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Abstract

Background: Tuberous sclerosis complex (TSC) is a rare genetic disorder caused by pathogenic variants in the TSC1 or TSC2
genes. Apart from multisystem physical manifestations, most individuals with TSC experience TSC-associated neuropsychiatric
disorders (TAND). Little is known about how TAND severity changes over time and what factors may predict these changes.
Preliminary data suggest the presence of differential TAND severity trajectories. Caregiver well-being may act as a mediator of
TAND severity, and a well-being intervention designed for caregivers of children with developmental disabilities may improve
caregiver well-being.

Objective: The study aims are to (1) examine longitudinal trajectories of TAND severity in a large sample of individuals with
TSC and to examine potential predictors of differential trajectories, (2) evaluate the association between caregiver well-being
characteristics, TAND severity, and severity trajectories, and (3) adapt and evaluate the feasibility, acceptability, and potential
efficacy of a brief, online group–based well-being intervention for family caregivers.

Methods: For the first 2 aims, 500 individuals with TSC or their caregivers will be recruited in an accelerated longitudinal
design to document TAND severity at 5 time points over 12 months via a web-based app. At each time point, participants will
complete demographic, TSC characteristics, intervention, and well-being questionnaires. Data will be analyzed using latent class
mixed and multinomial regression modeling (aim 1) and structural equation and mediation modeling (aim 2). Participatory
methods will be used to adapt an existing caregiver well-being intervention for the TSC community (aim 3). Thirty caregivers
will be invited to participate in the adapted group-based online well-being intervention.

Results: This study was funded from July 2024 (HT94252410790 and HT94252410791), and ethics approvals were obtained
from the University of Cape Town (July 2024), Vrije Universiteit Brussel (November 2024), and the Department of Defense
Office of Human Research Oversight (December 2024). The TAND Toolkit app was adapted for longitudinal data collection
(aims 1 and 2). Recruitment started in December 2025 and will continue until 500 participants are enrolled (anticipated December
2026). Primary outputs are expected by July 2028. For aim 3, experiential and adaptation workshops were completed in June
2025, the pilot intervention was delivered in November 2025, and data collection will continue till May 2026. Outputs are expected
by December 2026.

Conclusions: Identification of differential longitudinal TAND trajectories and their correlates will stimulate research in TSC
and generate evidence for the self-report quantified TAND checklist as a clinical outcome measure. Understanding the association
between caregiver well-being and TAND severity will provide support for targeted well-being interventions. A successful pilot
trial will provide preliminary data for larger-scale clinical trials, with the potential to support caregivers and improve TAND
outcomes. Together, the findings from the study will help close the gap in interventions for TAND.

Trial Registration: ClinicalTrials.gov NCT06879665; https://clinicaltrials.gov/study/NCT06879665

International Registered Report Identifier (IRRID): DERR1-10.2196/91726

(JMIR Res Protoc 2026;15:e91726) doi: 10.2196/91726
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Introduction

Overview
Tuberous sclerosis complex (TSC) is a rare genetic disorder
caused by pathogenic variants in the TSC1 or TSC2 genes,
leading to overactivation of the mammalian target of rapamycin
intracellular signaling pathway [1,2]. With a birth incidence
around 1:6000 [3,4], TSC is associated with multisystem
manifestations including tumor formation in the skin, heart,
kidney, and brain, high rates of epilepsy, and a wide range of
TSC-associated neuropsychiatric disorders (TAND) [1,5,6].
The term TAND refers to the broad range of behavioral,
psychiatric, intellectual, academic, neuropsychological, and
psychosocial difficulties that can occur in people with TSC [6].
While not all individuals with TSC experience every aspect of
TAND, the vast majority experience some TAND manifestations
across the lifespan and require targeted identification and
support [6,7]. TAND has been identified by TSC families as
one of the greatest burdens of the disease and highlighted as a
top priority for research [6,8,9]. In a Belgian participatory
project to identify research priorities, improving access to
treatment for TAND was identified as the top priority [10].

Although more than 90% of individuals with TSC have a
lifetime history of TAND manifestations [11], very few receive
access to diagnostic or interventional services or support. To
reduce this gap, the 2012 Neuropsychiatry Panel coined the
term “TAND” (1) as an umbrella term for the wide range of
bio-psycho-social challenges seen in TSC and (2) to introduce
a shared language for clinical practice and research. TAND
includes 6 different “levels” of investigation: behavioral,
psychiatric, intellectual, academic, neuropsychological, and
psychosocial [12]. At the request of TSC stakeholders, a TAND
checklist (TAND-Lifetime checklist [TAND-L])—a tool to
support clinicians with a systematic screening for TAND across
these levels—was developed, pilot validated, and disseminated
in the TSC community [13,14].

One of the characteristics of TAND is its highly heterogeneous
nature. Some individuals with TSC have many and severe
TAND manifestations, while others may have very few
[6,11,12,15]. In an attempt to reduce this “overwhelming
uniqueness” of TAND (the fact that everyone with TSC seemed
to have their own unique TAND profile), data collected by the
TAND-L were analyzed using cluster analytic methods in search
of natural “TAND clusters” [16-18]. Ward’s cluster analysis,
1000-fold bootstrapping, and exploratory factor analysis were
used to identify 7 natural TAND clusters—autism-like, eat/sleep,
dysregulated behavior, mood/anxiety, neuropsychological,

overactive/impulsive, and scholastic clusters [16-18]. In a
next-step project, Alperin and colleagues [11] independently
confirmed these natural cluster profiles and extended the field
to examine “clusters-of-clusters.” In a sample of >600
individuals with TSC, they described a group of individuals
who had difficulties in all 7 natural TAND clusters (“high
symptom burden”), a group with no cluster difficulties (“low
symptom burden”), and 5 groupings in between these extremes.
These studies represented important steps toward reducing the
apparent heterogeneity of TAND with implications for clinical
practice and research.

Following the development of the TAND-L and identification
of natural TAND clusters, participatory research with the TSC
community identified the need for a TAND checklist that can
be self-reported by families and could quantify TAND severity.
Such a checklist could be used in clinical practice and in
research to monitor change in TAND over time and potential
outcomes from interventions. Family stakeholders asked for the
checklist to be built into a smartphone app and for a toolkit of
useful tips and information to use at home as “next steps” for
action [16,19]. This was the basis for the TANDem-1 project
[19].

From TANDem-1 to TANDem-2: Closing the Gap to
TAND Interventions Through Participatory Research
In TANDem-1, the TAND consortium (an international group
of TSC clinical research and lived experts with a focus on
TAND research [19]) converted the TAND-L to a self-report
quantified checklist (self-report quantified TAND checklist
[TAND-SQ]) that individuals with TSC or their caregivers could
use to document and quantify TAND difficulties themselves
[20]. The TAND-SQ was feasible and acceptable to the TSC
community, particularly families, who are the primary intended
respondents for the TAND-SQ [20]. In the TAND-SQ, a 0-10
severity rating was added to all TAND cluster items, allowing
the quantification of TAND difficulties experienced over the
past month. Table 1 summarizes the range of TAND severity
scores that can be derived using the severity ratings from the
TAND-SQ, as proposed by the TAND consortium [21]: an
individual item severity score, a mean cluster severity score
(CSSmean), a maximum cluster severity score, a mean total
TAND severity score (TTSSmean), and a maximum total TAND
severity score (TTSSmax). The CSSmean has been found to be
internally consistent and significantly related to relevant clinical
diagnoses and standardized behavioral measures. The TTSSmean

has also been found to be a valid indicator of overall functioning
and behavior [21].
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Table 1. Tuberous sclerosis complex–associated neuropsychiatric disorders (TAND) severity scores that can be derived from the self-report quantified
TAND checklist.

Proposed purposeMaximum scoreDescriptionScore name

Most useful to track an individual TAND
manifestation of interest

10TAND severity score of an individual item
(eg, sleep)

Individual item severity
score (IISS)

Most useful to compare one mean cluster
score to another with the same maximum
score of 10

10The arithmetic mean score of a specific
TAND cluster (eg, autism-like cluster)

Mean cluster severity
score (CSSmean)

Most useful to track the total severity of a
specific cluster

Maximum scores vary by cluster,
given the varying number of
items per cluster

The arithmetic sum of all severity scores
within a specific TAND cluster (eg, all 4
items in the scholastic cluster)

Maximum cluster
severity score (CSSmax)

Most useful to track or examine overall
TAND severity

10The arithmetic mean of all severity scores
across all TAND clusters

Mean total TAND
severity score
(TTSSmean)

Most useful to track or examine overall
TAND severity

330aThe arithmetic sum of all severity scores
across all TAND clusters

Maximum total TAND
severity score
(TTSSmax)

aThe maximum will be 290 if question 6 (difficulties in school) is not completed for those of preschool age.

As part of the TANDem-1 study [19], the TAND-SQ was built
into a smartphone app for ease of access, along with a TAND
toolkit containing recommendations [22] on what additional
help families might seek for TAND, and practical
evidence-informed strategies they might implement themselves
at home. On conclusion of the TANDem-1 project, the
consortium acknowledged a number of scientific knowledge
gaps that could be pursued as next steps. These included the
need to consider how TAND severity may change over time,
how caregiver well-being may be associated with TAND
severity and severity trajectories, and the need to generate an
evidence base to support the well-being of family caregivers in
the TSC community.

Longitudinal Trajectories of TAND Severity and Their
Potential Predictors
At present, there are almost no data about the natural trajectory
of the severity of TAND manifestations over time, and this has
been identified as an important area for TAND research [15].
There is a small body of literature related to autism,
social-communication development, and behavior in TSC, where
studies have investigated the 0-36 months age group in relation
to biomarkers for autism [23-25]. In earlier studies, the Tuberous
Sclerosis Registry to Increase Disease Awareness (TOSCA)
consortium [26] examined TAND manifestations stratified by
age (children vs adults), and across 7 age bands [12]. Many
significant differences were observed with higher rates of TAND
manifestations in children vs adults [12]. However, on further
examination of age-based profiles in relation to intellectual
ability (IA)—known to be a strong correlate of many
neuropsychiatric features—results were significantly different
[27]. Once controlled for IA, children had higher rates of
overactivity, but most behavioral difficulties were higher in
adults. At the psychiatric level, rates of
attention-deficit/hyperactivity disorder (ADHD) were higher in
children, but anxiety and depressive disorders were higher in
adults. Controlling for IA, males had higher rates of overactivity
and impulsivity as well as ADHD and autism. Importantly, no
genotype-TAND correlations were seen on any behavioral,

psychiatric, or academic manifestations after controlling for IA
[27]. These findings were a stark reminder of the limitations of
cross-sectional correlations of TAND and the need for a
standardized and quantified tool that can measure change in
severity over time.

Apart from the clear research evidence of high levels of
heterogeneity in TAND profiles between individuals with TSC,
there is also clinical evidence of significant interindividual and
intraindividual variability in those outcome patterns over time.
However, the majority of TSC studies to date (including clinical
trials in TSC) have “averaged out” those health outcomes across
study samples or in prespecified stratified subgroups of
individuals (eg, Examining Everolimus in a Study of Tuberous
Sclerosis Complex-1, 2, and 3) [28-31]. Therefore, describing
populations of individuals with TSC using averaged estimates
leads to the risk of oversimplifying the complex interindividual
and intraindividual variability of real-life TSC [32]. For
example, in any intervention, an assumption is typically made
that the outcome variable of interest is relatively stable over
time and that the statistical change observed will be attributable
to the “active ingredient” of the intervention. However, it is
likely that there will be naturalistic changes in many outcomes
over time. These changes may be associated with differential
trajectories of groups of individuals. In the case of TAND, it is
very important to consider changes in severity over time, given
that TAND severity is highly variable. While it may present a
stable ”mean” trajectory, it may be associated with differential
natural trajectories over time. Understanding the natural
longitudinal TAND severity trajectory of individuals with TSC
and identifying differential trajectories of TAND severity over
time are fundamental aspects for TAND intervention research.

To begin exploring this question, we performed preliminary
analyses of TAND severity over time using data from the
TAND-SQ validation study [21], which included 21 repeat
completions of the TAND-SQ. The checklists were completed
with a mean age of 9.7 (SD 3.63; range 4-15) months apart. A
total of 18 checklists were completed by caregivers of
individuals with TSC reporting on their child (aged <18 years,
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n=12), or adult (aged >18 years, n=6) dependents, and 3 were
individuals with TSC reporting for themselves. For analysis of
change in TTSSmax, we used the time of the second observation
as integer months since the first observation (Table 1). Linear
mixed-effects model fit by restricted maximum likelihood,
including subject-specific random effects, showed that the mean
TTSSmax was 100.5 (SD 64.2) at baseline, and that it changed
by –1.05 units per month, equating to a 1% decline per month
(10 units over 10 months or 12 units over 12 months). These
findings therefore showed a “group-based” finding of gradual
decline in the TTSSmax over time (Figure 1A), suggesting
improvement in TAND severity over time. To explore the
possibility of latent classes of change trajectories, we set a
10-unit change as a clinical marker of meaningful change (given
that 10 units is the total of 1 severity quantification range per

item). We grouped the 21 sets of observations into 3 groups
based on whether trends between the 2 time points showed a
decrease of >10 units, stayed within 10 units, or showed an
increase of >10 units. We then regressed the TTSSmax per month,
allowing for interaction with the 3 classes (stable, increasing,
and decreasing). Results (Figure 1B) showed that 5 (24%)
participants remained within 10 units from a relatively low
baseline (T0 mean TTSSmax 52.6, SD 46.6), 5 (24%) participants
had scores that increased by >10 units from a higher baseline
(T0 mean TTSSmax 77.4, SD 70.0), and 11 (52%) participants
had scores that reduced by >10 units from a high baseline (T0

mean TTSSmax 133.1, SD 63.2). These preliminary findings
support the hypothesis of potential differential trajectories in
TAND severity over time.

Figure 1. Preliminary data showing differential tuberous sclerosis complex–associated neuropsychiatric disorders (TAND) severity trajectories in 21
participants over a period of 12 months. (A) The overall group maximum total TAND severity score (TTSSmax) trajectories over the 12-month period
with an average decline of 1% per month in TTSSmax over time. (B) Three different TAND severity trajectories with decreasing TTSSmax in 52%
(11/21) of participants, increasing TTSSmax in 24% (5/21) of participants, and stable TTSSmax in 24% (5/21) of participants.

A range of individual factors have been identified that relate to
TAND severity, including age, IA, genotype, and seizure
characteristics, among others. While the impact of seizures and
intellectual disability on TAND outcomes is widely accepted,
neither seizures nor any of the other previously examined
individual factors have been shown to be necessary or sufficient
to cause any specific TAND manifestations or TAND clusters
[5,25,33-35]. It is possible that the identification of differential
TAND severity trajectories may help to clarify the role of these
previously identified predictors; specifically, predictors may
play different roles in different trajectory pathways. This is an
important research question in TSC with direct relevance to
clinical disease tracking and to inform pharmacological and
nonpharmacological intervention studies of TAND.

Caregiver Well-Being and TAND Severity
There is a growing evidence base for the psychosocial burden
of TSC and TAND on individuals with TSC and their caregivers
[9,36-39]. For this reason, the recent evidence-informed
consensus recommendations for the identification and treatment
of TAND [22] included a new “wraparound psychosocial
cluster” in addition to the 7 natural TAND clusters previously
identified [16-18]. However, the association between the

psychosocial and other TAND clusters has received little
attention in research to date. For this reason, the TAND-SQ
included a question that contains 7 items on psychosocial
difficulties experienced by the individual with TSC (question
8.1) and by their caregiver (question 8.2). Items enquire about
low self-esteem, stress in the family, stress in relationships with
siblings, parent-child relationship difficulties,
parent-to-parent/partner relationship difficulties, stress leading
to difficulty for the family to connect with others in their
community, and career progress [20].

As part of the development of the TAND-SQ, data were
collected through the TSC Alliance electronic self-report portal.
This portal was added as a substudy to the existing TSC Alliance
Natural History Database which allowed families or individuals
to report on their own health outcomes [40,41]. TAND-SQ
responses from 51 caregivers showed very high rates of
psychosocial burden (Table 2). Notably, nearly 80% (40/51) of
caregivers reported very high levels of stress in the family, and
the majority reported very high parent-to-parent (26/51) and
parent-child stress (28/51), as well as very high levels of stress
making it difficult for the family to connect with others in the
community (26/51).
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Table 2. Proportion of participants endorsing items related to caregiver psychosocial burden (question 8.2) on the self-report quantified tuberous
sclerosis complex–associated neuropsychiatric disorders checklist (TAND-SQ; n=51).

Values, n (%)TAND-SQ question 8.2 items

20 (39)Low self-esteem

40 (78)Very high family stress

15 (29)Very high sibling stress

28 (55)Very high parent-child stress

26 (51)Very high parent-parent stress

26 (51)Difficulty connecting in the community

23 (45)Difficulty progressing in career

In the TSC community, caregiver burden has, to date, been
conceptualized as a consequence of the severity of their family
member’s physical TSC manifestations and TAND profile.
Interventions have therefore been recommended to support
improvement in TAND directly, both to reduce the severity of
TAND and therefore caregiver burden. To a lesser extent,
interventions to support caregivers and improve their coping
skills have been recommended. However, there have been no
investigations of the impact of caregiver well-being factors on
the TAND severity of their family member with TSC, or to
consider whether caregiver factors may mediate TAND severity

outcomes (Figure 2A). A mediator is a variable that explains
the impact of an independent variable (eg, intellectual disability)
on a dependent variable (in this case, TAND severity). The
implication of understanding caregiver well-being as a mediating
factor is that interventions to support family caregivers’
well-being may have an impact not only on the caregiver directly
but also indirectly on the TAND severity of their family
members with TSC, thus making caregiver well-being factors
“active ingredients” in the pathway toward closing the gap to
treatment for TAND.

Figure 2. Proposed tuberous sclerosis complex (TSC)–associated neuropsychiatric disorders (TAND) caregiver mediation model. (A) The proposed
TAND caregiver mediation model. (B) Summary of the structural equation modeling results (n=51), where caregiver well-being was shown to mediate
40% of the relationship between intellectual disability and TAND severity. TAND-SQ: self-report quantified TAND checklist; TTSSmax: maximum
total TAND severity score.

In conditions outside rare genetic disorders such as TSC,
findings are emerging about the fundamental role of caregivers
and caregiver factors as mediators of the severity of their family
members’ neuropsychiatric profile [42-44]. There have been
no investigations of the impact of caregiver well-being factors
on the TAND severity of their family members with TSC to
consider whether caregiver factors may mediate TAND severity
outcomes. A preliminary test of this hypothesis was conducted
using data from the 51 participants from the TSC Alliance in
the TANDem-1 project mentioned earlier. Structural equation
modeling (SEM) was used to determine whether caregiver
well-being mediated the relationship between the known TAND
severity predictor of intellectual disability and overall TAND
severity. Caregiver well-being was measured using the sum of
items endorsed in question 8.2 of the TAND-SQ. IA was
measured by question 5 of the TAND-SQ and coded as present
or absent based on the caregiver’s view (question 5c), and
overall TAND severity was quantified by the TTSSmax. Findings

are shown in Figure 2B and indicate that the presence of
intellectual disability directly predicted both TAND severity
(c’=47.93, SE 19.66; P=.01) and caregiver well-being (a=2.15,
SE 0.65; P=.001). In addition, caregiver well-being was shown
to mediate the impact of intellectual disability on TAND severity
(b=15.02, SE 3.84; P<.001). Findings showed indirect effects
of 32.33 (SE 12.78; P=.01) and a total effect of 80.26 (SE 20.35;
P<.001), suggesting that caregiver well-being explained
approximately 40% of the variance in TAND severity. This
model acknowledges the potential role of individual factors (as
independent variables), such as age, sex, genotype, age of
seizure onset or control, in the pathway to TAND severity
(Figure 2A, path c’), and accepts the need for direct and targeted
interventions on TAND. However, the novelty of the hypothesis
lies in the introduction of a mediation model via caregiver
well-being (Figure 2A, path a and path b) to TAND severity
and to different trajectories of severity. These findings provide
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the first preliminary support for a possible “TAND caregiver
mediation model” and the need for further research in this area.

Strengthening Caregiver Well-Being
There is a global emphasis on policies and programs that support
caregiver skills to promote the development of their children
and family members with developmental disabilities [45,46].
However, to date, very little attention has been paid to the
capacity of caregivers to care [47]. With a limited capacity to
care, it is difficult for caregivers to incorporate or implement
new knowledge, skills, or techniques, often worsening a
caregiver’s sense of competence [48,49].

In the context of these findings and given the highlighted burden
of caring for an individual with TSC [9,36,37] (and possible
mediation effect of caregiver well-being and TAND severity),
we propose a creative solution to improve caregiver capacity
to care. Acceptance and commitment therapy (ACT, pronounced
as “act”) is an established process-based cognitive behavioral
therapy designed to promote psychological flexibility [50].
Psychological flexibility has been defined as “one’s ability to
fully attend to the present time, think with openness, and work
to advance one’s life in personally meaningful ways” [51]. Tools
such as metaphors and experiential exercises are used to help
individuals learn how to make healthy contact with difficult
thoughts, feelings, memories, and physical sensations that they
may have feared or avoided in the past. Participants learn how
to make a nonjudgmental space for these painful thoughts,
feelings, and memories while developing greater clarity about
their personal values and committing to small changes in
behavior in line with these values [50]. A growing body of
evidence suggests that ACT interventions can result in positive
changes in psychological flexibility and, in turn, in the
psychosocial well-being of caregivers of children with a range
of psychological and physical difficulties, including autism,
chronic pain, and significant health needs [52-57]. The findings
of these studies and reviews support ACT as a transdiagnostic
intervention and suggest that even very brief interventions can
have psychosocial benefits for caregivers [58,59]. In TSC, no
studies to date have examined the potential feasibility of ACT
to support caregiver well-being.

The World Health Organization (WHO) drafted a prepublication
stand-alone Caregiver Well-being module as part of the WHO
Caregiver Skills Training Program for caregivers of children
with developmental delays, disabilities, or disorders [60,61].
The module consists of three 2-hour sessions where 2 trained
facilitators meet once a week with a group of about 10
caregivers. Facilitators use a manualized facilitator guide to
deliver the intervention. In partnership with the WHO,
researchers in South Africa used a participatory approach to
perform the first adaptation and evaluation of the Caregiver
Well-being module with South African families with children
who had a range of developmental disabilities. The work
resulted in the novel “Well-Beans for Caregivers” intervention,
which was delivered in a low-resourced rural community in one
of the South African provinces to 10 caregivers, including 1
with a child who had TSC [62]. A specialist facilitator led the
intervention, cofacilitated by a nonspecialist (the mother of a
child with autism and employee of the national autism nonprofit

organization in South Africa). Caregivers had a mean age of
41.27 (SD 11.07) years, almost all of them were single parents,
and had no tertiary education. Their children were an average
of 8 (SD 2.36; range 4-11) years of age, with diagnoses
including autism, intellectual disability, ADHD, epilepsy, and
TSC. Almost half had developmental delays in motor
milestones, recapitulating a profile very similar to that seen in
TSC. Feasibility was evaluated with attendance tracking,
completion rates of digital data collection forms, feasibility
evaluation of group sessions, and competence of the specialist
facilitator (rated by nonspecialist facilitators and observers).
Acceptability was evaluated through acceptability ratings of
group sessions by caregivers, facilitators, and observers.
Potential efficacy was evaluated using 6 standardized and
validated measurement tools, including the Acceptance and
Action Questionnaire II, a measure of psychological flexibility
[63], the Patient Health Questionnaire-9 (PHQ-9), a measure
of parental depression [64], the Generalized Anxiety Disorder
7-item scale (GAD-7) [65], the Multidimensional Scale of
Perceived Social Support (MSPSS), a measure of caregiver
perception of community support [66], the Family Impact of
Childhood Disability Scale (FICDS), a measure of positive and
negative appraisal of disability [67], and the Brief Measure of
Parental Well-being [68].

Results showed very high attendance rates for each of the 3
sessions (session 1: 9/10, 90%; session 2: 10/10, 100%; session
3: 9/10, 90%), and form completion was 100%. The feasibility
of group sessions was rated as very high for facilitator
competency (mean 92.67, SD 6.43) and training of others (mean
93.33, SD 4.5). Acceptability of the groups was rated as high
by the caregivers, facilitators, and observers. Despite the small
sample size, pre-post efficacy measures showed medium to
large effect sizes (r, where r=Z/N is the nonparametric effect
size) on 7 of the 10 measures, and large effect sizes (r>0.5) on
5 measures, including the PHQ-9 (r=0.52), GAD-7 (r=0.56),
MSPSS Total (r=0.58), and FICDS (positive impact, r=0.64).
These preliminary data showed strong early-phase evidence to
proceed to the next step in the clinical trials pipeline [62].

In summary, there is a clear need in the TSC field to build on
the findings of the TANDem-1 project and current TAND
literature by exploring longitudinal trajectories of TAND
severity and what personal factors and TSC characteristics may
predict these trajectories. This is important to inform clinical
care and make prognostications about TAND severity. Research
is also needed to better understand caregiver well-being in TSC
and how it may act as a mediator of TAND severity and TAND
severity trajectories. Elucidating these relationships is important
for identifying targets of treatment for TAND severity. Finally,
it is of utmost importance to learn more about how to support
caregivers in their chronic caregiving journey. These needs are
the basis for the aims of the TANDem-2 project.

The TANDem-2 project will be carried out by the TAND
consortium, originally formed in the TANDem-1 project and
expanded for TANDem-2 to consist of 33 adult members (>18
years of age) from 16 different countries around the world, with
11 members being family representatives (individuals with TSC
or family members of individuals with TSC). Other consortium
members include TSC professional stakeholders, technology
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developers, global TSC stakeholders, and established and
emerging TAND researchers. Here we present the aims,
objectives, measures, data collection procedures, data analysis
methods, data protection, data management, and ethical
considerations for the TANDem-2 project.

Aims, Objectives, and Hypotheses of TANDem-2

Overview
The study aims and hypotheses are outlined below. Specific
objectives linked to the aims are shown in Textbox 1.

Textbox 1. Aims and objectives of the TANDem-2 project.

Aim 1: Examine longitudinal trajectories of tuberous sclerosis complex (TSC)–associated neuropsychiatric disorders (TAND) severity and
predictors of differential trajectories

• 1.1: Adapt the TAND Toolkit app for longitudinal data collection.

• 1.2: Collect the self-report quantified TAND checklist and other relevant questionnaires longitudinally from 500 participants at 5 time points
over 12 months.

• 1.3: Use data collected in 1.2 to identify longitudinal trajectories of TAND severity and potential predictors of differential trajectories.

Aim 2: Examine caregiver well-being as a possible mediator of TAND severity and severity trajectories

• 2.1: Using data collected in aim 1, examine the relationship between caregiver well-being, TAND severity, and its trajectories.

Aim 3: Adapt and evaluate the feasibility, acceptability, and potential efficacy of a brief caregiver well-being intervention

• 3.1: Use participatory methods (experiential and adaptation workshops) to adapt the “Well-Beans for Caregivers” intervention materials specifically
for family caregivers of individuals with TSC of any age, as well as the methods for online delivery.

• 3.2: Evaluate the feasibility, acceptability, and perform limited efficacy testing of the adapted “Well-Beans for Caregivers” intervention in a
small pilot trial.

Aim 1: Examine the Longitudinal Trajectories of TAND
Severity and Their Predictors
We hypothesize that longitudinal analysis of TAND severity
data will identify at least 3 differential trajectories (“stable,”
“worsening,” “improving”), and that trajectory membership
will have differential predictors. To test this hypothesis, we will
use an accelerated longitudinal design to collect longitudinal
data from 500 families across 5 time points with 3-month
intervals over a 12-month period.

Aim 2: Examine Caregiver Well-Being Factors as
Mediators of TAND Severity and TAND Severity
Trajectories
We hypothesize that cross-sectional mediation modeling will
identify specific caregiver well-being factors that mediate or
moderate TAND severity of TSC family members, and that
sequential causal mediation analysis of those factors will identify
predictors of longitudinal TAND severity outcomes over time.
These specific caregiver well-being factors could include
caregiver psychosocial burden, caregiving burden, levels of
resilience, depression or anxiety, or overall well-being. To test
this hypothesis, the caregiver dataset generated for aim 1 will
be used. First, SEM will be used for mediation modeling of
baseline data (T0). Next, trajectory membership and their

predictors identified in aim 1 will be combined with the
caregiver mediator factor confirmed through SEM to perform
sequential causal mediation analysis.

Aim 3: Adapt and Perform a Pilot Feasibility and
Potential Efficacy-Testing of an Innovative Brief
Caregiver Well-Being Intervention
We hypothesize that an innovative, brief caregiver well-being
intervention developed for caregivers of children with
developmental disabilities can be adapted as a caregiver
well-being intervention in TSC, that it can be delivered feasibly
in an online modality, and that we will observe signals of change
in key caregiver well-being factors identified in the longitudinal
trajectory (aim 1) and mediation analyses (aim 2). To test these
hypotheses, we will use participatory methods with the TAND
consortium to adapt the 3-session “Well-Beans for Caregivers”
program for the TSC caregiver community. After adaptation,
we will deliver the 3-session intervention online to 3 groups of
10 caregivers each using a quasi-experimental pre-post
follow-up design including measures of the key caregiver
well-being factors examined in the mediation modeling and
additional measures specific to the intervention. As mandated
by our funding agency, only a pilot trial will be conducted.

A visual summary of the TANDem-2 project is provided in
Figure 3.
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Figure 3. A visual summary of the TANDem-2 project. TAND: tuberous sclerosis complex–associated neuropsychiatric disorders; TSC: tuberous
sclerosis complex.

Methods

Study Participants Aims 1 and 2

Inclusion Criteria
A total of 500 adult participants (>18 years of age) will be
recruited. Inclusion criteria are (1) adult individuals with TSC
of any age, sex, genotype, and an intellectual level that will

allow them to participate in the study; (2) adult caregivers (>18
years of age) of individuals with TSC (of any age, sex, genotype,
and intellectual level); (3) willingness to provide informed
consent; (4) willingness and ability to complete data collection
at 5 time points over a period of 12 months using the TAND
Toolkit app; (5) access to a smartphone or other digital device
(eg, tablet, laptop, or desktop computer) and mobile data or
internet access to complete data collection using the app; (6)
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sufficient knowledge of technology to be able to access the
web-based smartphone app on their digital devices; and (7)
sufficient understanding of English to be able to understand the
study information and consent documents, and to complete the
English questionnaires included in the study.

Recruitment
Study participants will be recruited through TSC International
(TSCi), the umbrella organization for all international TSC
nonprofit organizations. TSCi represents a total of 38 individual
organizations across the globe, including the TSC Alliance,
based in the United States. The TSC Alliance has a global reach
for research recruitment, including the Natural History Database,
which includes over 2700 participants at the time of writing
[40,41]. Family representatives within the TAND consortium
are active advocates within their country-specific patient
organizations, who will assist with recruitment efforts. Within
the TAND consortium, we will cocreate a study flyer with a
description of the study and an invitation to participate. The
flyer and invitation to participate will be sent electronically by
the TSC Alliance and other TSCi partner organizations to TSC
families in their networks via their websites, mailing lists, and
other organizational communication strategies. Word-of-mouth
and snowball sampling may also play a part once recruitment
begins.

Enrollment
Individuals who wish to participate in aims 1 and 2 of the
TANDem-2 research project will be required to register online
and use the TAND Toolkit app for data collection. Informed
consent will be captured electronically. To optimize potential
participant understanding of study participation requirements,
and in line with current recommendations regarding electronic
consent processes [69-72], we have incorporated various
elements in the recruitment and enrollment process. Interested
participants will be able to click on a link or scan the QR code
on the flyer to access further information about the study on a
dedicated web page on the TAND consortium website [73].
This study’s web page will contain detailed information about
the study in various formats: a short video about the TANDem-2
project, a visual summary of the steps involved in data
collection, a PDF document of the approved study information,
and consent form, as well as the privacy policy and terms of
use for the TAND Toolkit app, a set of accessible frequently
asked questions, and an email address where any study related
questions can be directed to the research team. If interested
individuals would like to join this part of the study, they can
click on the button at the bottom of the project information web
page to proceed to the TAND Toolkit app registration web page.
The first step will be to read and complete the digital study
information and consent form, as well as the app privacy policy
and terms of use. The participant will then proceed to complete
the registration process and create an app user account. The
participant (app user) will then receive an email to verify their
account registration, and thereafter will receive access to the
TAND Toolkit app. These registration steps are in line with
current recommendations to enhance data integrity while using
an exclusively digital data collection method [74-79].

Retention
In light of the risk of attrition in longitudinal research, retention
will be facilitated by a range of retention strategies shown to
be effective in large-scale longitudinal studies [80]. These will
include inviting more than the target number of participants to
enroll (up to 600), incentivization through invitations to study
webinars, and study updates and activities linked to TSC
Alliance and TSCi events. Participants will not be compensated
for participation, another key feature for enhancing data integrity
in digital research [78]. Further technical retention strategies
built into the TAND Toolkit app are described in the measures
and data collection methods for aims 1 and 2 under the
“Measures and Data Collection” section.

Study Participants (Aim 3)

Inclusion Criteria
For objective 3.1 (adaptation), all members of the TAND
consortium, prioritizing those with lived expertise in TSC, will
be invited to participate in the adaptation of the “Well-Beans
for Caregivers” intervention by participating in 3 experiential
sessions of the intervention and an adaptation workshop. All
consortium members will be required to sign informed consent
prior to participation. Inclusion criteria for objective 3.2 (pilot
intervention), potential study participants are (1) adult caregivers
(>18 years of age) of a family member with TSC (with any age,
sex, genotype, and intellectual level); (2) willingness to provide
electronic informed consent; (3) willingness and ability to
participate in 3 online intervention sessions (each session will
last 2 hours, 1 session per week over 3 weeks); (4) willingness
and ability to complete pre-, post-, 3-, and 6-month follow-up
data collection; (5) need to have access to a digital device (eg,
smartphone, tablet, laptop, or desktop computer) and mobile
data or internet access in order to participate in the online
intervention sessions; (6) willingness to join a group intervention
session; and (7) sufficient level of English to be able to read
information, booklets, and participate in sessions and data
collection.

Recruitment
For objective 3.2 (pilot intervention), 30 participants will be
recruited from 3 international sites (10 participants per site).
Participants will be recruited via purposive sampling through
invitation by our community partners. The invitation email will
explain the requirements for participation and include the
approved study information form for review.

Enrollment
Participants who wish to participate will be asked to copy their
reply to the research team. They will then be sent an email
containing a link to the REDCap (Research Electronic Data
Capture; Vanderbilt University) platform to sign consent using
the e-Consent feature and complete the preintervention forms.
They will also receive information about and links to the
scheduled intervention sessions.

Retention
Due to the brevity of the 3-session intervention and attendance
rates in a previous study with this intervention [62], we do not
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anticipate significant challenges in retention of study participants
for aim 3.

Intervention Delivery
The adapted intervention will be delivered online by 2 trained
facilitators (members of the TAND consortium). Trainee
facilitators will attend as observers. Sessions will take place
once a week for 3 consecutive weeks, in 2-hour sessions, with
a group of 10 caregivers. Sessions will follow the manualized
script in the adapted facilitator and caregiver booklets. These
include stories, exercises, and group discussions to help convey
key ACT-informed psychological principles. The content,
discussions, and activities cover the main ACT constructs of
(1) getting present, (2) identifying personal values, (3) taking
small, committed actions in line with these values, (4) finding
ways to take care of yourself, (5) naming and noticing your
thoughts and feelings, and (6) acceptance, which collectively
make up the construct of psychological flexibility [50,81]. This
pilot trial has been registered on ClinicalTrials.gov
(NCT06879665).

Measures and Data Collection

Overview
A range of data measures has been developed and selected to
define individual, caregiver, and TAND severity characteristics
at baseline, during longitudinal data collection, and in the pilot
well-being intervention. Measures were selected if they were
freely available, comprehensive, and had good psychometric
properties.

Measures and Data Collection Methods (Aims 1 and 2)
The measures for aims 1 and 2 include demographic
information, TSC characteristics, TAND severity, TAND
interventions, and information about well-being. All of these
measures will be collected using the TAND Toolkit app, adapted
for longitudinal data collection and accessibility via various
electronic devices (such as smartphones, tablets, or desktop
computers). Table 3 summarizes the data measures, app sections,
time points at which each measure will be completed, the
estimated length of time measures will take to complete, and
who the measures capture information about. There will be 5
data collection time points over a 12-month period, with
3-month intervals.
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Table 3. Data collected using the tuberous sclerosis complex (TSC)–associated neuropsychiatric disorders (TAND) Toolkit app for aims 1 and 2.

Who the measures
are completed
about

Estimated
time to com-
plete

Data collection
time points

TAND Toolkit app
section

Data measures and the type of information collected

Demographic information

Individuals with
TSC and the care-
giver (if relevant)

5 min1My TSC Family• Age
• Education level and type
• Family living situation
• Employment and income

TSC characteristics (My TSC Story)

Individuals with
TSC

15 min1-5My TSC Story• Age diagnosed
• First concerns
• Current physical symptoms in each body system
• Genetic testing and genotype
• Seizure characteristics
• Treatments

TAND severity (TAND-SQa)

Individuals with
TSC (and question
8.2 for the caregiv-
er, if relevant)

30 min1-5My TAND Check-
lists

• Developmental milestones
• Behavioral difficulties
• Psychiatric diagnoses
• Intellectual ability
• Scholastic difficulties
• Neuropsychological difficulties
• Psychosocial difficulties
• Priorities, strategies, and strengths

TAND interventions

Individuals with
TSC

10 min1-5My TAND Interven-
tions

• Type of intervention (medications, psychological/behav-
ioral/talking, educational, social, caregiver or family
training, or other)

• Which cluster it was targeting
• What difference it made

Well-being

Individuals with
TSC (only self-re-
port); caregivers
(only self-report)

10 min1-5My Well-being• Care/caregiving burden
• Brief Resilience Scale [82]
• Patient Health Questionnaire-9 [64]
• Generalized Anxiety Disorder 7-item scale [65]
• World Health Organization-5 Well-Being Index [83]
• Overall well-being rating

aTAND-SQ: self-report quantified TAND checklist.

To support longitudinal data collection, the app includes built-in
features to encourage retention. There will be automated
“reminders” for new data collection time points through in-app
notifications and emails to participants. Efforts have been made
to ensure each data collection time point is not too
time-consuming. Data collection for time point 1 will take
approximately 60-70 minutes. At time points 2-5 (T2-T5), the
total data collection time should be faster as several items within
the My TSC Story, My TAND Checklist, and My TAND
Interventions sections will be prepopulated, thus only requiring
updates to be completed. We anticipate data collection at time
points T2-T5 to take 30-40 minutes. We will include visual
summaries of the data entered by participants, which will allow
them to view changes in their TAND severity over time. These
are intended to encourage participants to return to the app for
data entry at the subsequent time points. The app will generate

PDF summaries of information provided by participants that
can be downloaded and shared with health care teams. The app
contains the TAND toolkit, developed as part of the TANDem-1
project [20], containing a range of evidence-informed
suggestions for what additional clinical help to seek and what
can be tried at home for symptoms across all TAND clusters.
Access to the TAND toolkit is also considered a retention
strategy.

Measures and Data Collection Methods (Aim 3)
The schedule of enrollment, baseline assessment, intervention,
and immediate post-, 3-month post-, and 6-month
postintervention assessments is shown in Table 4. In addition
to data measures for aims 1 and 2, measures for aim 3 were
selected to evaluate the feasibility, acceptability, and potential
efficacy of the “Well-Beans for Caregivers” intervention. These

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 12https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


additional measures include attendance rate as a measure of
feasibility, session feedback forms as measures of feasibility
and acceptability, completed by session facilitators, observers,
and caregiver participants, and 2 measures of family functioning
and quality of life. A measure of psychological flexibility, the
hypothesized ACT therapeutic mechanism of change, has also

been included, namely the Psy-Flex [81]. All clinical measures
will be collected via REDCap before the intervention starts
(preintervention), immediately post intervention, and at 3 months
and 6 months after the intervention occurred. Session feedback
forms will be collected from participants, observers, and
facilitators after each session.

Table 4. Data collected using REDCap (Research Electronic Data Capture) for aim 3.

Time to completeTime pointMeasure

10 minPreinterventionCaregiver demographic information

Feasibility and acceptability

N/AaAfter each sessionAttendance

5-7 minAfter each sessionSession feedback forms: caregivers, observers, and facilitators

Potential efficacy of intervention

Psychological flexibility

3-5 minPre-, immediately post-, 3-month
post-, and 6-month postinterven-
tion

• Psy-Flex [81]

Caregiver burden

3 minPre-, immediately post-, 3-month
post-, and 6-month postinterven-
tion

• TAND-SQb question 8.2 [20]

Caregiver well-being

10 minPre-, immediately post-, 3-month
post-, and 6-month postinterven-
tion

• Brief Resilience Scale [82]
• Patient Health Questionnaire-9 [64]
• Generalized Anxiety Disorder 7-item scale [65]
• World Health Organization-5 Well-Being Index [83]

Family support and quality of life

15 minPre-, immediately post-, 3-month
post-, and 6-month postinterven-
tion

• Multidimensional Scale of Perceived Social Support [66]
• Family Impact of Childhood Disability Scale [67]

aN/A: Not applicable.
bTAND-SQ: self-report quantified tuberous sclerosis complex–associated neuropsychiatric disorders checklist.

Data Analysis

Statistical Analysis Plan (Aim 1)
TAND severity will be quantified using the CSSmean for each
cluster and the TTSSmean/TTSSmax for overall TAND severity.
These will be used to identify latent TAND severity trajectories
using latent class mixed effect modeling [84]. The number of
classes will be chosen based on statistical measures of model
fit, the stability of the latent profiles, and the group sizes.
Multinomial regression modeling [84] will be used to investigate
the association of potential subject-specific covariates with the
identified latent classes (predictors of TAND severity
trajectories). All analyses will be done using R software (R
Foundation for Statistical Computing) [85].

Power calculations are based on the estimation of the time
trajectory and comparing different latent trajectories. Based on
the data from the preliminary data analyses described earlier of
21 repeat TAND-SQs (42 observations), the power calculations
were made in 2 ways. First, based on simulations [86] using a

single slope (mean profile), power for sample sizes of n=500
and n=300 was calculated at a slope of -1.05%
(power=100%/100%) and at –0.5% (power=97%/81%). Second,
simulations were generated for n=500 and n=300 using a
3-trajectory solution with change in trajectories set at +1%, 0%,
–1% (power=100%/100%), +0.5%, 0%, –0.5%
(power=84%/72%), and 0%, +0.5%, +1% (power=86%/83%).
Power calculations allowing for 3 different estimated baseline
values of TTSSmax (75, 100, and 125) in addition to differing
slopes for trajectories, show for n=500, 100% power (with 1%
change in trajectories) and 93% power (with 0.5% change in
trajectories). A sample size of n=300 using similar power
calculations shows 100% power for 1% and 77% power for
0.5% differences in trajectory slopes.

Statistical Analysis Plan (Aim 2)
The caregiver dataset will be analyzed as follows: first, SEM
will be used for mediation modeling of baseline data (T1). Next,
trajectory classes and their predictors identified in aim 1 will
be combined with mediators confirmed through SEM to analyze
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the mediated association between predictors and latent trajectory
classes using a generalized structural modeling approach.
Separate mediation models will be fit for different combinations
of individual risk factors, caregiver well-being measures, and
TAND severity outcomes. Additionally, we will extend the
structural equation model to incorporate multiple individual
factors and multiple caregiver well-being measures for specific
TAND severity outcomes, including sequential mediation
models that use successive measurements of caregiver
well-being as the successive mediators [87]. All analyses will
be done using R [85,88].

Using our preliminary analyses regarding a possible “caregiver
mediation model” with intellectual disability (binary variable)
and TTSSmax (274 in the TANDem-1 sample; Figure 2),
mediated through caregiver stress (maximum of 7 units),
assuming effect size for path a=2.15 (SE 0.65) and path b=15.02
(SE 3.84), 100 observations will have 95% power to detect a
mediation effect=40% of the total effect at the 5% level of
significance according to Sobel test for mediation [89]. If we
decrease the effect sizes for a and b by 50%, 300 observations
will have 86% power to detect a significant mediation effect.

We will control for false discovery rates due to multiple
comparisons as a result of potentially multiple models for the
multiple outcome-mediator-predictor combinations using the
Benjamin Hochberg procedure [90]. The inclusion of relevant
covariates in the models will be identified through directed
acyclic graphs [91].

Statistical Analysis Plan (Aim 3)
Descriptive and nonparametric statistics will be used to
summarize the quantitative data on the feasibility, acceptability,
and potential effects of the “Well-Beans for Caregivers”
intervention. Given that this is a feasibility and limited efficacy
testing (“signal seeking”) pilot study, no formal power
calculations were performed. Effect size data from this study
will be used to perform power calculations for any future clinical
trials of the “Well-Beans for Caregivers” intervention.

Data Protection and Data Management

TAND Toolkit App Data
Protection of digital data is a paramount concern in this project.
Data collection via the TAND Toolkit app, for aims 1 and 2, is
governed by an approved data management plan, data protection
impact assessment, data sharing agreement, data processing
agreement, nondisclosure agreement with the app developers,
privacy policy, terms of use, and cookie policy for the app, and
compliance with the General Data Protection Regulation
(GDPR) of the European Union, seen as the most stringent
standard for data protection. Key data protection features
incorporated into the TAND Toolkit app are outlined in
Multimedia Appendix 1.

The app fulfills GDPR requirements in that only essential user
data are collected, processes are in place to handle app user data
requests (such as access, rectification, or erasure of data), and
various organizational and technical measures are in place to
ensure secure transfer, hosting, access, and protection of the
data. The legal basis for capturing and processing data is the

user consent that has received independent institutional review
board (IRB)/human research ethics committee approval. The
app privacy policy informs the app user about the data that will
be collected, for what purposes it will be used, and for how long
it will be stored, and informs the users of their rights with regard
to their data. The app’s terms of use document outline the rules
for using the app and the rights and responsibilities of all parties
involved, including the data owners and the app users. All
anonymized data collected in the app will be freely accessible
to the TSC clinical and research community in accordance with
procedures outlined in a data sharing agreement. Data retention
is also specified in the informed consent form to align with the
GDPR regulation, as well as the right to have insight into what
data are collected, and the option to export or remove all user
data on request.

REDCap Data
Data collection for aim 3 will be done using REDCap, a widely
used, robust, and secure web application licensed to research
entities for study data collection and storage [92,93]. REDCap
includes rigorous query management, audit trails, automated
reporting, and data exporting to all statistical software packages
that will be used in the study.

We acknowledge that breach of privacy or confidentiality is a
potential risk in any clinical research, particularly in the pilot
intervention trial where 3 groups of 10 participants each will
take part and where personal information may inadvertently be
shared by other group members. To mitigate against this,
participants will be reminded during consent procedures and at
the start of each session to guard against the sharing of any
private or confidential information outside the group.
Participants will also be reminded, as part of informed consent
procedures, that there will be a risk of potential personal
information sharing by the group. From an administrative and
research perspective, anonymized or aggregated data will be
made available via controlled access after application and ethics
approval, in accordance with FAIR (Findable, Accessible,
Interoperable, and Reusable) principles.

Ethical Considerations

Participant Vulnerability and Risks
This study represents minimal risk to participants as outlined
by the Office for Human Research Protections [45 CFR 46.110]
and the Food and Drug Administration [21 CFR 56.110]. The
TANDem-2 project will include participants who may be
considered of medium vulnerability. This includes adults with
TSC and family caregivers of dependents with TSC of any age.
As recruitment of these participants will be managed through
patient support organizations for TSC, we feel confident that
participants will have access to support throughout the duration
of the study. The study is considered minimal risk to
participants, given that all data collection is noninvasive and
consists of self-reported behavioral and neuropsychiatric
information. Minors will not be direct participants, and given
that the pilot trial will be a psychosocial intervention with
behavioral data as feasibility and impact measures. Participants
in the intervention groups may become emotional or distressed
during sessions, and this will be managed by the trained
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facilitators. A referral system will be in place for participants
who appear highly stressed during the sessions for further
support.

Informed Consent
All participants will provide consent before taking part in the
study. All members of the TAND consortium will sign a consent
to take part in various activities in the project, including for aim
3, objective 3.1 (experiential and adaptation workshops for
adapting the “Well-Beans for Caregivers” intervention). For
aims 1 and 2, participants will provide informed consent on the
TAND Toolkit app following review of the study information
form and the app privacy policy and terms of use. All consent
statements completed or checked by participants will be
date-time–stamped and archived. Caregiver participants in the
aim 3 pilot will sign consent via the e-Consent framework in
REDCap, where all consent statements will also be
date-time–stamped and archived.

IRB/Human Research Ethics Approval
The study will follow all principles established by the
International Conference on Harmonization of Good Clinical
Practice in Research. The initial study protocol (version 1) was
approved by the IRB committee at the initiating principal
investigator (PI) site (Vrije Universiteit Brussel [VUB]:
EC-2024-222/BUN 1432024000179) and the partnering PI site
(Human Research Ethics Committee [HREC], University of
Cape Town [UCT]: HREC 327/2024). It has also been approved
by the funder’s oversight committee, the US Army Medical
Research and Development Command Office of Human
Research Oversight (OHRO; E05445.1a). This is protocol
version 2 following approved amendments at VUB (October 8,
2025) and UCT (November 10, 2025) and OHRO (December
2025). The pilot trial has been registered in the National
Institutes of Health (NIH) clinical trials registry with identifier
NCT06879665.

Additional Safeguards
Any participants who raise concerns about their own mental or
physical state and/or that of their family members with TSC
will be referred to the relevant contact person at the TSC
Alliance and/or TSCi organization. The initiating and partnering
PIs, key research team members, and TAND consortium
members are experienced clinical researchers and/or members
of TSC nonprofit organizations and will have expertise and
networking knowledge to support participants if this were to
happen. Participants will be reminded as part of informed
consent that they are free to withdraw from the research at any
stage without the need to provide a reason for their withdrawal.

Education in the Protection of Human Research Subjects
All members of the TAND consortium, regardless of their
country of base, and all additional research staff will participate
in online training on the protection of human research subjects.
This will include an online examination of relevant modules to
ensure that all researchers have appropriate knowledge of the
principles and federal regulations on the protection of human
research subjects, as described in the Belmont Report and
relevant federal regulations.

Results

Study Progress
This grant was awarded in December 2023, and funding started
in July 2024 (HT94252410790 and HT94252410791). IRB
approval was obtained from the University of Cape Town (July
2024), Vrije Universiteit Brussel (November 2024), and the
Department of Defense OHRO (December 2024). The TAND
Toolkit app was adapted for longitudinal data collection in aims
1 and 2 throughout 2025. Recruitment flyers were cocreated
with the TAND consortium and approved by all IRB
committees. “Soft launch” for recruitment took place in
December 2025, and the official launch of the TAND Toolkit
app took place on Rare Disease Day (February 28, 2026).
Recruitment will continue until 500 participants are enrolled
(anticipated December 2026). Data collection will continue
until all participants have completed 5 rounds of data collection
(every 3 months over a 12-month period). We anticipate this to
continue until December 2027. For aim 3, the experiential and
adaptation workshops (objective 3.1) were completed in June
2025, and the pilot intervention (objective 3.2) was delivered
in November 2025 with postintervention data collection until
May 2026.

Analysis and write-up of aims 1 and 2 will depend on
recruitment targets, with primary outputs anticipated by July
2028. Analysis and write-up of aim 3 findings are anticipated
by December 2026.

Potential Challenges and Solutions
The most likely challenge in this study will be the recruitment
and retention of 500 participants for the longitudinal data
collection for aims 1 and 2. However, the TAND consortium
and research team are well placed in the international TSC
community to manage this process, and the 4-year track record
of the TAND consortium during the TANDem-1 project is a
testament to this. We acknowledge that the power calculations
for the trajectory analyses were based on preliminary data with
only 21 repeat TAND-SQ observations and that the mediation
power analysis came from preliminary data with 51 caregivers.
These data therefore provide limited justification for the final
statistical analysis plan. However, we have taken a very
conservative approach to prepare our power calculations. First,
we acknowledge that TSC is a rare disease and that these
represent the first-ever data of repeat measures on the TAND-SQ
and of caregiver well-being on question 8.2. Second, there was
a funder requirement for a prospective statistical analysis plan
and power calculations. As outlined in the data analysis section
of this protocol, we have therefore used different approaches
to do power calculations, including the use of simulations and
using very conservative parameters for change measurement.
We also acknowledge that the intervention pilot is small, with
only 30 participants in a quasi-experimental pre-post design
with no control group and no formal power calculation. This
approach was selected for 2 reasons. First, the primary aim of
the pilot trial was to evaluate feasibility and acceptability with
a very limited evaluation of efficacy (“signal seeking” of
potential future outcome measures through evaluation of effect
sizes of change on theoretically motivated measures) as a

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 15https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


secondary aim. Second, there was a funder requirement only to
allow small pilot studies to be conducted through this funding
mechanism.

Unexpected Results
Our hypotheses may not be supported by the data collected, but
in each case, any alternative findings will be of relevance to the
TSC and the scientific field of rare diseases. For example, in
aim 1, it is possible that we may not identify 3 latent class
trajectories but may find more or fewer trajectories. Such
unexpected results will generate novel findings to be explored
in relation to baseline/individual factor predictors. In aim 2, it
is possible that we may not find statistical support for a strong
mediation effect of caregiver well-being factors. Instead,
findings may point toward caregiver well-being factors as
“moderators” instead of mediators, where caregiver well-being
modifies the relationship between individual characteristics and
TAND severity rather than explains this relationship. There is
growing recognition that a mediator can become a moderator
(eg, if specific interventions are introduced to target that
particular mediator) [94]. Such findings will provide important
new results and potential new hypotheses to explore. Unexpected
results in aim 3 may suggest that the adapted “Well-Beans for
Caregivers” intervention is not suitable for caregivers of
individuals with TSC, or that no signals of potential change are
identified in the small-scale pilot study. However, our work in
low-resource communities in South Africa with a profile of
caregivers of children very similar to those in the TSC
community showed high feasibility and remarkably encouraging
effect sizes [62], suggesting that similar findings are likely in
TSC.

Discussion

Overview
The TANDem-2 study aims to build the knowledge base on
TAND in TSC by examining longitudinal trajectories in TAND
severity and potential predictors of differential trajectories,
examining caregiver well-being as a possible mediator of TAND
severity and severity trajectories, and adapting and evaluating
the feasibility, acceptability, and limited efficacy of a brief
caregiver well-being intervention for TSC family caregivers.

Short-Term Impact
Identification of latent classes of TAND severity trajectories
and their predictors will provide scientific data to inform the
prognosis of TAND severity and to measure the efficacy of
clinical interventions. Awareness of differential TAND severity
trajectories will also increase clinical trial readiness with the
TAND-SQ as a potential outcome measure. Identification of
caregiver well-being factors as mediators of TAND severity in
their TSC family members will reconceptualize caregivers as
“active ingredients” of TAND severity and provide strong
evidence for the importance of “caring for the caregivers” as
proposed in the recent international consensus recommendations
for the identification and treatment of TAND [22]. This will
have an immediate impact on the TSC community, both to
explore those caregiver factors in the clinical context and to

seek strategies to strengthen them. Based on our earlier work
in developmental disabilities [62], caregivers who participate
in the intervention will have direct and immediate benefit from
participation. Developing a feasible and easily scalable,
ultrashort intervention with some signals of efficacy for
caregivers will provide strong preliminary evidence for
larger-scale nonpharmacological clinical intervention trials with
real potential to improve TSC and TAND outcomes, as well as
caregiver well-being.

Long-Term Impact
Identification of differential TAND severity trajectories and
their predictors will have a direct long-term impact on scientific
research of the underlying mechanisms of action and/or
treatment of TAND, where latent class membership can become
a novel variable to be explored. Caregivers as mediators will
add an additional pathway to TAND severity to be examined
and developed. The innovative ultrabrief intervention studied
here was designed to be easily scalable. This means that the
intervention has the potential for global implementation in a
highly scalable and sustainable way following future
confirmatory clinical trials. The adapted intervention will be
freely available under a Noncommercial Creative Commons
License. Together, the findings from the study will clearly
provide direct clinical application to the field and close the gap
to interventions for TAND with powerful short- and long-term
impact.

Dissemination Plans
Data generated by this proposed study will be shared through
collaborations, publications, and presentations at scientific
meetings, webinars, and TSC community meetings in the form
of oral presentations and posters, and publications in
peer-reviewed journals that are widely available. We have
included costs for open-access publishing in our budget to ensure
the findings are as accessible as possible. Following the NIH
Public Access Policy (NOT-OD-08-033), all investigators will
submit an electronic version of their final, peer-reviewed work
to the National Library of Medicine PubMed Central, to be
made publicly available no later than 12 months after the official
date of publication.

Research tools and resources in the form of the TAND Toolkit
app and adapted “Well-Beans for Caregivers” intervention
manuals for TSC will be created during the course of the study.
Our aim is to ensure that the TAND Toolkit app will become
freely available to the TSC community following the
TANDem-2 study. The intervention materials will be made
freely available to those interested in being trained to deliver
the intervention under a Creative Commons License 4 after
completion of the study. This license specifies that the materials
are available for use free of charge, but cannot be modified or
changed, and acknowledgment must be given to the developers
(ie, the TAND consortium). The materials will also be available
upon request to qualified academic investigators for
noncommercial research. We will work in close partnership
with the funders of the project and our project partners to ensure
impactful communication and dissemination of findings to the
general public and in the TSC community.

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 16https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
We are grateful to the TSC Alliance (United States), Tuberous Sclerosis Association of the United Kingdom, and the Tuberous
Sclerosis International community for their unwavering support during the conception, preparation for, and launch of this study.
We confirm that generative artificial intelligence was not used in any portion of this manuscript or in the preparation of the
protocol.

Funding
This work is supported by the US Department of Defense Congressionally Directed Medical Research Program (CDMRP) for
tuberous sclerosis complex: award numbers HT94252410790 (to ACJ) and HT94252410791 (to PJdV). Opinions, interpretations,
conclusions, and recommendations are those of the authors and are not necessarily endorsed by the CDMRP. The funders did
not play any role in the study design, decision to publish, or preparation of the manuscript. The work is also supported by
supplemental funding from the TSC Alliance, United States (to PJdV).

Data Availability
On completion of the study and publication of the results, anonymized data will be accessible to the TSC research community
through a standardized application process.

Authors' Contributions
ACJ and PJdV conceptualized the study. TH, LDW, LG-L, NC, LS, and EC assisted with all aspects of project preparation as
members of the TANDem-2 Action Group. TH led all app updates and app data curation. LS and LG-L led all “Well-Beans for
Caregivers” adaptation workshops and delivered the intervention. NC led all writing of ethics applications and funding reporting
requirements. All members of the TAND consortium participated in the development of the protocol across all stages from
conception to final drafts, and all authors approved the final manuscript.

Conflicts of Interest
We have read the journal’s policy, and the authors of this manuscript have the following competing interests: PJdV was a member
of the study steering committee for three phase 3 trials in tuberous sclerosis complex sponsored by Novartis, was on the scientific
advisory group of the Tuberous Sclerosis Registry to Increase Disease Awareness (TOSCA) international disease registry sponsored
by Novartis, and has provided consultancy to Jazz Pharmaceuticals, Inc. MSa has had grant support from Biogen, Astellas,
Bridgebio, Neurvati Neurosciences, and Gondalobio and has served on scientific advisory boards for Neurogene and Noema.
AvE has provided consultancy to, and received grant support from, Jazz Pharmaceuticals, Inc. ACJ was on the scientific advisory
group for the TOSCA international disease registry sponsored by Novartis, and has provided consultancy to Jazz Pharmaceuticals,
Inc and Aeovian Pharmaceuticals. All other authors have no conflicts of interest to report.

Multimedia Appendix 1
Protection features for data collected via the TAND (tuberous sclerosis complex–associated neuropsychiatric disorders) Toolkit
app.
[DOCX File , 17 KB-Multimedia Appendix 1]

References

1. Northrup H, Aronow ME, Bebin EM, Bissler J, Darling TN, de Vries PJ, et al. Updated international tuberous sclerosis
complex diagnostic criteria and surveillance and management recommendations. Pediatr Neurol. 2021;123:50-66. [doi:
10.1016/j.pediatrneurol.2021.07.011]

2. Henske EP, Jóźwiak S, Kingswood JC, Sampson JR, Thiele EA. Tuberous sclerosis complex. Nat Rev Dis Primers.
2016;2(1):16035. [doi: 10.1038/nrdp.2016.35] [Medline: 27226234]

3. Osborne JP, Fryer A, Webb D. Epidemiology of tuberous sclerosis. Ann N Y Acad Sci. 1991;615(1):125-127. [doi:
10.1111/j.1749-6632.1991.tb37754.x] [Medline: 2039137]

4. Ebrahimi-Fakhari D, Mann LL, Poryo M, Graf N, von Kries R, Heinrich B, et al. Incidence of tuberous sclerosis and age
at first diagnosis: new data and emerging trends from a national, prospective surveillance study. Orphanet J Rare Dis.
2018;13(1):117. [FREE Full text] [doi: 10.1186/s13023-018-0870-y] [Medline: 30016967]

5. Curatolo P, Moavero R, de Vries PJ. Neurological and neuropsychiatric aspects of tuberous sclerosis complex. Lancet
Neurol. 2015;14(7):733-745. [doi: 10.1016/s1474-4422(15)00069-1]

6. de Vries PJ, Wilde L, de Vries MC, Moavero R, Pearson DA, Curatolo P. A clinical update on tuberous sclerosis
complex-associated neuropsychiatric disorders (TAND). Am J Med Genet C Semin Med Genet. 2018;178(3):309-320.
[FREE Full text] [doi: 10.1002/ajmg.c.31637] [Medline: 30117265]

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 17https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v15i1e91726_app1.docx&filename=4c92b8dc16751bf8adfb4625625d7169.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e91726_app1.docx&filename=4c92b8dc16751bf8adfb4625625d7169.docx
http://dx.doi.org/10.1016/j.pediatrneurol.2021.07.011
http://dx.doi.org/10.1038/nrdp.2016.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27226234&dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.1991.tb37754.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2039137&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-018-0870-y
http://dx.doi.org/10.1186/s13023-018-0870-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30016967&dopt=Abstract
http://dx.doi.org/10.1016/s1474-4422(15)00069-1
https://europepmc.org/abstract/MED/30117265
http://dx.doi.org/10.1002/ajmg.c.31637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30117265&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Leclezio L, de Vries PJ. Towards an improved understanding of TSC-associated neuropsychiatric disorders (TAND). Adv
Autism. 2016;2:83. [doi: 10.1108/aia-12-2015-0025]

8. Hunt A. Tuberous sclerosis: a survey of 97 cases. III: family aspects. Dev Med Child Neurol. 1983;25(3):353-357. [doi:
10.1111/j.1469-8749.1983.tb13771.x] [Medline: 6192027]

9. Skrobanski H, Vyas K, Bowditch S, Hubig L, Dziadulewicz E, Fish L, et al. The burden of caring for individuals with
tuberous sclerosis complex (TSC) who experience epileptic seizures: a descriptive UK Survey. Pharmacoecon Open.
2023;7(2):299-312. [FREE Full text] [doi: 10.1007/s41669-023-00387-1] [Medline: 36757566]

10. Raeymaekers P, Wouters A, Rouvez A. Mind the gap! Working together to set research priorities for tuberous sclerosis
complex. King Baudouin Foundation. URL: https://media.kbs-frb.be/en/media/7617/20180822PP.pdf [accessed 2026-04-21]

11. Alperin S, Krueger DA, Franz DN, Agricola KD, Stires G, Horn PS, et al. Symptom rates and profile clustering in tuberous
sclerosis complex-associated neuropsychiatric disorders (TAND). J Neurodev Disord. 2021;13(1):60. [FREE Full text]
[doi: 10.1186/s11689-021-09408-8] [Medline: 34903167]

12. de Vries PJ, Belousova E, Benedik MP, Carter T, Cottin V, Curatolo P, et al. TSC-associated neuropsychiatric disorders
(TAND): findings from the TOSCA natural history study. Orphanet J Rare Dis. 2018;13:157. [FREE Full text] [doi:
10.1186/s13023-018-0901-8] [Medline: 30201051]

13. de Vries PJ, Whittemore VH, Leclezio L, Byars AW, Dunn D, Ess KC, et al. Tuberous sclerosis associated neuropsychiatric
disorders (TAND) and the TAND checklist. Pediatr Neurol. 2015;52(1):25-35. [FREE Full text] [doi:
10.1016/j.pediatrneurol.2014.10.004] [Medline: 25532776]

14. Leclezio L, Jansen A, Whittemore VH, de Vries PJ. Pilot validation of the tuberous sclerosis-associated neuropsychiatric
disorders (TAND) checklist. Pediatr Neurol. 2015;52(1):16-24. [FREE Full text] [doi: 10.1016/j.pediatrneurol.2014.10.006]
[Medline: 25499093]

15. Vanclooster S, Bissell S, van Eeghen AM, Chambers N, De Waele L, Byars AW, et al. The research landscape of tuberous
sclerosis complex-associated neuropsychiatric disorders (TAND)-a comprehensive scoping review. J Neurodev Disord.
2022;14(1):13. [FREE Full text] [doi: 10.1186/s11689-022-09423-3] [Medline: 35151277]

16. Leclezio L, Gardner-Lubbe S, de Vries PJ. Is it feasible to identify natural clusters of TSC-associated neuropsychiatric
disorders (TAND)? Pediatr Neurol. 2018;81:38-44. [doi: 10.1016/j.pediatrneurol.2017.12.006] [Medline: 29530301]

17. de VP, Belousova E, Benedik M, Carter T, Cottin V, Curatolo P. Natural clusters of tuberous sclerosis complex
(TSC)-associated neuropsychiatric disorders (TAND): new findings from the TOSCA TAND research project. J Neurodev
Disord. 2020;12:24. [doi: 10.21203/rs.3.rs-835934/v1]

18. de Vries PJ, Leclezio L, Gardner-Lubbe S, Krueger D, Sahin M, Sparagana S, et al. Multivariate data analysis identifies
natural clusters of tuberous sclerosis complex associated neuropsychiatric disorders (TAND). Orphanet J Rare Dis.
2021;16(1):447. [FREE Full text] [doi: 10.1186/s13023-021-02076-w] [Medline: 34689816]

19. Heunis TM, Bissell S, Byars AW, Capal JK, Chambers N, Cukier S, et al. Empowering families through technology: a
mobile-health project to reduce the TAND identification and treatment gap (TANDem). Front Psychiatry. 2022;13:834628.
[FREE Full text] [doi: 10.3389/fpsyt.2022.834628] [Medline: 35295772]

20. Heunis TM, Chambers N, Vanclooster S, Bissell S, Byars AW, Capal JK, et al. Development and feasibility of the self-report
quantified tuberous sclerosis complex-associated neuropsychiatric disorders checklist (TAND-SQ). Pediatr Neurol.
2023;147:101-123. [FREE Full text] [doi: 10.1016/j.pediatrneurol.2023.07.001] [Medline: 37598571]

21. Chambers N, Heunis TM, Gardner-Lubbe S, Capal JK, Bissell S, Byars AW, et al. Validation of the self-report quantified
tuberous sclerosis complex-associated neuropsyciatric disorders checklist (TAND-SQ). Orphanet J Rare Dis. 2025;20(1):304.
[FREE Full text] [doi: 10.1186/s13023-025-03642-2] [Medline: 40514711]

22. de Vries PJ, Heunis TM, Vanclooster S, Chambers N, Bissell S, Byars AW, et al. International consensus recommendations
for the identification and treatment of tuberous sclerosis complex-associated neuropsychiatric disorders (TAND). J Neurodev
Disord. 2023;15(1):32. [FREE Full text] [doi: 10.1186/s11689-023-09500-1] [Medline: 37710171]

23. Dickinson A, Varcin KJ, Sahin M, Nelson CA, Jeste SS. Early patterns of functional brain development associated with
autism spectrum disorder in tuberous sclerosis complex. Autism Res. 2019;12(12):1758-1773. [FREE Full text] [doi:
10.1002/aur.2193] [Medline: 31419043]

24. Goodman LC, Richard MA, Woodhouse JP, Ihnen SKZ, Capal JK, Northrup H, et al. TACERN Study Group. Developmental
trajectories of adaptive functioning and behavior problems in children with co-occurring tuberous sclerosis complex and
autism spectrum disorder, with and without seizures. Pediatr Neurol. 2025;171:54-62. [doi:
10.1016/j.pediatrneurol.2025.07.008] [Medline: 40774147]

25. Moavero R, Benvenuto A, Emberti Gialloreti L, Siracusano M, Kotulska K, Weschke B, et al. Early clinical predictors of
autism spectrum disorder in infants with tuberous sclerosis complex: results from the EPISTOP study. J Clin Med.
2019;8(6):788. [FREE Full text] [doi: 10.3390/jcm8060788] [Medline: 31163675]

26. Kingswood JC, Bruzzi P, Curatolo P, de Vries PJ, Fladrowski C, Hertzberg C, et al. TOSCA - first international registry
to address knowledge gaps in the natural history and management of tuberous sclerosis complex. Orphanet J Rare Dis.
2014;9(1):182. [FREE Full text] [doi: 10.1186/s13023-014-0182-9] [Medline: 25424195]

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 18https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1108/aia-12-2015-0025
http://dx.doi.org/10.1111/j.1469-8749.1983.tb13771.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6192027&dopt=Abstract
https://dx.doi.org/10.1007/s41669-023-00387-1
http://dx.doi.org/10.1007/s41669-023-00387-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36757566&dopt=Abstract
https://media.kbs-frb.be/en/media/7617/20180822PP.pdf
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-021-09408-8
http://dx.doi.org/10.1186/s11689-021-09408-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34903167&dopt=Abstract
https://air.unimi.it/handle/2434/662324
http://dx.doi.org/10.1186/s13023-018-0901-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30201051&dopt=Abstract
https://europepmc.org/abstract/MED/25532776
http://dx.doi.org/10.1016/j.pediatrneurol.2014.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25532776&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0887-8994(14)00604-3
http://dx.doi.org/10.1016/j.pediatrneurol.2014.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25499093&dopt=Abstract
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-022-09423-3
http://dx.doi.org/10.1186/s11689-022-09423-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35151277&dopt=Abstract
http://dx.doi.org/10.1016/j.pediatrneurol.2017.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29530301&dopt=Abstract
http://dx.doi.org/10.21203/rs.3.rs-835934/v1
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-02076-w
http://dx.doi.org/10.1186/s13023-021-02076-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34689816&dopt=Abstract
https://europepmc.org/abstract/MED/35295772
http://dx.doi.org/10.3389/fpsyt.2022.834628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35295772&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0887-8994(23)00209-6
http://dx.doi.org/10.1016/j.pediatrneurol.2023.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37598571&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-025-03642-2
http://dx.doi.org/10.1186/s13023-025-03642-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40514711&dopt=Abstract
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-023-09500-1
http://dx.doi.org/10.1186/s11689-023-09500-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37710171&dopt=Abstract
https://europepmc.org/abstract/MED/31419043
http://dx.doi.org/10.1002/aur.2193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31419043&dopt=Abstract
http://dx.doi.org/10.1016/j.pediatrneurol.2025.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40774147&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8060788
http://dx.doi.org/10.3390/jcm8060788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31163675&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-014-0182-9
http://dx.doi.org/10.1186/s13023-014-0182-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25424195&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. de Vries PJ, Belousova E, Benedik MP, Carter T, Cottin V, Curatolo P, et al. TOSCA Investigators. Tuberous sclerosis
complex-associated neuropsychiatric disorders (TAND): new findings on age, sex, and genotype in relation to intellectual
phenotype. Front Neurol. 2020;11:603. [FREE Full text] [doi: 10.3389/fneur.2020.00603] [Medline: 32733359]

28. Bissler JJ, Kingswood JC, Radzikowska E, Zonnenberg BA, Frost M, Belousova E, et al. Everolimus for angiomyolipoma
associated with tuberous sclerosis complex or sporadic lymphangioleiomyomatosis (EXIST-2): a multicentre, randomised,
double-blind, placebo-controlled trial. Lancet. 2013;381(9869):817-824. [doi: 10.1016/s0140-6736(12)61767-x]

29. French JA, Lawson JA, Yapici Z, Ikeda H, Polster T, Nabbout R, et al. Adjunctive everolimus therapy for treatment-resistant
focal-onset seizures associated with tuberous sclerosis (EXIST-3): a phase 3, randomised, double-blind, placebo-controlled
study. Lancet. 2016;388(10056):2153-2163. [doi: 10.1016/s0140-6736(16)31419-2]

30. Krueger DA, Sadhwani A, Byars AW, de Vries PJ, Franz DN, Whittemore VH, et al. Everolimus for treatment of tuberous
sclerosis complex‐associated neuropsychiatric disorders. Ann Clin Transl Neurol. 2017;4(12):877-887. [doi:
10.1002/acn3.494]

31. Franz DN, Belousova E, Sparagana S, Bebin EM, Frost MD, Kuperman R, et al. Long-term use of everolimus in patients
with tuberous sclerosis complex: final results from the EXIST-1 study. PLoS One. 2016;11(6):e0158476. [FREE Full text]
[doi: 10.1371/journal.pone.0158476] [Medline: 27351628]

32. Mitchell RA, Lami F, Barton SM, Harvey AS, Williams K. Deep developmental phenotyping in children with tuberous
sclerosis complex, with and without autism. Dev Med Child Neurol. 2025;67(9):1165-1175. [doi: 10.1111/dmcn.16293]
[Medline: 40051284]

33. de Vries PJ, Howe CJ. The tuberous sclerosis complex proteins-a GRIPP on cognition and neurodevelopment. Trends Mol
Med. 2007;13(8):319-326. [doi: 10.1016/j.molmed.2007.06.003] [Medline: 17632034]

34. Kotulska K, Kwiatkowski DJ, Curatolo P, Weschke B, Riney K, Jansen F, et al. Prevention of epilepsy in infants with
tuberous sclerosis complex in the EPISTOP trial. Ann Neurol. 2021;89(2):304-314. [FREE Full text] [doi: 10.1002/ana.25956]
[Medline: 33180985]

35. Curatolo P, Aronica E, Jansen A, Jansen F, Kotulska K, Lagae L, et al. Early onset epileptic encephalopathy or genetically
determined encephalopathy with early onset epilepsy? Lessons learned from TSC. Eur J Paediatr Neurol. 2016;20(2):203-211.
[doi: 10.1016/j.ejpn.2015.12.005] [Medline: 26758984]

36. Jansen AC, Vanclooster S, de Vries PJ, Fladrowski C, Beaure d'Augères G, Carter T, et al. Burden of illness and quality
of life in tuberous sclerosis complex: findings from the TOSCA study. Front Neurol. 2020;11:904. [FREE Full text] [doi:
10.3389/fneur.2020.00904] [Medline: 32982929]

37. Rentz AM, Skalicky AM, Pashos CL, Liu Z, Magestro M, Pelletier CL, et al. Caring for children with tuberous sclerosis
complex: what is the physical and mental health impact on caregivers? J Child Neurol. 2015;30(12):1574-1581. [doi:
10.1177/0883073815575364] [Medline: 25838447]

38. Amin S, Mallick AA, Lux A, O'Callaghan F. Quality of life in patients with tuberous sclerosis complex (TSC). Eur J Paediatr
Neurol. 2019;23(6):801-807. [doi: 10.1016/j.ejpn.2019.09.006] [Medline: 31543331]

39. Skalicky AM, Rentz AM, Liu Z, Said Q, Nakagawa JA, Frost MD, et al. Economic burden, work, and school productivity
in individuals with tuberous sclerosis and their families. J Med Econ. 2018;21(10):953-959. [FREE Full text] [doi:
10.1080/13696998.2018.1487447] [Medline: 29890870]

40. TSC Alliance Natural History Database. 2023. URL: https://www.tscalliance.org/researchers/natural-history-database/
[accessed 2023-06-30]

41. Roberds SL, Fuchs Z, Cassidy EM, Metzger S, Abi A, Pounders AJ, et al. The role of the TSC alliance in advancing therapy
development: a patient organization perspective. Ther Adv Rare Dis. 2024;5:26330040241265411. [doi:
10.1177/26330040241265411] [Medline: 39070094]

42. Fauziana R, Sambasivam R, Vaingankar JA, Abdin E, Ong HL, Tan M, et al. Positive caregiving characteristics as a mediator
of caregiving burden and satisfaction with life in caregivers of older adults. J Geriatr Psychiatry Neurol. 2018;31(6):329-335.
[FREE Full text] [doi: 10.1177/0891988718802111] [Medline: 30260715]

43. Ornstein K, Gaugler JE, Devanand D, Scarmeas N, Zhu C, Stern Y. The differential impact of unique behavioral and
psychological symptoms for the dementia caregiver: how and why do patients' individual symptom clusters impact caregiver
depressive symptoms? Am J Geriatr Psychiatry. 2013;21(12):1277-1286. [FREE Full text] [doi: 10.1016/j.jagp.2013.01.062]
[Medline: 24206939]

44. Mawila D. The mediation role of caregivers and context on individual factors in enabling resilience among learners with
specific learning disability. Interchange. 2022;54(1):81-94. [doi: 10.1007/s10780-022-09484-2]

45. Jeong J, Franchett EE, Ramos de Oliveira CV, Rehmani K, Yousafzai AK. Parenting interventions to promote early child
development in the first three years of life: a global systematic review and meta-analysis. PLoS Med. 2021;18(5):e1003602.
[FREE Full text] [doi: 10.1371/journal.pmed.1003602] [Medline: 33970913]

46. World Health Organization, United Nations Children's Fund, World Bank Group. Nurturing care for early childhood
development. In: A Framework for Helping Children Survive and Thrive to Transform Health and Human Potential. Geneva.
World Health Organisation; 2018.

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 19https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32733359
http://dx.doi.org/10.3389/fneur.2020.00603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32733359&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(12)61767-x
http://dx.doi.org/10.1016/s0140-6736(16)31419-2
http://dx.doi.org/10.1002/acn3.494
https://dx.plos.org/10.1371/journal.pone.0158476
http://dx.doi.org/10.1371/journal.pone.0158476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27351628&dopt=Abstract
http://dx.doi.org/10.1111/dmcn.16293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40051284&dopt=Abstract
http://dx.doi.org/10.1016/j.molmed.2007.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17632034&dopt=Abstract
https://europepmc.org/abstract/MED/33180985
http://dx.doi.org/10.1002/ana.25956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180985&dopt=Abstract
http://dx.doi.org/10.1016/j.ejpn.2015.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26758984&dopt=Abstract
https://europepmc.org/abstract/MED/32982929
http://dx.doi.org/10.3389/fneur.2020.00904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32982929&dopt=Abstract
http://dx.doi.org/10.1177/0883073815575364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25838447&dopt=Abstract
http://dx.doi.org/10.1016/j.ejpn.2019.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31543331&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/13696998.2018.1487447?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/13696998.2018.1487447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29890870&dopt=Abstract
https://www.tscalliance.org/researchers/natural-history-database/
http://dx.doi.org/10.1177/26330040241265411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39070094&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0891988718802111?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0891988718802111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30260715&dopt=Abstract
https://europepmc.org/abstract/MED/24206939
http://dx.doi.org/10.1016/j.jagp.2013.01.062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24206939&dopt=Abstract
http://dx.doi.org/10.1007/s10780-022-09484-2
https://dx.plos.org/10.1371/journal.pmed.1003602
http://dx.doi.org/10.1371/journal.pmed.1003602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33970913&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


47. Schlebusch L, Samuels AE, Dada S. South African families raising children with autism spectrum disorders: relationship
between family routines, cognitive appraisal and family quality of life. J Intellect Disabil Res. 2016;60(5):412-423. [doi:
10.1111/jir.12292] [Medline: 27120985]

48. Masefield SC, Prady SL, Sheldon TA, Small N, Jarvis S, Pickett KE. The caregiver health effects of caring for young
children with developmental disabilities: a meta-analysis. Matern Child Health J. 2020;24(5):561-574. [FREE Full text]
[doi: 10.1007/s10995-020-02896-5] [Medline: 32048172]

49. Edmunds SR, Renaud M, Goodrum NM, Bradshaw J, Cooper DK, Ingersoll B. Caregiver self-regulation as a key factor in
the implementation potential of caregiver-mediated interventions. Behav Sci (Basel). 2025;15(10):1336. [FREE Full text]
[doi: 10.3390/bs15101336] [Medline: 41153126]

50. Hayes SC, Levin ME, Plumb-Vilardaga J, Villatte JL, Pistorello J. Acceptance and commitment therapy and contextual
behavioral science: examining the progress of a distinctive model of behavioral and cognitive therapy. Behav Ther.
2013;44(2):180-198. [FREE Full text] [doi: 10.1016/j.beth.2009.08.002] [Medline: 23611068]

51. Gur A, Reich A. Psychological flexibility of parents of children with disabilities: a systematic literature review. Res Dev
Disabil. 2023;136:104490. [doi: 10.1016/j.ridd.2023.104490] [Medline: 36966545]

52. Byrne G, Ghráda ÁN, O'Mahony T, Brennan E. A systematic review of the use of acceptance and commitment therapy in
supporting parents. Psychol Psychother. 2021;94 Suppl 2:378-407. [doi: 10.1111/papt.12282] [Medline: 32406169]

53. Han A, Yuen HK, Jenkins J. Acceptance and commitment therapy for family caregivers: a systematic review and
meta-analysis. J Health Psychol. 2021;26(1):82-102. [doi: 10.1177/1359105320941217] [Medline: 32659142]

54. Juvin J, Sadeg S, Julien-Sweerts S, Zebdi R. A systematic review: Acceptance and commitment therapy for the parents of
children and adolescents with autism spectrum disorder. J Autism Dev Disord. 2022;52(1):124-141. [doi:
10.1007/s10803-021-04923-y] [Medline: 33635420]

55. Ruskin D, Young M, Sugar C, Nofech-Mozes J. Mindfulness and acceptance interventions for parents of children and
adolescents diagnosed with chronic medical conditions: a systematic review. J Altern Complement Med. 2021;27(2):120-135.
[doi: 10.1089/acm.2020.0191] [Medline: 33151744]

56. Brown FL, Whittingham K, Boyd RN, McKinlay L, Sofronoff K. Improving child and parenting outcomes following
paediatric acquired brain injury: a randomised controlled trial of Stepping Stones Triple P plus acceptance and commitment
therapy. J Child Psychol Psychiatry. 2014;55(10):1172-1183. [doi: 10.1111/jcpp.12227] [Medline: 24635872]

57. Whittingham K, Sanders MR, McKinlay L, Boyd RN. Parenting intervention combined with acceptance and commitment
therapy: a trial with families of children with cerebral palsy. J Pediatr Psychol. 2016;41(5):531-542. [FREE Full text] [doi:
10.1093/jpepsy/jsv118] [Medline: 26702629]

58. Lunsky Y, Fung K, Lake J, Steel L, Bryce K. Evaluation of acceptance and commitment therapy (ACT) for mothers of
children and youth with autism spectrum disorder. Mindfulness. 2017;9(4):1110-1116. [doi: 10.1007/s12671-017-0846-3]

59. Blackledge JT, Hayes SC. Using acceptance and commitment training in the support of parents of children diagnosed with
autism. Child Fam Behav Ther. 2008;28(1):1-18. [doi: 10.1300/j019v28n01_01]

60. Salomone E, Pacione L, Shire S, Brown FL, Reichow B, Servili C. Development of the WHO caregiver skills training
program for developmental disorders or delays. Front Psychiatry. 2019;10:769. [FREE Full text] [doi:
10.3389/fpsyt.2019.00769] [Medline: 31780960]

61. Salomone E, Reichow B, Pacione L, Shire S, Shih A, Servili C. Training caregivers to transform children's lives. Early
Child Matters. URL: https://earlychildhoodmatters.online/2018/training-caregivers-to-transform-childrens-lives/ [accessed
2026-04-21]

62. Schlebusch L, Chambers N, Rosenstein D, Erasmus P, CST Team W, de Vries PJ. Supporting caregivers of children with
developmental disabilities: findings from a brief caregiver well-being programme in South Africa. Autism.
2024;28(1):199-214. [doi: 10.1177/13623613221133182] [Medline: 36352758]

63. Bond FW, Hayes SC, Baer RA, Carpenter KM, Guenole N, Orcutt HK, et al. Preliminary psychometric properties of the
Acceptance and Action Questionnaire-II: a revised measure of psychological inflexibility and experiential avoidance. Behav
Ther. 2011;42(4):676-688. [doi: 10.1016/j.beth.2011.03.007] [Medline: 22035996]

64. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med.
2001;16(9):606-613. [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

65. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

66. Zimet GD, Powell SS, Farley GK, Werkman S, Berkoff KA. Psychometric characteristics of the multidimensional scale
of perceived social support. J Pers Assess. 1990;55:610-617. [doi: 10.1207/s15327752jpa5503&4_17]

67. Trute B, Hiebert-Murphy D, Levine K. Parental appraisal of the family impact of childhood developmental disability: times
of sadness and times of joy. J Intellect Dev Disabil. 2007;32(1):1-9. [doi: 10.1080/13668250601146753] [Medline: 17365362]

68. McConkey R. A brief measure of parental wellbeing for use in evaluations of family-centred interventions for children
with developmental disabilities. Children (Basel). 2020;7(9):120. [FREE Full text] [doi: 10.3390/children7090120] [Medline:
32882925]

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 20https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/jir.12292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27120985&dopt=Abstract
https://europepmc.org/abstract/MED/32048172
http://dx.doi.org/10.1007/s10995-020-02896-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32048172&dopt=Abstract
https://www.mdpi.com/resolver?pii=bs15101336
http://dx.doi.org/10.3390/bs15101336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41153126&dopt=Abstract
https://europepmc.org/abstract/MED/23611068
http://dx.doi.org/10.1016/j.beth.2009.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23611068&dopt=Abstract
http://dx.doi.org/10.1016/j.ridd.2023.104490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36966545&dopt=Abstract
http://dx.doi.org/10.1111/papt.12282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32406169&dopt=Abstract
http://dx.doi.org/10.1177/1359105320941217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32659142&dopt=Abstract
http://dx.doi.org/10.1007/s10803-021-04923-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33635420&dopt=Abstract
http://dx.doi.org/10.1089/acm.2020.0191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33151744&dopt=Abstract
http://dx.doi.org/10.1111/jcpp.12227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24635872&dopt=Abstract
https://europepmc.org/abstract/MED/26702629
http://dx.doi.org/10.1093/jpepsy/jsv118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26702629&dopt=Abstract
http://dx.doi.org/10.1007/s12671-017-0846-3
http://dx.doi.org/10.1300/j019v28n01_01
https://europepmc.org/abstract/MED/31780960
http://dx.doi.org/10.3389/fpsyt.2019.00769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31780960&dopt=Abstract
https://earlychildhoodmatters.online/2018/training-caregivers-to-transform-childrens-lives/
http://dx.doi.org/10.1177/13623613221133182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36352758&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2011.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22035996&dopt=Abstract
https://europepmc.org/abstract/MED/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1207/s15327752jpa5503&4_17
http://dx.doi.org/10.1080/13668250601146753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17365362&dopt=Abstract
https://www.mdpi.com/resolver?pii=children7090120
http://dx.doi.org/10.3390/children7090120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32882925&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Cobb NL, Edwards DF, Chin EM, Lah JJ, Goldstein FC, Manzanares CM, et al. From paper to screen: regulatory and
operational considerations for modernizing the informed consent process. J Clin Transl Sci. 2022;6(1):e71. [FREE Full
text] [doi: 10.1017/cts.2022.379] [Medline: 35836789]

70. Mazzochi AT, Dennis M, Chun HY. Electronic informed consent: Effects on enrolment, practical and economic benefits,
challenges, and drawbacks-a systematic review of studies within randomized controlled trials. Trials. 2023;24(1):127.
[FREE Full text] [doi: 10.1186/s13063-022-06959-6] [Medline: 36810093]

71. Yusof MYPM, Teo CH, Ng CJ. Electronic informed consent criteria for research ethics review: a scoping review. BMC
Med Ethics. 2022;23(1):117. [FREE Full text] [doi: 10.1186/s12910-022-00849-x] [Medline: 36414962]

72. Skelton E, Drey N, Rutherford M, Ayers S, Malamateniou C. Electronic consenting for conducting research remotely: a
review of current practice and key recommendations for using e-consenting. Int J Med Inform. 2020;143:104271. [FREE
Full text] [doi: 10.1016/j.ijmedinf.2020.104271] [Medline: 32979650]

73. TAND consortium. URL: https://tandconsortium.org [accessed 2026-04-14]
74. Bottini SB, Dwyer P, Kaplan-Kahn EA, Proctor K, Gurba A, Morton HE. Brief report: fraudulent data responses as a major

threat to validity in online autism research – case studies from four independent research teams. Res Autism. 2025;125:202619.
[doi: 10.1016/j.reia.2025.202619]

75. Comachio J, Poulsen A, Bamgboje-Ayodele A, Tan A, Ayre J, Raeside R, et al. Identifying and counteracting fraudulent
responses in online recruitment for health research: a scoping review. BMJ Evid Based Med. 2025;30(3):173-182. [FREE
Full text] [doi: 10.1136/bmjebm-2024-113170] [Medline: 39715631]

76. French B, Babbage C, Bird K, Marsh L, Pelton M, Patel S, et al. Data integrity issues with web-based studies: an institutional
example of a widespread challenge. JMIR Ment Health. 2024;11:e58432. [FREE Full text] [doi: 10.2196/58432] [Medline:
39284170]

77. Guest JL, Adam E, Lucas IL, Chandler CJ, Filipowicz R, Luisi N, et al. Methods for authenticating participants in fully
web-based mobile app trials from the iReach project: cross-sectional study. JMIR Mhealth Uhealth. 2021;9(8):e28232.
[FREE Full text] [doi: 10.2196/28232] [Medline: 34463631]

78. Hohn KL, Braswell AA, DeVita JM. Preventing and protecting against internet research fraud in anonymous web-based
research: protocol for the development and implementation of an anonymous web-based data integrity plan. JMIR Res
Protoc. 2022;11(9):e38550. [FREE Full text] [doi: 10.2196/38550] [Medline: 36094806]

79. Johnson MS, Adams VM, Byrne J. Addressing fraudulent responses in online surveys: insights from a web‐based
participatory mapping study. People Nat. 2023;6(1):147-164. [doi: 10.1002/pan3.10557]

80. Teague S, Youssef GJ, Macdonald JA, Sciberras E, Shatte A, Fuller-Tyszkiewicz M, et al. SEED Lifecourse Sciences
Theme. Retention strategies in longitudinal cohort studies: a systematic review and meta-analysis. BMC Med Res Methodol.
2018;18(1):151. [FREE Full text] [doi: 10.1186/s12874-018-0586-7] [Medline: 30477443]

81. Gloster AT, Block VJ, Klotsche J, Villanueva J, Rinner MT, Benoy C, et al. Psy-Flex: a contextually sensitive measure of
psychological flexibility. J Contextual Behav Sci. 2021;22:13-23. [doi: 10.1016/j.jcbs.2021.09.001]

82. Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J. The brief resilience scale: assessing the ability to
bounce back. Int J Behav Med. 2008;15(3):194-200. [doi: 10.1080/10705500802222972] [Medline: 18696313]

83. World Health Organization. World Health Organization-Five Well-Being Index (WHO-5). CC-BY-NC-SA 3.0 IGO.
Geneva. World Health Organization; 2024. URL: https://www.who.int/publications/m/item/WHO-UCN-MSD-MHE-2024.
01

84. Proust-Lima C, Philipps V, Liquet B. Estimation of extended mixed models using latent classes and latent processes: the
r package LCMM. J Stat Softw. 2017;78(2):i02. [doi: 10.18637/jss.v078.i02]

85. The R Foundation for Statistical Computing Version 4.2.1. 2022. URL: https://www.r-project.org/ [accessed 2026-04-10]
86. Green P, MacLeod CJ. SIMR: an R package for power analysis of generalized linear mixed models by simulation. Methods

Ecol Evol. 2016;7(4):493-498. [doi: 10.1111/2041-210x.12504]
87. Zugna D, Popovic M, Fasanelli F, Heude B, Scelo G, Richiardi L. Applied causal inference methods for sequential mediators.

BMC Med Res Methodol. 2022;22(1):301. [FREE Full text] [doi: 10.1186/s12874-022-01764-w] [Medline: 36424556]
88. Fox J. TEACHER'S CORNER: structural equation modeling with the sem package in R. Struct Equ Modeling.

2006;13(3):465-486. [doi: 10.1207/s15328007sem1303_7]
89. Sobel ME. Asymptotic confidence intervals for indirect effects in structural equation models. Sociol Methodol. 1982;13:290.

[doi: 10.2307/270723]
90. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R

Stat Soc Series B Stat Methodol. 2018;57(1):289-300. [doi: 10.1111/j.2517-6161.1995.tb02031.x]
91. Tennant PWG, Murray EJ, Arnold KF, Berrie L, Fox MP, Gadd SC, et al. Use of directed acyclic graphs (DAGs) to identify

confounders in applied health research: review and recommendations. Int J Epidemiol. 2021;50(2):620-632. [FREE Full
text] [doi: 10.1093/ije/dyaa213] [Medline: 33330936]

92. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform. 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 21https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35836789
https://europepmc.org/abstract/MED/35836789
http://dx.doi.org/10.1017/cts.2022.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35836789&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-022-06959-6
http://dx.doi.org/10.1186/s13063-022-06959-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36810093&dopt=Abstract
https://air.unimi.it/handle/2434/235313
http://dx.doi.org/10.1186/s12910-022-00849-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36414962&dopt=Abstract
https://europepmc.org/abstract/MED/32979650
https://europepmc.org/abstract/MED/32979650
http://dx.doi.org/10.1016/j.ijmedinf.2020.104271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32979650&dopt=Abstract
https://tandconsortium.org
http://dx.doi.org/10.1016/j.reia.2025.202619
http://ebm.bmj.com/lookup/pmidlookup?view=long&pmid=39715631
http://ebm.bmj.com/lookup/pmidlookup?view=long&pmid=39715631
http://dx.doi.org/10.1136/bmjebm-2024-113170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39715631&dopt=Abstract
https://mental.jmir.org/2024//e58432/
http://dx.doi.org/10.2196/58432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39284170&dopt=Abstract
https://mhealth.jmir.org/2021/8/e28232/
http://dx.doi.org/10.2196/28232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34463631&dopt=Abstract
https://www.researchprotocols.org/2022/9/e38550/
http://dx.doi.org/10.2196/38550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36094806&dopt=Abstract
http://dx.doi.org/10.1002/pan3.10557
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-018-0586-7
http://dx.doi.org/10.1186/s12874-018-0586-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30477443&dopt=Abstract
http://dx.doi.org/10.1016/j.jcbs.2021.09.001
http://dx.doi.org/10.1080/10705500802222972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18696313&dopt=Abstract
https://www.who.int/publications/m/item/WHO-UCN-MSD-MHE-2024.01
https://www.who.int/publications/m/item/WHO-UCN-MSD-MHE-2024.01
http://dx.doi.org/10.18637/jss.v078.i02
https://www.r-project.org/
http://dx.doi.org/10.1111/2041-210x.12504
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-022-01764-w
http://dx.doi.org/10.1186/s12874-022-01764-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36424556&dopt=Abstract
http://dx.doi.org/10.1207/s15328007sem1303_7
http://dx.doi.org/10.2307/270723
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://europepmc.org/abstract/MED/33330936
https://europepmc.org/abstract/MED/33330936
http://dx.doi.org/10.1093/ije/dyaa213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33330936&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


93. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. REDCap Consortium. The REDCap consortium:
building an international community of software platform partners. J Biomed Inform. 2019;95:103208. [FREE Full text]
[doi: 10.1016/j.jbi.2019.103208] [Medline: 31078660]

94. Karazsia BT, Berlin KS. Can a mediator moderate? Considering the role of time and change in the mediator-moderator
distinction. Behav Ther. 2018;49(1):12-20. [doi: 10.1016/j.beth.2017.10.001] [Medline: 29405917]

Abbreviations
ACT: acceptance and commitment therapy
ADHD: attention-deficit/hyperactivity disorder
CS: cluster score
CSSmean: mean cluster severity score
FAIR: Findable, Accessible, Interoperable, and Reusable
FICDS: Family Impact of Childhood Disability Scale
GAD-7: Generalized Anxiety Disorder 7-item scale
GDPR: General Data Protection Regulation
HREC: Human Research Ethics Committee, University of Cape Town
IA: intellectual ability
IRB: institutional review board
MSPSS: Multidimensional Scale of Perceived Social Support
NIH: National Institutes of Health
OHRO: Office of Human Research Oversight
PHQ-9: Patient Health Questionnaire-9
PI: principal investigator
REDCap: Research Electronic Data Capture
SEM: structural equation modeling
TAND: TSC-associated neuropsychiatric disorders
TAND-L: TAND-Lifetime checklist
TAND-SQ: self-report quantified TAND checklist
TOSCA: Tuberous Sclerosis Registry to Increase Disease Awareness
TSC: tuberous sclerosis complex
TSCi: TSC International
TTSSmax: maximum total TAND severity score
TTSSmean: mean total TAND severity score
UCT: University of Cape Town
VUB: Vrije Universiteit Brussel
WHO: World Health Organization

Edited by J Sarvestan; The proposal for this study was peer reviewed by: Tuberous Sclerosis Complex Research Program (TSCRP),
US Army Medical Research and Development Command (USAMRDC), Congressionally Directed Research Programs (CDMRP)
Review Committee (Department of Defense, USA); Submitted 22.Jan.2026; accepted 17.Mar.2026; published 05.May.2026.

Please cite as:
de Vries PJ, Chambers N, Campbell E, Gutierrez-Lafrentz L, Heunis T-M, Schlebusch L, Beaure d'Augères G, Bissell S, Byars A,
Capal J, Cardozo L, Cukier S, Davis P, Epstein NB, Fladrowski C, Flinn J, Gipson T, Goy SL, Kingswood JC, Krueger D, Little F,
Lubbe S, Mitchell R, Rozenberg M, Sahin M, Silva M, Smith C, Srivastava S, Takei M, van Eeghen A, Vasseghi M, Wagenaar J-P,
Waltereit R, De Waele L, Jansen AC
Closing the Gap to Interventions for Tuberous Sclerosis Complex–Associated Neuropsychiatric Disorders (TAND): Protocol for a
Longitudinal Study of TAND Severity, Predictors, and Caregiver Well-Being (TANDem-2)
JMIR Res Protoc 2026;15:e91726
URL: https://www.researchprotocols.org/2026/1/e91726
doi: 10.2196/91726
PMID:

©Petrus J de Vries, Nola Chambers, Erin Campbell, Lucas Gutierrez-Lafrentz, Tosca-Marie Heunis, Liezl Schlebusch, Guillaume
Beaure d'Augères, Stacey Bissell, Anna Byars, Jamie Capal, Laís Cardozo, Sebastian Cukier, Peter Davis, Naomi Beth Epstein,
Carla Fladrowski, Jennifer Flinn, Tanjala Gipson, Sarah Louise Goy, John Christopher Kingswood, Darcy Krueger, Francesca

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 22https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2017.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29405917&dopt=Abstract
https://www.researchprotocols.org/2026/1/e91726
http://dx.doi.org/10.2196/91726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Little, Sugnet Lubbe, Rebecca Mitchell, Micaela Rozenberg, Mustafa Sahin, Mitchell Silva, Catherine Smith, Shoba Srivastava,
Megumi Takei, Agnies van Eeghen, Mary Vasseghi, Jan-Paul Wagenaar, Robert Waltereit, Liesbeth De Waele, Anna C Jansen.
Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 05.May.2026. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2026 | vol. 15 | e91726 | p. 23https://www.researchprotocols.org/2026/1/e91726
(page number not for citation purposes)

de Vries et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

