 (37.0) Mobility devicesa 45 (35.4)

Oral medications 43 (33.9) Unilateral walking aid 35 (27.6)

Intrathecal baclofen pump 4 (3.1) Ankle-foot orthotics 25 (19.7)

Orthopedic surgery 41 (32.3) Bilateral walking aid 22 (17.3)

Botox (lower extremities) 20 (15.7) Wheelchair 8 (6.3)

Electrical muscle stimulation 4 (3.1) Physical therapy 69 (54.3)

Yoga/stretching 50 (39.4)

Strength trainingb 48 (37.8)

Resting splints 2 (1.6)

Pain management

Analgesics 77 (60.6) Chiropractic adjustments 34 (26.8)

Chronic analgesic use 46 (36.2) Acupuncture/dry needling 20 (15.7)

Acute analgesic use 31 (24.4) Heating pads 18 (14.2)

Steroid injection into joints 39 (30.7) Massage therapy 8 (6.3)

Restless legs syndrome medications 25 (19.7) Orthopedic belt 2 (1.6)

Nerve block or ablation 9 (7.1) Leg compression stockings/cuffs 4 (3.1)

Intravenous immunoglobulins 3 (2.4)

Urinary/bowel symptom management

Bladder medications 36 (28.3) Leak protection pads 46 (36.2)

Bowel medications 34 (26.8) Limiting fluid/diuretic intake 25 (19.7)

Botox (bladder) 5 (3.9) Pelvic floor therapy 21 (16.5)

Self-catheterization 9 (7.1)

Enema 2 (1.6)

Mental/emotional care

Antidepressants/anti-anxiety medications 61 (48.0) Emotional support therapy 9 (7.1)

Sleep medications 45 (35.4)

a Twenty-nine individuals used more than 1 type of device in different situations or environments.
b Strength training included regular exercise (n = 43%, 33.9%), pilates (n = 12%, 9.4%), aquatic therapy (n = 8%, 6.3%), and tai chi (n = 3%, 2.4%).
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(93.0%) had sought specialty care, including with a geneticist
(66.7%), urologist (47.4%), orthopedic surgeon (35.1%),
endocrinologist (31.6%), fertility specialist (29.8%), pain
specialist (24.6%), physiatrist (24.6%), rheumatologist
(15.8%), sleep specialist (12.3%), dietician (10.5%), podia-
trist (8.8%), and/or gastroenterologist (7.0%).

Forty-nine (86.0%) interviewees reported that ALD reduced
their QOL. Twenty-six (45.6%) reported a severe reduction,
12 (21.1%) a moderate reduction, and 11 (19.3%) a mild
reduction. The factors contributing to a reduced QOL
reported by participants are presented in Table 4.

Activities of daily living beyond walking were affected in 25
(43.9%). Fifteen (26.3%) reported that they had to make
modifications to their home for accessibility.

Of the 30 interviewees who reported insomnia, 25 (83.3%)
believed that ALD-related factors contributed to sleep
disturbances, most commonly pain (n = 15), RLS (n = 15),
urinary symptoms (n = 10), and anxiety (n = 6). Of the 41
interviewees who reported a history of anxiety or de-
pression, 34 (82.9%) believe that their mental health
symptoms were either caused by or exacerbated by their
ALD diagnosis.

Table 4 Challenges Faced by Female Individuals as Reported During Interviews (N = 57)

n (%)

Barriers to medical care access 51 (89.5)

Lack of provider knowledge about ALD 40 (70.2)

Misbelief that female individuals do not develop symptoms 32 (56.1)

Shortage of specialists 32 (56.1)

Difficulty finding resources or information about ALD 27 (47.4)

Insurance not covering aspects of care 16 (28.1)

High expenses of traveling to appointments 15 (26.3)

Feeling the need to self-advocate to providers 14 (24.6)

Time commitment of traveling to appointments 10 (16.5)

ALD-related factors contributing to reduced QOL 49 (86.0)

Diagnosis in a family member 37 (64.9)

Physical symptoms 36 (63.2)

Effect of diagnosis on family 23 (40.4)

Management of disease 21 (36.8)

Mental symptoms 20 (35.1)

Social effect of explaining disease to others 14 (24.6)

Limitations with activities and/or traveling 11 (19.3)

Uncertainty or fear of the future 8 (14.0)

Guilt of passing the disease to children 5 (8.8)

Family planning 5 (8.8)

Inability to work 5 (8.8)

Activities of daily living affected 25 (43.9)

Using the toilet 15 (26.3)

Dressing/undressing 14 (24.6)

Bathing/showering 13 (22.8)

Transferring from bed/chair 11 (19.3)

Grooming 6 (10.5)

Eating 4 (7.0)

Abbreviations: ALD = adrenoleukodystrophy; QOL = quality of life.
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Discussion
This study highlights the disease burden in female individuals
with ALD, with neurologic symptoms present in more than
90% of our female cohort. While pain and sensory symptoms
were the earliest in onset, the symptoms of myelopathy in-
creased with age and contributed to gait and bladder diffi-
culties. Analgesics and antispasmodics were commonly used
(60% and 37%, respectively), and more than a third of our
female cohort required mobility devices. The rate of sec-
ondary complications was high, with 43% experiencing frac-
tures from falls. In addition, female individuals experience
mental health problems, fatigue, sleep disturbances, and sex-
ual dysfunction. Despite high rates of depression and anxiety,
few female individuals with ALD receive emotional support
therapy.

Of interest, in the retrospective chart review, we found evi-
dence of cerebellar ataxia and dystonia in 35% and 14% of
female patients, respectively. These manifestations were not
found to correlate with brain lesions on MRI, but we cannot
exclude that subtle tract-specific abnormalities would be
detected by advanced neuroimaging. A recent article has
revealed that ABCD1 protein is highly expressed within deep
gray nuclei such as the basal forebrain,30 potentially pointing
to an etiology of cerebellar ataxia and dystonia. In female
heterozygotes, tract-specific dysfunction and poor connec-
tivity in the presence of residual ABCD1 protein may be
contributing to symptoms. However, these findings warrant
further investigation and should be explored in future studies.

Brain imaging rarely explained the symptom burden because
the cALD phenotype is extremely rare in the female patient
population. Only 6 known cases of female patients with adult-
onset cALD have been reported in the literature, with disease
onset age ranging from 28 to 55 years.31-35 One female patient
in our cohort had active cALD with contrast enhancement
primarily originating in the cerebellum and corticospinal
tracts. This individual had a highly skewed X-inactivation
pattern and VLCFA levels in the male ALD range.

Most female patients had degenerative changes in the verte-
bra, which are expected with age, and have been reported in
healthy individuals as young as 20 years old.36,37 However, it is
likely that female individuals with ALD who already experi-
ence myelopathic symptoms are more susceptible to symp-
toms related to normal age-related vertebral changes,
especially if these degenerative changes result in, for example,
symptomatic neural foraminal stenosis or vertebral
compression-related back pain.

In telephone interviews, 86% of participants volunteered that
ALD reduces their QOL. Quality of life in female individuals is
affected by many aspects beyond physical symptoms and
disease management. The most reported contributing factor
was diagnosis in a family member, typically a male child. This
is consistent with previous findings that having a child with

ALD has a larger effect on mental health than one’s own
disability.9 Parents of children with cALD have a high risk of
depression, with mothers being most affected.38 Caring for an
affected child and guilt associated with genetic inheritance
may hinder female individuals from establishing care with
a neurologist and addressing their own symptoms.39

Our findings highlight disparities in medical care received by
female patients with ALD. While neurologic symptoms
present approximately a decade later, the onset of symptoms
is less likely to prompt the diagnosis of ALD in female com-
pared with male patients. Delays in diagnosis and access to
specialists make preventive guidance and lifestyle mod-
ifications less likely. It also prevents female individuals from
making informed decisions regarding family planning and
alternative reproductive options.15

Close to 90% of female participants in our prospective cohort
reported encountering barriers to receiving medical care due
to lack of provider awareness, scarcity of specialists and
resources, and the financial and time commitments of medical
appointments. Although these are common challenges faced
in rare disease populations,40 more than half of our cohort
reported encountering the misconception that heterozygotes
are rarely affected. Such barriers may further deter female
individuals from seeking medical care. Nearly one-third of
symptomatic female individuals with ALD do not present for
regular medical check-ups.9

The introduction of ALD NBS in 2013 has contributed to
earlier diagnosis in female individuals due to disease detection
in female infants and screening of older family members.41

Nearly one-fifth of our female cohort was diagnosed because
of NBS in a younger relative. As NBS programs continue to be
implemented across the United States, there will be an in-
creasing number of female individuals with ALD identified,
stressing the urgency of determining appropriate treatments,
and establishing disease-specific standard of care guidelines
for this patient population. Recent guidelines for longitudinal
management of adults with ALD recommend a multidisci-
plinary approach which incorporates neurologic symptom
management, psychosocial support, genetic counseling, and
connecting patients with support networks and resources.39

One limitation of our study is that a large proportion of data
relies on self-reported information, increasing the risk for
recall bias. There is also a potential for selection bias because
our retrospective cohort included patients seen in a specialty
outpatient clinic and our prospective cohort was recruited
through a patient advocacy group. Therefore, it is possible
that our results overestimate disease burden and require fu-
ture studies to become generalizable.

We conclude that symptoms related to myelopathy and
neuropathy are prevalent in female individuals with ALD and
contribute to mental health problems, injuries, and compli-
cations requiring treatment. Female individuals with ALD
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disproportionately experience barriers to health care access
such as diagnostic delays and lack of treatment options. There
is an overwhelming need to improve QOL, raise disease
awareness, and develop standard of care guidelines for this
patient population.
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