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Purpose: The VinelandTM Adaptive Behavior Scale is often used in autism spectrum disorder (ASD) trials. The Adaptive Behavior 
Composite Score (VABS-ABC) is the standardized overall score (the average of the Socialization, Communication and Daily Living skills 
domains), and the standardized 2-Domain Composite Score (VABS-2DC) is a novel outcome measure (average of the Socialization and 
Communication domains). A within-person meaningful change threshold (MCT) has not been established for the VABS-2DC. This paper 
presents a quantitative and qualitative interpretation of what constitutes a meaningful change in these scores to individuals with ASD without 
Intellectual Disability (ID; IQ≥70) and their families, as reported by their study partners (SPs).
Participants and Methods: Data were obtained from the aV1ation clinical trial in children and adolescents with ASD and 
associated exit interviews. The intent-to-treat (ITT) clinical trial population included 308 individuals with autism (85.4% male; 
average age: 12.4 years [standard deviation (SD)=2.97]); 124 in the child cohort (aged 5 to 12 years; average age: 9.4 years 
[SD=1.86]), and 184 in the adolescent cohort (aged 13 to 17 years; average age: 14.5 years [SD=1.39]). Study partners of 86 trial 
participants were included in the Exit Interview Population (EIP): participants represented were 83.7% male, average age: 12.3 years 
[SD=2.98]). Anchor and distribution-based methods were used to estimate within-person change to support a responder definition, to 
aid interpretation of the clinical trial data; qualitative data were used to contextualize the meaning of changes observed.
Results: A within-person MCT range of 4 to 8 points was proposed for both VABS-ABC and VABS-2DC, which was associated with at 
least a 1-point improvement on 4 different anchors. Evidence for this within-person MCT was further supported by qualitative data, which 
suggested any change was considered meaningful to the individual with ASD, as reported by their SP, no matter what the magnitude.
Conclusion: A change in standardized score of 4 to 8 points constitutes a within-person MCT on both VABS-ABC and novel VABS- 
2DC in those with ASD and no ID. A change of this, or more, was reported by the SPs in this trial to be meaningful and highly 
impactful upon the individuals with ASD and their family.
Keywords: Autism, VinelandTM-II, meaningful change threshold, QOL, MCID

Introduction
Autism spectrum disorder (ASD) describes a neurodevelopmental condition which appears early on in childhood. While 
ASD is heterogeneous, it is characterized by difficulties in communication and socialization, with some individuals also 
experiencing repetitive sensory motor behaviors.1 Children with ASD may struggle to maintain eye contact, have 
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difficulty following social conventions or the flow of a conversation, exhibit repetitive behaviors, and often have unusual 
or overly focused interests.1,2

Globally, the prevalence of ASD is estimated to be 7.6 per 1000 based on systematically reviewed epidemiological 
data,3 but these estimates may be affected by the lack of accurate screening and diagnostic methods in some parts of the 
world.4 Although the Food and Drug Administration (FDA) has approved the use of atypical antipsychotics risperidone 
and aripiprazole for treating irritability associated with autism; thus far, no medication has proved effective in improving 
the core challenges faced in ASD related to socialization and communication, as well as daily living skills. There is an 
unmet need to develop therapies that provide effective, long-term improvements in these core aspects of ASD.

Clinical outcome assessments (COAs) are important tools for capturing severity and impacts of ASD on the 
individuals and their family. Specifically, patient-reported outcome assessments and observer-reported outcome 
(ObsRO) assessments can be used to enable a personal, participant perspective to be included within clinical trials and 
drug evaluation.

The Vineland Adaptive Behavior Scales, Second Edition (VinelandTM-II),5 recently updated to VinelandTM-3, is 
a commonly used COA in ASD used to measure adaptive behavior within the core domains of Socialization, 
Communication, and Daily Living Skills.6 The VinelandTM-II interview form is a clinician assessment based on a semi- 
structured interview between an ASD clinician/therapist and a caregiver of the individual with ASD. The standardized 
VinelandTM-II Adaptive Behavior Composite Score (VABS-ABC) is the overall score, which is the average of the 3 core 
domains, and the standardized 2 Domain Composite Score (VABS-2DC),7 is a novel outcome assessment, which consists 
of an average of the Socialization and Communication domains; 2 core symptoms of ASD. The VABS-2DC was the 
primary endpoint and VABS-ABC a secondary endpoint used in the aV1ation clinical trial, which was a Phase 2 
multicenter, randomized, double-blind, placebo-controlled trial investigating the efficacy and safety of balovaptan in 
children and adolescents aged 5 to 17 years with ASD, who had no intellectual disability (ID; IQ≥70).8 In addition, exit 
interviews were incorporated as part of the trial design to explore qualitatively any changes clinical trial participants (and 
their families) experienced over the course of the clinical trial and what impact those changes had on their daily lives and 
health-related quality of life (reported elsewhere).9

Research exploring adaptive functioning in ASD using the VinelandTM-II has demonstrated that this can vary across 
individuals ASD and can be related to other factors. One recent study found that those with higher severity levels of ASD 
had less adaptive functioning, and that this was associated with higher levels of internalizing problems and greater 
parental stress.10 Another study showed that IQ was the biggest predictor of adaptive functioning, although a negative 
relationship with age was also observed.11

While work has been conducted, using distribution and anchor-based methods to understand minimal clinically 
important differences (MCIDs) on the VABS-ABC,5 which identified a range from 2 to 3.75 point change, it has not been 
established for the VABS-2DC and there is sparse literature on what a within-person change on the Vineland™-II means 
in real life for individuals with ASD and their families. This is critical in order to interpret the change reported on this 
outcome measure.

The meaningful change threshold (MCT) is a term that was coined to describe the threshold of change at which the 
change becomes meaningful to the individual.12–14 The methods focus on defining the within-person MCT, which is the 
difference in an individual’s change scores between baseline and a subsequent time point, which individuals perceive as 
a meaningful improvement or deterioration in their health-related quality of life.2 This is distinct from previously used 
terms such as the MCID or the minimal important difference (MID), defined as the minimal change in the score that is 
meaningful for individuals based on the mean difference between a “no change” group and a “minimally worsened” 
group; and the minimal detectable change, defined as the minimal change that falls outside the measurement error. These 
earlier terms reflect estimates that focus on group-level meaningful difference rather than individual-level meaningful 
change; a distinction that was drawn by Cappelleri and Bushmankin15 and of particular importance to the FDA.2,16

The between-groups MCID and within-person MCT are estimated using blinded clinical trial data that combines the 
treatment arms. Once unblinding occurs, the within-person MCT can be used as a responder definition in a responder 
analysis to compare the proportion of individuals who experienced a meaningful change between the treatment and 
placebo (control) groups, while the MCID can be used to determine whether mean group differences are clinically 
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meaningful. Several methods can be undertaken to calculate the MCID and within-person MCT that incorporate both 
anchor- and distribution-based approaches. Both MCID and within-person MCTs are dependent on the context of use, so 
thresholds calculated can differ between and within indications.2,16 Furthermore, thresholds can be different for 
improvement and deterioration.17

The use of anchor-based analyses, supplemented by empirical cumulative distribution function (CDF), and supported 
by qualitative insights, is recommended by the FDA.16 Anchor-based approaches can focus on an individual- or group- 
level change and utilize explicit indicators of the meaningful change as assessed usually by single-item global impression 
questions (global severity and global improvement) that are intuitively interpretable; although items from more complex 
COA measures can also be used as anchors, providing they meet the required criteria for a suitable anchor.12,18 

A distribution-based method focuses on a group-level change required to exceed intrinsic variability within the 
population attributed to the measurement error and, as such, are recommended as a complimentary method of exploring 
meaningful change. In addition to this, qualitative data from interviews with clinical trial participants provide more in- 
depth information that can contextualize the changes observed, and thus, inform interpretation of meaningful change.19 

Although regulatory agencies highly recommend the use of mixed methods in research, it is still a hugely under-utilized 
methodology in meaningful change studies.20

The objective of this study was thus to address the limited data on a within-person MCT for the VinelandTM-II, and an 
understanding of what such a change means in real-life for individuals with ASD and their families, by exploring 
meaningful change estimates on the VABS-2DC and VABS-ABC for individuals with ASD and no ID, using a mixture of 
quantitative (anchor- and distribution-based) and qualitative (thematic analysis of exit interviews) methodology using 
data from the aV1ation ASD clinical trial. This is to help the interpretation of data from this outcome measure in 
a clinical trial setting.

Methods
The overall approach of this study was to explore clinical trial instruments and exit interview data to identify those that 
could be used to derive anchors for estimating MCT on the VABS-ABC and VABS-2DC standardized scores in 
individuals with ASD with no ID. Data from suitable anchors, and data derived from distribution-based methods, 
were triangulated to determine MCTs. The qualitative data from the exit interviews was then reviewed to support the 
agreed MCT and to contextualize the changes observed.

Clinical Trial Setting
The aV1ation clinical trial (NCT02901431)8 was a randomized, double-blind, 24-week, parallel-group, placebo- 
controlled Phase 2 trial in individuals with ASD.8 The primary outcome for this trial was the change from baseline on 
the standardized VABS-2DC at 24 weeks; secondary outcomes included change from baseline at 24 weeks on 
standardized VinelandTM-II Socialization (VABS-S), Communication (VABS-C), Daily Living Skills (VABS-DLS) 
domains, and Adaptive Behavior Composite Score (VABS-ABC) (Socialization, Communication and Daily Living 
domains total score). Although the clinical trial failed to meet the primary endpoint, changes were observed in some 
individuals.

Ethical approval and informed consent to participate was obtained for all participants for this research as part of the 
clinical trial. Participants were, in the first instance, randomized in a ratio of 1:1:1 into the 3-arms (placebo, 4 mg adult- 
equivalent, 10 mg adult-equivalent); however, because of underexposure of the study medication in lower-dose 
participants in the first weeks of the aV1ation trial, the design of the trial was altered to only 2-arms (placebo versus 
balovaptan 10 mg). The population was stratified by age group and sex, with females limited to 20% of the sample. Study 
visits occurred at screening, baseline (randomization visit, day 1), every 2 weeks through to week 24, plus follow-up 
visits at weeks 26 and 30 for participants who did not transition into the open-label extension or upon early withdrawal.

Exit interviews were conducted with the caregivers of a subsample of participants from the aV1ation trial within 
4 weeks from the Week 24 visit via telephone by a trained qualitative researcher. The caregiver interviewed was the 
individual who accompanied the individual with ASD during the clinical trial; here, they are referred to as study partners 
(SPs). The SP was asked to provide informed consent to take part in the interview as part of the clinical trial enrolment.

Patient Related Outcome Measures 2023:14                                                                                    https://doi.org/10.2147/PROM.S385542                                                                                                                                                                                                                       

DovePress                                                                                                                         
339

Dovepress                                                                                                                                                           Clinch et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Inclusion/Exclusion Criteria
Full inclusion and exclusion criteria for the aV1ation trial can be found in the Supplemental Material. Key inclusion 
criteria included Clinician Global Impression of Severity (CGI-S) score ≥4 (moderately ill), Social Responsiveness 
Scale, second edition T score ≥66, and IQ ≥70 as assessed by Wechsler Abbreviated Scale of Intelligence, 2nd Edition. 
Key exclusion criteria for participants were major changes in psychosocial intervention within 4 weeks prior to screen
ing; unstable or uncontrolled clinically significant psychiatric and/or neurologic disorder; and/or suicidal behavior.

The trial focused on cognitively high functioning individuals with ASD (IQ≥70, ie, those without ID) as these 
individuals represent a more homogeneous population, facilitating signal detection and it was expected that this 
population may benefit more from a therapy improving social and communication aspects of ASD. Those with significant 
social and communication deficits were recruited to ensure room for potential treatment-mediated improvements.

There were no additional inclusion/exclusion criteria for the EIP, beyond meeting the requirements of SP, the 
participant reaching end of treatment, and consent. All SPs were invited to take part and interviews were scheduled 
with SPs in the child and adolescent cohorts as clinical trial participants reached the end of trial, until the required 
number of interviews were conducted. Recruitment was monitoring against target quotas for representation: In line with 
the clinical trial protocol, the proportion of interviewed caregivers of females within each cohort did not exceed 20% of 
the sample; it was targeted to obtain 15% of SPs per age group as follows: 5 to 7 years, 8 to 12 years, 13 to 15 years, and 
16 to 17 years.

Clinical Trial Sample
There were 308 individuals with ASD (85.4% male, average age: 12.4 years [SD=2.97]) in the ITT clinical trial 
population (Table 1); this included 124 individuals with ASD in the child cohort which had an age range of 5 to 12 
years (average age: 9.4 years [SD=1.86]) and 184 individuals with ASD in the adolescent cohort which had an age range 
of 13 to 17 years (average age: 14.5 years [SD=1.39]). The SP of 86 trial participants were included in the Exit Interview 
Population (EIP): (participants represented were 83.7% male, average age: 12.3 years [SD=2.98]). Overall, the ITT and 
EIP populations were very similar in terms of the percentage of male individuals with ASD, average age, ethnicity, race, 
and age at diagnosis and time from diagnosis. Due to the nature of the recruitment process, it was not recorded how many 
SPs declined consent.

Table 1 Comparison of the ITT and EIP Populations

Populations

ITT (n=308) EIP (n=86)

% Male 85.4 83.7

Average age (SD) 12.4 (2.97) 12.3 (2.98)

Age Ranges

% in age range 5–7 years 8.1 6.8

% in age range 8–12 years 38.4 33.5

% in age range 13–15 years 25.6 32.1

% in age range 16–17 years 27.9 27.6

Ethnicity

% Hispanic (Latino) 12.3 14.0

% Not-Hispanic (Latino) 86.4 83.7

(Continued)
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Outcome Measures
VABS-II
A clinician carried out an interview with the child’s SP to answer VinelandTM-II21 items; thus, the instrument is a hybrid 
of a ClinRO and ObsRO. The measure has 11 subdomains that together comprise 4 core adaptive behavior domains: 
VABS-S (made up of Interpersonal Relationships, Play and Leisure Time, and Coping Skills subdomains), VABS-C 
(made up of Receptive, Expressive, and Written subdomains), VABS-DLS (including Personal, Domestic, and 
Community subdomains), and Motor Skills. Domain scores were obtained for the core domains of Socialization, 
Communication, and Daily Living Skills. The 3 core domain scores (VABS-S, VABS-C, VABS-DLS) were used to 
calculate the overall VABS-ABC (total) score. The Motor Skills domain was not administered as part of the clinical trial. 
The Vineland™-II uses standardized algorithm-based scoring that allows for comparison of scores against norm data for 
a given age group. Standardized VABS-ABC scores range from 20 to 160. For every domain/total score, higher scores 
indicate better adaptive functioning. All items on the Vineland™-II are scored as 0 (the behavior is never performed or it 
never occurs without help), 1 (the behavior is sometimes performed without help or reminders) or 2 (the behavior usually 
occurs without help). Additional to the original core domain and overall scores, a VABS-2DC score was calculated (as 
a mean score of the Communication and Socialization domains),22 which was developed and tested in the VANILLA 
Phase 2 clinical trial of balovaptan.23 The VinelandTM-II21 was completed at baseline, Week 12 and Week 24 visits in the 
clinical trial, by the same rater/clinician and caregiver/SP at each visit.

Instruments Explored to Derive Potential Anchors
The clinical trial instruments that were explored to derive potential anchors for the MCT analysis are as follows. Only 
a selection of these, those meeting the required criteria (outlined in the anchor-based analyses section), were used.

Table 1 (Continued). 

Populations

ITT (n=308) EIP (n=86)

% Other 1.2 2.4

Race

% White 81.2 81.4

% Black 4.5 7.0

% Other Race 14.3 11.6

Age at diagnosis and time from diagnosis

Age (SD) in years 7.3 (4.24) 6.9 (4.01)

Time from diagnosis (SD) in months 68.1 (51.35) 70.1 (51.25)

Average IQ (SD) 98.4 (16.96) 99.1 (14.82)

Scores at Baseline (SD)

Vineland-II 2DC 73.5 (10.41) 73.9 (9.78)

Vineland-II ABC 73.4 (10.57) 73.6 (9.69)

Vineland-II Socialization 72.6 (13.20) 71.7 (12.04)

Vineland-II Communication 74.4 (10.82) 76.1 (11.44)

Vineland-II Daily Living Skills 78.6 (14.39) 78.4 (13.81)

Abbreviations: ABC, Adaptive Behavior Composite; EIP, exit interview population; ITT, intention-to-treat; 
SD, standard deviation; 2DC, 2 domain composite.
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The CGI-S (prospective anchor) is a single-item ClinRO24 based on clinician’s assessment of the clinical trial 
participant’s overall severity on a 7-point scale from 1 “Normal, not ill at all” to 7 “Among the most severely ill 
patients.” Lower scores indicate less severe ASD symptoms. Data from baseline and week 24 (end of trial [EoT]) visits 
were utilized in this analysis. Change scores are derived by subtracting baseline severity scores from Week 24 scores. 
The derived change scores is categorical change on the anchor relative to continuous change on the VABS domain scores. 
Participants were classified by their change from baseline score on the CGI-S, calculated by subtracting their baseline 
anchor score from their current anchor score as follows: Marked improvement - 3-point decrease (−3); Improvement - 
2-point decrease (−2); Minimal improvement – 1-point decrease (−1); No change – Equal to baseline (0); and 
Worsening – 1-point increase (1).

The Clinician Global Impression of Improvement (CGI-I; retrospective anchor) is a single-item ClinRO.25 Assessing 
clinicians are required to retrospectively judge the clinical trial participant’s overall improvement from baseline to the 
time of the current visit. Assessments are made on a 7-point scale from 1 “Very much improved” to 7 “Very much 
worse.” Lower scores indicate less severe ASD symptoms. Data from week 24 (EoT) visit were utilized in this analysis.

The Caregiver Global Impression of Improvement (CaGI-I; retrospective anchor) is an ObsRO that requires the 
caregiver to retrospectively assess improvement of the child/adolescent on 4 items (which follow the domains of the 
VABS -II): overall ASD symptoms, Communication, Socialization, and Daily Living Skills. Responses to each of 4 items 
are provided on a 7-point rating scale ranging from 1 “Very much improved” to 7 “Very much worse.” Lower scores on 
these items relate to greater improvement in ASD symptoms. Data from the week 24 (EoT) visit were utilized in this 
analysis.

The Ohio Autism Clinical Impression Scale (OACIS) is a ClinRO that separately measures both global impressions of 
severity (OACIS-S; prospective anchor) and improvement (OACIS-I; retrospective anchor).26 Both the OACIS-I and 
OACIS-S include 4 one-item assessments: Overall autism, Verbal, Non-verbal, and Social Interactions. Each item has 
7-response options. For the OACIS-S, responses range from 1 “Normal” to 7 “Among the most severe.” For the OACIS- 
I, responses range from 1 “Very much improved” to 7 “Very much worse.” Each of the response options is explained in 
greater detail on the form in order to aid the clinician’s accuracy while making a judgment. Lower scores indicate better 
functioning. A higher score on the OACIS-S indicates greater severity; a lower score on the OACIS-I indicates greater 
improvement. Change scores on OACIS-S were calculated by subtracting the baseline score from week 24 scores, with 
the highest negative change score indicating the highest improvement, 0 – no change; and the highest positive change 
score indicating the worst deterioration.

Exit Interview Data Explored to Derive Potential Anchors
Exit interviews were used to qualitatively explore meaningful change from the perspective of the individual with ASD 
and their family and to derive potential anchors for change. During interviews, SPs – who was the individual who had 
accompanied the individual with ASD during the course of the clinical trial – were asked to describe what, if any, 
changes they had noticed in their child/adolescent over the course of the clinical trial, focusing upon the 3 domains of 
Communication, Socialization, and Daily Living Skills (corresponding to the Vineland™-II domains) and overall ASD. 
If the caregiver described a change, they were asked to expand upon what the change had meant to them and the 
individual with autism.9

Four study partner perception of meaningful change (SPPMC) ratings were obtained; one for each of the 3 specific 
domains and one for overall symptoms associated with ASD, for which ratings of change were given. Items were rated 
on a 7-point scale ranging from 1 “Very much improved” to 7 “Very much worse.”

The Independent Clinical Rating of Change (InCRC) was obtained from an independent clinician review of the exit 
interviews transcripts with SPs using a Transcript Interpretation Rating Guide (TIRG), in which clinicians were asked to 
provide ratings of change for the 3 domains of Communication, Socialization, and Daily Living Skills (corresponding to 
the Vineland™-II domains) and overall ASD on the same 7-point scale as the SPPMC. Twenty transcripts were randomly 
selected (n=10 from each cohort) and these were rated by an independent clinician using the TIRG. Overall, 10 clinicians 
provided ratings, with each clinician rating 4 of the 20 transcripts. Of these clinicians, 5 were psychiatrists, 2 neurologists, 
2 psychologists, and a behavioral analyst, all from the United States.
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Quantitative and Qualitative Analyses
Anchor-Based Analysis
Within-person MCTs were derived for the VinelandTM-II domain scales and composite scores using associated anchors. 
The MCT analysis was explored in the following hypothesized order of importance: 1) CGI-I and CGI-S (clinical trial 
anchor); 2) CaGI-I (clinical trial anchor) and SPPMC (exit interview anchor), 3) InCRC (exit interview anchor), and 4) 
OACIS-S and I (clinical trial anchor).

The process for selection of the anchor and related threshold identification was stepwise, allowing for a more accurate 
selection of levels of change to be considered as a responder definition. The intent was to select a point on the change 
scale where individuals who improved are distinctly separated from those who are stable or worsened.

Prior to computing the MCT analysis, correlations between the change scores on the potential anchors and the Vineland™- 
II domain scores were evaluated. Polyserial correlations were employed due to the ordinal response data collected for anchors 
and the continuous data elicited on the Vineland™-II. Correlations between the VinelandTM-II and anchor-endpoints change 
score correlations were explored at EoT. Correlation coefficient values ≥0.35 were considered as acceptable (with values 
≥0.40 considered exceptional for interpretability),18,27,28 guiding the decision to use an anchor in the MCT derivation.

For each anchor, each individual with ASD was classified into response groups based on their level of change on the 
anchor between baseline and EoT. For each response group, the mean (SD), median, and 95% confidence interval (CI) 
between baseline and EoT were calculated.29,30

The derivation of the within-person MCT for the VinelandTM-II domains began by identifying the lowest improvement 
category on the anchor, followed by a comparison of the 95% CIs for this category with the “no change” group and the 
adjacent improvement levels groups, to identify the category with an estimate that did not overlap with the adjacent 95% CI.18 

The 95% CIs were used as this provides a more precise estimate of the threshold for meaningful change than simply 
considering the mean. The lowest adjacent improvement category was evaluated once the first 2 criteria were met, and an 
estimate was selected which was above the upper boundary of the lower anchor level 95% CI. In cases where the CIs for 
anchor categories were overlapping and/or the no-change group demonstrated statistically significant (p<0.05) and large 
differences in scores between baseline and EoT, the anchor was not used in the analysis, even if anchor-endpoint correlation 
met the threshold of 0.35. Cumulative distribution function curves were produced for each MCT analysis for the selected 
anchors. Absolute change from baseline in VinelandTM-II domain/total score was expressed on the x-axis, and the cumulative 
number of participants who expressed a given score was presented on the y-axis.

Distribution-Based Analysis
A distribution-based approach for defining changes beyond measurement error was used to support the within- 
person MCT and MCID estimated for the VABS-2DC and VABS-ABC. Specifically, the estimated MCT and MCID 
must be greater than measurement error. The distribution of the VABS-2DC and VABS-ABC was used to derive 
the distribution-based MCID estimates for individuals at baseline. This was calculated as 0.5 standard deviation 
(SD) at baseline and the standard error of measurement (SEM) was calculated using an intraclass correlation 
coefficient (ICC; correlation of scores between baseline and time 2 (week 12) for those reporting no change from 
the ITT with available data at each timepoint as the reliability estimate, using the ANOVA methodology14,21), 
where SEM is calculated as SEM ¼ SD

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 � ICC
p 31 95% CI of SEM was calculated using the formula: 

MDC95=SEM*1.96*√2.32,33 Estimates equivalent to 0.2, 0.5, and 0.8 of SDs have also been provided.
While not acceptable as responder definitions in themselves, a distribution-based approach provides boundary 

information, as any value proposed as a responder definition will need to be at least as large as a distribution-based 
estimate to rule out the possibility of participants being classified as a responder by chance.

Qualitative Analysis
The main objective of the interviews was to obtain insights about how SPs conceptualize meaningful change in the individual 
with ASD and how this meaningful change would demonstrate in the individual with ASD’s and SP’s daily lives. In addition 
to deriving the SPPMC, exit interviews were transcribed and subjected to thematic analysis to obtain a qualitative under
standing of the impact and meaning of the changes observed. This in-depth analysis was conducted on blinded data and has 
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been reported elsewhere.9 However, following the estimation of the within-person MCT on the VABS-2DC and VABS-ABC, 
the qualitative data (namely the SPPMC and the SP rating of whether the change was meaningful or not in the interviews) 
was revisited to explore the change reported according to those who met or did not meet the MCT. This analysis was 
conducted on the exit interview population (EIP) and used to support the interpretation of meaningful change.

Results
Anchor-Based Estimations
Identifying Appropriate Anchors
The correlation between a total of 22 potential anchors (outlined above) and the VinelandTM-II endpoints in the trial was 
tested. Only 5 overall met the pre-defined requirement of endpoint-anchor correlation of ±0.35 or above for the analysis 
of either the VABS-2DC or VABS-ABC, 4 of which were retrospective and 1 prospective (Table 2). For the VABS-2DC, 

Table 2 Longitudinal Correlations Between Endpoints and Their Hypothesized Anchors*

Study Measures VABS-2DC VABS-ABC VABS-C VABS-S VABS-DLS

Prospective Study 

Anchors

OACIS-S Overall −0.376 −0.339

Verbal −0.272 −0.207

Non-verbal −0.305 −0.216

Social interaction −0.297 −0.302

CGI-S CGI-S −0.316 −0.342

Retrospective 

Study Anchors

OACIS-I Overall −0.391 −0.403

Verbal −0.321 −0.216

Non-verbal −0.426 −0.346

Social interaction −0.315 −0.308

CaGI-II Overall −0.365 −0.353

Communication −0.339 −0.169

Socialization −0.311 −0.331

Daily Living Skills −0.227

CGI-I CGI-I −0.399 −0.397

Retrospective Exit 

Interview Anchors

SPPMC Overall −0.222

Communication −0.192 −0.072

Socialization −0.264

Daily Living Skills −0.233 −0.181

InCRC Overall −0.179

Communication −0.415 −0.143

Socialization −0.388

Daily Living Skills −0.287 0.042

Notes: *Correlations were computed only for the anchor-endpoint combinations which were hypothesized a priori. Correlations in bold are those beyond the cutoff value of 
±0.35, warranting further examination of usefulness as an anchor in an MCT analysis. The sample size for the In CRC ratings was low and so not considered for MCT analyses. 
Abbreviations: CaGI-I, Caregiver Global Impression of Improvement; CGI-I, Clinician Global Impression of Improvement; CGI-S, Clinician Global Impression of Severity; 
InCRC, Independent Clinical Rating of Change; OACIS-I, Ohio Autism Clinical Impression Scale of Improvement; OACIS-S, Ohio Autism Clinical Impression Scale of 
Severity; SPPMC, study partner perception of meaningful change; VABS-2DC, VinelandTM-II 2 Domin Composite Score; VABS-ABC, VinelandTM-II Adaptive Behavior 
Composite Score; VABS-C, VinelandTM-II Communication Domain; VABS-DLS, VinelandTM-II Daily Living Skills Domain; VABS-S, VinelandTM-II Socialization Domain.
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4 met the criterion: OACIS-S Overall, OACIS-I Overall, OACIS-I Non-verbal, and the CaGI-I Overall. For the VABS- 
ABC, 3 met the criterion: OACIS-I Overall, CaGI-Overall, and CGI-I. The analysis of a within-person MCT on the 
VABS-2DC and VABS-ABC standardized scores was therefore conducted using data from these anchors only (ITT 
population). No other anchors derived from the clinical trial or any from the exit interviews met the pre-defined criterion 
for an anchor-endpoint correlation and so were not used.

Estimation of a Within-Person MCT for VABS-2DC
For each of the 4 anchors which met the pre-defined anchor-endpoint correlation criterion as above, improvements on the 
mean change in VABS-2DC scores were observed for each level of categorical improvement on the anchors. However, 
for 3 of these anchors (CaGI-I-Overall, OACIS-I Non-Verbal, and OACIS-S Overall), the observed within-group mean 
change in the “no change” anchor group was significant (p<0.05), thus suggesting suitability of these as anchors given 
anchor categories could be viewed as distinct and non-overlapping. The usefulness of OACIS-S Overall, was rather 
limited; while the correlation of this anchor met the acceptable criteria for inclusion, the variability observed suggested 
that all anchor-group categories had overlapping CIs.

Based on the results from these anchors, it was apparent that to arrive at a within-person MCT capable of 
discriminating between participants experiencing no change with those improving on VABS-2DC, the MCT value 
would need to be above the 4- to 8-point range (Table 3). This range considers the lower bound of the CI for subjects 
in the improvement category, where CIs were non-overlapping with the “no change” group as the estimate which is the 
most conservative and gives the most confidence. When the non-overlapping group represented improvement by 2 points, 
the upper bound of the CI for the minimal change group was also considered when this did not overlap with the no 
change CI. For example, for the OACIS-S Overall, the lower bound of the 95% CI for an improvement by 1 point was 
3.8, which does not overlap with the upper bound of the 95% CI for the no-change group (which was 3.1). In the OACIS- 
I Overall, the lower bound of the 95% CI for the much improved group was 7.7, but the upper bound of the CI for the 
minimally improved group was 4.0, which also did not overlap with the 95% CI for the no-change group. Hence, 
a change of 4 or more, which is distinct from the no-change group, may be considered a meaningful within-person 
improvement.

Table 3 Change in VinelandTM-II - 2DC According to Response on Selected Anchors

Anchor No-Change vs Improvement Groups N Mean (SD) Median 95% CI of Mean

OACIS-S Overall No Change 127 1.7 (8.09) 1.0 (0.3, 3.1)

Improvement by 1 point (−1) 72 5.9 (9.00) 4.0 (3.8, 8.0)

Improvements by 2 points (−2) 22 9.4 (9.52) 8.5 (5.1, 13.6)

OACIS-I Overall No Change 90 1.3 (8.31) 0.5 (−0.5, 3.0)

Minimally Improved 84 2.3 (7.65) 2.0 (0.6, 4.0)

Much Improved 55 10.1 (8.87) 8.0 (7.7, 12.5)

OACIS-I Non-verbal No Change 138 2.0 (7.63) 1.3 (0.7, 3.3)

Minimally Improved 65 4.3 (8.20) 3.5 (2.3, 6.4)

Much Improved 27 11.9 (9.92) 12.0 (8.0, 15.9)

CaGI-I Overall No Change 62 2.3 (6.89) 1.5 (0.6, 4.1)

Minimally Improved 91 1.8 (7.28) 1.0 (0.3, 3.3)

Much Improved 68 8.4 (9.74) 7.3 (6.0, 10.7)

Abbreviations: CaGI-I, Caregiver Global Impression of Improvement; OACIS-I, Ohio Autism Clinical Impression Scale of Improvement; OACIS-S, Ohio Autism Clinical 
Impression Scale of Severity; SD, standard deviation.
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For each anchor, the 1-category improvement groups each attained a significant within-group improvement (p<0.05; 
not shown). Based on the lower CI for the mean of the improvement category (non-overlapping with no-change group) 
using the anchors OACIS-S Overall, OACIS-I Overall, OACIS-I Non-verbal, and CaGI-I Overall, an improvement 
around 3.8, 7.7, 8.0, and 6.0 points on the endpoint, respectively, suggested a meaningful improvement, and based on the 
top level of the CI for the lower category, this was 3.8, 4.0, 6.4 and 4.1 (Table 3). Evaluation across each of the above 4 
anchors suggests that a change in the range of 4 to 8 points on the VABS-2DC score results in a meaningful improvement 
on the VABS-2DC as well as meaningful improvement for each anchor.

Estimation of a Within-Person MCT for VABS-ABC
For each of the 3 anchors that met the aforementioned ≥0.35 correlation criterion for the VABS-ABC there was overlap 
in the “no change” and “minimal change” thresholds, and so the threshold was within the “Much improved” category 
(Table 4); this increased the threshold to a value beyond what is believed to be a lower value of meaningfulness. Based 
on these 3 anchors (OACIS-I Overall, CaGI-I-Overall, and CGI-I), an improvement around 7.6, 6.1, and 5.9 points on the 
VABS-ABC, respectively, if looking at the lower CI for the mean of the improvement category (non-overlapping with 
no-change group), or 3.6 for all if considering the upper CI of the lower category, suggested a meaningful improvement 
(Table 4). In sum, a within-person MCT of 4 to 8 points can be considered for this measure.

Cumulative Distribution Functions
Supportive to this interpretation of the VABS-2DC and VABS-ABC MCT results, a visual inspection of the CDF curves 
revealed adequate separation between the 1-category improvement and the no-change curves (see an example of the CDF 
curve for VABS-2DC in Figure 1 and see Figures S1 and S2 in the Supplement for other CDF curves, including those for 
VABS-ABC). Therefore, utilizing at least a 1-category improvement, even using the upper bound of the 95% CI on the 
anchor to define the MCT would be appropriate, resulting in correct classification of individuals with autism as 
responders.

Distribution-Based Methods
A distribution-based approach for defining changes beyond measurement error was used to support the within-person 
MCT and MCID estimated for the VABS-2DC and VABS-ABC. Specifically, the estimated MCT and MCID must be 
greater than measurement error. The distribution of the VABS-2DC and VABS-ABC was used to derive the distribution- 
based MCID estimates for individuals at baseline; 0.5 SD at baseline was 5.20 and 5.28 (respectively), and the SEM 

Table 4 Change in VinelandTM-II -ABC Score According to Response on Selected Anchors

Anchor No-Change vs Improvement Groups N Mean (SD) Median 95% CI of 
Mean 

OACIS-I Overall No Change 90 1.3 (8.14) 1.0 (−0.4, 3.0)

Minimally Improved 84 2.1 (6.97) 2.0 (0.6, 3.6)

Much Improved 55 9.9 (8.84) 9.0 (7.6, 12.3)

CaGI-I Overall No Change 62 1.9 (6.68) 1.0 (0.2, 3.6)

Minimally Improved 91 1.9 (7.09) 1.0 (0.4, 3.4)

Much Improved 68 8.3 (9.29) 8.0 (6.1, 10.6)

CGI-I No Change 68 1.0 (7.11) 1.0 (−0.8, 2.7)

Minimally Improved 90 1.9 (7.93) 1.0 (0.3, 3.6)

Much Improved 68 7.9 (8.24) 7.5 (5.9, 9.8)

Abbreviations: CaGI-I, Caregiver Global Impression of Improvement; OACIS-I, Ohio Autism Clinical Impression Scale of Improvement; SD, 
standard deviation.
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calculated using an ICC was 6.32 and 6.13, respectively (Table 5). Overall, these estimates are in agreement with the 
anchor-based estimates, suggesting the within-person MCT range above 6 for the VABS-2DC and VABS-ABC.

Contextualizing Change with Qualitative Data
Qualitative data from the exit interviews were used to confirm the meaning of the individual changes observed. This 
analysis revealed the range of themes in SPs’ narratives. Some examples of themes that emerged and supporting quotes 
are provided. As all analyses were blinded, the interviews included SPs of those in both placebo and active treatment 
arms. The Online Supplement includes more detailed data on thematic analysis.

1. Increased willingness to engage, eg:

She used to be one of the kids that would kind of float around the outskirts and would not engage in play or try to join into play 
without an explicit invitation and with a good awareness of what it is that was expected of her. Now, I’m starting to see her 
finding little groups and approaching them and participating more openly. [female child, 7 year old] 

2. Strengthened social skills, eg:

Yeah, this is a kid that never really, he, this kid never really laughed, and now he laughs quite a bit. He, he is starting to 
understand the jokes and to see the funny in-… in things. [male child, 12 year old] 

Table 5 Distribution-Based Method Supporting the Interpretation of Meaningful Change

Domain N 0.2 SD 0.5 SD 0.8 SD ICC SEM MDC95

VinelandTM-II Adaptive Behavior Composite Score 301 2.11 5.28 8.45 0.663 6.130 16.991

VinelandTM-II 2 Domain Composite 301 2.08 5.20 8.33 0.630 6.326 17.534

Abbreviations: MDC95, minimal detectable change - 95% confidence interval; SEM, standard error of measurement.
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Figure 1 CDF of change in VABS-2DC from Baseline to Week 24 stratified by CGI-I anchor category. 
Abbreviations: CDF, cumulative distribution function; CGI-I, Clinician Global Impression of Improvement; VABS-2DC, VinelandTM-II 2 Domain Composite Score.
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3. Improved family relationships, eg:

So his-, so I feel like his relationship with his brothers has been the most normal it’s ever been. Um, like, especially with his 
younger brother, he’s taken on the role of big brother really well, but because developmentally [Son’s Name] is not typical, he 
does have a lot of common interests with his younger brother, so he’s been available to play with him. But yet, with his older 
brother, like, they like video games, they go bike riding together. I feel like he’s been able to be more present in everything that 
our family does. [male child, 8 year old] 

4. Improvement in emotional well-being, eg:

… And without realizing what she’s saying, she’s saying she’s happier. If that makes sense? [female child, 10 year old] 

5. Impact on future, eg:.

if you can’t communicate, you can’t, you can’t be successful in anything. You can’t have, uh, functioning relationships, jobs, 
education, anything. So he’s, he’s done much better with all of those things. [male child, 10 year old] 

6. Expression of feelings, eg:

…But, but as far as verbal communication, he is definitely able to tell me things that he never would before. [male child, 7 year old] 

7. SP improved understanding of the child

…it makes it easier for us to understand what, what it is that he’s thinking and feeling, um, there’s less guesswork when it comes 
to his wants and needs, and, um, I think it’s just, uh, just a better understanding of him and a calmer environment because of 
that. [male child, 6 year old] 

Very, because. Him expressing to us. I was able to understand when he was upset, didn’t like something, and I was able to help 
him better [male child, 12 year old] 

8. Improved daily functioning, eg:

I mean, he might do one or two things. Now he will actually go through, clean his closet, vacuum, um, fold his clothes, put ‘em 
away properly. So, I mean, one day he said, “I–I cleaned my room.” And normally, “I cleaned my room”, it would be 
completely a disaster. [male child, 10 year old] 

9. Increased self-esteem/confidence, eg:

every time he’s able to do something, I can, I can see the pride in him and how happy he is and how, you know, excited he is that he’s 
able to do something and he takes and he takes ownership in that. So I know it’s a big deal for him. [male child, 10 year old] 

During the interviews, SPs discussed a wide range of improvements that were rated from minimally to very much improved on 
the SPPMC (see emergent themes and the quotes in Tables S1–S15 and Figures S1–S6). It was clear that the SPs considered 
almost any change to be meaningful, regardless of the magnitude of the change (as can be seen in Figure 2).

When comparing the perception of the meaning of the changes reported in the interviews to that captured by change 
in score on the VABS-2DC in the EIP, the results show that many more SPs reported an improvement on the SPPMC 
than met the within-person MCT derived from the quantitative analysis. In the EIP, n=29 (33.72%) out of 86 met or 
exceeded a within-person MCT of 6-point change on the VABS-2DC, and 57 (66.28%) did not. However, the vast 
majority of EIP participants (whether or not meeting MCT threshold) reported experiencing improvements on the 
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SPPMC domains (65 out of 86 for Socialization, 61 out of 86 for Communication, and 53 out of 86 for Daily Living 
Skills), and only 2 SPs considered this improvement not to be meaningful in each domain (Figure 2).

Discussion
This is the first analysis to explore a within-person MCT on the novel VABS-2DC, used as a primary outcome in 
aV1ation, and the first meaningful change analysis done for VABS-ABC in which a mixed method approach was applied. 
A range of 4 to 8 points using standardized scores was proposed as the within-person MCT for both VABS-ABC and 
VABS-2DC, which was found to be associated with at least a 1-point improvement on the 4 different anchors from the 
clinical trial, aV1ation. This could be argued to be a conservative estimate, as within this MCT a change between 4 and 
less than 7 reflects minimal improvement and a change in score of 7 or more reflects a greater level of improvement (eg, 
“much improved” on each of the anchors for both endpoints). This finding was supported by the CDF curves showing 
good separation of curves corresponding to change scores within a given anchor-defined category. The proposed MCT 
was also in agreement with the results of distribution-based analysis, which found half of an SD for both VABS-ABC and 
VABS-2DC to be around 5.2 and SEM≈6.

Evidence for an MCT of 4 to 8 points on the VABS-ABC and VABS-2DC was also supported by qualitative 
approaches including an interview with the SP, although these results suggest that any change was considered mean
ingful, no matter of the magnitude. In the qualitative interviews, SPs were asked to discuss change that has occurred over 
the course of the clinical trial, this is anchored to the trial period so that the changes discussed reflect the changes 
captured on the COAs measures between the administration timepoints in the clinical trial. Such changes could be due to 
a treatment effect, placebo effect, developmental changes, or another cause. This is appropriate for the evaluation of 
meaningful change on a COA measure, which does not differ by attribution of the change.

This is a seminal study, both in terms of the methods utilized (drawing upon the data from qualitative and quantitative 
approaches) and the fact that it used data from a highly controlled clinical trial which involved experienced and trained 
raters.

The qualitative findings (published elsewhere)9 confirmed that socialization and communication are the key domains 
of greatest salience to children and adolescents with ASD and their caregivers/families, supporting the relevance and 
importance of the VABS-2DC, which is comprised of these 2 domains, as a primary outcome in the aV1ation clinical 
trial. Although the clinical trial failed to meet the primary endpoint, improvements in both of these domains were 
commonly reported in exit interviews, and the SPs highlighted the positive impact that improvements in these areas had 
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for the individual with ASD and their family. These reports of the meaning of change at an individual level strongly 
supported the quantitative estimates of within-person MCT at a 4 to 8-point score change on the VABS-2DC and VABS- 
ABC; in fact, the qualitative data suggested that these estimates are quite conservative.

Taking the data together, the findings suggest that any change at or above the MCT on the VABS-2DC or VABS-ABC 
is clearly meaningful to individual with ASD’s caregiver and is likely to be meaningful to the individual with ASD. In 
fact, on an individual level, as any change was found to be meaningful by the caregiver of a child/adolescent with ASD, 
the qualitative data provided additional confidence that any change in the VABS-2DC at or above the MCT value is truly 
meaningful for that individual.

The within-person MCT estimated in the current study (4 to 8 points) is higher than the level of change previously 
estimated as MCID by Chatham et al, for the VABS-ABC standardized score.5 Data analyses from this study suggested 
MCID estimates ranged from 2.01 to 3.2 for distribution-based methods, and from 2.42 to 3.75 for sample-size-weighted 
anchor-based methods. However, when comparing the results of the current study and those of Chatham et al, some key 
points need to be noted. The data sources from Chatham et al included a variety of datasets from observational, and 
clinical, prospective epidemiological and community studies; thus, there is likely to be greater variability of data in 
Chatham et al. They had a much larger sample (pooled data from over 9000 individuals) and identified a range of 
estimates which then were pooled. Many of the estimates identified by Chatham et al were similar to the estimates based 
off the current study, and the pooled estimate upper bound (3.75) is highly reflective of the lower bound of 4 found in the 
current study. In contrast, the current study utilized more conservative methods, a conservative cut-off of 0.35+ to 
consider an anchor as suitable to be used in anchor-based MCT derivation, and a much smaller sample taken from 
a homogenous, controlled clinical trial dataset. This is likely to result in higher estimates. Also, the qualitative data in the 
current study endorsed that almost any change is meaningful to SPs, and therefore they support the lower estimates found 
by Chatham et al are likely to be meaningful from an individual perspective as well as the more conservative estimates in 
the current study. Overall, both studies are complimentary and are the only two studies available in this vast research 
space.

Limitations
The clinical trial and therefore this study was conducted in those with ASD who were cognitively high functioning 
(IQ≥70). Focusing upon a more homogeneous population in which treatment benefit can be observed is appropriate in 
a clinical trial setting as it facilitates the evaluation of a new therapy. However, this limits the findings of this research to 
those with ASD and no ID. Furthermore, the population, by necessity, reflects only those diagnosed with ASD. Recent 
research suggests that this may lead to an underrepresentation of girls with ASD.34

Methodologically, a limitation of the analysis was related to the weak anchor-endpoint correlations: out of 39 
computed correlations (in total) for 22 (in total) examined anchors only 8 correlations (for 5 anchors) showed correlations 
with VABS-2DC and VABS-ABC above the threshold of 0.35. This could be due to differences in reporter or 
conceptualization of a concept across the measures. Clinician ratings were limited to that information observed or shared 
in a specific interaction, whereas the caregiver may have based their own ratings on more information about daily life 
that they did not share, and the independent rater was limited only to the interview transcript. Across measures, weaker 
correlations particularly at the domain level may be because all measures will not capture a concept in the same way and 
some items within the scales may be conceptually distinct.

Furthermore, while VinelandTM-II ratings are based on caregiver-report and the use of caregiver-reported anchors is 
appropriate, there was no available clinical trial participant self-report endpoint, nor a global impression of change or 
severity to use as an anchor for MCT derivation. This was in part, due to the age of the individuals enrolled in aV1ation 
and their ability to reliably self report. In addition, the CGI-S is a global measure based on clinician judgement assessing 
not only symptoms and behavior but also the impact of the symptoms on the individual’s ability to function; thus, 
assessments of symptoms and their impact might have been confounded for this particular measure. Further, one must 
also acknowledge possible effects of expectancy bias (also known as observer-expectancy effect; referring to the 
subconscious influence that a researcher can have on the participants of a research study), which could have affected 
all clinicians’ assessments (including all scores on the Vineland TM-II), as well as the results obtained in exit interviews 
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(including the interpretation of the SP’s responses to the interview questions). Without knowing expectations of those 
taking part, or reporting, in the clinical trial or interviews, it is difficult to know what impact such bias may have. 
However, reflecting the placebo effect and a tendency towards positive reporting, taking part in a clinical trial and 
discussing the changes that have been observed over that period may bias participants towards looking for changes that 
have occurred and reporting them to be meaningful. However, both clinical trial and interviews were double-blinded and 
so there is unlikely to be an expectancy bias for a specific treatment arm, and the interviews were designed to avoid any 
assumption of change, or that it would be meaningful, on the part of the interviewer.

Finally, due to sample size limitations, the MCT analysis was not computed by age groups. Thus, one has to 
acknowledge that changes observed in the trial may have been to some degree confounded by the developmental 
changes experienced by the individuals with ASD due to their age. Similarly, due to the sample size limitations, it was 
not appropriate to conduct analyses by functional level within the sample of individuals with high functioning ASD and 
so the consistency of findings across functional level was not explored. Also, given the existing research demonstrating 
the relationship between adaptive functioning and internalizing problems,10 the presence of comorbid conditions such as 
mood disorders, common in ASD, could also be informative when considering meaningful change.

Methodological Implications
Although the VinelandTM-3 has been developed to replace the VinelandTM-II, the present study has psychometric 
implications for the community with for VinelandTM-II data, with an interest in comparing the within-person MCT 
calculated for the VinelandTM-II, with future MCTs calculated for VinelandTM-3. Mainly, the results highlight an MCT 
for the novel VABS-2DC composite score, which is consistent with that for the VABS-ABC. The MCT can be utilized in 
future research to facilitate the interpretation of the VABS-2DC, which the qualitative data from exit interviews with SPs 
(caregivers), highlighted was meaningful and highly relevant to the individual with ASD without ID and their family. 
This mixed-methods analysis, utilizing quantitative and qualitative data together, suggest that change on the endpoint that 
may not meet the MCT but may still be considered meaningful at an individual level.

Clinical Implications
The VinelandTM-II is a well-accepted scale to assess adaptive behavior in ASD in clinical trials, and the novel VABS- 
2DC assesses the 2 core symptoms in ASD, namely socialization and communication. The current within-person MCT 
estimates enable the community with access to VinelandTM-II data to assess both the statistical and clinical significance 
of any observed change on VABS-2DC and VABS-ABC in individuals with ASD and no ID. Current findings can be 
used to inform future ASD trials and facilitate the development of future therapies for the core symptoms of ASD. 
However, this work should be replicated on VinelandTM-3 if used, given the inherent differences in the scales.

Conclusions
The main finding is that the change in standardized score of 4 to 8 points constitutes the within-person MCT on both 
VABS-ABC (overall) score and the novel VABS-2DC composite score (comprising Communication and Socialization 
domains) for individuals with ASD with no ID. The qualitative data (reported elsewhere) confirmed that this change 
score reflects a change that is considered by caregivers to be meaningful, which could be considered a conservative 
estimate. Score change within this range or higher was reported by the study partners in this trial to be meaningful and 
highly impactful upon the individual with ASD and their family.
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