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X-Linked Adrenoleukodystrophy: 
Addisonian Crisis in a Patient with 
Spastic Paraparesis-Ataxia Syndrome

Philippe A. Salles and Hubert H. Fernandez

 Patient Vignette

A 28-year-old man with a 5-year history of progressive spastic paraparesis of 
unknown etiology, with comorbid sphincter and sexual dysfunction, was brought to 
the emergency department (ED) because of a 3-day history of marked exacerbation 
of spasticity in his lower limbs, followed by two syncopal episodes, emesis, vegeta-
tive symptoms, and finally psychomotor agitation. At the ED he was noted to be 
agitated and confused. He had no fever, but his vital signs were remarkable for 
hypotension and tachycardia. Brain CT and CSF analysis were unremarkable. His 
clinical picture progressed with persistent hypotension, hypoglycemia, hyponatre-
mia, hyperkalemia, and a low cortisol level. Suprarenal insufficiency was confirmed, 
and he was started on steroid replacement, along with correction of hypoglycemia 
and electrolyte imbalance. While his mentation slowly improved, his spasticity with 
severe spasms persisted. Neurological and general evaluation during admission was 
remarkable for hyperpigmented skin and gums, frontotemporal alopecia (Fig. 27.1), 
cognitive slowness, spastic paraparesis-dystonic syndrome, and mild ataxia with 
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hypermetric saccades, mild dysmetria, dysdiadochokinesia, and dyssynergia, with 
generalized hyperreflexia and bilateral Babinski signs. His MRI showed signal 
changes in parieto-occipital deep white matter and splenium of the corpus callosum 
(Fig. 27.2). Based on the clinical and radiological characteristics, along with ele-
vated very long-chain fatty acid (VLCFA) levels, X-linked adrenoleukodystrophy 
was confirmed.

 Introduction

X-linked adrenoleukodystrophy (ALD) is both the most common inborn error of 
metabolism of peroxisomal beta-oxidation and the most frequent monogeneti-
cally inherited demyelinating disorder [1]. In the United States, the estimated 
overall minimum frequency is about 1:21,000 for hemizygote men and 1:14,000 
for heterozygote women [2]. Now that newborn screening has been implemented 
in some parts of the world, the true prevalence could be even higher [3]. It is an 
X-linked hereditary disease caused by pathogenic variants in the ATP-binding 
cassette, subfamily D, member 1 (ABCD1) gene, located on chromosome Xq28, 
that codes for the peroxisomal half-transporter of CoA-activated very long-chain 
fatty acids (VLCFA), responsible for the transportation of VLCFA into the peroxi-
some [4, 5]. Deficiency of the enzyme very long-chain acyl CoA synthetase 
(ligase) results in accumulation of endogenous and exogenous saturated VLCFA 
(fatty acyl chain length of ≥22 carbons), particularly tetracosanoic (C24:0) and 
hexacosanoic acid (C26:0), mainly in the nervous system, the adrenal cortex, and 
the Leydig cells in the testes [4, 6].

a b

Fig. 27.1 Androgenic pattern of alopecia (a) and hyperpigmented skin and gums (b)
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There is no genotype-phenotype correlation, and there is often marked intrafa-
milial variability. Clinically, ALD can present with a wide spectrum of neurological 
and endocrine manifestations. Six main phenotypes among men hemizygotes have 
been reported. The more prevalent phenotypes are adrenomyeloneuropathy (AMN) 
and the cerebral form of ALD with a childhood, adolescent, and adult age of presen-
tation. Less frequent phenotypes include pure Addison’s disease, spinocerebellar 
ataxia, and asymptomatic subtypes [1]. Heterozygous women develop an AMN 
phenotype with a later onset and somewhat milder presentation.

X-linked adrenoleukodystrophy is the most common inherited per-
oxisomal disorder, caused by mutations in the ABCD1 gene, resulting in the accu-
mulation of VLCFA mainly in the nervous and endocrine systems. There is no 
genotype-phenotype correlation. It may present with adrenal insufficiency, progres-
sive brain demyelination, or myelopathy, in different combinations.

a

b c

Fig. 27.2 Brain MRI, axial FLAIR with symmetric bilateral posterior peri-atrial white matter and 
splenium hyperintensities (a, b). Cervical-thoracic spine atrophy (c)
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 Pathophysiology

ABCD1 is widely expressed in many different tissues, and VLCFA levels are highly 
elevated in almost all tissues. The exact mechanism by which VLCFA are toxic to 
cells and why cells of the adrenal cortex, testes, and the peripheral and central ner-
vous system are especially vulnerable remains to be resolved [7]. An explanation for 
the demyelination in the cerebral ALD subtype could be the myelin sheath instabil-
ity from VLCFA excess in the lipid membrane. High levels of VLCFA could also be 
cytotoxic to oligodendrocytes and microglia contributing to the demyelination pro-
cess [8]. Cerebral inflammation is mediated by oxidative stress, activation of mac-
rophages, microglial apoptosis, and endothelial dysfunction, which ultimately 
damages the blood–brain barrier [9].

Griffin et al. have typed the cells in the perivascular cuffs [10]. Fifty-nine percent 
were T cells, 24% B cells, and 11% monocytes/macrophages. Fifty-eight percent of 
the T cells were T4, and 27% T8, while 15% could not be classified. This pattern 
was similar to that found in the CNS during a cellular immune response, which sug-
gested that an aspect of injury in ALD is likely immunologically mediated [10, 11]. 
In AMN cases, the current pathogenic hypotheses suggest that impaired mitochon-
drial function, subsequent oxidative stress, and energy depletion contribute to a 
noninflammatory dying-back axonopathy of the spinal cord that involves the 
descending corticospinal tracts in the thoracic and lumbosacral regions and ascend-
ing posterior columns in the cervical region [4]. The mechanism of adrenal gland 
injury in ALD is not well understood. VLCFA are known to accumulate in the zona 
fasciculata and reticularis of the adrenal cortex, and the chronic accumulation of 
VLCFA is thought to lead to cytotoxic effects and ultimately apoptosis with atrophy 
of the adrenal cortex [12].

See Fig. 27.3 for the pathophysiological aspects of ALD.
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 Clinical Presentations

 Neuropsychiatric Manifestations

ALD has been defined as a disorder with many different phenotypes (Table 27.1). In 
addition, presenting phenotypes may not be static, and their clinical state may 
change over time. Patients with ALD are classically asymptomatic at birth [7]. 
AMN, the combination of myelopathy and peripheral neuropathy, has a near 100% 
lifetime penetrance. Virtually all men and up to 80% of heterozygous women 
develop myelopathy [13]. Consequently, there is a high risk for children and adult 
asymptomatic patients to develop neurological deficits, and for AMN men to 
develop cerebral demyelination [14]. Although myelopathy may present during 
adolescence, it typically develops between 20 and 40 years of age. The earliest 

Table 27.1 Phenotypes associated with ABCD1 pathological variants

Phenotype
Relative 
frequency

AAO 
(yr)

Adrenal
insufficiency

Neuropsychiatric 
manifestations

RNM 
pattern Progression

Childhood 
cerebral ALD

31–35% 2–10 Usual
(79%)

Behavioral and 
cognitive changes, 
school difficulties, 
visual disturbances, 
hearing loss, spastic 
gait, and seizures

1 and 
5a

Rapid (total 
disability in 
2–4 years)

Adolescent 
cerebral ALD

4–7% 11–21 Usual
(62%)

Symptoms resemble 
those of the 
childhood cerebral 
form

2 and 
4a

Slower than 
childhood

Adult
cerebral ALD

2–5% >21 Usual 
(>50%)

Initial symptoms 
include dementia 
and psychiatric 
disturbances; 
sometimes focal 
deficits

3a Similar than 
adolescent

Pure AMN 20–30% 28 ± 9 Usual 
(>70%)

Mainly involves the 
spinal cord and 
presents with 
slowly progressive 
stiffness and 
weakness of legs, 
impaired vibration 
sense (neuropathy), 
sphincter 
disturbances, and 
impotence

Spine 
atrophy

Slowly 
progressive 
over 
decades

Cerebral 
ALD-AMN

20–23% – Usual Approximately 40% 
of AMN present 
with combined 
cerebral 
involvement

Mixed Variable

(continued)
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symptoms are usually urge incontinence, followed by a gradually progressive gait 
disorder due to spastic paraparesis and sensory ataxia. An axonal peripheral senso-
rimotor neuropathy is present on electrophysiological testing, but this is frequently 
overlooked because of the coexisting myelopathy. The age of onset and rate of pro-
gression of AMN symptoms are highly variable [7]. In a prospective cohort of men 
with AMN, Huffnagel et al. determined a median time from onset of myelopathy to 
the use of a walking aid of 13 years (95% CI 9.1–16.9 years) [15]. Patients with pure 
AMN, with normal brain MRI, have a better prognosis compared with other pheno-
types. Their neuropsychological profile is typically normal except for mild deficits 
in psychomotor speed and visual memory [16].

Table 27.1 (continued)

Phenotype
Relative 
frequency

AAO 
(yr)

Adrenal
insufficiency

Neuropsychiatric 
manifestations

RNM 
pattern Progression

Spinocerebellar 1–2% 20–71 Usual
(75%)

Cerebellar ataxia, 
gait and speech 
disturbance, 
pyramidal signs, 
and autonomic 
failure

MCP, 
C, and 
ICb

Slow

Pure Addison’s 
disease

10–20% >2 Rule
(100%)

Age dependent (up 
to 50% in 
childhood);
these patients are at 
high risk of 
eventually 
developing AMN

Normal Variable

Asymptomatic <4 
(rare 
>40)

Uninvolved Absence of 
symptoms despite 
high levels of 
VLCFA and/or 
ABCD1 variant 
demonstrated;
diminished with age 
(pre-symptomatic 
stage)

Normal –

Female carriers 50% 
>40 years

30–40 Rare
(<1%)

Milder clinical 
symptoms; mainly 
spastic paraparesis
(<1% develop 
cerebral ALD)

Spine 
atrophy

Slower than 
men AMN

AAO age at onset, ALD adrenoleukodystrophy, AMN adrenomyeloneuropathy, MCP middle cere-
bellar peduncle, C cerebellum, IC internal capsule
Table references: [1, 9, 33, 34, 35, 36]
aPattern 1, parieto-occipital white matter; pattern 2, frontal white matter; pattern 3, corticospinal 
tract; pattern 4, cerebellar white matter; pattern 5, concomitant parieto-occipital and frontal 
white matter
bHyperintensity over bilateral middle cerebellar peduncles, cerebellar white matter, and inter-
nal capsule
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According to van Geel et al. after a mean follow-up period of 10 ± 5 years, 19% 
of adult patients with AMN without symptoms of cerebral involvement developed 
cerebral ALD, with a mean survival of 2.3 ± 1.9 years after the first manifestation of 
cerebral disease [14]. Studies have shown that more than 80% of women heterozy-
gous carriers develop a milder AMN phenotype than men, usually after the age of 
40. According to some recent reports, AMN can occur in women in their 20s [17]. 
Signs of dementia, behavioral or visual disturbances, occur in 1–3% of heterozy-
gous women and adrenal insufficiency in only 1% [18]. A prospective cohort study 
in 42 men with ALD and 32 controls demonstrated that the spinal cord cross- 
sectional area of patients is smaller compared to healthy controls and correlates 
with severity of myelopathy as measured by the expanded disability status scale, 
severity scoring system for progressive myelopathy, and vibration sense scores [19].

There are several reports of ALD presenting as pure familial spastic paraparesis 
[20], in some cases presenting with an autosomal dominant pedigree [21], or reces-
sive pattern in others [22]. Urinary and bowel symptoms are common in men with 
AMN and in ABCD1 variant female carriers. According to Hofereiter et al., in a case 
series of 19 males with AMN and 29 female carriers, overactive bladder symptoms 
were reported in 100% of males and 86% of females. Moderate to severe bowel 
dysfunction was noted in 21% and 10% of males and females, respectively [23]. In 
a retrospective chart review based on 39 ALD adult patients (28 female carriers), 
Gomery et al. reported urinary symptoms in 64% of men and 68% of women and 
bowel symptoms in 44% of men and 64% of women. The most common symptoms 
included urinary urgency (28% of males, 50% of females), urinary incontinence 
(41% of males, 57% of females), and constipation (36% of males, 39% of females), 
as well as urinary frequency and urinary hesitancy in males (both 38%) [24]. 
Although the precise mechanism is still unclear, severe autonomic dysfunction has 
also been reported, characterized by orthostatic hypotension, sexual dysfunction 
[25], and autonomic neuropathy [26].

According to Chen et al., among unrelated Taiwanese patients with adult-onset 
cerebellar ataxia, ALD accounts for 0.85% (1/118) of the patients with molecularly 
unassigned hereditary ataxia and 0.34% (1/296) of the patients with sporadic ataxia 
with autonomic dysfunction. In this cohort, white matter hyperintensities in the cor-
ticospinal tracts and in the cerebellar hemispheres were strongly associated with 
ALD rather than other ataxias [27]. Cerebral demyelination is estimated to occur in 
about 40% of male ALD patients before the age of 18 years but is well documented 
to occur also in adulthood [14].

The symptoms associated with cerebral ALD depend on the site of the initial 
lesions. In children and adolescent boys, the first symptoms are usually cognitive 
deficits, hyperactive behavior, emotional lability, and decline in school performance 
[1]. These symptoms are frequently initially attributed to attention deficit hyperac-
tivity disorder, which can delay the diagnosis of ALD. When lesions progress, pyra-
midal tract signs, central visual impairment, apraxia, astereognosis, auditory 
impairment, and sometimes seizures occur [1, 28]. Demyelination involving the 
visual tracts occurs typically months to years after the diagnosis of childhood cere-
bral ALD, manifesting as progressive visual loss followed by optic atrophy. In a 
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report of 15 childhood cerebral ALD patients, there were strabismus in 10 cases, 
pale optic discs in 7 cases, macular pigmentary changes in 3, optic nerve hypoplasia 
in 1, and cataracts in 1 [29]. A pathological examination revealed accumulation of 
bi-leaflet inclusions in optic nerve macrophages, retinal neurons, and macro-
phages [30].

An atypical spontaneous “arrested” clinical course of cerebral ALD has been 
described, without evidence of imaging, neurological, or neuropsychological dete-
rioration for many years after the initial symptoms [5, 31]. All three patients reported 
by Korenke et al. showed typical first symptoms and neuroimaging alterations of 
cerebral ALD between 7 and 11 years, with a subsequent arrest of neurologic dete-
rioration for 5 to 12 years; none developed impaired visual or auditory function. 
This stable clinical course was supported by serial neuroimaging studies, with gado-
linium enhancement observed only in the first MRI examination of one of these 
patients [31]. Some authors warned that it may still reactivate many years later [7].

In adult cerebral ALD, initial symptoms are often psychiatric, especially if the 
lesions are located in the frontal lobes, and can resemble depression, mania, or psy-
chosis [13]. A review by Rosebush et  al. found that 19 of 34 cases (56%) were 
reported to have psychiatric symptomatology. However, a detailed psychiatric 
assessment was provided only in 13, and the earliest reported symptom was a 
change in behavior or personality. Twelve of those 13 patients had symptoms of 
mania, including disinhibition, emotional lability, increased spending, hypersexual-
ity, and perseveration. In addition, five of these patients were also psychotic. 
Unfortunately, many of the patients were treatment-resistant and appeared to have 
an aggressive course [32].

See Fig. 27.4 for the clinical spectrum and natural history of ALD.

Asymptomatic

Adrenocortical insufficiency

Cerebral Demyelination

Age (years)

0 0.5 3 11 14 21 40

Myelopathy (women)

Myelopathy (men)

Fig. 27.4 Clinical spectrum and natural history of ALD
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 Endocrine Dysfunction

X-linked ALD is the most frequent genetic cause of Addison’s disease [37]. 
However, in regions where neonatal screening has not been established, there is a 
high prevalence of unrecognized adrenocortical insufficiency in ABCD1 patho-
logical variant children carriers [38]. Primary adrenal insufficiency is character-
ized by high levels of adrenocorticotropic hormone (ACTH) and low cortisol 
level. The lifetime prevalence of adrenal insufficiency in ALD is about 80%. The 
cumulative probability of adrenal insufficiency is highest at the age of 10 years 
(46.8%) and remains prominent until 40  years of age (an additional 28.6%), 
decreasing substantially thereafter (an additional 5.6%) [39]. The incidence of 
adrenal insufficiency varies according to phenotype (see Table 27.1). According 
to van Geel et al. in a retrospective analysis in 35 of 70 patients with AMN, adre-
nocortical insufficiency was diagnosed before ALD, and in 33 patients dysfunc-
tion was diagnosed after ALD [14]. Sato et al. in a case report have shown that the 
demand for cortisol is extremely high in advanced adult-onset cerebral ALD. Even 
with mild infection, because cortisol secretion is limited in these patients, the risk 
of relative adrenal insufficiency despite normal serum cortisol levels warrants 
proactive administration of steroids when hyponatremia or hypoglycemia devel-
ops [40].

Patients with chronic adrenal insufficiency often have fatigue, anorexia, nausea, 
vomiting, loss of appetite, poor weight gain or weight loss, and abdominal symp-
toms. In an acute adrenal crisis, patients may present with hypotension, hypoglyce-
mia, altered mental status, vomiting, and syncope, in addition to chronic symptoms. 
Salt wasting (hyponatremia and hyperkalemia) is less common with ALD, but 
patients are described to have impaired aldosterone response to ACTH stimulation 
and require mineralocorticoid replacement. Hyponatremia may also be present with 
severe cortisol deficiency, as there may be water retention due to a lack of cortisol 
inhibition of vasopressin secretion [36]. Corresponding with the relative sparing of 
the zona glomerulosa from VLCFA accumulation, mineralocorticoid function typi-
cally is less affected than glucocorticoid function [12].

Hypogonadism is noticed most frequently after neurologic or adrenal symptoms, 
but testicular dysfunction has been reported before the appearance of neurologic or 
adrenal symptoms. In a retrospective report of 26 men with ALD, 46% reported 
decreased libido and 58% had erectile dysfunction [41]. A prospective controlled 
study of 49 men with AMN revealed an 82% incidence of testicular dysfunction 
(elevated gonadotropins or low testosterone/luteinizing hormone ratio), and 54% 
with erectile dysfunction [42].

Adrenal insufficiency may be absent at the time of ALD diagnosis. In 
suspected cases, monitoring adrenal function is extremely important in order to 
secure the diagnosis and prevent Addisonian crisis.
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 Dermatologic Signs

Early-onset androgenetic alopecia despite hypogonadism and a diffuse reduction in 
scalp hair and the eyelashes are the main patterns of alopecia described in these 
patients [43]. Increased skin pigmentation may also be observed as a result of eleva-
tions of melanocyte-stimulating hormone, a byproduct of ACTH production. 
Common areas to note hyperpigmentation include palmar creases, axillae, genitalia, 
areolae, scars, gums, and the posterior helix of the ear [36]. After adrenarche, loss 
of pubic and axillary hair due to accumulation of VLCFA in the zona reticularis of 
the adrenal cortex and consequent poor androgen production may also be noted [36].

 Radiologic Findings

Frequently, CT scan shows a symmetric hypodensity bilateral in parieto-occipital 
white matter with involvement of the splenium of the corpus callosum and enhance-
ment seen along the anterior edge of hypodensity. MRI demonstrates T2/FLAIR 
hyperintense signal in the same areas as that on CT scan with hypo-intense signal 
on T1. There is no evidence of restricted diffusion or blooming on susceptibility- 
weighted images. Histopathologically, in brain lesions of cerebral ALD cases, three 
distinct zones of white matter involvement are seen. The inner zone is represented 
by scarring, while the intermediate inflammatory zone is represented by perivascu-
lar inflammatory cells and demyelination. Finally, a zone of ongoing demyelination 
is situated at the periphery, where myelin is breaking down in the absence of inflam-
mation [44]. These areas are also observed in contrast MRI images, where the inter-
mediate zone shows contrast enhancement in the “leading edge” due to ongoing 
inflammation [45].

Different radiological patterns have been recognized among patients with cere-
bral ALD: pattern 1, white matter in the parieto-occipital lobe or splenium of corpus 
callosum; pattern 2, white matter in the frontal lobe or genu of corpus callosum; 
pattern 3, primary involvement of frontopontine or corticospinal projection fibers 
without affecting the periventricular white matter; pattern 4, primary involvement of 
cerebellar white matter; and pattern 5, combined but separate initial involvement of 
frontal and parieto-occipital white matter. Whereas 80% of patients under 10 years 
of age presented with pattern 1, the overall frequency of this pattern was somewhat 
less common in older patients. For the group as whole, 137 (66%) patients pre-
sented with pattern 1, 32 (15.5%) with pattern 2, 24 (12%) with pattern 3, 2 (1%) 
with pattern 4, and 5 (2.5%) with pattern 5. The pattern 1 and 5 groups were on 
average the youngest, whereas patterns 2 and 4 presented mostly during adoles-
cence, and pattern 3 during adulthood. Progression rates for patterns 1 and 2 were 
relatively rapid and similar, whereas progression in pattern 3 patients was slow. The 
progression in pattern 5 patients was extremely rapid [33].

Loes et  al. proposed a 34-point brain MRI severity score for cerebral ALD, 
derived from location and extent of involvement, and the presence of focal and/or 
global atrophy [46]. This scale is used as a disease progression monitoring tool, 
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with a score <4 considered very early stage, a score 4–8 representing early stage, a 
score 9–13 representing late stage, and a score of >13 representing advanced dis-
ease [47]. Its combination with the radiological pattern, presence of contrast 
enhancement, and age helped predict progression of lesions [47, 48]. Currently the 
“Loes scale” is the main radiological criteria used to determine viability for hema-
topoietic stem cell transplantation in cerebral ALD, with a score ≤ 8 points showing 
a higher likelihood of benefiting from this treatment [48].

In the pure form of AMN, imaging is dominated by spinal cord atrophy primarily 
affecting the thoracic cord [28, 49]. Imaging of the brain is either normal or demon-
strates only minor abnormalities in the pyramidal tracts traversing the brainstem and 
internal capsules [28]. On the other hand, patients with AMN may have signs of 
concealed “arrested” cerebral ALD on MRI, which can help point to a diagnosis of 
AMN [5]. Liberato et al. described the brain MRI findings in 47 boys with asymp-
tomatic ALD. They reported that 28/47 cases showed brain lesions. Among these 
cases, 22 had contrast enhancement [50].

 Diagnosis

According to a case series reported by van Geel et al., the mean delay in diagnosis 
of all cases, from the time of onset of symptoms, was almost 10 years; delay was 
17  years in adults with initial symptoms of adrenocortical insufficiency [51]. 
However, this reality is expected to change, because since 2006 a newborn screen-
ing test for ALD, using liquid chromatography-tandem mass spectroscopy (LC-MS/
MS) measurement of C26:0-lysophosphatidylcholine (C26:0-LPC) in dried blood 
spot, has been available and already implemented in some regions [3]. This strategy 
allows pre-symptomatic identification of patients with ALD, close monitoring, and 
early intervention with hematopoietic stem cell transplantation and adrenal hor-
mone therapy, thereby avoiding the devastating consequences of cerebral ALD and 
Addisonian crisis, respectively [52].

Usually, when the diagnosis of ALD is suspected based on clinical characteris-
tics and/or brain imaging, plasma VLCFA levels are determined. VLCFA are ele-
vated in almost all male ALD cases irrespective of age, disease duration, metabolic 
status, or clinical symptoms [53]. Most laboratories measure the concentration of 
total hexacosanoic acid (C26:0) in dried blood spots, the most frequently used 
parameter, and its ratio to tetracosanoic (C24:0) and docosanoic (C22:0) acids [11, 
54]. The latter remains basically unchanged in plasma samples of ALD [53] 
(Table 27.2).

Table 27.2 Normal and abnormal plasma levels of VLCFA

VLCFA C26:0 C24:0/C22:0 C26:0/C22:0
ALD (males) 1.3 ± 0.45 μg/mL 1.71 ± 0.23 μg/mL 0.07 ± 0.03 μg/mL
Female carriersa 0.68 ± 0.29 μg/mL 1.3 ± 0.19 μg/mL 0.04 ± 0.02 μg/mL
Normal controls 0.23 ± 0.09 μg/mL 0.84 ± 0.10 μg/mL 0.01 ± 0.004 μg/mL

aElevated in ~80%. Modified from [55]

27 X-Linked Adrenoleukodystrophy: Addisonian Crisis in a Patient with Spastic…



504

If ALD is suspected in a woman, the testing strategy should additionally 
include mutation analysis of the ABCD1 gene for the correct identification of 
heterozygous ALD females, because 15% of women with ALD have normal 
plasma VLCFA levels [9]. Family screening follows the same recommendations 
[28]. Plasma VLCFA levels strongly depend on dietary intake of VLCFA, for 
example, by the consumption of peanuts. Thus, blood leucocytes provide an 
alternative for confirmation of the diagnosis. Following the development of the 
whole blood spot LC-MS/MS, it has been shown that the C26:0-LPC assay accu-
rately diagnoses males with ALD, and notably offers an accurate diagnostic test 
for women with ALD, with a reported sensitivity of 100% in 49 females and 126 
controls [56].

VLCFA are similarly increased in other peroxisomal disorders such as the 
Zellweger syndrome spectrum or single enzyme defects of peroxisomal beta- 
oxidation (acyl-CoA oxidase deficiency and D-bifunctional protein deficiency). 
Hence mild atypical or late-onset variants of these diseases must be considered in 
the differential diagnosis, although other peroxisomal disorders can usually be 
excluded by measuring phytanic acid and plasmalogen levels [53].

In addition to the identification of female carriers and confirmation of the diag-
nosis in male patients, analysis of ABCD1 gene variants is also valuable to char-
acterize ALD kindreds and for prenatal diagnosis [53]. To date, more than 849 
non-recurrent ABCD1 mutations have been described, of which 46% are missense 
mutations [57]. The reported de novo mutation rate ranges from 5% to as high as 
19% [58]. As an X-linked inherited disorder, all daughters of an affected male are 
obligate carriers, whereas his sons can never be affected. When a woman carries 
the gene for ALD, there is a 50% probability for each pregnancy that the gene is 
transmitted to a son or daughter. The frequency of de novo mutations in the index 
case is estimated to be around 4%, which indicates that the ABCD1 mutation 
occurred in the germ line. There is evidence of gonadal or gonosomal mosaicism 
in less than 1% of patients, which means an increased risk of an additional affected 
offspring. On occasions when no mutations can be detected by DNA sequence 
analysis, methods such as quantitative polymerase chain reaction, multiple liga-
tion-dependent probe amplification, or Southern blot analysis have been used for 
recognition of large deletions, duplications, or chromosomal rearrangements [53]. 
Other tests should include serum ACTH and baseline cortisol levels (24-hour 
urine cortisol and A.M. and P.M. serum levels). If either is abnormal, an ACTH 
stimulation test should be performed to evaluate adrenal reserve. The adrenocorti-
cal insufficiency in ALD can be life-threatening if not treated, and all patients 
with ALD should have a regular reassessment of adrenocortical function if the 
initial results are normal. Routine adrenal testing every 4 to 6  months until 
10 years of age, annual testing thereafter until 40 years of age, and solely on-
demand testing in case endocrine symptoms manifest from age 41 years onward 
are recommended [39]. See Fig.  27.5 for a general guide to the diagnosis of 
X-ALD patients and their management.
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 Differential Diagnosis

In children with cerebral ALD, the main differential diagnoses are other childhood- 
onset leukodystrophies. The mnemonic “LACK Proper Myelin” may help clini-
cians to remember the main differential diagnoses among demyelinating 
leukodystrophies in the childhood (L, Leigh’s disease; A, Alexander’s disease and 
adrenoleukodystrophy; C, Canavan’s disease; K, Krabbe’s disease; P, Pelizaeus- 
Merzbacher disease; M, metachromatic leukodystrophy) [59]. Remarkably, as men-
tioned, VLCFA are also increased in other peroxisomal disorders, such as Zellweger 
syndrome, neonatal adrenoleukodystrophy, and infantile Refsum disease, but these 
disorders have a different clinical presentation and are rarely confused with 
ALD [11].

Adults with cerebral ALD should be differentiated from other demyelinating dis-
eases, such as multiple sclerosis, but other adult-onset leukoencephalopathies 
should also be considered. The spinocerebellar form of ALD could mimic sporadic 
ataxias such as multiple system atrophy or adult-onset hereditary ataxias. Moreover, 
AMN could also present with ataxic features. Therefore, ALD should also be con-
sidered in the differential of ataxias. However, the most important differential 
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Fig. 27.5 General guide to the diagnosis of symptomatic X-ALD patients and their management
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diagnoses in patients with AMN are probably the many causes of spastic parapare-
sis. As mentioned, the presence of brain MRI abnormalities, family history, and the 
evidence of adrenal insufficiency could help in suspecting the diagnosis, although 
the diagnosis must still be considered even in the absence of these elements.

Adult ALD patients may present with atypical phenotypes, such as pure 
spastic paraparesis mimicking familial spastic paraparesis, or ataxia-dysautonomia 
syndrome mimicking other neurodegenerative diseases.

 Treatment

Currently used therapies for ALD include hormone replacement therapy, dietary 
therapy with Lorenzo’s oil, and hematopoietic cell transplantation.

Patients with adrenal abnormalities should be referred to an endocrinologist, as 
glucocorticoid and mineralocorticoid treatment should be monitored. Glucocorticoid 
therapy must be initiated in all patients with confirmed adrenal insufficiency. A 
recent clinical practice guideline on the treatment of primary adrenal insufficiency 
suggests the use of hydrocortisone (15–25 mg) or cortisone acetate (20–35 mg) in 
two or three divided oral doses per day. The highest dose should be given in the 
morning at awakening, the next either in the early afternoon (2 hours after lunch; 
two-dose regimen) or at lunch, and in the afternoon (three-dose regimen). As an 
alternative, prednisolone (3–5  mg/d), administered orally once or twice daily, is 
suggested. In patients with severe adrenal insufficiency symptoms or adrenal crisis, 
immediate therapy with intravenous hydrocortisone at an appropriate stress dose 
prior to the availability of the results of diagnostic tests is recommended [60]. 
Initiation of mineralocorticoid replacement therapy has been suggested only after 
clinical and/or biochemical evidence of mineralocorticoid deficiency [12].

Lorenzo’s oil is a formula of unsaturated fatty acids (glycerol trioleate C18:1 and 
glyceryl trierucate C22:1 in a 4:1 ratio); this formula may inhibit elongation of satu-
rated fatty acids [1, 61]. Lorenzo’s oil combined with a VLCFA-poor diet has been 
shown to be helpful in normalizing plasma levels of VLCFA [61]. This combined 
therapy failed to arrest disease progression of AMN and pre-symptomatic patients 
in an open trial [62]. In an open single-arm trial of asymptomatic ALD patients with 
normal brain MRI, Moser et al., using Lorenzo’s oil combined with a moderate fat 
restriction diet, showed a reduced risk of developing MRI abnormalities and an 
association between the development of MRI abnormalities and a plasma C26:0 
levels [63]. Other studies of untreated boys reported similar conversion rates as 
those reported on Lorenzo’s oil. There is no consistent evidence of disease- 
modifying effects of Lorenzo’s oil in AMN, nor a role in reducing the risk of brain 
lesions in cerebral ALD. A group of experts recommend that “the use of Lorenzo’s 
oil should only be undertaken by centers that have the ability to provide monitoring 
with MRI, nutritional guidance, and the ability to measure VLCFA and other essen-
tial fatty acids. Other centers consider the efficacy of Lorenzo’s oil unproven and do 
not recommend its use” [57].
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Allogeneic hematopoietic stem cell transplantation (HSCT) is the only therapeu-
tic approach that can potentially arrest the neuroinflammatory demyelinating cere-
bral process of X-ALD in boys, particularly if the procedure is performed when 
patients have no neuropsychiatric compromise and limited extension of demyelinat-
ing lesions on brain MRI. After the transplantation procedure, demyelinating lesions 
may extend for 12 months to 18 months, and then their progression arrests. This 
interval is likely caused by the slow substitution of brain microglia with bone 
marrow- derived cells. Similar benefits of allogeneic HSCT have been demonstrated 
in adults with cerebral ALD. In already symptomatic patients, unfortunately, this 
procedure has not been shown to be effective in stopping the demyelinating process. 
More importantly, it can accelerate neurologic deterioration. Furthermore, alloge-
neic HSCT is associated with risks of graft-versus-host disease and prolonged 
immune deficiency, particularly in adults, and not all ALD patients have donors 
despite the availability of cord blood [64].

In practice, for the children up to 12 years of age, HSCT is mainly reserved for 
patients who present first with Addison’s disease or who are identified during 
genetic counseling, and in whom repeated brain MRI can detect the appearance of 
the beginning signs of cerebral demyelination. For adults, most transplanted patients 
were patients who initially had AMN and in whom repeated brain MRI detected 
early signs of cerebral demyelination.

Increased muscle tone is often severe and difficult to treat. Aggressive treatment 
is essential, since it causes pain, which in turn aggravates spasticity as well as dys-
tonia in a vicious feedback circle that not only causes suffering but seriously lowers 
the quality of life of both the patient and his family. Symptomatic treatment is pri-
marily the approach to spasticity, dystonia, and other complications in patients with 
ALD. Intrathecal baclofen seems to be effective for boys with the cerebral form of 
ALD with spasticity-dystonia who have not responded adequately to oral medica-
tion. It also can be considered as an early option in such cases in the hopes of pre-
venting further complications [65]. Other therapeutic approaches remain under 
investigation.

High VLCFA level is the standard biomarker for diagnosis in males, 
although less reliable in females. Genetic testing is available. Early hematopoietic 
stem cell transplantation can arrest brain demyelination/inflammation. However, 
there is no known cure for adrenomyeloneuropathy. Treatment is focused on hor-
mone replacement and symptomatic treatment of spasticity.
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