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Abstract Background: X-linked adrenoleukodystrophy
(X-ALD) is a disorder caused by mutations in the ABCDI1
gene. The commonest phenotype of X-ALD is adrenomye-
loneuropathy (AMN), which is characterised by involve-
ment of the spinal cord and peripheral nerves. The aim of
this study was to evaluate bladder and bowel symptoms in
men with AMN and female X-ALD carriers.

Methods: In this cross-sectional study, patients with
confirmed mutation of the ABCDI gene attending a tertiary
care service were approached about bladder and bowel
complaints and completed the Urinary Symptom Profile
(USP), Qualiveen Short Form (SF-Qualiveen), International
Prostate Symptom Score (IPSS) and Neurogenic Bowel
Dysfunction (NBD) questionnaires. Neurological disability

Communicated by: Carla E. Hollak, M.D.

Competing interests: None declared

J. Hofereiter (><)

Department of Neurosurgery, University Hospital Munich,
Ludwig-Maximilians-University (LMU), Marchioninistraf3e 15,
81377 Munich, Germany

e-mail: johann.hofereiter@med.uni-muenchen.de

M.D. Smith - J. Seth - K.I. Tudor - J. Panicker

Department of Uro-Neurology, National Hospital for Neurology
and Neurosurgery, UCL Institute of Neurology, Queen Square,
London, UK

Z. Fox
UCL Biostatistics Unit, University College London, London, UK

A. Emmanuel
GI Physiology Unit, University College London Hospital, London,
UK

E. Murphy *+ R.H. Lachmann
Charles Dent Metabolic Unit, National Hospital for Neurology
and Neurosurgery, Queen Square, London, UK

was assessed using the Expanded Disability Status Scale
(EDSS).

Results: Forty-eight patients participated, 19 males (mean
EDSS score (n = 16) 5.0 (95% CI £ 1.03)) and 29 females
(mean EDSS score (n =25) 3.2 (95% CI £ 0.93)).
Overactive bladder (OAB) symptoms were reported in both
males (100%, n = 19) and females (86.2%, n = 25). There
was no significant gender difference in severity of OAB
symptoms (P = 0.35) and impact on quality of life (P
= 0.13). Furthermore, there was no significant difference in
OAB severity when symptoms were compared between
female carriers and a cohort of women (n = 17) with spinal
cord damage due to multiple sclerosis (P = 0.27). Twenty-
one percent (n = 4) of males and 10% (n = 3) of females
had moderate to severe bowel dysfunction.

Conclusions: Bladder and bowel complaints are common
in both men with AMN and female carriers. They have a
significant impact on the quality of life yet are under-
reported and under-treated. Though having an X-linked
pattern of inheritance, female carriers may experience
overactive bladder symptoms which are as severe as in
male patients and are likely to be neurological in origin.

Introduction

X-linked adrenoleukodystrophy (ALD) (OMIM #300100)
is a disorder caused by mutations in the ABCDI (ATP-
binding cassette, subfamily D, member 1) gene which
encodes a peroxisomal membrane protein. This results in an
accumulation of saturated very long-chain fatty acids
(VLCFAs) in plasma and tissues as a consequence of
impaired peroxisomal B-oxidation. The disorder primarily
affects the adrenal cortex and the central nervous system
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(Moser et al 2007). There are two main phenotypes of this
X-linked condition in males: adrenomyeloneuropathy
(AMN), which is the most frequent phenotype, and cerebral
ALD. In contrast to cerebral ALD, which is characterised
by severe inflammatory demyelination within the brain and
typically presents in young boys with rapidly progressive
neurological disability, AMN usually develops in the third
or fourth decade as a syndrome of slowly progressive
spastic paraparesis with sensory disturbances and results
from noninflammatory axonopathy involving the ascending
and descending tracts of the spinal cord (Moser et al 2007,
Kemp et al 2012). AMN has an X-linked pattern of
inheritance and typically affects males. Female X-ALD
carriers are either asymptomatic or may develop a milder,
more slowly progressive neurological disability (O’Neill
et al 1984; Jangouk et al 2012; Lourenco et al 2012).

Bladder and bowel dysfunction has been reported in men
with AMN in case reports or short series (Griffin et al 1977;
O’Neill et al 1981; Tezuka et al 1991; Walther and Cutler
1997; Sakakibara et al 1998; Silveri et al 2004). To some
extent, urinary and faecal incontinence have recently been
reported in female X-ALD carriers (Engelen et al 2014) but
have not been evaluated in greater detail using validated
questionnaires. The early identification of the carrier status
because of better availability of screening facilities for
family members has uncovered a wide spectrum of
symptoms and signs amongst female carriers (Jangouk
et al 2012). The objective of this study was therefore to
evaluate and compare the prevalence, severity and impact
on health-related quality of life with regard to bladder and
bowel symptoms in a cohort of men and women carrying
the ABCDI1 mutation.

Methods

This was a cross-sectional study of male patients with
AMN and female X-ALD carriers attending a dedicated
unit for inherited metabolic diseases at a tertiary-level
neurology centre. Of 77 patients (32 males, 45 females)
attending the unit, 76 were contacted by telephone. One
male patient developed cerebral ALD and was therefore not
included (Fig. 1). In this service evaluation, patients
agreeing to take part were asked about the extent and
duration of their neurological symptoms, as well as bladder
and bowel complaints.

Four validated self-administered questionnaires were
sent by post, including the Urinary Symptom Profile
(USP), International Prostate Symptom Score (IPSS),
Qualiveen Short Form (SF-Qualiveen) and the Neurogenic
Bowel Dysfunction (NBD) score. These were intended to
evaluate specific domains of bladder and bowel complaints
and the effects these had on quality of life. The USP
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Fig. 1 Flow chart illustrating the recruitment process of patients with
AMN attending a tertiary unit for inherited metabolic diseases

18 males, 29 females

questionnaire provides a comprehensive evaluation of
urinary symptoms and their severity in males and females,
assessing three domains: overactive bladder (OAB) (score
range 0 to 21), stress urinary incontinence (SUI) (score
range 0-9) and low stream (LS) (score range 0-9). A
higher score indicates greater severity (Haab et al 2008).
The IPSS questionnaire is used to assess bladder symptoms
and provides an indicator of severity (Barry et al 1992).
Even though the questionnaire was initially developed to
assess voiding symptoms in men with benign prostatic
hyperplasia (BPH), it is neither prostate nor gender specific
(Chai et al 1993; Chancellor and Rivas 1993; Lepor and
Machi 1993). The SF-Qualiveen questionnaire is a health-
related quality of life questionnaire (HRQoL) for urinary
disorders. The questionnaire is composed of 8 items
distributed in four domains: “bother with limitations” (two
items), “frequency of limitations” (two items), “fears” (two
items) and “feelings” (two items). Patients are asked to
recall their experience and respond to each question on a 5-
point scale (ranging from O indicating no impact on
HRQoL to 4 indicating high impact on HRQoL). Each
Qualiveen domain score is calculated as an average of the
scores for the items in each domain (Bonniaud et al 2008).
The Neurogenic Bowel Dysfunction (NBD) questionnaire
covers bowel complaints including both constipation and
faecal incontinence, weighing each symptom of NBD
according to impact on the quality of life, and provides a
symptom-based score (maximum score 47) (Krogh et al
2006). Completed questionnaires were sent back in self-
stamped envelopes.

Additionally, overactive bladder (OAB) scores from the
USP questionnaire were compared to the scores from a
cohort of women with another disorder affecting the spinal
cord, multiple sclerosis (MS) (n = 17, mean age 46.5 years
[range 24-65]), who had completed the questionnaire
separately.
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Neurological disability was assessed from the medical
records using the Expanded Disability Status Scale (EDSS)
(Kurtzke 1983).

Categorical data were compared using chi-square tests or
Fisher’s exact tests depending on the frequency. Numerical
data was examined and compared between groups using
either an independent f-test or Mann—Whitney U test
depending on the distribution. The correlation between
EDSS and OAB scores was measured using Pearson’s
correlation coefficient (0 = no agreement, 0.01-0.20 =
slight, 0.21-0.40 = fair, 0.41-0.60 = moderate,
0.61-0.80 = substantial and 0.81—1 almost perfect agree-
ment). All analyses were performed using Stata 11.2,
StataCorp LP, College Station, Texas. Differences were
considered statistically significant at P < 0.05. For the
individual comparisons of the SF-Qualiveen scores, Bon-
ferroni correction was applied considering a P-value <0.01
to be significant.

Results

Forty-eight patients (19 males, mean age 47.5 years [range
21-68], and 29 females, mean age 46.8 years [range
20-69]) completed the questionnaires, giving an overall
response rate of 63.2%. The mean EDSS score (n = 41)
was 3.9 (95% CI £ 0.77): 5.0 (95% CI £ 1.03) for males
(n = 16) and 3.2 (95% CI £ 0.98) for females (n = 25).

Pattern of Bladder Symptoms and Severity

Overactive bladder (OAB) symptoms were reported in both
males (100%, n = 19) and females (86.2%, n = 25)
(median duration 4 years [IQR: 3.5-8 years] in males and
2.5 years [IQR: 0-8 years] in females) according to the
Urinary Symptom Profile (USP) questionnaire. Less fre-
quently, patients reported stress urinary incontinence or low
stream. The pattern of bladder symptoms and scores on the
USP questionnaire are presented in Table 1A and 1B,
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Fig. 2 Comparison of median OAB scores between different cohorts.
A P-value <0.05 is considered to be statistically significant

respectively. Notably, all males and 17 (58.6%) females
with overactive bladder symptoms also reported problems
with mobility (median duration 9 years [IQR: 5.5—16 years]
in males and 1 year [IQR: 0-9 years] in females). There is a
fair correlation (r = 0.4044 [22 females, 15 males])
between OAB score and EDSS.

When the OAB subscores were compared between males
and females, there was no significant difference between
the groups (P = 0.35) (Fig. 2). The OAB subscores in the
female cohort were compared with scores in a cohort of
women with spinal cord damage due to multiple sclerosis
(MS) (n = 17), and no significant difference was noted
between the two groups (P = 0.27) (Fig. 2).

The mean score on the IPSS for males was 16.3 (95%
CI £4.8) and 9.1 (95% CI + 2.7) for females. The
severity of bladder symptoms, as determined by the IPSS
score, is shown in Fig. 3. Eighty-four percent (n = 16) of
males and 55% (n = 16) of females reported moderate or

Table 1 Pattern of bladder symptoms and scores in patients with AMN as assessed by the USP questionnaire

A

B

Number of patients with scores > 1

Median score and IQR

USP questionnaire domain Male (n = 19) Female (n = 29) Male (n = 19) Female (n = 29)
Overactive bladder (OAB) 19 (100%) 25 (86.2%) 9 (5-14) 8 (3-10)

Stress urinary incontinence (SUI) 8 (42.1%) 19 (65.5%) 0 (0-3) 2 (0-4)

Low stream (LS) 16 (84.2%) 16 (55.2%) 2 (1-3) 2 (0-2)

Possible score range for USP domains: OAB (0-21), SUI (0-9), LS (0-9)

USP Urinary Symptom Profile, /OR interquartile range
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Fig. 3 Severity of bladder symptoms in patients with AMN, graded mild [0—7], moderate [8—19] or severe [20—35] according to the IPSS

Table 2 Scores on the SF-Qualiveen questionnaire, comparing
between males and females

Mean score (95% CI)

Male Female
SF-Qualiveen domain n=19) (n=129) P-value
Bother with limitations 2.1 (1.5-2.7) 13 (0.9-1.7) 0.06
Frequency of limitations 2.1 (1.5-2.7) 1.5 (1.1-1.9)  0.10
Fears 1.8 (1.2-2.4) 1.5(1.1-19) 042
Feelings 1.7 (1.1-2.3) 1.2 (0.8-1.6) 0.17
Overall score 19 (1.4-24) 14(.0-1.8) 0.13

For the individual comparisons, Bonferroni correction was applied
considering a P-value <0.01 to be statistically significant
CI confidence interval

severe bladder symptoms of which 6 male (32%) and 4
female patients (14%) had bladder symptoms graded as
severe. Despite this, only 42.1% (n = 8) of male and
24.1% (n = 7) of female patients were receiving treatment
for bladder symptoms at the time of the study. There is a
moderate correlation (» = 0.4094 [22 females, 15 males])
between IPSS and EDSS.

Impact of Bladder Symptoms on Health-Related Quality of
Life

The impact on health-related quality (HRQoL) of life as
assessed by the SF-Qualiveen questionnaire is presented in
Table 2. The overall mean score for males was 1.9 (95%
CI £ 0.5), whilst it was 1.4 (95% CI £ 0.4) for the female
cohort, suggesting an impact on HRQoL but no significant
difference between groups (P = 0.13).

Pattern of Bowel Complaints

During the telephone interview, 11 (57.9%) male and 10
(34.5%) female patients reported bowel complaints, the
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predominant symptom being constipation. Most patients,
13 (68.4%) males and 22 (75.9%) females, had none or
“very minor” bowel symptoms on the NBD questionnaire.
However, four males (21%) and three females (10%)
reported moderate to severe bowel symptoms (Fig. 4).

Discussion

Lower urinary tract dysfunction has been described in the
ALD spectrum of disorders. Patients most often report
overactive bladder symptoms, and urodynamic testing
demonstrates detrusor overactivity (Griffin et al 1977,
O’Neill et al 1981; Tezuka et al 1991; Walther and Cutler
1997; Sakakibara et al 1998; Shinbo et al 2001; Silveri et al
2004). Adrenomyeloneuropathy (AMN) represents a more
slowly progressive form of the condition and presents
predominantly as a spinal cord syndrome with spastic
paraparesis and sensory disturbances in men. There have
been a few case reports of bladder dysfunction in AMN,
and urodynamics demonstrate the presence of detrusor
overactivity and detrusor sphincter dyssynergia (Griffin
et al 1977; Tezuka et al 1991; Walther and Cutler 1997;
Sakakibara et al 1998), a pattern distinctive of spinal cord
dysfunction.

Through a series of standardised validated question-
naires, we have established that lower urinary tract
symptoms are common in male patients with AMN and in
X-ALD carriers. Urinary urgency, frequency, nocturia and
incontinence, collectively known as overactive bladder
symptoms, were most commonly reported, and 67% of
patients reported symptoms to be of moderate or severe
grade and having a significant impact on the quality of life.
Despite this high figure, only a third of patients were
receiving treatment for managing bladder symptoms at the
time of the study.

Adrenoleukodystrophy, respectively, adrenomyeloneur-
opathy, has an X-linked pattern of inheritance and therefore
is classically a disorder affecting only males, whereas
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Fig. 4 Bowel dysfunction in males (n = 19) and females (n = 29) with AMN. Patients categorised into standardised severity grades (very minor
[0—6], minor [7-9], moderate [10—13] and severe [>14]) according to their NBD score

females carrying only one copy of the mutation should not
express the phenotype. However, it is now recognised that
female carriers of the mutation also manifest with symp-
toms (O’Neill et al 1984; Jangouk et al 2012; Engelen et al
2014). Females may develop a range of neurological
deficits including hyperreflexia, impaired vibration sense
and also spastic paraparesis, deficits reported also in our
cohort, and may erroneously be diagnosed initially as
having some other neurological condition such as multiple
sclerosis before being found to be carrying the ABCDI
gene mutation (Dooley and Wright 1985; Stockler et al
1993; Krenn et al 2001; Di Filippo et al 2011).

To our knowledge, bladder and bowel symptoms have
never been evaluated in greater detail using validated
questionnaires in female carriers of the ABCDI gene
mutation, and the results of this study suggest that these
symptoms are common. As in male counterparts, overactive
bladder symptoms were most often reported. The results of
previous studies evaluating urodynamic findings in patients
with AMN (Griffin et al 1977; Tezuka et al 1991; Walther
and Cutler 1997; Sakakibara et al 1998) suggest that these
symptoms are due to detrusor overactivity. Overactive
bladder symptoms are prevalent in the general population
(Milsom et al 2001); however, there is reason to believe
that symptoms were neurological in origin. Firstly, the
severity of overactive bladder symptoms was similar
between males and females, with comparable degrees of
neurological disability between the two cohorts. The
severity of bladder symptoms correlated with disability on
the EDSS. Secondly, when symptoms were compared to
that reported in a cohort of women with a known spinal

cord disorder (MS), where lower urinary tract dysfunction
is well described (Fingerman and Finkelstein 2000; Fowler
et al 2009), overactive bladder scores were found to be not
significantly different. Stress incontinence was reported less
often and is likely to be multifactorial in AMN (Chaudhry
et al 1996) though this was not further studied. Symptoms
of bowel dysfunction were apparent in males and females;
however, they were less common than bladder symptoms.
Some patients did however experience severe symptoms,
and these should therefore be specifically enquired about
during the clinical evaluation, as effective treatments are
available to address these (Preziosi and Emmanuel 2009).

Bladder dysfunction in the setting of X-linked adreno-
leukodystrophy remains a poorly addressed problem. The
routine workup of patients with progressive neurological
disorders, involving a focussed history and non-invasive
tests, is often sufficient to initiate treatment for the
neurogenic bladder. The treatment options available for
managing overactive bladder symptoms are many, includ-
ing lifestyle modifications, antimuscarinic medications and
intradetrusor injections of botulinum toxin (Fowler et al
2009; Panicker and Fowler 2010).

We present possibly the largest cohort of X-ALD
patients reporting bladder and bowel symptoms and use
validated questionnaires providing an accurate assessment
of symptoms. The study was hospital based, and therefore
the prevalence of bladder and bowel symptoms observed
might not accurately reflect that of men and women with an
ABCD1 mutation in general. Patients with minimal
symptoms who might not report to a tertiary centre are
likely to be underrepresented. Nevertheless, the study
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shows that bladder and bowel complaints are common in
patients with X-ALD, notably in female carriers, and have a
significant impact on the quality of life yet are under-
reported and under-treated. It is therefore important to
enquire about these symptoms, as they are eminently
treatable with gratifying results. Though having an X-
linked pattern of inheritance, female carriers may experi-
ence overactive bladder symptoms which are as severe as in
male patients and are likely to be neurological in origin.
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Take-Home Message (Synopsis)

Bladder and bowel dysfunction is common in both men and
women with mutation of the ABCD1 gene for X-linked
adrenoleukodystrophy, notably in female carriers, and has a
significant impact on the quality of life yet are under-
reported and under-treated.
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