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Abstract 
The X-linked adrenoleukodystrophy (ALD) is a severe neurodegenerative 
disorder due to mutations in the ABCD1 gene. Objective: To report a case of 
a 19-year-old man with adrenal insufficiency due to adrenoleukodystrophy. 
Method: Case report and literature review. Result: A previously healthy 
19-year-old male patient was admitted to the emergency room with nausea 
and vomiting for 5 days, who progressed to abdominal pain, severe asthenia, 
and fever (38.5˚C). He referred progressive darkening of the skin, oral muco-
sa, tongue and nail bed of the hands and feet, observed in the last 6 years. 
Emergency laboratory evaluation showed severe hyponatremia and hyperka-
lemia, which, together with decreased plasma cortisol, directed the investiga-
tion to causes of adrenal insufficiency. High ACTH (Adrenocorticotropic 
hormone) and very long chain fatty acid levels closed the diagnosis. Discus-
sion: ALD is characterized by progressive demyelination in the central and 
peripheral nervous system and adrenal insufficiency consequence to the ac-
cumulation of very long chain fatty acids (VLCFA) in the adrenal. The overall 
incidence of ALD is 1:17,000. Adrenal insufficiency may be the first symptom 
of ALD in boys and adults. The diagnosis is based on the measurement of 
VLCFA plasma levels. Allogeneic bone marrow transplantation is the only 
treatment that provides a permanent cure when the procedure is performed 
at an early stage of brain demyelination, i.e. when patients are asymptomatic, 
although brain magnetic resonance imaging (MRI) is abnormal. Treatment of 
Addison’s disease is obligatory, but does not change the course of neurologi-
cal symptoms. 
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Addison’s Disease 

 

1. Introduction 

Adrenal insufficiency is the deficiency of hormones produced by the adrenal 
gland cortex. It has a prevalence of 5 out of 10,000 individuals in the general 
population [1]. The most common cause is autoimmune disease, accounting for 
70% to 90%. The rest consists of infectious, neoplastic, hemorrhagic, drug, and 
hereditary causes such as adrenoleukodystrophy (ALD) or adrenomyeloneuro-
pathy (AMN) [2]. 

Adrenal insufficiency in ALD occurs by mutations in the ABCD1 gene that 
leads to the accumulation of lipid inclusions represented by very long chain fatty 
acids (VLCFA) in adrenal tissue. This excess of VLCFA causes altered adrenal 
cortex response to ACTH stimulation, increased adrenal cellular apoptosis and 
reduced cholesterol available for cortisol and androgen steroidogenesis. In 
young men, the presence of adrenal insufficiency should raise the possibility of 
adrenoleukodystrophy or adrenomyeloneuropathy as the cause of the disease. 
The diagnosis of ALD can be made biochemically before the appearance of his-
topathological changes and consequent hormonal deficiency [3]. 

Approximately two thirds of male patients have evident or subclinical adrenal 
insufficiency and a smaller proportion have associated gonadal dysfunction. 
Neurological abnormalities may appear before adrenal insufficiency, but up to 
60% of patients have no neurological symptoms at the time of diagnosis of 
adrenal insufficiency [4]. 

The diagnosis is based on the measurement of VLCFA plasma levels, which 
allow the identification of 100% of affected men and 80% - 95% of heterozygous 
women. Because of the false negative results, it is obligatory to look for a muta-
tion in the ABCD1 gene in all women at risk of being heterozygous for ALD [5]. 
Allogeneic bone marrow transplantation is the only treatment that provides a 
permanent cure for the disease. This procedure is performed at an early stage of 
brain demyelination, that is, when patients are asymptomatic, although brain 
MRI is abnormal. Treatment of Addison’s disease is obligatory and life-saving, 
but does not change the course of neurological symptoms. Dietary therapy failed 
to halt neurological progression in cerebral ALD and AMN [6]. 

2. Case Description 

DGR, male, 19 years old, previously healthy: An informed consent was obtained 
from the patient to report the case in a medical research media. He was admitted 
to the emergency room with nausea and vomiting for 5 days, which progressed 
to abdominal pain, severe asthenia and fever. He referred progressive darkening 
of the skin, oral mucosa, tongue and nail bed of the hands and feet, observed in 
the last 6 years. 
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On physical examination, the patient was dehydrated, tachycardic, with post-
ural hypotension and moderate abdominal pain on palpation. Emergency labor-
atory evaluation showed severe hyponatremia (Na 116 mEq/L, Normal Range: 
135 - 145) and hyperkalemia (K 5.3 mEq/l, NR: 3.8 - 5.2), which together with 
decreased plasma cortisol (2.3 ng/dl, NR: 2 - 20) directed the investigation to 
causes of failure adrenal gland, of probable primary etiology, due to the finding 
of cutaneous and mucosal hyperpigmentation. Figures 1(a)-(c) show the most 
important features of the physical examination. 

Treatment with venous hydrocortisone was initiated, which at discharge was 
replaced by oral glucocorticoid (Prednisone 5 mg/day), combined with fluodro-
cortisone 0.1 mg, remaining stable clinically and laboratory. 

During ambulatory follow-up, ACTH was extremely high (>1250 pg/ml), 
which confirmed the diagnosis of primary adrenal insufficiency (Addison’s dis-
ease). In the etiological investigation, the diagnoses of tuberculosis, viral infec-
tions, autoimmune adrenalitis (anti-adrenal negative −21OH) were discarded 
and a very long chain fatty acid profile (peroxisomal diseases) compatible with 
the diagnosis of X-linked adrenoleukodystrophy was evidenced. Table 1 shows 
the serum values before and after the clinical approach. 

3. Literature Review 
3.1. Adrenoleukodystrophy 

Adrenoleukodystrophy (ALD) is a neurodegenerative genetic disease included in 
the group of leukodystrophies [7]. It is considered a peroxisomal demyelinating 
disorder and it is caused by mutations in the ABCD1 gene that maps the Xq28 
locus, which leads to accumulation of very long chain fatty acids in plasma and 
tissues [2]. No correlation was demonstrated between phenotype and the ABCD1 
mutation [8]. 

The classic or infantile form is the most severe and most common although 
there are forms such as neonatal and adult forms. The infantile form was noted 
in the film “Lorenzo’s Oil” (Lorenzo’s Oil, USA, 1992), directed by George Mil-
ler, which the disease was excellently exemplified. This film emphasized not only 
 

 
Figure 1. Clinical features of the case. 

(a)                                (b)                               (c)
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Table 1. Serum values before and after treatment. Very long chain fatty acid profile. Gas chromatography method. Material: 
plasma. 

 07/22/2016 Reference value 01/17/2018 Reference value 

Hexacosanoic acid 26:0 2.820 micromol/L 0.22 to 0.88 micromol/L 0.95 micromol/L 0.22 to 0.88 micromol/L 

Docosanoic acid 22:0 38.50 micromol/L 51.10 to 113.40 micromol/L 23.75 micromol/L 51.10 to 113.40 micromol/L 

Tetracosanoic acid 24:0 74.3 micromol/L 44.30 to 92.40 micromol/L 39.18 micromol/L 44.30 to 92.40 micromol/L 

24:0/22:0 1.930 0.55 to 0.89 1.65 <1.36 

26:0/22:0 0.073 0.004 to 0.021 0.040 <0.022 

 
the patient’s suffering but also the family repercussion of the perception of his 
progressive deterioration [9]. 

The phenotype is varied, and at least seven clinical subtypes of ALD have been 
described: childhood cerebral ALD, adolescent cerebral ALD, adult cerebral 
ALD, adrenomyeloneuropathy, asymptomatic and heterozygous women. These 
subtypes may be present within the same kinship [10]. Childhood cerebral ALD 
is the most common phenotype, with neurological impairment that can lead to 
death within a few months after the onset of symptoms, show-up usually be-
tween 4 and 8 years old. Adrenomyeloneuropathy is the mildest variant, mainly 
involving the spinal cord and peripheral nerves, with an average age of onset of 
approximately 7 years and a course that may extend for decades [11]. 

ALD is characterized by progressive neurological symptoms and dysfunction 
of the adrenal glands and testicles [12]. Virtually all men with ALD develop 
adrenal insufficiency and myelopathy [10]. 

The mode of inheritance of ALD is recessive linked to the X chromosome, so 
the possibility of a carrier’s child developing ALD is 50%, while 50% of non- 
descendent women will also be heterozygous carriers. All female descendants of 
affected women will be carriers [3]. 

3.2. Clinical Manifestations 

ALD is a neurodegenerative disease in which all patients are born asymptomatic. 
The first manifestation of the disease in male patients is usually adrenal insuffi-
ciency, typically seen in childhood. Within adulthood, signs of myelopathy inva-
riably develop [13], but progressive brain demyelination can occur in both 
childhood and adulthood, either as the first manifestation of the disease or after 
adrenal insufficiency [4]. 

Adrenomyeloneuropathy (AMN), the milder variant, most commonly mani-
fests itself in an individual in the average age of twenty years with progressive 
stiffness and weakness of the legs, sphincter disorders, sexual dysfunction, and 
often impaired adrenocortical function; all symptoms are progressive over dec-
ades [14]. 

The brain form in childhood most commonly manifests between four and 
eight years of age. It initially resembles attention deficit hyperactivity disorder. 
Progressive impairment of cognition, behavior, vision, hearing, and motor func-
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tion follows initial symptoms and usually leads to total disability within six 
months to two years. Most individuals have impaired adrenocortical function at 
the time neurological disorders are first noticed [4]. 

Adult presentation is similar to childhood ALD and may initially appear as 
psychiatric disorders that resemble manifestations of obsessive-compulsive per-
sonality disorder. These psychiatric symptoms may precede overt motor or cog-
nitive changes in a few years. Infections or head trauma may trigger the onset of 
the disease, but generally no extrinsic factors are identified [15]. Once the dis-
ease becomes inflammatory, it usually progresses rapidly to a devastating form, 
leading to a vegetative state within two to five years [16]. 

The variant called “Addison only” presents with primary adrenocortical insuf-
ficiency between 2 years and adulthood, most commonly at 7 years, with no evi-
dence of neurological abnormality; however, some degree of neurological disa-
bility usually develops during the course of the disease [17]. 

3.3. Etiopathogenesis 

ALD is caused by a mutation in the ABCD1 gene, which is located at Xq28 and 
contains 10 exons. It encodes a 745 amino acid transmembrane peroxisomic 
protein, called Adrenoleukodystrophy Protein (ALDP), a member of the ATP- 
binding cassette transport protein (ABC) that family is responsible for the active 
transport of the enzyme acetylcoasynthetase that acts on β-oxidation of very 
long chain fatty acids (AGCML). Its mutation promotes VLCFA accumulation 
[18]. More than 1000 mutations in the ABCD1 gene have been identified and 
described [19]. 

Abnormal accumulation of AGCML can directly alter the adrenal gland’s cel-
lular function by altering the viscosity of the adrenocortical cell membrane, 
where the ABCD1 gene product normally resides, inhibiting the stimulatory ef-
fects of adrenocorticotropin (ACTH) on adrenocortical cells [20]. These data 
support the thesis that a decrease in trophic hormone responsiveness in ALD 
and AMN is secondary to changes in target tissue membrane microviscity and 
suggests a mechanism by which adrenal and gonadal insufficiency occurs in 
these patients. They could be responsible for at least part of the pathophysiology 
of ALD and AMN [21]. 

Adrenocortical cells in ALD patients, particularly those of the internal fasci-
cular-reticular zone, become swollen and striated because of the accumulation of 
lamellae, lamellar-lipid profiles, and thin lipid fissures. Histochemical and bio-
chemical studies suggest that these coverslips consist of esterified cholesterol 
molecules with saturated VLCFA. Striated material appears to lead to atrophy, 
cell dysfunction, and cell death. Ultimately, primary adrenal cortex atrophy oc-
curs as a result of ACTH deficient action on adrenocortical cells [22]. 

3.4. Adrenal Insufficiency 

The most frequent cause of adrenal insufficiency is autoimmune adrenalitis in 
developed countries. In developing countries, on the other hand, tuberculosis 
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probably remains the most common cause of adrenal insufficiency. In young 
men, the presence of adrenal insufficiency should raise the possibility of adreno-
leukodystrophy or even associated adrenomyeloneuropathy [23]. 

Primary adrenal insufficiency is often associated with AMN or ALD. This may 
be the only clinical expression of ALD (6% - 8% of cases). However, this may 
represent a bias because at least half of Addison cases are detected in ALD fami-
lies where an index case has already been diagnosed. The exact prevalence of 
ALD among Addison patients is, however, unknown [24]. 

Patients with chronic adrenal insufficiency will experience fatigue, anorexia, 
nausea, vomiting, loss of appetite, weight gain or loss, and abdominal symptoms. 
Increased skin pigmentation may also be noted as a result of elevations of mela-
nocyte stimulating hormone, a byproduct of ACTH. Common areas for observ-
ing hyperpigmentation include palmar folds, armpits, genitalia, areolas, scars, 
gums, and posterior region of helix to ear [25]. 

In an acute adrenal crisis, patients may have hypotension, hypoglycemia, al-
tered mental status, and chronic symptoms already described. Sodium and po-
tassium electrolyte changes (hyponatremia and hyperkalemia) are less common 
in ALD, but patients are described as having aldosterone response impairment 
to ACTH stimulation and require mineralocorticoid replacement [7]. 

VLCFA accumulation in adrenocortical cells appears to directly affect adrenal 
function. In the adrenal cortex, there is a preferential accumulation of VLCFA in 
the reticular zone and fasciculated zone, with relative preservation of the glo-
merular zone. As a result, adrenal manifestations of ALD tend to be more pri-
mary cortisol insufficiency as well as androgen deficiency (cortisol is mainly 
produced in the fasciculated zone and androgens are mainly produced in the re-
ticular zone). VLCFAs can also be incorporated into lipid cell membranes and 
interfere with ACTH and gonadotropins that bind to their receptors. It has also 
been suggested that high levels of VLCFA lead to a relative scarcity of precursor 
cholesterol for cortisol and androgen steroidogenesis [19]. 

Primary adrenal insufficiency is a prominent feature of ALD and is characte-
rized by high levels of adrenocorticotropic hormone (ACTH) and low cortisol 
levels. Currently, endocrine tests cannot distinguish whether adrenal insuffi-
ciency is due to ALD or other causes, such as those associated with an autoim-
mune response, which is the most prevalent, especially in adults [4]. 

3.5. Diagnosis 

Adrenal Insufficiency 
Initial outpatient testing should be a measurement of serum cortisol between 6 - 
8 am and plasma ACTH. This approach exploits the fact that the cortisol peak 
occurs early in the morning [26]. This test is useful if the serum cortisol level is 
above 15 μg/dL (normal adrenal function) or below 3 μg/dL (indicates insuffi-
cient In the latter case, the plasma ACTH level will distinguish between primary 
and secondary adrenal insufficiency (AI) [26]. In primary AI, the ACTH level is 
almost invariably greater than 100 pg/mL, whereas in secondary AI, plasma ACTH 
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may be low or inappropriately normal [27]. 
If an outpatient has a morning serum cortisol between 3.1 and 14.9 μg/dL, a 

dynamic adrenal function test is essential [28]. 

3.6. CRH Stimulation Test 

CRH stimulation testing is based on the inability of the diseased adrenal gland to 
respond acutely to the injection of ACTH secreting cortisol. In the conventional, 
250 μg of synthetic ACTH is injected intravenously (or intramuscularly) and se-
rum cortisol levels are measured 30 and 60 minutes later. Serum cortisol level 
greater than 18 μg/dL at any time is a normal response, regardless of baseline 
and time of day. Although some healthy individuals may peak below this cutoff 
level, a peak of less than 15 μg/dL is invariably abnormal [26]. 

Endocrine Society guidelines suggest that corticotropin stimulation testing is 
the best diagnostic test for identifying individuals with primary adrenal insuffi-
ciency regardless of age [29]. 

3.7. Insulin Tolerance Test 

The insulin tolerance test measures the responsiveness of the patient’s cortisol to 
intravenous insulin-induced hypoglycemia. This test is often considered the criterion 
standard because it assesses the ability of the entire hypothalamus-pituitary-adrenal 
axis (HHA) to respond to hypoglycemia. Following insulin administration (0.1 
IU/kg), blood is collected during symptomatic hypoglycaemia (blood glucose 
should be below 40 mg/dL). In obese patients with insulin resistance, the usual 
insulin dose should be increased to 0.15 IU/kg. A serum cortisol peak greater 
than 18 μg/dL is considered normal. This test has the advantage that it can also 
assess growth hormone reserve in patients with pituitary or hypothalamic dis-
ease. It is contraindicated in patients older than 60 years and in those with a his-
tory of seizures or with or suspected coronary artery disease. In addition, it re-
quires strict medical supervision and trained personnel [26]. 

Once the diagnosis of adrenal insufficiency is established, the physician 
should perform a careful neurological examination, keeping in mind that AI 
may appear long before neurological symptoms. Several known infectious 
processes may be associated with AIDS, cytomegalovirus, tuberculosis, crypto-
coccosis, toxoplasmosis, atypical microbacteriosis and histoplasmosis. All of 
these causes can lead to destruction of the adrenal gland. Among the medica-
tions, ketoconazole and etomidate are the cause of AI [26]. 

3.8. VLCFA Dosage 

VLCFA concentration analysis is the test used for confirmatory diagnosis of 
X-ALD. This is based on the significant increase in hexacosanoic acid (C26:0), 
the ratios of hexacosanoic and tetracosanoic acids (C26:0/C24:0) and between 
hexacosanoic and docosanoic acids (C22:0) [5]. 

Once ALD is confirmed or if patients have neurological symptoms, patients 
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should be referred immediately to a neurologist for formal and neuroimaging 
evaluation [19]. 

3.9. Molecular Analysis of the ABCD1 Gene 

When ALDP is positive, molecular analysis of the ABCD1 gene is suggested, de-
termining the mutation responsible for the development of the disease. This me-
dium is presented as a support for genetic follow-up [30]. 

3.10. Prenatal Diagnosis 

Prenatal diagnosis is made by detecting ALD protein (ALDP) and AGCML in 
chorionic villus and amniotic fluid, since the chorionic villus cells present great 
expression of this protein and the fats in question [12] [30]. Detection of ALDP 
is performed by immunofluorescence and/or immunoblotting, made possible by 
the availability of antibodies formed against different sites of this same protein 
[5]. 

3.11. Imaging Exam 

Magnetic resonance imaging (MRI) is a very important tool in ALD diagnosis, 
since it detects cerebral involvement of the white matter and allows the distinc-
tion of gliosis regions. Imaging on MRI is variable, but in typical presentation it 
begins in the corpus callosum and adjacent white matter in the form of three 
layers. In the center there is an area of hyposignal necrosis in T1-weighted se-
quences and hypersignal in T2-weighted sequences, bordered by an intermediate 
demyelinating area with perivascular inflammation that is responsible for the 
breakdown and marginal enhancement by gadolinium, usually bilateral and be-
velled with foci of discontinuity near the adjacent cortex. Finally, around the 
enhancement area is another non-inflammatory demyelination zone and edema 
[9]. 

The gold standard for assessing disease progression was proposed by Loes in 
1994 on a magnetic resonance severity scale with scores from 0 to 34 points us-
ing a scoring system based on the location and extent of involvement and as-
sessment of the presence of local atrophy or global. The locations selected for the 
severity score are the parietoccipital, anterior and frontal temporal white matter, 
corpus callosum, visual and auditory pathways, projection fibers, cerebellum and 
base nuclei. The severity score assists in determining the extent of brain myelin 
damage. A very early stage is considered if scores are less than 4, an early stage is 
considered with scores between 4 and 8, a late stage is between 9 and 13 and a 
very late stage if scores are greater than 13. The Loes’s score is one of the para-
meters used in follow-up and guides therapeutic decisions for hematopoietic cell 
transplantation [31]. 

This severity scale based on the MRI assessment was designed specifically for 
adrenoleukodystrophy and was shown to correlate with the severity of neuro-
logical deficits and to be predictive of disease progression. Different brain re-
gions are considered in the Loes score. Each area is rated to the 0 if normal; 0.5 if 
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the involvement is unilateral; and 1 if the lesion or atrophy is bilateral. The 
maximum severity score is 34; a score of 1 is considered abnormal [32]. 

3.12. Treatment of Adrenal Insufficiency 

For patients with adrenal insufficiency, replacement therapy saves lives. Gluco-
corticoids (20 to 30 mg hydrocortisone or 25 to 50 mg cortisone acetate) are re-
quired in two or three daily doses. The first dose is given in the morning, the 
second in the early afternoon (about 6 to 8 hours after the first) and the third in 
the early evening. A 24-hour free cortisone urine test is considered a good way to 
assess the adequacy of cortisone intake [29]. In Brazil, as there is no commercial 
availability of oral hydrocortisone, in situations of difficulty in handling this 
drug, it can be used prednisone at a dose of 5 - 10 mg/day in single or fractio-
nated doses [33]. 

A single dose of 0.05 to 0.1 mg fludrocortisone is usually sufficient for mine-
ralocorticoid replacement [26]. The response to mineralocorticoid replacement 
is clinically assessed by assessing salt desire or faintness, the presence of orthos-
tatic hypotension and the presence of peripheral edema, although it is of low 
sensitivity. Overall well-being, normal-range electrolytes and normal blood 
pressure with no evidence of postural hypotension indicate adequate mineralo-
corticoid replacement. In addition, plasma renin activity in the upper reference 
range has been found to be a useful marker for a correct dose of mineralocorti-
coid [29]. 

Patients should also receive a high sodium diet. Measuring blood pressure, 
serum electrolytes, and plasma renin activity levels are useful for optimizing 
therapy [34]. Patients should have a medical identification card describing their 
current therapy and guidelines for dealing with emergency situations such as 
illness, fever, injuries, vomiting, surgical procedures, tooth extractions or preg-
nancy. In such situations, glucocorticoid intake needs to be doubled or tripled, 
possibly by intramuscular or intravenous injection [27]. 

Corticosteroid and mineralocorticoid replacement therapies should suppress 
excessive CRH secretion, ACTH, and resting renin levels. Normal daily cortisol 
production has been 6 - 7 mg/m2/day in children and adolescents. This rate 
translates to about 10 - 12 mg/m2/day oral hydrocortisone, to allow loss of ab-
sorption reduction, hepatic metabolism and metabolic bioavailability. In child-
ren, the preferred cortisol replacement is hydrocortisone at doses of 10 - 20 
mg/m2/day in three doses [26]. 

3.13. Bone Marrow Transplant 

Allogeneic bone marrow transplantation is the only treatment with proven effi-
cacy in cerebral ALD. It disrupts disease progression and improves survival in 
presymptomatic patients [10]. Most cerebral ALD patients die within a decade of 
being diagnosed. Among symptomatic patients with a high burden of brain dis-
ease at diagnosis, transplant outcomes are often unfavorable [6]. 
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The mechanism that makes hematopoietic stem cell transplantation effective 
is not yet known, but it is believed that the lack of effect of myeloablative condi-
tioning raises the possibility of replacing activated microglia (macrophages, 
lymphocytes) with normal microglia, which would be sufficient to disrupt the 
cerebral inflammatory process [35]. 

Due to concerns about high morbidity and mortality from bone marrow 
transplantation, a common and serious complication in allogeneic modality, on-
ly patients with ALD with Loes scores greater than 1 and less than 9, as well as 
intelligence quotients greater than 80, are considered candidates for hemato-
poietic stem cell transplantation [36]. 

Therefore bone marrow transplantation has been shown to be effective if per-
formed at an early stage of neurodegeneration [36]. Thus, rapid identification of 
potential matched hematopoietic stem cell donors is important to ensure suc-
cessful treatment and improve survival of these patients [6]. 

3.14. Gene Therapy 

Correction of metabolic defect in cultured cells of ALD patients has been dem-
onstrated following the addition of ALDP cDNA via retroviral systems and 
found to normalize the peroxisomal β-oxidation activity of VLCFA in skin fi-
broblasts and in hematopoietic cells. The use of this type of vector may be useful 
if applied to autologous bone marrow transplantation in the treatment of ALD 
[37]. 

3.15. Lorenzo’s Oil 

Diets low in VLCFA and supplemented with Lorenzo oil (a mixture of erunic 
and oleic acid) have been suggested to stabilize the disease in mildly affected or 
asymptomatic patients. Lorenzo’s oil reduces the synthesis of VLCFA by compe-
titively inhibiting the enzymes responsible for elongating saturated fatty acids, 
because the enzyme responsible for metabolizing saturated fats is the same as 
degrading monounsaturated fats. Lovastatin and sodium phenylacetate normal-
ize the level of LCFA and may be possible therapeutic agents [38]. Lorenzo oil is 
composed of 4 parts of oleic acid and 1 part of erucic acid. It is given according 
to the patient’s age, body weight and health conditions at a dose of 2 - 3 
ml/kg/day in 2 to 3 daily doses, and may be taken in pure or in combination 
with other low-fat foods [5]. 

The use of Lorenzo’s oil by neurologically asymptomatic children slows the 
development of brain white matter degeneration and adrenal gland lesions [39]. 
However Lorenzo’s oil has shown little therapeutic benefit [40]. 

4. Conclusions 

ALD leads to a pathognomonic accumulation of very long chain fatty acids in 
the brain’s white matter, adrenal gland, fibroblasts, and plasma caused by im-
paired oxidation of these fatty acids in peroxisomes. The metabolic defect is 
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most severely expressed in the brain, adrenal cortex and testes. The reason why 
these tissues are particularly susceptible to VLCFA accumulation remains un-
clear. 

Because of the potential serious consequences of undiagnosed adrenal insuffi-
ciency, start adrenal screening as soon as the diagnosis of ALD is recommended. 
Treatment of adrenal insufficiency is mandatory and life-saving, but unfortu-
nately, does not change the course of neurological symptoms. 
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