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Abstract

The Sanfilippo Behavior Rating Scale (SBRS), a 68 item questionnaire, has been developed to 

assess the behavioral phenotype of children with Sanfilippo syndrome and its progression over 

time. Fifteen scales rate orality, movement/activity, attention/self-control, emotional function 

including anger and fear, and social interaction. Items within scales intercorrelate; measures of 

internal consistency are adequate. Twelve scales are grouped into 4 abnormality clusters: 

Movement, Lack of fear, Social/emotional and Executive Dysfunction.

A Loess age-trajectory analysis showed that Lack of Fear, Social/Emotional and Executive 

Dysfunction increased steadily with age; Orality and Mood/Anger/Aggression leveled off. 

Movement peaked around 6 years, then declined as children’s excessive/purposeless actions 

stopped. Compared with standard scales, SBRS Movement was appropriately associated with the 

Vineland Motor scale; SBRS Lack of Fear had significant associations with the Autism Diagnostic 

Observation Schedule (ADOS), indicating a symptom overlap between Sanfilippo syndrome and 

autism. This suggests that reduced fearfulness may be the most salient/sensitive SBRS marker of 

disease progression. Volumetric MRI showed that increased Lack of Fear was significantly 

associated with reduced amygdala volume, consistent with our hypothesis that the behavior seen 

in Sanfilippo syndrome is a variant of Klüver-Bucy syndrome. Hippocampal volume loss had 

twice the effect on Social-Emotional Dysfunction as amygdala loss, consistent with a hippocampal 

role in attachment and social emotions.

In conclusion, the SBRS assesses the Sanfilippo behavioral phenotype; it can measure behavior 

change that accompanies disease progression and/or results from treatment.
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Introduction

Sanfilippo syndrome (Mucopolysaccharidosis Type IIIA) is a lysosomal storage disorder 

caused by an inherited deficit in the activity of sulfamidase, an enzyme that metabolizes 

heparan sulfate. The progression of Sanfilippo syndrome involves central nervous system 

dysfunction, neurocognitive decline, behavioral abnormalities that are highly salient and 

distressing, and early death. Although the behavioral abnormalities are not yet fully 

characterized, their pattern of association with Sanfilippo syndrome suggests that they may 

hold the key to understanding the neurobehavioral pathology of this disease. Here we 

describe the development of a quantitative scale to assess the unusual behavioral phenotype 

of Sanfilippo syndrome and its progression.

There are 4 variants of the syndrome with type A being the most numerous. Sanfilippo A 

can present in the typical early form, manifesting symptoms salient enough to be diagnosed 

before 6 years of age or an atypical form with later onset and slower disease progression that 

is diagnosed after age 6 [1,2]. Cleary and Wraith [3] proposed that the typical form 

progresses in three stages: 1) developmental delays, especially in language; 2) behavioral 

and sleep abnormalities; 3) loss of mobility, feeding difficulties, and seizures. Among the 

problematic behaviors of Stage 2 reported by parents is “orality”; the children tend to mouth 

things although they do not eat non-food objects. As previously described [4] the children’s 

heedlessness of danger is of greater concern. Parents must often “child-proof” the home 

extensively; outside the home these children require constant attention to keep them safe. 

Empathic capacity and social affiliation are often severely diminished compared to same age 

peers. These children are frequently oppositional and unresponsive to discipline; they can 

also be aggressive. These characteristics distinguish them from children with some other 

MPS diseases who are equally cognitively impaired [5,6].

Prompted by this array of abnormal behaviors, our previous work [4] assessed the social 

interactions, fearlessness, and startle reactions of affected children through a staged 

encounter with people, objects and loud noises in a ‘Risk room’ situation modified from the 

Laboratory-Temperament Assessment Battery [7]. Results showed that the behavior 

associated with Sanfilippo syndrome Type A appears to be a variant of Klüver-Bucy 

syndrome (K-Bs) [4].

The signs of K-Bs, such as orality (repeated mouthing of objects) and dampening of 

emotional expression, including diminished fear, have been consistently shown to be 

associated with amygdala dysfunction in many species including non-human primates [8]. In 

human clinical cases, when similar changes occur secondary to herpes encephalitis, anoxic-

ischemic encephalopathy and other conditions, MRIs confirm anterior temporal lobe 

damage. Children with such damage are emotionally unattached to, and markedly indifferent 

to, caretakers; they also show hyperorality and increased masturbation.

Consistent with the K-Bs hypothesis, we found measurable volume loss in these children’s 

cortical and subcortical gray matter over a 6 month period which was proportionately greater 

in the amygdala than in other structures [4].
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The progressive loss of language and impaired social interactions characteristic of 

Sanfilippo syndrome Type A also resemble that occurring in autism. Indeed, after these 

children have reached 46 months of age, their social and affective dysfunctions are severe 

enough to meet criteria for autism spectrum disorder as assessed by the Autism Diagnostic 

Observational Schedule. However, restricted or repetitive behaviors are largely absent [9]. 

Amygdala dysfunction has been implicated in some of the behavioral deficits that 

characterize autism [10,11].

For both clinical and research purposes, it is important to have quantitative, disease-specific 

measures of behavioral function that can track the progression of Sanfilippo syndrome Type 

A through its several stages. Knowing the pattern of behavioral change can help clinicians 

guide and support the families of these children. Such knowledge would also provide 

disease markers useful for evaluating therapeutic intervention. However, none of the 

standard instruments for assessing child development cover the full range of abnormal 

behaviors we found in Sanfilippo syndrome. We therefore undertook construction of a 

formal scale, the Sanfilippo Behavior Rating Scale (SBRS), to tap parents’ detailed 

knowledge of their children’s specific and unique behaviors. Based on our previous 

exploration of fearlessness in an experimental setting and its relationship to amygdala 

atrophy [4], we hypothesized that these associations would also hold with SBRS-measured 

fearlessness and not with other behavioral domains.

Methods: Scale construction

To initiate scale construction, we conducted exploratory open-ended telephone interviews 

with parents of 10 of these children. Clinical reports were collected and observations were 

made by the authors that confirmed and extended parents’ commentaries. For example, we 

observed the children’s almost non-stop locomotion in novel situations interspersed with 

brief and repeated object handling. Thus, the scale needed to cover areas of motor activity as 

well as orality and social/emotional function. The coverage included both current behaviors 

and parents’ recall of the onset of each behavior. A follow-up form with the same items was 

devised to track changes since the last visit. Knowledge of K-Bs and its hypothesized 

presence in MPS IIIA also guided SBRS item development.

In an initial anonymous survey assisted by the National Mucopolysaccharidosis Society, 44 

families completed the first, 73 item version of the instrument. Guided by the frequency 

with which items were endorsed, the scale was then revised and reduced to 68 items 

covering 15 domains of behaviors that might be affected by the disease (see Table 1, left 

column). To test the revised version of the SBRS, we asked the parents of a group of 

children who were recruited for a natural history study at the University of Minnesota to 

complete the form at each visit.

We expected that the patterns of parental responses would allow the 15 domains to be 

grouped into a manageably smaller number of behaviorally meaningful functions, such as 

movement, social function and emotional functions like fearlessness and anger. To validate 

the SBRS, we tested the associations between the SBRS scale and measures of adaptive 

behavior, of autism and of brain volumes.

Shapiro et al. Page 3

Mol Genet Metab. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The observation that there are stages in disease progression suggests that various behavioral 

functions are affected at different rates. To evaluate this possibility, we determined the 

trajectory over time of each domain by calculating Loess curves across all time points for all 

subjects. This technique smoothes data using locally weighted polynomial regression, 

thereby eliminating forced fitting to some pre-determined mathematical function [12]. Loess 

curves have proven useful in various areas of psychological research [13,14].

Methods: reliability and validity

Subjects

25 children with MPS IIIA, age 2 to 18 years, were recruited from a study sponsored by 

Shire at the University of Minnesota: a 24-month Longitudinal, Prospective, Natural History 

(NH) Study of Patients with Sanfilippo syndrome type A (MPS IIIA, Clinicaltrials.gov 

reference number, NCT01047306). Patients in this study met the following criteria: 1) MPS 

IIIA diagnosis confirmed by enzyme or genetic assay, 2) minimum chronological age of one 

year, 3) developmental age ≥ 12 months on the Vineland Adaptive Behavior Scales-2nd 

Edition [15].

The Institutional Review Board of The University of Minnesota’s Medical School approved 

the main NH project and the associated study of neurobehavioral phenotypes that included 

this questionnaire and other procedures described above.

Children were classified as presenting with the typical early form of the disease if initially 

diagnosed before 6 years of age, or had known mutations, or with a more slowly progressive 

form if diagnosed after age 6 [1,2]. The present analysis includes only the 19 children (13 

boys, 6 girls) with the classic early onset, and rapidly progressing form of the disease.

Procedures

Children’s ages at first visit ranged from 12 to 102 months (mean was 52 months). Their 

parents completed the SBRS or follow-up form at baseline, 6 and 12 months following the 

first visit. Three SBRS forms were not completed; this analysis is based on a total of 54 

completed forms.

Sanfilippo Behavior Rating Scale (SBRS)

The SBRS contains 68 items, each of which describes some type of action, either a specific 

behavior or an easily understood concept like “mood” or “attention.” Parents rated the 

frequency of each item on a 7 point scale. An explanatory example at the top of the first 

page indicated the following ordinal equivalences: 0 = Never, 1 = Occasionally (5–10% of 

the time), 2 = Sometimes (25% of time), 3 = About half the time, 4 = Often (75% of time), 5 

= Almost always (90% of time), 6 = Always. For the initial visit, each item also contains a 

space for age at onset; parents were asked to note the age at which they first noticed the 

behavior, to the nearest half year. The items were grouped into 15 functional domains with 

3–7 behavioral items each; the name of the domain headed its items. The domains are listed 

in Table 1 along with a sample item from each.
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Higher scores on items generally indicated increasing abnormality. Lack of fear is an 

important behavioral characteristic of Sanfilippo syndrome. However, fear is more 

understandably evaluated by listing things a child might be afraid of, so items 29–34 were 

reverse scored to produce a measure of fearlessness. Several other items were also reverse 

scored: Items 16 (Activity and Routines), 35 (Social Interaction), 44 (Emotional 

Engagement) and 47 (Comfort seeking).

Vineland Adaptive Behavior Scales Second Edition

The Vineland-II, administered at every visit, measures adaptive functioning along four 

scales. The interview format was used at baseline; caregivers completed the parent-caregiver 

Vineland form at subsequent visits. Communication measures verbal skills and language 

development. Daily Living Skills measures practical skills of self-care and community 

participation. Socialization measures interpersonal, coping, and play skills. Motor skills 

measures gross and fine motor development. Vineland scores can be used to estimate overall 

cognitive ability [16].

Autism Diagnostic Observation Schedule (ADOS)

The ADOS is the “gold standard” measure for autism diagnosis. This semi-structured 

instrument assesses social communication and play as well as any intense interests or 

repetitive behaviors through direct interaction and observation. The ADOS yields total 

scores for social communication and restricted and repetitive behaviors. The ADOS has 4 

different modules to match different language levels. Only Module I, for children who are 

nonverbal or communicate primarily in single words, was used with this sample. The revised 

ADOS algorithms were used [17]. The ADOS was administered by two research reliable 

examiners (“research reliable” indicates a proven level of inter-rater reliability in coding). It 

was administered only once, at the baseline visit or at the first visit when the child was at 

least 2 years of age.

Brain imaging

Head MRI was acquired under anesthesia at every visit by a 3-T Siemens Trio scanner 

(Siemens, AG, Erlangen, Germany) with 12-channel RF head coils. The MRI protocol 

included an 11-minute 3-dimensional, T1-weighted, magnetization-prepared rapid 

acquisition with gradient-echo (MP RAGE) sequence (TR/TE = 2,530/3.65; TI = 1,100 ms; 

voxel size = 1.0 × 1.0 × 1.0 mm; flip angle = 7°; FoV = 256). Cortical gray matter volume 

was obtained by automated brain segmentation carried out with FreeSurfer software version 

5.3.0 (www.surfer.nmr.mgh.harvard.edu; [18]. Each subject’s data were visually inspected 

by a trained technician to ensure accuracy of segmentation. Because automated parcellations 

of amygdala and hippocampus are unreliable in the dysmorphic brains of those with 

mucopolysaccharidoses [19], volumes were assessed by manual tracing using Brains2, 

which allows three dimensional representation for accurate measurement [20] . The tracing 

was done by coauthor A.A whose intrarater reliability was 0.99; interrater reliability 

assessed by coauthor I.N. was 0.87 [19]. We examined each subject serially, hence did not 

correct for total brain volume [21].
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Statistical Analysis

Loess curves—For each domain, a Loess curve fitted by local polynomial regression was 

used to estimate the trajectory of mean scores for each domain across the age range of 

children in the study. The score calculated for each observation at its age of occurrence, tn,, 

was the resultant of all scores for that domain weighted by how close their age at 

observation was to tn [12].

Vineland Analysis—The association of Vineland scaled scores with each SBRS cluster 

was estimated using generalized estimating equations with an exchangeable correlation 

structure to account for possible correlation between the multiple observations for each child 

[22].

ADOS Analysis—A simple linear regression estimated the association between each 

SBRS domain at baseline and the ADOS Total Score, which was assessed at the first visit 

only. Confidence intervals and P-values were based on the t-distribution with corresponding 

model degrees of freedom.

MRI Analysis—The associations of percent change from baseline volume with changes in 

each SBRS cluster for three brain areas: amygdala, hippocampus, and cortical gray matter 

(left and right hemispheres combined) were estimated by generalized estimating equations, 

as with the Vineland analysis.

For the adaptive behavior and brain volume analyses, the measures of association are the 

changes in SBRS per 10 point change in the Vineland score or per 10% change in MRI 

volume. For autism, the measure of association is the difference in SBRS per 10 point 

difference in the ADOS. These respective units yielded comparable changes in SBRS 

scores.

Results

SBRS: Out of the seven point scale (0–6), parents reported most of the behaviors to occur at 

frequencies of “never” (0) to “often” (4).

The items within each behavior set were reasonably intercorrelated as shown by their 

Cronbach alpha values in Table 1; all but 3 were > 0.50. There were no significant 

relationships between the Cronbach alpha values and either the number or reported 

frequency of the constituent items, suggesting that these variables did not influence 

consistency within behavior sets.

Based on a combination of time course characteristics and similarities in function, we 

grouped the behavior sets into 4 clusters (Table 1, rightmost column). Orality and Mood/

anger/aggression were analyzed separately because there was no cluster to which they could 

be reasonably assigned. Self-gratification behaviors were reported rarely and Cronbach’s 

alpha for this domain was low. It was excluded from further analysis.

Many entries for onset times were missing and there was little difference in onsets across 

domains. No further analysis of onset data was undertaken.
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The reported frequency of behaviors in three clusters tended to increase over the entire age 

range (Figure 1). The upward trends in Social/Emotional Dysfunction, Lack of Fear, and 

Executive Dysfunction indicate generally increasing problems in these areas. The Movement 

cluster and the Orality and Mood/Anger/Aggression domains tended to decelerate at the 

older ages, particularly Movement, which reached a peak around 6 years of age and declined 

thereafter. There was also a trend for domains to remain in roughly the same order of 

relative frequency with age, suggesting some longitudinal stability.

Table 2 shows highly significant cross-sectional associations of the ADOS Total Score with 

the SBRS Movement and Lack of Fear clusters, while associations with the Social/

Emotional Dysfunction and Orality clusters were more modest. Change over time in all 

SBRS clusters and two domains were associated with change in one or more Vineland 

scales. Among these, associations of change in SBRS Lack of Fear, Executive Dysfunction 

and Mood/Anger/Aggression with change in Vineland Communication were highly 

significant. SBRS Mood/Anger/Aggression was modestly associated with Vineland Daily 

Living Skills; so was SBRS Social/Emotional Dysfunction with Vineland Socialization. 

Change in SBRS Movement was modestly associated with change in the Vineland Motor 

scale.

A 10% reduction in amygdala volume is significantly associated with an average increase of 

0.28 in SBRS Lack of Fear score (Table 3). A comparable increase in Social Emotional 

Dysfunction was associated with a 10% reduction in hippocampal volume.

Discussion

The Sanfilippo Behavior Rating Scale (SBRS) assesses the behavioral phenotype of children 

with Sanfilippo syndrome and its progression over time. This scale incorporates elements of 

the Klüver-Bucy-like syndrome we have previously described [4] as well as behaviors 

described by parents and those noted in the literature and observed in clinical settings. We 

have validated deficiences in fear, social emotional response, executive function as well as 

abnormal activity as part of the Sanfilippo behavioral phenotype. Narrower behavioral 

domains including orality and mood/anger/aggression were also described and have 

moderately significant relationships to other behavioral measures.

Loess trajectory analysis showed increasing problems with Social/Emotional Dysfunction, 

Lack of Fear, and Executive Dysfunction with age. Movement, Orality and Mood/Anger/

Aggression decelerated at older ages, particularly Movement, which reached a peak around 

6 years and then declined.

Each SBRS behavior group has a different profile of associations with the ADOS, Vineland 

and brain volume change, suggesting that the SBRS scales measure distinctly different 

aspects of neurobehavioral function. Lack of Fear had a significant association with 

reductions in amygdala volumes across visits, consistent with our previous findings and 

hypothesized specific relationship. This result complements the recent finding that larger 

amygdalae are correlated with greater fearfulness in normal girls [23] and is consistent with 
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the hypothesis that the behaviors associated with Sanfilippo syndrome are a variant of 

Klüver-Bucy syndrome [4].

Lack of Fear also had more significant associations with the ADOS and Vineland scales 

than did other SBRS behavior group, suggesting it may be the most salient and/or sensitive 

marker of disease progression in the SBRS.

The SBRS Movement cluster was appropriately associated with the Vineland motor scale 

and was the only SBRS scale to have such association, providing discriminant validity. This 

cluster is also distinguished from other SBRS measures by its inverted ‘U’ Loess trajectory. 

The decline in this cluster may reflect the reduction in the children’s purposeless locomotion 

and object handling that comes with age.

An additional, exploratory finding was that declines in hippocampal volume were associated 

with twice the effect on the Social-Emotional cluster as declines in amygdala volume (0.31 

versus 0.14, respectively). This finding is consistent with studies implicating the 

hippocampus in attachment processes [24,25] and in social emotions (e.g., joy and sadness) 

but not in non-social emotions (e.g., appetite and disgust [26]). However, because this 

observation is exploratory, replication in future studies is needed.

Considering the validity measures, the Vineland Communication scale is associated with 5 

of the SBRS measures; three of these associations were highly significant. This suggests that 

among measures used in this study, Vineland Communication was the most sensitive to 

disease progression. The VABS is an estimator of cognitive ability in this population [16], 

which is the primary and strongest measure of disease progression and decline in MPS III.

The major limitation of this study is the small sample size, an unavoidable consequence of 

studying a rare disease. In addition, test-retest and interobserver reliability were not 

performed in this investigation. The SBRS was developed from a theoretical perspective 

combined with empirical observations. As such, it provides a window into the unique 

behavioral phenotype of MPS III. With additional validation and honing, it can be used to 

measure the behavior change that accompanies disease progression and/or results from 

treatment.
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Highlights

• A 68 item disease-specific behavior rating scale for Sanfilippo syndrome was 

developed to be used for clinical and treatment monitoring.

• Scales include: Movement, Lack of fear, Social/emotional and Executive 

Dysfunction each showing a unique trajectory over time.

• Reduced fearfulness may be the most salient/sensitive behavioral marker of 

disease progression.
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Figure 1. Loess curves for 4 SBRS clusters and 2 domains
Each short vertical line on the abscissa is a single observation (completed form) for a single 

child. Dashed lines with filled markers indicate clusters/domains that continue to increase 

across age. Solid lines with empty markers indicate clusters/domains that plateau or decline 

with increasing age. Markers are placed at 1 year intervals between ages 2 and 8.
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Table 1

Domains Sample item Cronbach’s alpha Clusters and domains

Body movements Makes large complex movements of her/his body, such as 
spinning, twirling or repeatedly bouncing up and down.

0.706 Movement

Object interaction Examines or manipulates some novel or unfamiliar objects 
repeatedly

0.706

Activity/routines Never plays with one object or engages in one activity for very 
long

0.652

Emotional Function Expresses emotions inappropriate to the situation 0.439 Social/emotional function

Eye contact Makes efforts to avoid other people’s gaze (keeps head down, 
looks away, or turns away)

0.618

Social interaction Participates in group activities 0.501

Emotional engagement Doesn’t seem to recognize or respond to other people’s 
emotion

0.706

Comfort seeking Actively seeks comfort from familiar people 0.471

Safety consciousness Is less aware of danger around the house (e.g., would touch hot 
oven), on the street or in the playground than other children 
his/her age.

0.722 Lack of fear

Fearfulness Is less fearful of new, strange or scary things than other 
children his/her age

0.743

Attention Is easily distracted 0.806 Executive function

Self control/compliance Is impulsive; can’t stop self 0.708

Orality Puts everything in her/his mouth; eats inedible things 0.750

Mood/Anger/Aggression Mood is irritable and cranky 0.832

Self-gratification Rubs his/her genitals with hands, inside or outside clothing 0.396
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Table 3

Association of SBRS clusters and domains with brain structure volumes

Amygdala Hippocampus Cortical Gray Matter

Movement   0.10 (0.42) −0.06 (0.79)   0.22 (0.37)

Social/Emotional Dysunction   0.14 (0.11)   0.31 (0.05)   0.06 (0.74)

Lack of Fear   0.28 (0.03)   0.22 (0.37)   0.41 (0.11)

Executive Dysfunction   0.16 (0.30)   0.37 (0.18)   0.27 (0.37)

Orality   0.08 (0.60)   0.01 (0.97)   0.21 (0.49)

Mood/Anger/Aggression −0.12 (0.38)   0.18 (0.45) −0.23 (0.38)

The first number in each cell is the average change in the SBRS score per 10% reduction brain structure volume over time; associated p-values are 
parenthesized
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