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Abstract

Rett syndrome (RTT) is a neurodevelopmental disorder that primarily affects females. Recent 

work indicates the potential for disease modifying therapies. However, there remains a need to 

develop outcome measures for use in clinical trials. Using data from a natural history study (n = 

1,075), we examined the factor structure, internal consistency, and validity of the clinician-

reported Motor Behavior Assessment scale (MBA). The analysis resulted in a five-factor model: 

(1) motor dysfunction, (2) functional skills, (3) social skills, (4) aberrant behavior, and (5) 

respiratory behaviors. Item Response Theory (IRT) analyses demonstrated that all items had 

acceptable discrimination. The revised MBA subscales showed a positive relationship with parent 

reported items, age, and a commonly used measure of clinical severity in RTT, and mutation type. 

Further work is needed to evaluate this measure longitudinally and to add items related to the RTT 

phenotype.

Keywords

Rett syndrome; psychometrics; outcome measure; clinical trial

Correspondence concerning this article should be addressed to Melissa Raspa, RTI International, 3040 East Cornwallis Road, P. O. 
Box 12194, Research Triangle Park, NC 27709 (mraspa@rti.org) or Jeffrey Neul, Vanderbilt Kennedy Center, Vandergbilt University 
Medical Center, Nashville, TN (Jeffrey.l.neul@vumc.org). 

HHS Public Access
Author manuscript
Am J Intellect Dev Disabil. Author manuscript; available in PMC 2021 November 01.

Published in final edited form as:
Am J Intellect Dev Disabil. 2020 November 01; 125(6): 493–509. doi:10.1352/1944-7558-125.6.493.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Background

Rett syndrome (RTT, MIM312750), a rare neurodevelopmental disorder occurring 

predominantly in females, is usually caused by mutations in the Methyl-CpG-binding 
Protein 2 (MECP2) gene at Xq28 (Amir et al., 1999). Initially described in 1966 by Andreas 

Rett, and later detailed in the landmark paper of Hagberg and colleagues (Hagberg et al., 

1983), RTT remains a clinical diagnosis. Classic RTT is indicated by a wide range of 

impairments; after a period of normal development, people with classic RTT experience a 

regression of spoken communication and fine motor skills, and develop hand stereotypies 

and gait abnormalities (Neul et al., 2010). Other co-occurring conditions in RTT include 

seizures, growth deceleration, breathing abnormalities, gastrointestinal problems, scoliosis, 

sleep disturbances, mood disorders or anxiety, impaired functional skills, and intellectual 

disability (Gold et al., 2017; Leonard, et al., 2017; Schultz & Glaze, 2017).

Traditionally, the management of RTT has used a multidisciplinary approach (e.g., a team 

consisting of a pediatrician, neurologist, gastroenterologist, speech-language pathologist, 

physical therapist, and occupational therapist) to address symptoms. Symptomatic 

pharmacological treatments have been used to address medical comorbidities and 

specialized interventions have been implemented to improve physiological, behavior, or 

functional abilities. Currently no disease modifying therapies have been approved. However, 

work in mouse models of RTT have shown that restoration of the gene product, even after 

symptom onset, can modify or reverse the phenotypes, leading to hope that true disease 

modifying therapies might be developed for people with RTT (Guy et al., 2007). Adding to 

this optimism, initial preclinical and clinical evaluations of several new therapeutics in the 

last decade have shown promise to potentially modify the course of RTT (Djukic et al., 

2016; Galdalla et al., 2011; Glaze et al., 2017; Glaze et al., 2019; Leonard et al., 2017; 

Moretti & Zoghbi, 2006; Wang et al., 2015).

Although the rise in clinical trials gives hope to individuals and their families, many 

challenges remain to realize the phenotypic reversal that has been reported in Mecp2 animal 

studies (Katz et al., 2016). In order to translate these successes into clinical improvement, 

establishment of accurate, robust outcome measures that are sensitive to treatment effects is 

essential. This has proved to be challenging in many neurodevelopmental disabilities (Berry-

Kravis et al., 2013; Jeste & Geschwind, 2016). One of the major translational obstacles has 

been how to define and measure outcomes for people with neurodevelopmental disabilities, 

including RTT, who often have a heterogeneous phenotype. A crucial issue is the lack of 

specificity of measures used to describe people with neurodevelopmental disabilities. In 

fragile X syndrome, for example, results of a recent clinical trial found that the primary 

endpoint measure, the Aberrant Behavior Checklist, was not able to detect treatment effects 

(Berry-Kravis et al., 2016). Another measurement challenge in clinical trials for those with 

neurodevelopmental disabilities is the difficulty in assessing cognition using standardized 

assessments due to low functioning levels resulting in floor effects (Sansone et al., 2014).

Despite these challenges, some measurement development work has been conducted in RTT 

in order to identify an adequate outcome measure for use in clinical trials. The Rett 

Syndrome Behavior Scale (RSBQ) is a well-known parent-reported measure in RTT and to 
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date has been used as the primary outcome measure in most RTT clinical trials. The RSBQ 

measures behavioral and emotional features as well as movement abnormalities. The 

reliability and validity of the RSBQ, originally developed as a clinical diagnostic tool prior 

to the availability of genetic testing for RTT (Mount et al., 2002), has been examined. 

Although internal consistency, test-retest and inter-rater reliability, and convergent and 

discriminant validity were adequate for the fear/anxiety subscale, the other seven subscales 

were not examined in-depth (Barnes et al., 2015). Other measures to assess gait 

abnormalities using a variety of accelerometer-type devices have shown promise but may be 

influenced by stride rate (Downs et al., 2015). Additionally, gait measures are only 

appropriate for use in those individuals that remain ambulatory (approximately 50%). 

Modifications to a global developmental measure, the Mullen Scales of Early Learning 

(MSEL), has also been conducted. Clarkson and colleagues (2017) made adaptations to the 

MSEL, including allowing more time to respond to items and accepting eye gaze as a 

response method, in order to more accurately assess the development of individuals with 

RTT. Other studies have also focused on the use of eye tracking as a measure of cognition in 

RTT (Ahonniska-Assa et al., 2018; Schwartzman et al., 2015). The Clinical Global 

Impression Scale, which is commonly used as a primary endpoint in clinical trials, has been 

modified to create RTT-specific anchors in order to improve specificity (Neul et al., 2015). 

However, there is a pressing need to develop psychometrically sound and well validated 

measures that assess the multiple and varied domains that are impacted by RTT.

To aid in the development and psychometric assessment of outcome measures, it is essential 

to have natural history data on a large cohort of participants. The Rett Syndrome, MECP2 
Duplication, and Rett-related Disorders Natural History Study (RTT NHS; 

3U54HD061222–14) has been gathering data since 2006 across a variety of domains from 

historical forms, physical examinations, and global measures of clinical severity. One such 

measure is the Motor Behavior Assessment scale (MBA). The MBA, a clinician-reported 

measure typically completed by a neurologist, was originally developed to survey movement 

abnormalities, especially extrapyramidal symptoms, behavioral problems, and abnormal 

physiological features in individuals with RTT (FitzGerald et al., 1990). However, it has 

been expanded and refined over the last several years in order to further define clinical 

features in RTT and provide defined anchors to aide interrater reliability. In addition to 

assessing gross and fine motor skills, the current version also includes items that measure 

the severity of orofacial and respiratory abilities, social and communication skills, adaptive 

behaviors (e.g., feeding difficulties, toiler training), and seizures. The intention of these 

revisions was to capture the wide phenotypic variability found in individuals with RTT. The 

MBA is associated with developmental milestone attainment (Neul et al., 2014) and physical 

aspects of quality of life (Lane et al., 2011). The MBA was selected for further study as a 

potential outcome measure because of the extensive amount of natural history data available, 

it is clinician-reported (as opposed to the parent-reported RSBQ), and it captures a broad 

range of RTT symptoms, all of which are noted as important characteristics of outcomes 

measures for rare disease (Benjamin et al., 2017). The MBA could be used in symptom-

based clinical trials in RTT or ones that are disease modifying. The MBA, though, has not 

undergone formal psychometric evaluation, which is a critical component recommended for 

outcome measure development (Powers et al., 2017).
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Given that few measurement-focused studies have been conducted on RTT-specific measures 

including none that have focused on a clinician-reported tool that captures the breadth of 

RTT functioning, the goal of this study was to examine the factor structure, reliability, and 

validity of the MBA to aid in the development of outcome measures for clinical trials in 

RTT. We answered three research questions:

1. Using factor analysis and item response theory, what is the best fit for the diverse 

items on the MBA?

2. Are the revised MBA factors unique and do they have strong internal 

consistency?

3. Are the revised MBA factors associated with similar constructs rated by parents?

Methods

Participants

Participants were from the RTT NHS, part of the Rare Disease Clinical Research Network. 

From 2006–2014 (Study #5201), participants were enrolled at four sites (University of 

Alabama-Birmingham, Baylor College of Medicine, Greenwood Genetic Center, Boston 

Children’s Hospital), and from 2014 (Study #5211) at an additional ten sites (Oakland 

Children’s Hospital, University of California San Diego, Children’s Hospital Colorado, St. 

Louis Children’s Hospital and Washington University School of Medicine, Gillette 

Children’s Hospital, Rush University, Vanderbilt University Medical Center, Cincinnati 

Children’s Hospital, and Children’s Hospital of Philadelphia). Inclusion criteria for the 

psychometric analyses reported here included having a diagnosis of classic Rett syndrome 

(based on clinical assessment using accepted clinical criteria (Neul, 2010) by an experienced 

child neurologist, geneticist, or developmental pediatrician) and being between the ages of 1 

and 25 years. Only data from the baseline clinical visit was used.

In total, there were 1,075 participants. We randomly selected two-thirds of the participants 

for the development sample (n = 713) which was used to identify the factor structure and the 

remaining one-third were used as a validation sample (n = 362). Virtually all participants 

were females except for four males (see Table 1). The average age was approximately 8 

years. The majority of participants were white and non-Hispanic. The average Clinical 

Severity Scale score (Neul et al., 2008) was 23.74 (SD = 7.6; range 0 to 58, with higher 

scores indicating greater severity). Most participants (59%) had one of the common point 

mutations (see Table 2).

Measures

Motor-Behavior Assessment (MBA)—The MBA, a clinician-reported measure, is 

comprised of 34 items scored using an ordinal scale (0 to 4) with a variety of response 

options measuring either frequency or severity of skills, with higher scores indicating greater 

severity. Although the original measure consisted of 37 items, 3 items (oculogyric crisis, 

masturbation, and hypomimia) were removed prior to the start of the 2014 data collection 

period as they showed very strong floor effects and thus were present in only a handful of 

participants with RTT. The items were developed to align with three conceptual domains: 
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behavioral/social (15 items), orofacial/respiratory (7 items), and motor/physical (12 items); 

however, no previous evaluation on how these items cluster into these domains has been 

performed. Within the context of the RTT NHS, site investigators were trained in person in 

the use of the MBA by Drs. Percy, Neul, or Glaze in order to ensure consistency in scoring. 

The MBA was completed during the clinic visit based on clinician observation with the 

exception of seven items (e.g., feeding difficulties) that were assessed based on history, 

which may have included parent input. The MBA was used in the psychometric analyses. 

Table 3 presents a frequency distribution of the 34 items.

Interval History Form—During clinic visits, parents were asked to complete the Interval 

History Form which assessed the child’s functioning over the previous 6 months. The 

questionnaire covered several domains which overlap with the MBA, including 

communication; hand use; sitting, standing, and walking; mood and abnormal behaviors; 

and Rett-specific behaviors. Similar to the MBA, parents were asked to rate their child’s 

functioning using an ordinal scale, with a variety of response options that measured either 

frequency or severity. Higher scores indicate more clinical severity. The majority of items 

that appear on the Interval History Form had similar wording and response options to those 

on the MBA.

Clinical Severity Scale—The Clinical Severity Scale was developed as part of the RTT 

NHS to assess common clinical features, including age at regression, age at stereotypy onset, 

degree of deceleration of head growth, growth (BMI) status, sitting, walking, hand function, 

scoliosis, vocalization/verbalization, eye contact, periodic breathing, hand/foot skin 

temperature, and seizures. Each of the 13 items are rated on their own ordinal scale (scores 

of 0 to 4 or 0 to 5). The scale was completed by the clinician at the same visit as the MBA. 

A total sum scores is calculated, with higher scores indicating more clinical severity. Both 

this measure and the Interval History Form were used in the validation analyses.

Statistical Analyses

Two sets of psychometric analyses were performed: factor analysis and IRT. The factor 

analysis was used to determine the underlying conceptual structure of the items on the MBA. 

To optimize the replicability of the factor structure, we applied a split sample validation 

approach, with two-thirds in the development sample and one-third in the validation sample. 

The IRT analysis provided additional information about the individual items, including how 

well the items can discriminate between individuals with different levels or amounts on the 

construct being measured as well as the functioning of the response options.

First, we used the development sample to determine an appropriate factor structure for the 

items. The validation sample was used to test the consistency of the factor model once it was 

finalized based on data from the development sample. Utilizing data from the development 

sample, we conducted a series of exploratory factor analyses in SAS PROC FACTOR (SAS 

Institute, 2012–2017) to determine the best fitting factor structure for the items. We applied 

an oblique rotation method, Promax, to allow for correlations between the factors and fit 

models with solutions of two to six factors. The most appropriate factor solution was 

determined based on the pattern of factor loadings (i.e., demonstration of simple structure), 
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size of the factor loadings (above 0.40), and the percentage of variance accounted for by 

each factor. In addition to the statistical results, clinical and content considerations informed 

the selection of the final factor structure. Once we determined the final factor structure in the 

development sample, we ran a confirmatory factor model in Mplus (Muthén & Muthén, 

1998–2017) to test the fit of the factor structure in the validation sample. To account for the 

categorical data, we used weighted least square mean and variance adjusted (WLSMV) 

estimation. Model fit was assessed based on fit indices, including the Tucker-Lewis index 

(TLI), comparative fit index (CFI), and root mean square error of approximation (RMSEA). 

The TLI and CFI are relative fit indices that compare our model to the null model whereas 

the RMSEA is an absolute fit index that measures how perfect a fit our model is. Values of 

0.90 or greater for the TLI and CFI and values less than 0.08 for the RMSEA indicate 

acceptable fit (Schreiber et al., 2006).

After the factor structure was established, the psychometric properties of the items and 

factors were further examined using graded response IRT models conducted with IRTPRO 

software (Cai et al., 2011). These models estimate two types of parameters, slope (a) and 

threshold parameters (b1-b4). The slope indicates how well the item can differentiate 

between those with high versus low levels on the underlying construct (e.g., more or less 

motor dysfunction). Values of 1 or higher generally indicate acceptable discrimination; the 

higher the slope (i.e., the steeper the line), the better able that item is at discriminating 

individuals with different abilities. The threshold parameters locate the response options for 

each item along the continuum of the underlying construct at the point where a respondent 

would have 50% probability of endorsing the response option. In other words, higher 

threshold parameters indicate that an individual would need to be higher on the construct 

(e.g., have greater motor dysfunction) before endorsing that response option.

Next, we assessed the reliability and validity to determine if the MBA functions better as 

individual subscales or an overall scale. Internal consistency, which is one aspect of 

reliability, was assessed using Cronbach’s alphas. Pearson correlations were calculated to 

examine the relationships among the subscales. To assess construct validity, we examined 

the relationship between the revised MBA subscales and similar items from the Interval 

History Form, a parent-reported measurement. A mean MBA subscale score was calculated 

for each item and response option on the parent-report measure. Because of small samples, 

some response options for items on the Interval History Form were collapsed. A continuous 

variable (degree of scoliosis) was categorized as none, mild (< 25 degrees), moderate (26–40 

degrees), and severe (> 40 degrees). An ANOVA test was conducted to determine if there 

were statistically significant differences in MBA subscale scores by response category. A 

second validity comparison examined the correlation between the total revised MBA score 

and the Clinical Severity Scale, a commonly used measure of overall severity in RTT. A 

correlation was calculated to examine the relationship between age and the total revised 

MBA score. Finally, as a preliminary assessment of genotype/phenotype relationship using 

the total revised MBA score, we grouped MECP2 mutations into three groups: “Mild” (exon 

1, R133C, R294X, R306C, and carboxy-terminal truncations); “Intermediate” (T158M); and 

“Severe” (early truncation mutations, R106W, R168X, R255X, R270X, large deletions) 

based on previously published genotype/phenotype correlation studies in RTT (Neul et al., 

2008). An ANOVA test was conducted to determine if there were differences in the total 
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revised MBA between these MECP2 mutation groupings, with pair-wise post-hoc testing 

conducted using Bonferroni correction for multiple testing.

Results

Psychometric Analyses

A series of exploratory factor analyses were conducted to determine the best factor structure 

for the MBA scale. Our first exploratory factor analysis yielded a 5-factor solution. 

However, nine items did not load onto any factor because of low factor loadings. These 

included irritability/crying, overactive or over passive, aggressive behaviors, lack of toilet 

training, insensitivity to pain, mouthing hands/objects, ataxia/apraxia, myoclonus, and 

dyskinesia. Additionally, there were several items that did not fit conceptually with others on 

the same factor and had borderline factor loadings (0.41 to 0.46). Therefore, we ran a second 

exploratory factor with the items that did load onto factors as well as 2 of the above items 

(aggressive behaviors and mouthing hands/objects which was combined with stereotypic 

hand behaviors to improve item distribution) which did fit conceptually with other items but 

initially had low factor loadings. This factor analysis resulted in a similar but different 5-

factor model. In this iteration, hyperreflexia and vasomotor disturbances were removed 

because of low factor loadings and did not fit conceptually with the new factors. In addition, 

seizures, stereotypic hand behaviors/mouthing hands/objects, and truncal rocking had low 

factor loadings. However, because of their clinical relevance in RTT, they were retained as 

single items and were included in a total score. For all exploratory analyses, there were no 

items that loaded on multiple factors. We labeled the 5 revised MBA (R-MBA) subscales (1) 

motor dysfunction, (2) functional skills, (3) social skills, (4) aberrant behavior, and (5) 

respiratory behaviors. The subscales contained 21 items with the 3 additional items included 

when calculating a total R-MBA score.

A confirmatory factor analysis was then conducted. Factor loadings from the confirmatory 

factor analyses of the development and validation samples are shown in Table 4. Only the 21 

items within the 5 subscales were included in these analyses. Both the development sample 

(CFI = 0.94, TLI = 0.93, and RMSEA = 0.06) and validation sample (CFI = 0.93, TLI = 

0.92, RMSEA = 0.06) had acceptable model fit, supporting the generalizability of the factor 

structure. All items had factor loadings of 0.40 or greater except for bruxism (loading = 

0.32) and biting self or others (0.27) in the validation sample but this was likely due to the 

smaller sample size due to the one-third random split.

The IRT parameters for the items are provided in Table 5. The results are generally 

consistent across the development and validation samples. Items with high slope values 

(parameter estimate a) indicate that they are better at discriminating individuals who have 

more versus less of the characteristic being measured. All items demonstrated acceptable 

discrimination, with the majority of slopes having a value over 1 across both samples except 

for communication skills, does not respond to spoken words/acts deaf, bruxism, and air 

saliva expulsion/drooling. The threshold parameters (b1–b4) provide information on amount 

of ability needed to be scored at each response option. The lower the threshold parameter, 

the less of the trait or construct that is needed to be rated at that response option level. For 

each item, the expected ordering of values (from low to high) is found across the response 
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options; less of a trait (i.e., severity of a given symptom) is needed at the b1 threshold 

whereas more of a trait is needed at the b4 threshold. Comparisons of threshold parameters 

also can be made across items. For example, the motor skills item has a low negative 

threshold for b1 (−2.55 in the development sample and −2.47 in the validation sample) 

which indicates very few individuals had a score of 0 (no motor skills dysfunction). 

Conversely, the aggressive behavior item has a positive threshold for b1 (1.59 in the 

development sample and 2.34 in the validation sample) indicating that more individuals 

scored a 0 (no aggressive behavior). Of note, the b4 threshold parameter was not able to be 

calculated for speech disturbances because there were no individuals in development sample 

who were rated at this response option.

Reliability and Validity Analyses

To determine whether the subscales and total scale displayed internal consistency, 

Cronbach’s alpha was calculated for each. Subscale scores were calculated as the mean for 

all items. A total R-MBA score was calculated as the sum of all the items in the subscales as 

well as the three additional items: seizures, truncal rocking, and a derived item to assess 

overall hand stereotypies (sum of stereotypic hand movements and mouthing hands/objects 

then rescaled to 5-point response option: 0 = combined score of 0; 1 = combined score of 1 

or 2; 2 = combined score of 3 or 4; 3 = combined score of 5 or 6; 4 = combined score of 7 or 

8).

Alphas indicated acceptable levels for the motor dysfunction (0.80 for development sample 

and 0.77 for the validation sample) and functional skills (0.80 and 0.78) subscales. However, 

alphas were lower for the remaining subscales, possibly due to the small number of items 

(3–4 items) on each scale: social skills (0.59 and 0.56), aberrant behavior (0.63 and 0.45), 

and respiratory behaviors (0.60 and 0.55). Cronbach’s alpha was also calculated for the total 

scale, which included the three additional items that did not load onto the 5 factors. The 

alpha for the R-MBA scale was 0.77 for the development sample and 0.78 for the validation 

sample, indicating that together the 24 items had moderately high internal consistency as a 

measure of RTT severity.

Although the factors displayed clear internal clustering, there were some statistically 

significant correlations among the subscales (see Figure 1). The motor dysfunction, 

functional skills, and social skills subscales all had significant positive correlation with one 

another. Motor dysfunction and functional skills also had significant positive correlations 

with the respiratory behaviors subscale. Functional skills and aberrant behavior had a small 

negative correlation trend although it was not statistically significant at p < 0.05.

Table 6 presents the means and standard deviations of the MBA subscale scores by response 

option on the associated parent-reported items from the Interval History Form. For the 

majority of items, there is a positive relationship between the MBA subscales and parent 

report items. Individuals who were reported as having more severe symptoms by parents had 

significantly higher MBA subscales, supporting the validity of the subscales. As a second 

measure of validity, we compared the total R-MBA score to the Clinical Severity Scale and 

found a very strong correlation (r = 0.735, p < 0.001), indicating that the R-MBA score is a 

good measure of overall severity in RTT. (Figure 2B). Using age as a continuous variable, 
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the correlation with the R-MBA score was 0.37 (p < 0.001), indicating that R-MBA scores 

increase with age in RTT (Figure 2A). Subscale correlations were as follows: (1) motor 

dysfunction: r = 0.68, p < 0.001, (2) functional skills: r = 0.17, p < 0.001, (3) social skills: r 
= 0.09, p = 0.004, (4) aberrant behavior: r = −0.03, p = 0.4, and (5) respiratory behaviors: r = 

0.08, p = 0.007. Finally, we conducted a preliminary genotype/phenotype analysis using the 

R-MBA as a measure of phenotypic severity, and clustering MECP2 mutations into 

previously defined severity groups (as described in the methods). As shown in Figure 3, 

there was an overall difference between the three MECP2 mutation groupings (F(2,957) = 

28.242, p < 0.0001), with individuals with mild MECP2 mutations showing significantly 

lower R-MBA scores than individuals with intermediate or severe MECP2 mutations (post-

hoc pairwise comparisons, Bonferroni corrected, p < 0.001 for each).

Discussion

Summary of Results

The goal of this study was to examine the psychometric properties of the MBA scale in 

order to assess its readiness for inclusion as an outcome measure for clinical trials in RTT. 

The formal evaluation of the MBA revealed that the originally conceived domains 

(behavioral/social, orofacial/respiratory, and motor/physical) did not hang together 

statistically. The five subscales derived from the development sample, although broadly 

associated with these domains, demonstrated a more fine-grained representation of the 

items. For example, the items from original behavioral/social domain were split among the 

functional skills, social skills, and aberrant behavior subscales. Given this, it is not surprising 

that there was moderate correlation among some of the subscales.

A number of the original items were excluded from the final scale due to measurement 

issues. These included irritability/crying, overactive or over passive, lack of toilet training, 

insensitivity to pain, ataxia/apraxia, myoclonus, dyskinesia, seizures, and vasomotor 

disturbances. Many of these items did not fit conceptually within the five subscales and thus 

had low factor loadings. Although there were a few that did fit conceptually and had 

borderline factor loadings, when we added them into the model the fit statistics were not 

within the acceptable cutoffs. However, three items that did not factor onto one of the five 

subscales were retained as part of a total score given their clinical importance. In the end, we 

retained 24 items, 21 of which were on the five subscales. Thus, we recommend using the 

total R-MBA scale to capture all clinical aspects of RTT.

In the IRT analyses, the slopes demonstrated acceptable item discrimination. Items within 

the motor dysfunction subscale all had high slopes indicating their ability to differentiate 

individuals with high and low motor dysfunction. The respiratory behaviors subscale, 

though, had a range of slopes indicating that some items (e.g., Breath holding) were better 

able to discriminate than others (e.g., bruxism). As a practical implication, this may indicate 

that items with higher slopes are easier to score for clinicians than others. As expected, items 

that had higher slope values also had a narrower range across the threshold parameters. The 

threshold parameters also provide information about the response options and the level of 

ability needed to move from one level to the next. For example, the poor eye/social contact 

item has approximately a 1-unit difference between b1 and b2 indicating a higher amount of 
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eye/social contact needed than the approximately 0.50-unit difference between b1 and b2 on 

the dystonia item.

When we examined the relationship between the R-MBA subscale scores, which are 

clinician-reported, with items from the parent-reported Interval History form, we found 

further evidence to support the construct validity of the measure. For example, parents who 

indicated that their child could walk independently had lower motor dysfunction scores 

(indicating less severity) than those whose children could not walk. There were, however, a 

handful of items on the Interval History form that were not as strongly associated with the 

R-MBA subscales. For example, difficulty staying awake and rapid mood changes were not 

statistically related to the mean social skills score and the mean aberrant behavior score, 

respectively. This likely is due to the fact that the R-MBA does not contain similar items. 

Drooling, however, also was not statistically related to the mean respiratory behaviors scores 

despite the fact that the R-MBA has a similar item. This may be due to the differences in 

response options or because one is clinician-reported and the other parent-reported.

The overall R-MBA score shows age-related increases, which fits with the expected clinical 

pattern of increasing symptoms with age. Scores on four of the subscales (motor 

dysfunction, functional skills, social skills, and respiratory behaviors) increase with age, thus 

indicating increasing sever ity. However, the aberrant behavior subscale showed a non-

significant decrease with age. The overall R-MBA score also showed a very strong 

correlation with overall clinical severity assessed using the RTT Clinical Severity Scale, and 

initial genotype/phenotype analysis showed the expected pattern of R-MBA scores 

compared to MECP2 mutation severity (Neul et al., 2008). Both of these findings support 

the idea that the total R-MBA is a useful measure of overall severity in RTT.

Future Directions

These analyses were a critical step in determining whether the R-MBA could be used as an 

outcome measure in clinical trials in RTT. Regulatory agencies and professional 

organizations assert that careful attention to the performance of a potential outcome measure 

is needed prior to its use as an endpoint to assess treatment impact (Patrick et al., 2011; U.S. 

Department of Health and Human Services, 2009). Clinician-reported outcomes, like all 

other outcome assessments, must provide a robust assessment of the condition of interest 

(Walton et al., 2015). The MBA was originally conceptualized as a survey instrument that 

could provide details on the clinical impact of RTT. However, the scale evolved over the 

course of the first phase of the NHS; this paralleled the refinement of the clinical diagnosis 

of RTT over the same period of time. And although the R-MBA measures a variety of areas 

that are affected in individuals with RTT, it may not capture all the domains of importance. 

As a next step in instrument development, it will be important to revisit some of the clinical 

features that are present in RTT but not well-characterized in the revised version. For 

example, the R-MBA does not include items that assess sleep dysfunction, constipation, or 

vasomotor problems which are commonly present in RTT and are frequently troublesome to 

families. However, some of these items (sleep, constipation) are not readily assessed 

clinically and rely on parent-report. Another concern is that the subscales are not evenly 

weighted, with the subscales such as functional skills containing far more items than 
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aberrant behavior. Finally, we included clinically relevant items such as hand stereotypies/

hand mouthing that do not cluster into subscales. Thus, there is a need to return to the item 

generation phase in some of these domains in order to expand the R-MBA in subsequent 

versions. This could also improve the Cronbach alpha scores for some of the subscales with 

fewer items. As a result, the R-MBA may have stronger internal consistency, a balance of 

items across the subscales, and perhaps additional subscales of clinical importance in RTT.

Like many outcome measures in rare diseases (Basch & Bennett, 2014; Slade et al., 2018), 

the R-MBA could benefit from additional analyses to understand its utility better for clinical 

trials. Analysis of item performance longitudinally as symptoms progress would provide 

valuable information about the natural history of RTT and can be used to examine the timing 

of treatment and expected outcomes. Difference by mutation type would also be helpful. In 

addition, validation of the revised MBA subscales with other well-validated measures, such 

as the Vineland Scales of Adaptive Behavior which have been used in other studies of RTT, 

would provide further data on construct validity. However, this may prove challenging if 

existing measures do not accurately represent individuals with RTT or assess treatment 

targets (International Rare Diseases Consortium, 2016). Additional reliability assessments, 

such as test-retest and inter-rater reliability, should also be conducted.

Similarly, there is a need to develop a complementary parent-reported measure of clinical 

severity. Although we examined a handful of items in the Interval History form, no formal 

analysis has been conducted to assess its subscales or items. As a clinician-reported outcome 

measure, the R-MBA needs to be completed by a professional with specific training in Rett 

syndrome and clinical assessments (Powers et al., 2017). A patient- or observer-reported 

outcome measure, however, collects data from the patient’s or parent’s perspective and is 

often focused on how a condition affects functioning in daily life (Benjamin et al., 2017; 

Walton et al., 2015). No matter the type of assessment used, the outcome measure needs to 

appropriately quantify the condition of interest and be able to detect treatment benefit. 

Ultimately, the R-MBA will need to demonstrate sensitivity to change and positive 

correlations with quality of life in order to be used in clinical trials. Many existing and 

upcoming clinical trials are already capturing data on the full set of items in the MBA, 

making these analyses possible in the near future.

Limitations

The results of this study should be interpreted with the following limitations. First, although 

the sample of participants was quite large, it was not socioeconomically diverse. Very few 

individuals from minority or other traditionally underserved populations were included. This 

may be because individuals had to be seen in-person at a RTT clinic in order to be enrolled 

in the NHS. Second, our validity analyses using the parent-reported Interval History form 

was based on items that we hypothesized to be related to the MBA subscales. Ideally, 

construct validity would be analyzed with an established measure or subscale. Finally, as 

mentioned as possible future directions, additional validity and sensitivity analyses were not 

conducted as part of this study.
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Implications

Despite these limitations, the findings of this study show promise for the use of the R-MBA 

in upcoming clinical trials. The current subscales cover the majority of clinical criteria for 

diagnosing RTT, including loss of purposeful use of hands and spoken language, gait 

abnormalities, as well as a number of supportive criteria (e.g., scoliosis, sleep disturbances, 

bruxism) (Neul et al., 2010). With small modifications and improvements, the R-MBA could 

fill a significant gap in the field. Ensuring that the R-MBA, or other outcome measures in 

RTT, are aligned with a conceptual model and are psychometrically-sound will increase the 

ability to assess change for treatment targets.
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Figure 1. 
Heat map of correlations among the MBA subscales.
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Figure 2. 
Correlations between the total MBA score and age (A) and the Clinical Severity Scale (B).
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Figure 3. 
Genotype/phenotype analysis.
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Table 4

Factor Loadings of MBA Items by Sample

Factor/Item Development Sample Validation Sample

Factor 1: Motor Dysfunction

 Bradykinesia 0.86 0.83

 Dystonia 0.67 0.59

 Scoliosis 0.85 0.78

 Hypertonia/rigidity 0.62 0.73

Factor 2: Functional Skills

 Hand clumsiness 0.87 0.87

 Does not reach for objects or people 0.75 0.74

 Motor skills 0.85 0.85

 Speech disturbance 0.54 0.55

 Communication skills 0.41 0.42

 Feeding difficulties 0.58 0.55

 Chewing difficulties 0.62 0.53

Factor 3: Social Skills

 Does not respond to spoken words/acts deaf 0.60 0.62

 Poor eye/social contact 0.46 0.62

 Lack of sustained interest 0.52 0.41

Factor 4: Aberrant Behavior

 Self-mutilation/pulling hair or ears/scratching 0.55 0.45

 Aggressive behavior 0.98 0.94

 Biting self and others 0.53 0.27

Factor 5: Respiratory Behaviors

 Bruxism 0.44 0.32

 Breath holding 0.85 0.89

 Hyperventilation 0.59 0.60

 Air-saliva expulsion/drooling 0.44 0.47

Model Fit Indices

 CFI
a 0.94 0.93

 TLI
b 0.93 0.92

 RMSEA
c 0.06 0.06

a
CFI = comparative fit index.

b
TLI = Tucker-Lewis index.

c
RMSEA = root mean square error of approximation.
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