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Abstract Juvenile neuronal ceroid lipofuscinosis (JNCL;
CLN3 disease; Batten disease) is an autosomal recessive
neurodegenerative disease of childhood. Symptoms typi-
cally present at school age with vision loss followed by
progressive cognitive decline, motor dysfunction, seizures,
and behavior problems. Studies on sex differences in INCL
have yielded mixed results, but parent anecdotes suggest
that females experience a more precipitous disease course.
Therefore, we sought to determine if sex-based differences
exist in JNCL. We used data from the Unified Batten
Disease Rating Scale (UBDRS), the Batten Disease Support
and Research Association (BDSRA) database, and the
PedsQL quality of life (QoL) survey to evaluate sex-based
differences in functional independence and time from
symptom onset to death. On average, females had JNCL
symptom onset one year later and death one year earlier
than did males. Despite a later age at onset, females had
lower functional capability, earlier loss of independent
function, and lower physical QoL. Future research in sex
differences in JNCL may help to further understand the
biological mechanisms underpinning the disease course and
may point to targeted therapies.
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Introduction

The neuronal ceroid lipofuscinoses (NCLs) are a heteroge-
neous group of inherited lysosomal storage diseases that
constitute the most prevalent neurodegenerative diseases of
childhood (Santavuori et al. 2000). The juvenile type is the
most common NCL. It is inherited in an autosomal
recessive manner and is characterized by vision loss,
seizures, dementia, behavioral difficulties, and motor
impairment. Symptoms begin in school-age children, and
the disease progresses to death, usually during the third
decade of life (Boustany 1996; Goebel and Kohlschiitter
2001; Hofman et al. 1999).

Disease features and overall clinical course of JNCL
have not provided obvious evidence for sex differences.
However, some differences have been suggested and
attributed to hormonal factors. Compared to healthy female
controls, JNCL females more commonly have acne,
hirsutism, and hyperandrogenemia that are not solely
attributable to medication side effects. JNCL females may
also have an earlier age at menarche (Aberg et al. 2002).
Studies of sex-based differences in the severity of JNCL-
specific behavioral, cognitive, and physical symptoms have
yielded mixed results. In one study, JNCL females
demonstrated more psychiatric problems based on the
Child Behavior Checklist (CBCL), specifically in the
internalizing, anxiety/depression, and attention domains.
Females were also more likely to be treated with psycho-
tropic medications (Bickman et al. 2005). However,
another study using the CBCL found no sex differences
(Adams et al. 2010). Cognitive testing has not revealed a
significant difference between males and females (Adams et
al. 2007). Finally, prior studies have shown no significant
sex differences in overall physical impairment (Adams et al.
2010) or rate of physical decline (Kwon et al. 2011).
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Despite the lack of consistent evidence for sex differ-
ences in JNCL, several parents have related anecdotes
suggesting that females experience a more precipitous
decline than do males. Therefore, we sought to determine
if there are sex-based differences in aspects of JNCL that
affect functional independence and time from symptom
onset to death.

Methods
The Unified Batten Disease Rating Scale (UBDRS)

We developed the Unified Batten Disease Rating Scale
(UBDRS) to quantify disease progression in JNCL. The
UBDRS has been shown to be a valid and reliable clinical
rating instrument for INCL (Kwon et al. 2011; Marshall et
al. 2005). The UBDRS encompasses four quantitative
subscales: physical impairment, behavior, seizures, and
functional capability. Additionally, the UBDRS assesses
the chronology of symptom onset based on parent report.
Between 2002 and 2010, we administered the UBDRS to
nearly 100 JNCL subjects to characterize the natural history
of the disease and to quantify the rate of progression (Kwon
et al. 2011; Marshall et al. 2005).

UBDRS data were obtained at annual meetings of the
Batten Disease Support and Research Association
(BDSRA) and at the University of Rochester Batten Center
(URBC). Unless otherwise noted, all analyses were
performed on data from subjects in our cohort. These
subjects had been clinically diagnosed with JNCL and were
genetically confirmed to have CLN3 mutations (Rothberg et
al. 2004). Some subjects did not complete all sections of the
UBDRS at each assessment; therefore, the number of
subjects varied slightly for each anaylsis. The study was
approved by the University of Rochester Research Subjects
Review Board; parents provided informed consent for their
child’s participation.

To evaluate disease progression, we analyzed data from
the physical impairment and functional capability subscales
of the UBDRS. The physical impairment subscale is scored
based on direct physical examination of the following
items, each rated from 0 (normal) to 4 (severe): speech
clarity, abnormal repetitive speech sounds, tongue protru-
sion, visual acuity, neck and extremity tone, extremity
strength, rapid alternating movements in hands and feet,
upper extremity dystonia, normal spontaneous movements,
gait, retropulsion, motor tics or stereotypies, myoclonus,
tremor, dysmetria, and appendicular chorea. The functional
capability subscale is based on a parent interview and
evaluates school performance, ability to complete chores,
ability to play games, participation in activities of daily
living (ADLs), and overall level of care needed. Parents
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reported their child’s level of function in each area based on
the child’s current vision status. They then reported
assumed ability if the child had full vision, in an attempt
to remove the effect of blindness on functional capability.
Items were scored from 0 (most impaired) to 3 (normal).
These scores were combined to reflect total capability, with
lower scores indicating worse function.

Age at symptom onset analysis

At each study visit, we asked parents to recall the age at
onset of specific INCL symptoms including vision loss,
behavior problems, cognitive decline, motor impairment,
seizures, sleeping difficulty, and feeding difficulty. To
obtain a best estimate of age at first symptom onset, we
limited this analysis to subjects whose parents reported
vision loss as the first symptom. Vision loss is the most
common first symptom that is most clearly linked to JNCL
disease (Marshall et al. 2005). Some subjects with multiple
assessments had slight variation in the estimated age at
onset from year to year. For those subjects, we used an
average of the reported ages.

To determine the average age at which other symptoms
began, the estimated age at onset of each JNCL symptom
was determined from the most recent JNCL history
assessment. The mean age at onset across subjects was
determined for each symptom.

For the age at onset analyses, standard parametric
statistics were used. Differences between males and females
were determined with t-tests.

Clinical outcomes assessments

The UBDRS physical impairment subscale quantifies a
variety of physical aspects of JNCL disease. Speech and
gait are two items in the subscale that strongly impact
independent function. We determined the age at which
subjects lost the ability to ambulate independently and
the age at which speech became unintelligible. Using
the functional capability subscale, we determined the
age at which subjects were no longer able to perform
independent ADLs. Kaplan Meier survival curves were
constructed for each variable. The age at which subjects
lost the ability to discern objects served as a control
since vision loss is often an early symptom in JNCL.
We assessed scores from all UBDRS assessments
completed for the subjects over the years, so each
subject may have had multiple scores included in this
analysis. A logrank test was performed to compare
survival curves between males and females (MedCalc
v11.4.4). One subject had an abnormal disease course
not consistent with a classic JNCL phenotype and was
excluded from this analysis.
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Quality of life assessments

We assessed quality of life (QoL) in INCL subjects using
the Pediatric Quality of Life questionnaire (Varni et al.
2001). Only subjects who had confirmation of CLN3
mutations and whose parents had completed at least one
questionnaire were included. This survey measures health-
related QoL over the previous month in four domains:
physical functioning, emotional functioning, school func-
tioning, and social functioning. Each item is rated from 0
(never a problem) to 4 (almost always a problem). The
physical functioning domain assesses problems with walk-
ing, running, sports participation, heavy lifting, bathing,
chores, hurts or aches, and energy level. The emotional
functioning domain assesses feelings of fear, sadness, or
anger; difficulty sleeping; and worries about what will
happen to him or her. The school functioning domain
assesses problems with paying attention in class, forgetting
things, keeping up with schoolwork, and missing school
(either for feeling poorly, having a doctor’s appointment, or
being hospitalized). The social functioning domain ability
to get along with peers, peers wanting to be friends with the
child, problems with teasing by peers, ability to do things
that other peers can do, and keeping up with peers. Items
were reverse scored and linearly transformed to a 0-100
score so that higher values represented higher health-related
QoL. The mean score for each domain was calculated, and
this value was used for each domain’s summary score.
These questionnaires were sent out to families biannually,
and scores from the most recently completed questionnaire
were used in this analysis. T tests were performed to
compare male and female summary scores for each domain.

Age at death analysis

Due to the small number of deceased subjects, we could not
meaningfully assess age at death in our cohort. Instead, we
obtained data from a de-identified database provided by the
BDSRA, which contains information on year of birth, NCL
type, and age at death of individuals affected with Neuronal
Ceroid Lipofuscinoses (NCLs). Subjects identified in the
database as having clinical JNCL were included. Genetic
confirmation information was not available. We excluded
subjects with an age at death greater than 30 years since death
usually occurs during the third decade of life in classic JNCL.
Thus, an older age at death raised doubts about the diagnosis
of JNCL. The mean age at death for males and females was
determined and a Mann—Whitney U test was performed.

Statistical analyses

All statistical analyses were performed using Statistica ver
6.1 unless otherwise noted.

Results
Age at symptom onset

Data on age at symptom onset were available for 83 subjects
(39 female, 44male) with confirmed mutations in CLN3.
Parents of 60 subjects (30 female, 30 male) reported vision
loss as their child’s first symptom of JNCL. The mean age at
disease onset as marked by vision loss was one year later in
females (6.2 +/— 1.4 years) than in males (5.2 +/— 1.0 years)
(p=0.003) (Fig. 1). Twenty-three subjects had an initial
symptom that was not vision loss. When these were added to
the sample, the mean age at symptom onset was slightly
younger for both females (5.7 +/— 1.7 years) and males
(4.6 +/— 1.5), but the difference remained similar and
significant (p=0.002). Parents of the remaining subjects
reported behavior difficulties (N=11), cognitive decline (N=
6), sleep disturbances (N=3), scizures (N=1), feeding
difficulties (N=1), and other (N=1) as initial symptoms.

Similar to vision loss, behavioral symptoms also began
later in females (Table 1). There was no difference in mean
age at onset of seizures, cognitive impairment, or motor
symptoms. Vision loss was the first symptom in females
and males, but the order of other symptom onset was
slightly different due to the earlier age at onset for
behavioral symptoms in males. In JNCL females, the
average order of symptom onset was vision loss, cognitive
impairment, seizures, behavioral symptoms, and motor
symptoms (Fig. 2a). In INCL males, the average order of
symptom onset was vision loss, behavioral symptoms,
cognitive impairment, seizures, and motor symptoms
(Fig. 2b).

Clinical outcomes

Thirty-seven females and 41 males completed the
UBDRS functional capability subscale. As expected,

10

g —

—_
@
© 8
1}
2 PR
2 7
2
o 6 o
ﬁ o
o
o 2
<

4

3

female male

Fig. 1 Disease onset was one year later in girls. Mean age at onset
was 6.2 +/— 1.4 years in females (N=30) and 5.2 +/— 1.0 years in
males (N=30), t(60)=3.08 (p=0.003). o=mean. Box=mean +/— SD.
Whiskers=mean +/— 1.96*SD
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Table 1 Females had a later mean age at onset of vision (p<0.001) and behavior symptoms (p<0.05). There were no significant differences in
cognitive decline, seizures, and motor impairment. NS=not significant

Loss of vision (SD) Cognitive decline (SD)

Seizure (SD) Behavior problems (SD) Motor impairment (SD)

Female 6.29 (1.37) 8.69 (2.91)
Male 5.37 (1.26) 8.22 (3.98)
p value P<0.001 NS

9.44 (2.54) 9.48 (4.37) 11.75 (3.62)
9.83 (2.66) 6.98 (3.36) 10.91 (4.35)
NS P<0.05 NS

scores decreased with increasing age, reflecting greater
disease severity over time (Fig. 3). Both males and
females decreased an average of 1.2 points per year of age
on this subscale. Although the slopes were parallel, there
was a slight offset such that on average, females scored
one point lower than males of the same age. On average,
females also reached comparable levels of disability one
year earlier than males.
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Fig. 2 Females had a later age at onset of vision loss and behavior

problems. Histogram of the distribution of age at onset in females (a)

and males (b) for vision loss, cognitive decline, seizures, behavior
problems, and motor impairment
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Two hundred nineteen UBDRS physical impairment
subscale evaluations were performed for 83 subjects.
These evaluations (92 for female subjects and 127 for
male subjects) were used to assess age at complete loss
of independent gait, intelligible speech, and vision. Two
hundred seventeen UBDRS functional capability evalua-
tions were performed (87 for female subjects, 130 for
male subjects) to determine age at loss of independent
ADLs. Early in the disease course, the great majority of
both females and males were able to walk independently,
speak intelligibly, and perform independent ADLs with
no apparent sex difference. Approximately 10-15 years
after disease onset, a difference between females and
males emerged such that females lost independence in
ADLs earlier than males. The difference in survival
curves was significant (p=0.005). Median survival time
for independent ADLs was 12 years for females and
13 years for males (Fig. 4). There was also a one-year
difference between females (14 years) and males (15 years)
in median survival time for both independent gait and
intelligible speech. However, the difference between
survival curves was not significant. Both males and
females had a median survival time of 10 years for
complete vision loss.
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UBDRS Functional Capability Median
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Fig. 3 At all ages, females had a lower average functional capability
score. Median UBDRS functional capability scores were determined
from subjects” most recent assessments (Female N=37, Male N=40).
Lower scores reflect lower capability. Females (@) had overall lower
scores than did males (Hll) but there was no difference in rate of
decline. Female linear fit: y=—1.2x+31. Male linear fit: y=—1.2 +32



J Inherit Metab Dis (2012) 35:549-555

553

100
g 80
i)
c
3
S 60
<
£
= 40
)
1<)
& 20 .
0'1 1 1 1 i
0 5 10 15 20 25
Disease Duration (years)
Number at
risk
Group: Female
85 74 34 5 0 0
Group: Male
130 101 42 10 3 0

Fig. 4 Females lost independent ADLs earlier in the disease course.
Kaplan-Meier survival curve of female (dotted line) and male (solid line)
loss of independent ADLs, p=0.005. Females= Males=

Quality of life

Parents of 49 subjects (22 females, 27 males) completed the
PedsQL questionnaire. The mean age at time of completion
was similar for females (16.3 +/— 4.4 years) and males
(144 +/— 6.1 years) (p=0.23). Some parents did not
complete all sections (social N=1, school N=4). Scores
ranged from 0 to 100, with higher scores denoting a better
QoL. In the physical domain, females demonstrated poorer
QoL (Fig. 5). Social, emotional, and school QoL domains
were not different between males and females (Table 2).

Age at death

There were 226 subjects (128 females, 98 males) with
clinically diagnosed JNCL who died at or before the age of
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Fig. 5 Females had significantly lower physical QoL. Mean physical
QoL was 28.09 +/— 28.46 in females (N=22) and 49.37 +/— 31.25 in
males (N=27), t(47)=-2.47 (p=0.02). o=mean. Box=mean +/— SD.
Whiskers=mean +/— 1.96*SD

30 years included in this analysis. Age at death was 20.9 +/—
4.5 years for females and 22.2 +/— 4.2 years for males (p<
0.03) (Fig. 6). If all subjects (n=254) were included,
regardless of age at death, females died on average one year
earlier than males (p<0.05).

Discussion

Females with JNCL experienced a later onset but a more
rapidly progressive disease course than did males. On
average, females experienced JNCL symptom onset one
year later and death one year earlier. Females also
experienced earlier loss of independence in ability to
perform ADLs and a tendency to earlier loss of independent
gait and intelligible speech. The ability to perform ADLs is
influenced by multiple domains affected in JNCL children,
including cognition, physical ability, and vision. Thus,
independence in ADLs is a good general indicator of
overall disease severity. In addition, parents reported a
poorer physical QoL in female children. Other QoL
domains were not different between males and females,
suggesting that physical factors contribute more greatly to
loss of independence than do cognitive or behavioral
factors. However, our results show that sex differences are
not limited to physical impairment but include age at onset
of vision loss and behavioral symptoms.

A biological basis for the more severe disease course in
females is not obvious. JNCL is an autosomal recessive
disease that affects males and females at a similar rate. In
adult-onset neurodegenerative disease, female sex is often
associated with a milder course. In tests of fine motor control
and speech articulation in subjects with Parkinson’s disease
(PD), women outperform men (Gillies and McArthur 2010).
The protective effect of female sex may be due to hormonal
factors. Indeed, decreasing levels of endogenous estradiol in
women is associated with symptom worsening in PD (Gillies
and McArthur 2010). Estrogen may also have a protective
role in neurodegenerative diseases (Brann et al. 2007;
McEwen and Alves 1999). Despite this proposed protective
benefit of estrogen, INCL females demonstrated earlier loss
of independent function during post-pubertal years, when
estrogen levels should be elevated. It is possible that, rather
than being neuroprotective, estrogen plays a role in the more
rapid course in JNCL females. Additionally, the second X-
chromosome in females may contribute to sex differences in
JNCL. For example, due to imprinting, females may have
deleterious effects from a paternally inherited X-chromosome
gene. Alternatively, there may be some protective gene on the
Y-chromosome.

One explanation for the sex-based differences in JNCL
may relate to the proposed autoimmune component to its
pathogenesis. Multiple autoantibodies have been detected
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Table 2 Social, emotional, and

school QoL were no different PedsQL Mean (SD) females Mean (SD) males t(df): p
between males and females
Social 47.50 (22.29) 48.08 (18.77) —0.10 (46) : NS
Emotional 57.27 (25.06) 64.26 (20.27) —1.08 (47) : NS
School 51.90 (20.77) 55.63 (23.79) —0.56 (43) : NS

in the CNS of both animal models and human JNCL
(Chattopadhyay et al. 2002; Lim et al. 2006). Suppressing
the immune system reduces these autoantibodies and slows
disease progression in animal models (Sechafer et al. 2011).
Females have a higher incidence of autoimmune diseases in
general, but sex-based differences in the clinical phenotypes
of these diseases vary (McCombe et al. 2009). Differences
in incidence and clinical course may be partially attributed
to the sexual dimorphism observed in the human immune
system. Females have a more robust antibody response to
vaccines regardless of menstrual status, and estrogen itself
has been shown to increase antibody production. Diseases
with a predominant autoantibody immune process, such as
Systemic Lupus Erythematosus (SLE), are more likely to
worsen with higher estrogen levels (Grimaldi 2006).
Therefore, while estrogen may be neuroprotective, it may
also increase autoantibody production in JNCL and thus
accelerate disease progression.

Another potential contributor to earlier age at loss of
independent function may be a lower baseline muscle mass
in females. In the general population, males have a higher
percentage of lean body mass even before the onset of
puberty (Rowland 2005). It is possible that, because males
start with greater muscle mass, the degenerative effects on
physical function are seen later in JNCL boys. However, it
is not clear if loss of functional independence is related to
muscle mass or to other aspects of motor control including
cognitive planning. Thus, while muscle mass may contrib-
ute to preserved physical function in males, it is unlikely to
account entirely for these differences.

235

N
»
o

-

o

T 1

N
N
o

N
N
o

N
=
a

Age at Death (years)

[y
o
1)

1

female

200

male

Fig. 6 Females had an earlier age at death. Mean age at death was
20.95 +/— 4.46 years in females (N=128) and 22.21 +/— 4.20 years in
males (N=98), t(224)=-2.17 (p-0.03). o=mean. Box=mean +/— SD.
Whiskers=mean +/— 1.96*SD
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The discrepancy in independent function may also be
due to social constructs of gender expectations. Parents
demonstrate a gender bias in physical expectations for
children starting at a young age. Although infants do not
have sex-based differences in motor development, mothers
of female infants have lower expectations for their child-
ren’s ability to perform motor tasks (Mondschein et al.
2000). After infancy, parents allow boys more indepen-
dence with less supervision during risky behaviors. In
physical tasks that both girls and boys are able to complete,
parents are still more likely to assist their daughters while
encouraging independence from their sons (Morrongiello
and Dawber 1999). Translating these results to JNCL, it is
possible that parents of daughters set lower expectations for
physical ability. They may be more likely to assist with
ambulation and ADLs and less likely to encourage
independent function. It is also possible that gender bias
contributes to the reported later age at onset of vision loss
in females. Thus, the observed differences in function and
age at onset may result in part from differences in parental
expectations and behavior.

There are several potential limitations to our study. We
relied on parent recall of symptom onset, which created a
potential recall bias. There is some variability from year to
year in reported age at onset, which could also reflect
differences in the way that questions were asked. In an
effort to minimize these limitations, we only analyzed the
data obtained at the most recent assessment. Another
limitation is that the age at death analysis included subjects
who did not have genetic confirmation data available. Thus,
it is possible that some subjects did not have mutations in
CLN3. We attempted to ecliminate incorrectly diagnosed
subjects by excluding those with an age at death unchar-
acteristically late for classic JNCL disease (greater than
30 years of age). This age criterion was based on our
extensive clinical experience with JNCL disease. However,
if all subjects were included, regardless of age at death,
comparable results were obtained.

Despite these potential limitations, the data indicating
later age at onset and more rapid progression in females are
compelling. Furthermore, we have no reason to think that
the study design introduced a systematic bias for sex-based
differences. It is possible that a combination of several
factors, including autoimmunity, muscle mass differences,
parental expectations, or others result in a more rapid
disease progression in females. The biological mechanism
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underlying neurodegeneration in JNCL remains unknown.
It is possible that identification of the primary mechanism
will provide an explanation for some of these differences.
Additional work on specific sex-based differences in INCL
may provide a better understanding of the molecular
underpinnings of the disease process and point the way to
future therapeutics.
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