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Background: Tuberous sclerosis complex-associated neuropsychiatric disorders (TAND) are often present
but underidentified and undertreated in individuals with tuberous sclerosis complex (TSC). The clinician-
completed TAND-Lifetime Checklist (TAND-L) was developed to address this identification and treatment
gap. Stakeholder engagement identified the need for a TAND Checklist that can (1) be completed by
caregivers or individuals with TSC and (2) quantify TAND difficulties. The aim of this study was to
develop a self-report quantified TAND Checklist (TAND-SQ) and conduct feasibility and acceptability
testing.
Methods: This aim was addressed in three phases: (1) development of the TAND-SQ Checklist, (2)
feasibility and acceptability testing of the “near-final” TAND-SQ Checklist, and (3) preparation of the final
TAND-SQ Checklist. Participants included 23 technical experts from the TAND consortium in all phases
and 58 lived experts (caregivers and individuals with TSC) in phase 2. All participants completed a TAND-
SQ Checklist and a checklist feedback form.
Results: Phase 1 additions to the TAND-SQ, when compared with the TAND-L, included four new items
and a quantification rating. Phase 2 showed high ratings for the “near-final” TAND-SQ Checklist on
comprehensiveness, clarity, ease of use, and overall acceptability. In phase 3, questions on strengths,
strategies, and a TAND Cluster Profile were added.
Conclusion: The TAND-SQ Checklist is presented here for use by individuals with TSC and their care-
givers. The next steps as part of the TANDem project include internal and external validation of the
checklist and linking of TAND Cluster Profiles generated from the checklist to evidence-informed
consensus recommendations within a smartphone application.

© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The year 2022 marked the tenth anniversary in the Tuberous
Sclerosis Complex (TSC) community of the term “TAND”, an
acronym referring to TSC-associated neuropsychiatric disorders.
This term was coined in 2012 to draw attention to the multilevel
range of neuropsychiatric difficulties that were often present but
not identified or treated in individuals with TSC.1,2 TAND includes
difficulties at the behavioral level (including social communication,
attention, aggression, etc.), the psychiatric level (e.g., autism,
attention-deficit/hyperactivity disorder, or anxiety disorders), the
intellectual level (including a wide range of intellectual profiles),
the academic level (e.g., reading, writing, or mathematics diffi-
culties), the neuropsychologic level (including executive, dual-
tasking, and memory deficits), and the psychosocial level (e.g.,
impact on self-esteem, relationships, and family stress). The coining
of the termwas intended to raise awareness of TAND, to introduce a
“shared language” to talk about TAND in clinical practice, to in-
crease understanding of TAND through research, and ultimately to
reduce the TAND treatment gap.3 Since 2012, research on TAND has
increased noticeably. In a recent comprehensive scoping review,
Vanclooster and colleagues found that of 230 papers on TAND
published between 1987 and 2020, more than half were published
since 2012, the year that the term TAND was coined (118 of 230;
51%).4

To help families and clinicians screen for these difficulties, the
TAND Checklist (Lifetime Version) (TAND-L) was developed.2 The
TAND-L Checklist was designed as a “memory aid” for clinicians to
conduct an interview with individuals with TSC and their families,
thus acting as a screening tool to guide clinical decision-making
and appropriate referrals for intervention. Leclezio and col-
leagues5 documented preliminary evidence of good internal con-
sistency in the domains and subdomains of the TAND-L Checklist.
The authors also found that items endorsed on the TAND-L
Checklist correlated significantly with other standardized mea-
sures, suggesting acceptable external validity. For example, the
total number of behavioral items endorsed on the TAND-L Checklist
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showed a strong positive correlation (r ¼ 0.81; P < 0.001) with the
total score on the Strengths and Difficulties Questionnaire.5,6

Similar correlations were observed between subdomain TAND-L
Checklist items and subdomain scores on the Strengths and Diffi-
culties Questionnaire for inattention (r¼ 0.77; P < 0.001) and social
difficulties (r ¼ �0.65; P < 0.002). TAND-L subdomain scores for
neuropsychologic skills also correlated with the Behavior Rating
Inventory of Executive Functions (BRIEF), a widely used standard-
ized screening tool for executive deficits, specifically with the
Global Executive Score (r ¼ 0.79, P < 0.001), the BRIEF Behavior
Rating Index score (r ¼ 0.74, P < 0.001), and the Metacognition
Index (r ¼ 0.59, P < 0.016).5

Since its publication, the TAND-L Checklist has been translated
into 18 languages (for authorized translations, please see www.
tandconsortium.org/checklists/) and has been used to explore
TAND in a range of research studies in various countries.7-11 The
TAND-L Checklist was used as the basis for generating “natural
TAND clusters” of symptoms12-14 and to identify naturally occurring
patient profiles ranging from high to low symptom burden.15 These
studies have significantly enhanced awareness and understanding
of the prevalence and presentation of TAND in individuals with TSC.

As part of the early natural TAND cluster study,12 focus group
interviews with families from Africa, the United States, Europe, and
Australia were conducted with more than 50 individuals with TSC,
parents/caregivers, family members, and professional experts in
partnership with Tuberous Sclerosis International, European Tu-
berous Sclerosis Association, Tuberous Sclerosis Association
(United Kingdom), and the TSC Alliance (United States). The main
emphasis of the focus groups was to seek perspectives and rec-
ommendations from global TSC stakeholders about next step use of
the TAND-L Checklist and TAND clusters. Thematic analysis of these
interviews indicated that stakeholders felt that the TAND-L
Checklist had provided the TSC community with a powerful tool
to identify the range of TAND difficulties so commonly experienced
by families. However, families expressed concern that the TAND-L
Checklist was validated only as an interview between a clinician
and a family. There was a clear desire to have a self-report version

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandconsortium.org/checklists/
http://www.tandconsortium.org/checklists/


TABLE 1.
Study Aim and Objectives

Aim Objectives

To develop a self-report quantified
TAND Checklist (TAND-SQ) and
conduct feasibility and
acceptability testing

1. Develop the TAND-SQ Checklist
2. Conduct feasibility and
acceptability testing of the “near-
final” TAND-SQ
3. Prepare the final TAND-SQ
Checklist

Abbreviations:
TAND ¼ Tuberous sclerosis complex-associated neuropsychiatric disorders
TAND-SQ ¼ Self-report quantified TAND Checklist
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of the TAND-L Checklist that could be used by families outside the
context of a clinical visit. Family stakeholders were very keen that
technology should be used, for instance, by making the Checklist
accessible via a smartphone “app.” Second, stakeholders reported
the desire for a version of the TAND Checklist that not only iden-
tified lifetime TAND difficulties but also allowed for the quantifi-
cation of severity of current difficulties.16,17 Third, stakeholders
expressed the need for “next step” information of what can be done
once these TAND difficulties had been identified.

These recommendations led to the aims and objectives of the
TANDem project, a four-year multistep project funded by the King
Baudouin Foundation.17 Within the TANDem project, the first aim
was to develop and validate a self-report quantified TAND Checklist
(TAND-SQ) and to build it into a smartphone application. Here we
focused on one part of this aim: development of the TAND-SQ
Checklist, including feasibility and acceptability testing. Three
specific objectives were identified, as outlined in Table 1.

The newchecklist was named the “TAND-SQ Checklist,”with the
“S” referring to “self-report” and the “Q” referring to the ability to
quantify the severity of the difficulties experienced. The TAND-SQ
Checklist has been designed for self-report by individuals with
TSC and caregivers of individuals with TSC. Here we describe the
development of the TAND-SQ Checklist, outline feasibility and
acceptability data of the “near-final” version of the checklist, and
present the final TAND-SQ Checklist for use in the TSC community.
FIGURE 1. Development of the TAND-SQ Checklist. The colou
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Methods

Study Design

Development of the TAND-SQ Checklist was set up to be a highly
iterative and participatory process that incorporated wide-ranging
stakeholder involvement. The TAND-L Checklist was used as a
baseline for development, and mixed methods were implemented
in three phases, each phase corresponding to the objectives listed
in Table 1. Figure 1 illustrates the development process of the
checklist.
r version of this figure is available in the online edition.
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Phase 1: Development of the TAND-SQ Checklist
The first step involved a conceptual review of the TAND-L

Checklist items by the TAND consortium (see Study participants)
to determine their suitability for self-report and quantification, a
process that began at the official launch meeting of the TANDem
project in 2019. Activities at the project launch meeting included
(1) a review of existing items and their descriptions for self-report,
(2) identification of new items to include, and (3) decisions on how
to quantify the checklist and the time frame for the quantification.

The next step entailed the preparation of typeset prototypes of
the TAND-SQ Checklist and iterative review. Draft versions were
prepared by the TANDem Action Group and were reviewed elec-
tronically by the TAND consortium. This led to the refinement of
items and the addition of some new items. The checklist was
typeset and copyedited to ensure consistent wording, grammar,
and visual presentation. This included revisions of instructions to
users to make the checklist appropriate for self-reporting, rather
than as a clinical interview guide. The typeset versions were
reviewed by the TANDem Action Group and the TAND consortium.
Five draft versions of the TAND-SQ were reviewed in this iterative
manner over a period of two years. Draft 6, referred to as the “near-
final” TAND-SQ Checklist, was used for feasibility and acceptability
testing.

Phase 2: Feasibility and acceptability testing of the “near-final”
TAND-SQ Checklist

The sixth “near-final” version was used for feasibility and
acceptability testing with stakeholders from the TAND consortium,
the TSC Alliance, and Boston Children's Hospital and Cincinnati
Children's Hospital (see Study participants). These participants
were selected by convenience sampling to include “technical ex-
perts” (clinicians and researchers working in the TSC community)
as well as “lived experts” (parents/caregivers of individuals with
TSC and individuals with TSC). Each participant completed the
“near-final” TAND-SQ Checklist and a checklist feedback form,
either on paper or electronically (see Data collection and analysis).

Phase 3: Preparation of the final TAND-SQ Checklist
The TANDemAction Group prepared a summary of the feedback

and suggestions from the study participants in phase 2 and pre-
sented these to the TAND consortium for further consideration. The
TANDem Action Group then prepared the final revisions to the
TAND-SQ Checklist.

Study participants

TAND Consortium
The TAND consortium consisted of an interdisciplinary, inter-

national group of 24 clinical, research, and technical experts in TSC
(or related areas), and was set up as part of the TANDem project
(www.tandconsortium.org). The TAND consortium included six
“family representatives” with lived expertise in TSC, consisting of
parents/caregivers of individuals with TSC. Most “family repre-
sentatives” had dual roles (e.g., medical professional with technical
expertise in TSC and having a child with TSC, or special educator
who also had a child with TSC). The TANDem Action Group con-
sisted of five members within the TAND consortium who were
responsible for the day-to-day running of the TANDem project.17

TSC Alliance
Individuals with TSC and caregivers of individuals with TSC

were invited to complete the TAND-SQ Checklist and checklist
feedback form via the TSC Alliance electronic Self-Report Portal.
This portal was added as a substudy to the existing TSC Alliance
Natural History Database and allows families and/or individuals to
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report on their own health outcomes. The TSC Alliance utilized
various recruitment methods, including posting information about
the project on their web site, online community support and
Facebook pages, e-mail, and in print (e.g., TSC Alliance magazine
and flyers at a TSC Alliance sponsored event).

Boston Children's Hospital and Cincinnati Children's Hospital
Individuals with TSC and caregivers of individuals with TSC

were recruited from TSC clinics at Boston Children's Hospital (BCH)
and Cincinnati Children's Hospital (CCH). Research coordinators at
these sites invited participants to complete the pen-and-paper
(hardcopy) TAND-SQ Checklist and checklist feedback form dur-
ing routine clinical visits.

Data collection and analysis

Data collection
TAND consortium participants completed the TAND-SQ Check-

list on paper and the checklist feedback form as an online survey.
Family representatives were asked to complete the TAND-SQ and
feedback form on their family member with TSC; consortium
members who did not have a family member with TSC were asked
to complete the TAND-SQ and feedback form for someone they
knew (e.g., one of their patients with TSC) as if they were caregivers
of an individual with TSC to create a “naturalistic” approach to the
data collection. TSC Alliance participants completed the TAND-SQ
and feedback form via the electronic portal, and BCH/CCH partici-
pants completed both on paper. The “near-final” TAND-SQ Checklist
comprised 11 questions, capturing information on developmental
milestones, current abilities, behaviors causing concern, psychiatric
disorders, intellectual ability, difficulties in school, and difficulties
with brain (neuropsychologic) skills. The checklist also included
psychosocial aspects of the individual with TSC and the caregiver,
an overall severity rating of all the difficulties mentioned, a list of
priorities to focus on next, and a question for comments about
other TAND concerns not covered in the checklist. The questions on
behavioral concerns, difficulties in learning in school, and diffi-
culties with brain skills included a quantification of severity over
the last month (see Results for further details).

The checklist feedback form comprised six quantitative items
wherein participants were asked to rate aspects of feasibility on a
five-point Likert scale, including comprehensiveness and clarity of
the checklist items, ease of use, likelihood of use by individuals
with TSC or families/caregivers, likelihood of its use leading to
better management of TAND, and an overall rating. Each rating was
followed by corresponding open-ended items to capture richer
information on quantitative ratings. Participants were also asked to
report how long it took them to complete the TAND-SQ Checklist,
and if they had completed the TAND-L Checklist previously, to
compare the TAND-L and TAND-SQ checklists.

Data analysis
Quantitative responses to the checklist feedback form were

analyzed descriptively. Given the relatively small sample size (23
TAND consortium participants, 45 TSC Alliance participants, and 13
BCH/CCH participants), responses for each item were reported.
Open-ended responses were analyzed thematically.

Research ethics

This study was approved by the University of Cape Town, South
Africa, the site of the principal investigator (HREC 849/2020), and
the Ethical and Independent Review Services for the Natural His-
tory Database Study (protocol number 15039-08) in the United
States that permits use of deidentified clinical data for TSC research

http://www.tandconsortium.org
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at the TSC Alliance. This study was also reviewed and approved by
the BCH Institutional Review Board (IRB, IRB-P00041212). For BCH
and CCH sites, BCH agreed to serve as the reviewing IRB for this
study and CCH (IRB number 2022-0421) agreed to cede IRB review
to the BCH IRB. All TAND consortium members, TSC Alliance par-
ticipants, and BCH and CCH participants were asked to provide
informed consent before participating in this study. As part of the
TANDem project, all participating data collection sites signed a data
transfer agreement.
Results

Phase 1: Development of the TAND-SQ Checklist

A summary of all changes to the TAND-L Checklist during the
development of the TAND-SQ Checklist is listed in Table 2. During
the iterative development and review process of phase 1, several
changes were proposed by the TAND consortium. Throughout the
checklist a pencil icon and open lines were added to allow re-
spondents to make short notes. On the cover page, instructions
were made more explicit and directed to caregivers or individuals
with TSC for self-report, as opposed to the healthcare provider. In
Question 01 specific age bands were added to the developmental
milestone reporting to aid caregiver recall. In Question 03 new
items on sensory sensitivities and “other behavioral difficulties”
were added. An “Other” option was also added to Questions 04, 06,
and 07. Further Question 07 additions included new items onmotor
skills, language skills, and processing speed. Question 12 of the
TAND-L Checklist on the interviewer's judgment of the impact of
TAND on the individual/child/family was removed.

To address the specific request from families and TSC stake-
holders to quantify TAND difficulties, a quantification component
was introduced in Questions 03, 06, and 07 as a severity rating
using a Likert scale from 0 (not at all a problem) to 10 (an extreme
problem) for behaviors causing concern (Question 03), difficulties
in learning in school (Question 06), and difficulties in specific brain
skills (Question 07). Similar to other behavioral rating scales, the
time frame for this severity rating was chosen to be “over the last
month” to aid recall. Items in these questions of the TAND-SQ
Checklist are thus evaluated in two ways, “has it ever been a
TABLE 2.
Summary of Changes to the TAND-L Checklist in the Development of the TAND-SQ Chec

Phase of Development TAND-SQ Question Description of

Phase 1 All questions Pencil icon and
Cover page instructions Instructions we

Instructions for
Question 01: Developmental milestones Specific age ba
Question 03: Behaviors causing concern Items on senso

Severity rating
Question 04: Psychiatric disorders “Other” item ad
Question 06: Difficulties in learning in school “Other” item ad

Severity rating
Question 07: Difficulties in brain skills Items for moto

Severity rating
Question 08: Psychosocial difficulties Question divid

Additional item
Question 12: Interviewer's judgment The TAND-L se

Phase 3 Questions 9, 10, 11 Order of questi
Question 12: Strategies New question o
Question 13: Strengths New question o
Question 14: TAND Cluster Profile New question f

Abbreviations:
TAND ¼ Tuberous sclerosis complex-associated neuropsychiatric disorders
TAND-L ¼ TAND Checklist (Lifetime Version)
TAND-SQ ¼ Self-report quantified TAND Checklist
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problem,” and “if yes, how much of a problem has it been over the
last month”?

Further changes were made to Question 08, concerning the
psychosocial impact on individuals' lives. This question was
expanded to Question 8.1 for individuals with TSC and Question 8.2
for caregivers of individuals with TSC. Additional items were added
that refer to specific relationship categories, including relationships
with siblings, parent-child relationships, parent-to-parent/partner
relationships, family connections in the community, and diffi-
culties to progress in one's career.

Phase 2: Feasibility and acceptability testing of the “near-final”
TAND-SQ Checklist

Sample demographics
The expert technical group consisted of 23 TAND consortium

members with technical and/or lived expertise in TSC and/or its
associated TAND. There were 45 TSC Alliance participants, 30
caregivers of children with TSC (16 sons, 14 daughters, mean age
11.9 years [S.D. ¼ 9.82] ranging from 7 months to 33 years), two
caregivers of adult siblings with TSC (ages 62 and 68 years), and 13
individuals with TSC who completed the checklist for themselves
(three males, 10 females, mean age 36.69 years [S.D. ¼ 13.05],
ranging from 20 to 64 years). There were 13 participants from BCH
and CCH, eight were caregivers of childrenwith TSC (three sons and
five daughters, mean age 10 years [S.D. ¼ 4] ranging from 2 to
15 years), three were caregivers of adults with TSC (23, 25, and
27 years of age), and two were adult individuals with TSC (two
females, 30 and 36 years old). Feasibility and acceptability ratings
therefore reflected opinions of a wide range of 81 TSC stakeholders.
Results are presented according to three subgroups: (1) technical
experts (TAND consortium participants, n ¼ 23), (2) caregivers
(parents and adult siblings; n ¼ 43), and (3) individuals with TSC
(n ¼ 15).

Quantitative findings
The technical expert group reported that the TAND-SQ Checklist

took them on average 17.17 minutes (S.D. ¼ 7.20) to complete,
caregivers took a mean of 15.37 minutes (S.D. ¼ 6.60), and in-
dividuals with TSC took 16.64minutes (S.D.¼ 8.42) with one outlier
reporting a completion time of 90 minutes. The quantitative
klist

Changes

open lines added for notes
re refined for self-report
pencil icon were added

nds were added to assist parent recall
ry sensitivities and “other” item added
of 0-10 added for all items
ded
ded
scale of 0-10 added for all items
r skills, language skills, processing speed, and “other” added
of 0-10 added for all items
ed into 8.1 for individuals with TSC and 8.2 for caregivers of individuals with TSC
s on relationships, etc., added in 8.1 and 8.2
ction on the clinician's judgment of the TAND burden was removed
ons rearranged
n helpful strategies added
n strengths, skills, and talents added
or respondents to create a summary TAND Cluster Profile added
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responses from the checklist feedback form for all participant
groups are presented in Fig 2. All groups had high ratings for
comprehensiveness (coverage of neuropsychiatric features), clarity,
ease of use, likely use by others, likelihood of referrals, and overall
rating of the TAND-SQ Checklist, with modal scores of 5 (“very
much”/“very good”) for most items on the 5-point Likert scale. Of
those who had completed the TAND-L Checklist previously
(n¼ 36), a third rated it as “equally good” (13 of 36¼ 36%), whereas
the majority (23 of 36 ¼ 64%) rated it as “better” or “much better”
than the TAND-L Checklist.

Qualitative Findings
The open-ended responses to each checklist feedback form

question were analyzed thematically. Four main themes were
identified: (1) positive feedback on the changes made to the TAND-
L Checklist, (2) ending on a positive note, (3) desire for age-specific
questions/checklists, and (4) next steps.

Positive feedback on the changes made to the TAND-L Checklist.
Therewere a number of positive comments on the changes that had
been made in the development of the TAND-SQ Checklist from
participants familiar with the original TAND-L Checklist. For
example,

“Some of the new response options on sections are really nice! I
love that career, processing speed and sensory sensitivities have
been added. Also really like that the first few developmental sec-
tions have more response options!”

Such comments confirmed the appropriateness of the changes
made in phase 1 and contribute to explaining the high acceptability
scores.

Ending on a positive note. This theme was only expressed by one
participant but was felt to be such a striking and valuable sentiment
that we classified it as a theme all on its own. This was the sug-
gestion that an item on strengths and skills (as opposed to only
challenges) should be added to conclude the TAND-SQ Checklist:

“I would really have liked the TAND-SQ to end on a positive note
where we can comment on the skills and strengths of our family
members. My brother has many amazing talents that were simply
not captured. It therefore felt a bit as though we had only captured
difficulties. In the case of my brother, many of his areas of strengths
and interests are also the things we use to help him develop new
skills, because they act as motivators and natural rewards. I would
strongly recommend the additions of a strengths section at the end
of the Checklist.”

Although the primary purpose of the TAND-SQ Checklist is to
identify TAND challenges and address the identification and
treatment gap, we felt that this point had a strong resonancewithin
the TSC community. We agreed that ending this self-report
checklist on a positive note would help mitigate the focus on
challenges and give caregivers and individuals a sense of their own
progress. This point was therefore taken into account in the phase 3
changes.

Desire for age-specific questions/checklists. This theme was identi-
fied from comments that related to the desire for specific questions
(or even entire checklists) for specific ages. The three quotes below
came from caregivers and individuals from different age groups:

“Some items don’t make sense for toddlers. I think there should be a
different form for this age group”
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“Is out of school so lots of the questions did not apply”

“Possibly include things about ADL [activities of daily living], in-
dependent skills, vocational skills, getting along with anyone (just
not with age peers) - to extend the relevance of this checklist to
adulthood.”

These comments are valid concerns and clearly reveal the
impact of age on the experience of completing the checklist,
particularly for caregivers of very young children, and for adults
with TSC, where certain items and questions may not be applicable.
This is a problem with any checklist that attempts to address con-
cerns for populations with a wide age range like the TAND-SQ
Checklist. Our solutions for addressing these concerns are dis-
cussed below (see Discussion).

Next steps. Numerous participants with lived experience with TSC
(i.e., caregivers or individuals with TSC) were positive about the
checklist itself but expressed concern about how it would help
facilitate the next step in terms of accessing practical help. This
sentiment was succinctly captured in the following comments:

“And once you understand that your child has so many of these
challenges, the biggest question remains, now what do I do?”

“Some interventions e day to day how can this be managed? I
know that is to come later but what really does the caregiver get
from this survey?? The hope that a clinicianwill provide next steps?
Perhaps next steps outline could encourage more people.”

The frustration of families was clearly evident in these com-
ments. Although it is impossible to address every needwith a paper
checklist, it is precisely this perspective that led to the aims of the
TANDem Project.17 We discuss below how next steps in this project
are designed to address this need (see Discussion).

Phase 3: Preparation of the final TAND-SQ Checklist

Based on the feedback received in phase 2, three new questions
were added to create the final TAND-SQ Checklist (see summary in
Table 2). Specifically, a new Question 12 was added to give re-
spondents the opportunity to document helpful strategies they are
using, Question 13 on strengths was added, and Question 14 was
added so that respondents could create a summary of their TAND
Cluster Profile to guide their next steps. The order of Questions 09,
10, and 11 was also rearranged. The final TAND-SQ Checklist is
presented in Fig 3 and is available as a supplement for download
(see Supplementary Data) and on the TAND consortium web site
(www.tandconsortium.org/checklists).

Discussion

In response to participatory feedback from the TSC community,
the TAND consortium set out to develop a self-report TAND
Checklist that could be completed by individuals with TSC and/or
their caregivers and that could quantify TAND difficulties. A
participatory and iterativemethodwas chosen for the development
of the checklist, and multiple stakeholder groups were included for
feasibility and acceptability evaluation of the “near-final” version.
The resulting final TAND-SQ Checklist is presented in this article
(see Fig 3) and can now be used by caregivers and individuals with
TSC. Notable additions to the TAND-SQ Checklist when compared
with the TAND-L Checklist include the severity rating of behavioral
difficulties, additional items related to neuropsychological and
psychosocial difficulties, and sections highlighting strategies,

http://www.tandconsortium.org/checklists


FIGURE 2. Quantitative responses on the TAND-SQ Checklist feasibility and acceptability testing. (A-G) The percentage respondents per group for each item of the checklist
feedback form. The colour version of this figure is available in the online edition.
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FIGURE 3. The TAND-SQ Checklist. The colour version of this figure is available in the online edition.
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).

T.-M. Heunis, N. Chambers, S. Vanclooster et al. Pediatric Neurology 147 (2023) 101e123

114



Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 3. (continued).
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strengths, and a summary TAND Cluster Profile. The TAND Cluster
summary was specifically added to allow families to identify their
own cluster profile that could then be linked to “next step” rec-
ommendations in the recently developed international consensus
recommendations for the identification and treatment of TAND and
the TAND Toolkit, developed as part of the TANDem project.18

Feasibility and acceptability ratings of the “near-final” TAND-SQ
Checklist showed high scores on the comprehensiveness, clarity,
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ease of use, and overall acceptability of the checklist. We were
encouraged by the similarity in acceptability ratings by those
completing the checklist for themselves (adults with TSC), those
completing it as a proxy (for example, caregivers of children with
TSC), technical experts in TSC, and lived experts, which suggests the
TAND-SQ Checklist has broad applicability for the TSC community.
Overall, we feel that this checklist therefore fulfills an expressed
need of the TSC community to identify and track TAND difficulties,
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equipping caregivers and individuals with TSC to raise their con-
cerns with their healthcare providers, and thus guiding their search
for help.

Open-ended feedback revealed some concerns about the
checklist, some of which we could not address in this final paper
version. Caregivers of very young children and adults with TSC
found that some applicability to their specific age group was lost in
having one checklist for all. As the TAND identification and treat-
ment gap is still so wide, we feel that one self-report checklist is
preferable to increase usage across the TSC community, rather than
many different checklists. Also, some provision has been made for
very young children in Question 06 (difficulties in learning in
school) where caregivers have the option to check “Not yet in
school.” In other questions, where relevant, respondents have the
option to skip questions or to simply answer “No.” Some of these
concerns will also be addressed in the next steps of the TANDem
project.17 The TAND-SQ Checklist is being built into a smartphone
application (app), allowing for the automated selection of certain
questions to display. In the app, the caregiver has the option to
select school status “Not yet in school” for a toddler, for instance,
then Question 06 on difficulties in learning in school will be skip-
ped. Similarly, if an individual is completing the checklist about
themselves, Questions 01 and 02 on developmental milestones and
current abilities and Question 8.2 on psychosocial impact of the
caregiver will not display. We are hopeful that this automated se-
lection functionality within the app will improve the experience of
completing the checklist for caregivers of very young children and
adults with TSC. To ensure that there will always be consistency
between the app-based TAND-SQ and the paper version, we will
ensure consistency between the two, including any future revisions
of TAND cluster or severity quantification.

We acknowledge that TAND is highly heterogeneous and that
the sample size used here may at first glance appear relatively
small. For the purpose of feasibility and acceptability evaluation,
the priority was to seek feedback from a diverse sample of partic-
ipants (across ages, abilities, and difficulties) and including self and
caregiver report. Although the sample size is therefore relatively
small, it represented a broad group of participants that showed
remarkably consistent feasibility and acceptability data; this reas-
sured us that the TAND-SQ will therefore have broad applicability
in the TSC community.

We are also hopeful that another component of the TANDem
project will address the very valid concerns raised about “next
steps,” or what to do after completing the checklist. In aim 2 of the
TANDem project17 evidence-informed consensus recommenda-
tions for the identification and treatment of TAND have been
developed.18 These recommendations include a set of “core prin-
ciples” for the identification and treatment of TAND, as well as
cluster-specific recommendations. In addition to the published
consensus clinical recommendations, the smartphone app devel-
oped as part of the TANDem project will include a “TAND toolkit.”
Once respondents have completed the TAND-SQ Checklist in the
app, the app will generate a personalized TAND Cluster Profile
designed to guide caregivers and individuals with TSC to prioritize
their next steps. Each cluster will then be linked to an evidence-
informed set of recommendations of “what to seek” (further eval-
uations or interventions from specialists or other health care pro-
viders) and “what to do” (a curated set of evidence-informed tips,
strategies, or resources that can be implemented or accessed
independently) for that cluster. We hope that these two elements
will help to address this vitally important feedback on the TAND-SQ
Checklist.

In a strategy similar to our work on the TAND-L Checklist, we are
presenting the TAND-SQ and its feasibility findings in this article,
and validation data separately.2,6 Evaluation of the psychometric
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properties of the TAND-SQ is clearly important to ensure that the
tool measures in a feasible and acceptable way (data presented
here) what it purports to measure, with internal consistency in the
expanded clusters, and external validity in relation to widely used
and standardized rating scales and diagnostic instruments, both
from “real-world” clinical data and from research data. In addition,
wewill present novel ways to quantify TAND item, cluster, and total
TAND severity and explore these severity quantifications in relation
to external measures. These are all goals of the ongoing TANDem
project.17

Conclusion

The new paper version of the TAND-SQ, a self-report quantified
TAND Checklist, was described and is presented here for public use.
The TAND-SQ Checklist appears to be feasible to complete and
highly acceptable to a broad range of stakeholders within the TSC
community, including caregivers and individuals with TSC. We feel
it fulfills an expressed need by caregivers and individuals for a
checklist they could fill out themselves and take to clinical visits to
help advocate for and guide intervention for TAND. We outlined
important next steps for the TAND-SQ Checklist and how the
incorporation of the final TAND-SQ Checklist into a smartphone
app as part of the TANDemproject17 may directly empower families
by linking them to evidence-informed recommendations for
intervention.
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