1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Intellect Disabil Res. Author manuscript; available in PMC 2024 April 01.

Published in final edited form as:
J Intellect Disabil Res. 2023 April ; 67(4): 323-351. doi:10.1111/jir.13007.

Health in Down syndrome: creating a conceptual model

Stephanie L. Santorol:2, Maria Cabreral, John Co?3, Melissa Constantine®, Kelsey
Haugen?, Kavita Krelll, Brian G. Skotko!2, Jonathan P. Winickoff2:3, Karen Donelan®

1Down Syndrome Program, Division of Medical Genetics and Metabolism, Department of
Pediatrics, Massachusetts General Hospital, Boston, Massachusetts

’Department of Pediatrics, Harvard Medical School, Boston, Massachusetts
3Division of General Academic Pediatrics, Massachusetts General Hospital, Boston MA.
4Evidera, Bethesda, Maryland

SHealth Policy Research Center, The Mongan Institute, Survey Research Unit, Massachusetts
General Hospital, Boston, Massachusetts

8Institute of Healthcare Systems, Heller School for Social Policy and Management, Brandeis
University, Waltham, Massachusetts.

Abstract

Background: Down syndrome (DS) has a unique medical and psychological profile which could
impact how health is defined on three dimensions: physical, social, and mental well-being.

Methods: In 2021, we presented our proposed conceptual model to three expert panels, four
focus groups of parents of individuals with DS age 0-21 years, and four focus groups of
individuals with DS age 13-21 years through videoconferencing technology. Participants gave
feedback and discussed the concept of health in DS.

Results: Feedback from participants resulted in iterative refinement of our model, retaining
the three dimensions of health, and modifying constructs within those dimensions. Experts and
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parents agreed that individuals with DS have unique health concerns that necessitate the creation
and validation of a syndrome-specific health model. We present key themes which we identified
and a final conceptual model of health for individuals with DS.

Conclusion: Health in Down syndrome is a multidimensional, multiconstruct model focused on
relevant constructs of causal and effect indicators. This conceptual model can be used in future
research to develop a syndrome-specific measure of health status.

Introduction

National efforts to measure and improve health, such as Healthy People 2020, focus on
specific, high-impact components of health deficits in the general population including
diabetes, obesity, heart disease, and dementia.> Measures of patient reported health exist
for general and condition specific populations.? Researchers and physicians may wish

to evaluate the health of their patients, to evaluate the natural history and range of

a given genetic syndrome, or to establish a metric for following the impact of future
clinical interventions; may seek out a health measure to study specific populations and
conditions. However, generic measures for the general population may not be easily
applied to all conditions. As such, condition-specific instruments related to health exist,
including asthma3, spina bifida?, and epilepsy®, among others8. Specific measures have
been developed for individuals with intellectual disability. For example, measures of health-
related quality of life have recently been adapted for use by individuals with intellectual
disability.” A variety of self-report instruments for use by individuals with 1D exist, such
as: self-report measures of psychiatric symptoms8-10, psychotherapy outcomes or quality
of life’. Walton et al identified health and health-related behaviour as an area of need in
existing measures for individuals with intellectual disability.”

Genetic syndromes may have associated intellectual disability, but by definition, have
associated medical and developmental comorbidities differing from the general population.
Down syndrome (DS) due to trisomy 21, has co-occurring mental health diagnoses

which differ in prevalence and have unique management approaches'8. Social factors, like
community inclusion, school support, and health care costs also impact those with DS to
different degrees than the general population.22-24 Although measures of mental health or
social health valid for use in individuals with intellectual disability could be acceptable

in DS. DS is also associated with medical comorbidities that differ from population rates
and impact organ systems throughout the body. Individuals with DS have increased risk
for some conditions: sleep apnea (50-79%), obesity}1~15 hearing problems (75%), vision
problems (60-80%), congenital heart disease (40-50%), autism (7—-19%), and Alzheimer’s
disease16-18. However, those with DS also have decreased risk for cardiovascular diseasel®,
atherosclerosis??, and some cancers?L. The health of individuals with DS may not be
accurately characterised using health instruments that are appropriate for either the general
population or for individuals with intellectual disability.

Indeed, syndrome-specific measures exist for some genetic syndromes2>26, like tuberous
sclerosis complex?” and Morquio syndrome?8. And, although some specific aspects of
health in DS have been measured, such as: cognition, behaviour, health-related quality
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of life29-32_ |ife expectancy33:34, and surgical outcomes for congenital heart disease3®.
Health-related quality of life has been evaluated in children and adults with DS through

the PedsQL36-38 and functional health and well-being through the SF-12v231, However, as
we have previously described?8, health-related quality of life and health status differ in that
health status assesses “fow healthy do you feel?” while HRQOL asks “ow does your health
impact your QOL 7”3 Using an instrument that measures HRQOL may not adequately
encapsulate health status, but we hope a measure of health status could have clinical uses
and applications such as evaluating a patient’s current health status, as an endpoint for
clinical trials, as an outcome measure in quality improvement research, and as a research
measure in population health.

To assess the health status of an individual with Down syndrome, it is essential to ask about
concepts which incorporate both the co-occurring medical and psychological conditions,

in addition to the associated intellectual disability. A fully articulated conceptual model

is the necessary precursor to the development of a measurement model for an instrument

to measure health in a DS population. In this study, we aimed to develop a conceptual
model by developing an initial framework of health from the WHO definition with iterative
expansion and refinement following 1) a literature review for any published conceptual
models related to DS health, 2) qualitative concept elicitation with professionals (clinical
and non-clinical) who work with DS populations/communities, and 3) both caregivers of
individuals with DS, and individuals with DS. We hypothesised that a unique conceptual
model was needed for Down syndrome, and sought feedback from experts and focus group
participants. This process may be applicable to clinicians and researchers studying other
genetic syndromes; our findings may also be of interest to other physicians who care for
patients with DS and researchers studying DS.

We adhered to the best practices in developing our conceptual model, as outlined in
“Good Practices in Eliciting Concepts for a New Pro Instrument” by International Society
for Pharmacoeconomics and Outcomes Research (ISPOR).40 The MassGeneral Brigham
institutional review board approved this study.

Hypothesised Framework and Model:

The WHO defines health as “a state of complete physical, mental and social well-being

and not merely the absence of disease or infirmity.”#1 We hypothesised three dimensions—
physical well-being, mental well-being, and social well-being—forming the foundation for
our novel conceptual model of health for DS.#2-45 We chose a health model focused on
indicators of health, rather than a disease deficit focused model. We developed a conceptual
model through literature review, knowledge of DS, and studying of other existing models for
other diseases and constructs.

We included people with DS in the development process, but opted to begin with caregiver
report for the measure for a number of reasons: health in DS is a new concept to

measure, people with DS have varied intellectual disability, people with DS have varied
communication styles, and in research to-date, people with DS often rely on caregiver
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proxies to understand and navigate their health and wellness. We defined health as perceived
by adults and caregivers, of individuals with DS age 0-21 years (through observer-report).
We chose the age to include those up to school age, but not to include those who have
advanced to adult services for homogeneity in our cohort. We intend for our definition to be
generalisable to the U.S. population with DS, aiming for this instrument to be as appropriate
for as many individuals with DS age 0-21 years as possible. As such, in developing the
research protocol for qualitative concept elicitation and analysis, we sought input from
experts on children, adolescents, and young adults with DS, parents of individuals with

DS, age 0-21, and teens and young adults with DS. We recruited nationally, through social
media and email, to capture the variance of key indicators in the target population.

In constructing our conceptual model, we began to plan for a future measurement model,
and considered whether constructs were causal indicators, such as risk factors and other
external factors, or effect indicators*® such as symptoms and impacts. Causal indicators
influence the latent variable (health) and a change in the causal indicator would lead to a
change in health. Effect indicators are influenced by the latent variable (health), and will be
impacted by health, such that a change in health will drive a change in the effect indicator.

Literature Review:

Targeted literature review to identify conceptual models of health in DS, including what

is known about signs and symptoms of health, in the published medical literature was
performed. We searched for any DS-specific measures of the major dimensions of health
from the WHO definition: physical, mental and social well-being, including global to
symptom-specific measures. Literature searches were conducted from January to June 2020
using the National Library of Medicine (NLM) biomedical literature database PubMed
(MEDLINE) (NCBI 1946-2020). The National Library of Medicine (NLM) biomedical
literature database PubMed was used because it is a large database focused on medicine
aligning with our focus on health views. We used the Medical Subject Headings (MeSH)
(the NLM controlled vocabulary thesaurus for indexing) term “Down syndrome” included
the search entry terms: Downs syndrome, Down’s syndrome, Trisomy 21; we used the
search terms “conceptual model” and / or “health” or “well-being”. We did not apply
limiters to the search, and did not filter or limit searches by publication year. We conducted
a review of the Web of Science, practice guidelines or professional statements from the
American College of Medical Genetics and the American Academy of Pediatrics, and the
gray literature®’.

Expert Panels (EPs):

From June to September, 2020, three 2-hour EPs were conducted using Zoom
videoconferencing technology. The EPs were organised to reflect three role groups: medical,
education, and allied health/supports; within these groups each EP had a mix of member
types, for dynamic exchange across roles represented. The invited expert panel participants
were from a range of professional roles within medicine, education, and psychosocial
support roles. Medical professionals providing care to individuals with DS (primary care
physicians, subspecialists and DS clinic experts) and other relevant experts (social workers,
teachers) in the field of DS were identified by the research team and invited to attend
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the EP by e-mail from the PI. Each EP had pre-selected member types to facilitate
conversation, and avoid any potential sense of hierarchy perhaps imposed by credentials
of panel members. Consent information was shared by e-mail prior to the EP, and each
participant gave verbal consent to participate and be recorded prior to EP. The EPs were
led by the principal investigator and included a presentation of the draft conceptual model
for health in DS and the hypothesised constructs of the model and constituent concepts;
physical well-being, mental well-being and social well-being, in order to guide/orient the
conversation.#2-45 Experts were instructed that the conceptual model should apply to most
individuals with DS age 0-21 years. An interviewer guide was developed; three questions
were asked for each dimension of the model, physical, mental, and social health: “Do the
constructs we propose adequately represent the dimension of physical health?”, “Are there
any missing constructs which comprise physical health?”, and “Are there any missing details
in the constructs of physical health?”. EPs were audio recorded. Meeting notes and an
electronic version of the conceptual model were shared with participants after the EP.

Focus Groups (FGs):

From November 2020 to March 2021, 4 FGs of people with DS and 4 separate FGs of
caregivers of people with DS occurred using video technology. The FG participants were
recruited from the MGH Down Syndrome Program, the Massachusetts Down Syndrome
Congress (MDSC), the LuMind IDSC Down Syndrome Foundation, and the NIH’s DS-
Connect® through electronic posting of study information.#8-50 Electronic postings included
a hyperlink to an electronic form in REDCap which asked demographic information used to
screen interested participants on age and sex of son / daughter with DS.%1 The research team
then contacted interested participants by e-mail to scheduling. FG were organised by age

to encourage discussion from parents whose son / daughter were in similar developmental
stages; research team scheduled participants to the correct FG organised by age of person
with Down syndrome.

Consent information was shared by e-mail prior to the EP/FG; each participant gave verbal
consent to participate prior to EP/FG. Separate interviewer guides were created for parent
FGs and FGs of individuals with DS. During the parent FG, each dimension of the model
was shown with the same questions used to guide the EP: “Do the constructs we propose
adequately represent the dimension of physical health?”; “Are there any missing constructs
which comprise physical health?”; and *“Are there any missing details in the constructs

of physical health?” The language of FGs for individuals with DS was modified, and
readability was assessed. FGs were transcribed, content was coded and evaluated for themes
as described. FG participants were reimbursed with $25 electronic gift cards.

In addition to age and sex, demographic details including race, ethnicity, parent’s perception
of the level of cognitive function of the person with DS, and parent’s perception of the
medical complexity of the person with DS were collected. When scheduling participants,
diversity in race and ethnicity were tracked, but participants were not grouped into FG based
on race or ethnicity.
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EP meeting notes and recordings, and FG video recordings and transcripts were reviewed
for themes and new constructs not already categorised in the conceptual model, missing
constructs, or missing details in each construct; additional discussion topics relevant to
instrument development were reviewed. The number of expert panels and focus groups
decided a priori, but analysis was being performed concurrently with data collection and
continued until thematic saturation reached. Researchers defined saturation as at least one
complete FG conducted without any new concepts added to the model. With the results from
literature review, EP and FG, we iteratively developed an original 10-item conceptual model
of health in DS across 3 dimensions into a final 59-item conceptual model (Supplemental
Table 1 and 2). After each EP or FG, the hypothesised conceptual model was refined and
further expanded to include feedback from each EP and FG, including (1) modifying names
of existing concepts, (2) adding new concepts, (3) moving the position of a concept in the
model, or (4) specifying the relationship between concepts within a dimension of the model.

After all EPs and FGs were completed, the final hypothesised conceptual model of health

in DS includes 59-items across three dimensions: 23 items in physical health, 18 items in
social health, and 18 items in mental health. We used selective coding based on the topics
of discussion surrounding health and iteratively-refined versions of the codebook. At least
two members of the research team coded and comparatively reviewed coding of the focus
group transcripts to ensure consistency in use of the codebook. After establishing consensus
in coding and use of transcripts, the principal investigator and a research assistant then coded
the EPs: first, each EP was coded separately for themes and key quotes, then principal
investigator and research assistant met to review coding, discuss meaning and value of
quotes, and come to consensus. For each EP and FG, the 59 constructs were coded as
present / absent, with present indicating that the construct was discussed in the EP or FG as
an indication of health in DS and negative indicating that the construct was not discussed.

The de-identified, aggregate data from this study are available upon reasonable request, but
recordings and transcriptions are not available as participants did not consent to this.

Final Conceptual Model

After the 4 EPs and 8 FGs, the principal investigator, research assistant, and mentoring

team agreed that thematic saturation was reached. Full tracking of conceptual model
constructs through EPs and FGs shows changes in terminology and when new concepts
were introduced (Supplemental Table 2). The research team organised topics discussed as
either causal or effect indicators; most concepts were easily categorised as either causal or
effect indicators. For example, demographic traits, like race, are generally static and would
not change if someone’s health improved (not an effect indicator), but race could influence
health as a social determinant of health (a causal indicator). Better control of a co-occurring
diagnosis, like anxiety, (a causal indicator) might lead to better health, and fewer symptoms
of that diagnosis (an effect indicator). Some concepts were related through a “feedback
loop” and were listed in their primary role — for example, weight in the acceptable range
could be a sign of good health (an effect indicator), but if weight became too high or too low,
it could lead to worsening of health (a causal indicator); being active could be a sign of good
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health (an effect indicator), and activity could lead to normal weight and improved health (a
causal indicator). Authors agreed on a final conceptual model from iterative refinement of
literature review, EPs, and FGs incorporated together.

Literature Review

Our targeted literature review yielded few studies, and identified no existing conceptual
models of health in DS. One review article conceptualised health in four distinct models.52
The four major models for conceptualizing health were: the medical model, wellness

model, environmental model, and the World Health Organization (WHO) (holistic) model®2.
Relevant definitions of health and related concepts including: social health, mental health,
HRQOL, and well-being were identified through searches of published medical literature
and gray literature (Table 1). Definitions showed differences between health and its
comprising mental and social dimensions, and incorporated concepts of social interactions,
relationships, social adaptability, realizing abilities, coping, and productive contributions
(Table 1).

Sources which outlined the clinical signs and symptoms of DS were searched®3:54, and
summarised to create an original conceptual model which included acute and chronic
medical concerns / mental health conditions, activity, behaviour and environment / parent-
child factors (Supplemental Table 1). Literature review did not identify any indicator sets
specific for DS care®®, any DS-specific measures of the major dimensions of health, or
DS-specific health instruments.

Expert panels

Twenty-three experts attended (Table 2), discussed the definition of “health”, and gave
feedback resulting in iterative adjustments to specific constructs and organization of the
syndrome-specific conceptual model of health of individuals with DS. One participant
referenced previous study of health-related quality of life in DS3L; a second participant
referenced other condition-specific HRQOL measures®®.

During the expert panels, topics which were discussed were tracked (Table 3). Major
themes from review/analysis of EP transcripts emerged (Table 4), and relevant quotes were
summarised (Table 5). Some key themes were focused on:

1. general aspects of the instrument, such as, the need to consider the
developmental stages and age of the individual with DS when developing a
measure intended to capture health from 0-21 years (Table 4);

2. general ideas related to the concept of health, such as, the role of meaningful
engagement in the community, and what that looks like for a person with DS.
Experts gave the example of a person with DS in a theater group and considered
how to know someone is involved in the group compared to “going through
the motions” and the difference between being an active participant versus a
sidelines observer; and the role of family in influencing health: the role that the
family plays in creating a healthy lifestyle, the view of the family as a unit, and
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the role that parental factors (e.g. stress) can have on impacting their children and
their children’s health. In EP1 and EP3, experts asked who would be answering
the questions in the survey (self-report from person with DS or proxy-report
from parent). There was subsequent discussion about which topics might result
in different or similar responses between parents and individuals with DS.

3. Specific comments about constructs in the model, such as, the ability to complete
ADLs, daily skills (both cognitively and physically) as signs of health which we
have coded in “Activity”; and items which might be missing from the model
such as, sexuality and expression of that and gender identity.

Focus groups

Adolescents with DS age 13-21 years, and their parents participated (Table 2). Most parents
were mothers; all were the primary caregiver of sons / daughters age 0-21 years, and most
lived with their son / daughter with DS (Table 2). Discussion focused on the meaning of
“physical health”, “social health” and “mental health”, with feedback from parents and
iterative refinement to the model. Parents identified unique aspects of health for their
children with DS to be incorporated into the model. Relevant quotes by construct were
summarised (Table 6); adolescents and young adults with DS contributed input into the
conceptual model of health.

Common Conceptual Model Themes from EPs and FGs

Multi-dimensional: Expert panelists supported including the WHO dimensions of
physical, social, and mental well-being when reviewing the conceptual model. FG
participants identified specific components (constructs) of these dimensions when asked

to describe the meaning of health. Experts and parents agreed that individuals with DS have
unique health characteristics which may impact most children with DS but not children
without DS, such as: behavioural concerns, mental health concerns, unique medical needs,
and school supports. Among the topics discussed, a holistic model of health with all health
dimensions was supported by participants.

Multi-construct: Among the constructs in our proposed conceptual model, nearly all
were identified by participants as an indicator of health (Table 4), and as our model
expanded, there are many concepts that were introduced by persons with DS and caregivers
that were not endorsed by the expert panels. Although weight was coded in the category
“metabolism”, the topic “healthy eating / food choices” was not in the original conceptual
model yet was independently identified by all the FG and EP participants. Both FGs and
EPs discussed the value of healthy food to manage medical issues (such as thyroid issues,
and type 1 diabetes). Parents discussed both the aspect of eating nutritious foods, and

the awareness of what a “healthy” or “good” food choice is. Additionally, EP members
discussed access to healthy food options and their higher costs, highlighting the interplay
between physical and social dimensions of health. Impaired immunity, referring to decreased
immune function, or a common cold lasting longer, was discussed in 3 FGs; dental care was
identified as important to health in 2 FGs. These three concepts were categorised as causal
indicators of physical health and added to our final model.
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Effect indicators: The physical health effect indicator topics most often identified by both
experts and parents or individuals with DS were: activity (in 8 FGs and 3 EPs), metabolism
(in 6 FGs and 3 EPs), sleep (in 5 FGs and 3 EPs), and sensory organs (in 5 FGs and 2 EPs).
The social health effect indicator topics most often identified were: school and / or work
inclusion (in 8 FGs and 2 EPs), quantity of social interaction (in 8 FGs and 2 EPs), and
quality of relationships (in 7 FGs and 2 EPs). The mental health effect indicator topics most
often identified were: quality of life (in 7 FGs and 3 EPs), coping (in 6 FGs and 3 EPs), and
mental health symptoms (in 5 FGs and 3 EPs; Table 4).

Causal indicators: Topics related to health which were identified and grouped by the
authors as causal indicators of health were also multi-dimensional. The causal indicators of
physical health most often identified were: medical diagnoses (in 6 FGs and 3 EPs) and
medications including vitamins (in 6 FGs and 1 EP). The social health causal indicators
most often identified were: demographic traits (in 6 FGs and 3 EPs) and parent traits (in

5 FGs and 3 EPs). The most common identified causal indicators of mental health were:
personality traits or temperament (in 5 FGs and 3 EPs) and social network (in 4 FGs and 2
EPs).

Relevance to Down syndrome: Parents and experts often focused on aspects of
health which are more prevalent in individuals with DS. For example, hearing and vision
issues are two prevalent co-occurring medical conditions and impact 60-75% of children
and adolescents with DS®357, Appropriately, 63% of FGs and 67% EPs identified the
corresponding code “sensory organs” as an indicator of health. Participants also identified
“sleep” as an important indicator of health; prevalence of sleep apnea is increased for
children with DS. A final conceptual model was visualised (Figure 1), with 3 dimensions,
their relevant constructs and relationships (Table 3).

Discussion

Health is a complex concept®?; individuals with DS have a unique medical and
psychological profile. Existing health-related definitions, conceptual models of health, and
indicators of health informed components of our model. We found a number of definitions
of health from unique perspectives and chose the WHO health definition based on its
holistic view of health as a concept, rather than a disease-based model, though more
comprehensive review using other search terms could be conducted in the future. Choosing
the WHO definition of health, we began with the three dimensions of physical, social, and
mental well-being; these were supported by EP and FG participants. Additional concepts
were incorporated into our final conceptual model (Figure 1). In our search for signs and
symptoms of health, we identified some manuscripts which describe existing instruments
measuring components of our draft conceptual model based on WHO constructs, which we
summarised (Supplemental Table 3).

Although general health measures exist, we have previously described some limitations in
using global health measures from parents of individuals with DS.28 In further support

of our hypothesis, in this study, experts and parents both endorsed a syndrome-specific
model to capture health in DS. Experts and parents identified the unique traits of DS
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necessitating a syndrome-specific health model. For example, given the prevalence of
autoimmune conditions®®, and increased risk for respiratory infections®? seen in individuals
with DS, parents emphasised immunity in a conceptual model of health, which would not
be as relevant to individuals without DS. Although general population measures have been
validated in individuals with DS®2, and general populations health-related measures have
been administered to parents of individuals with DS36; no syndrome-specific health-related
instrument has been validated for DS to-date. Our results support the need for a syndrome-
specific measure of health in DS to be developed in order to accurately capture health.

Our participants identified important topics within the conceptual model. Experts discussed
the nuances of developing an instrument, and the need to consider developmental stages, the
meaning of social / community engagement, the role of family and parents in influencing
health, and that responses would differ depending on who completed the survey. In
categorizing concepts, the research team discussed the complex interaction of causal and
effect indicators, and the focus group participants discussed the interconnections of one
topic, “healthy foods”, in more than one dimension of health.

In the future, we aim to develop our conceptual model into a measurement model, an item
pool, and, ultimately, a syndrome-specific measure of health in DS. The development of
syndrome-specific conceptual models and ongoing work to evaluate the definition of health
in unique patient populations is the first step to allowing for creation of syndrome-specific
instruments and syndrome-specific patient-reported outcome measures. Our model is a
conceptualization of health based on our current studies, has changed over the course of
our research, and may continue to be refined with future research over time.

Our study may have selection bias, preventing our results from generalising to the
experience of all experts, parents, and individuals with DS. Although we recruited from

a national contact source, future study with increased diversity, broader age ranges, and
broader recruitment strategies could all increase generalisability. We conducted our study
during the COVID-19 pandemic, which may have impacted the discussion given the
overarching impacts of this pandemic; parents might be viewing health in the present, or
might be reflecting on health prior to the pandemic. In fact, parents’ discussion of the
COVID-19 pandemic on health, such as: attention to respiratory infections and fevers,
changes in social interactions, and worry about impact on development and learning, will be
an important topic for future research.

Genetic syndromes which have a different medical and psychological profile may need

new concepts or different ranking of codes, but could use our EP and FG methodology

as a framework. For example, for patients with Prader-Willi syndrome, hyperphagia and
food-related behaviour, or anxiety symptoms®2 might be important constructs in “mental
health symptoms”, or in Neurofibromatosis type 1, neurofibromas and seizures®3 might drive
“neurologic” to be an important indicator of health. Once we are able to measure health, we
will be better able to evaluate the current state of health, and work to improve the health of
patients with DS, and eventually, other genetic syndromes.
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Experts, teens with DS, and parents of children with DS endorsed a conceptual model of
health with three dimensions of physical, social, and mental well-being, described unique
concerns for people with DS, and detailed dimension-specific constructs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Conceptual model of health in Down syndrome with interconnection among physical,

mental, and social dimensions
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Table 1:

Relevant Definitions of Health and related concepts
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Construct Definition Source
Health Health is a state of complete physical, mental and social well-being and not merely the absence of World Health
disease or infirmity. Organization
(WHO)!
Social Health Social health can be defined as our ability to interact and form meaningful relationships with others. It George?
also relates to how comfortably we can adapt in social situations.
Mental Health Mental health...is a state of well-being in which the individual realizes his or her own abilities, can WHO
cope with the normal stresses of life, can work productively and fruitfully, and is able to make a
contribution to his or her community (WHO)
Health-related A multi-dimensional concept that includes domains related to physical, mental, emotional, and social Healthy People®

quality of life functioning. It goes beyond direct measures of population health, life expectancy, and causes of death,
(HRQOL) and focuses on the impact health status has on quality of life.
HRQOL An individual’s or group’s perceived physical and mental health over time. Centers for
Disease Control
(cbc)y*
HRQOL An all-inclusive concept incorporating all factors that impact upon an individual’s life. Health-related Torrance et al.5
quality of life includes only those factors that are part of an individual’s health.
HRQOL Those aspects of self-perceived well-being that are related to or affected by the presence of disease or Ebrahim et al.b
treatment
Well-being Well-Being Measures — assess the positive evaluations of people’s daily lives—when they feel very Healthy People®
healthy and satisfied or content with life, the quality of their relationships, their positive emotions,
their resilience, and the realization of their potential.
Well-being Well-being is a positive outcome that is meaningful for people and for many sectors of society, cDc#

because it tells us that people perceive that their lives are going well. Good living conditions (e.g.,
housing, employment) are fundamental to well-being. Tracking these conditions is important for
public policy. However, many indicators that measure living conditions fail to measure what people
think and feel about their lives, such as the quality of their relationships, their positive emotions
and resilience, the realization of their potential, or their overall satisfaction with life—i.e., their
“well-being.”1, 2 Well-being generally includes global judgments of life satisfaction and feelings
ranging from depression to joy.3, 4

I'Callahan D. The WHO Definition of “Health.” The Hastings Center Studies. 1973;1(3):77. doi:10.2307/3527467

ZGeorge T. What is Social Health? HIF Healthy Lifestyle BLog. https://blog.hif.com.au/mental-health/what-is-social-health-definitions-examples-
and-tips-on-improving-your-social-wellness

3’Health-ReIated Quality of Life and Well-Being. HealthyPeople.gov. Accessed
November 4, 2021. https://www.healthypeople.gov/2020/about/foundation-health-measures/Health-Related-Quality-of-Life-and-Well-
Being#:~:text=Health%?2Drelated%20quality%200f%20life%20(HRQoL)%20is%20a%20multi,has%200n%20quality%200f%20life.

4

"HRQOL. CDC. Accessed November 4, 2021. https://www.cdc.gov/hrgol/concept.htm

5'Torrance GW. Utility approach to measuring health-related quality of life. J Chronic Dis. 1987;40(6):593-603.
doi:10.1016/0021-9681(87)90019-1

6’Ebrahim S. Clinical and public health perspectives and applications of health-related quality of life measurement. Soc Sci Med.
1995;41(10):1383-1394. doi:10.1016/0277-9536(95)00116-0
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Demographic traits of 23 Experts in Down syndrome included in 3 Expert Panels and Focus Group

Participants

Expert Panels (EP)

EP 1, theme: Medical (N=8) N
Professional titles MD 5
PhD 2
Professional Roles Physician 6
Psychologist 1
Behavior Expert 1
Work at a Down syndrome clinic or with patients with Down syndrome Y, currently 5
Y, in past 3
Director or Founder of a DS or intellectual disability clinic or group Yes 6
EP 2, theme: Educational (N=8) N
Professional roles Educator 5
Legal Advocate 1
Advocate 1
Psychologist 1
Work at a Down syndrome clinic or with patients with Down syndrome Y, currently 5
Y, in past 2
Director or Founder of a DS or intellectual disability clinic or group Yes 1
EP 3, theme: Psychosocial (N=7) N
Professional Roles Psychologist 1
Speech and Language Pathologist 1
Social Worker 1
Genetic Counselor 1
Family Support Specialist 2
Researcher 1
Work at a Down syndrome clinic or with patients with Down syndrome Yes, currently 6
Yes, in past 1
Director or Founder of a DS or intellectual disability clinic or group Yes 3
Focus Groups N
Persons with Down syndrome in Focus Groups (N=8)
Age (years) 13-17 4
18-21 4
Sex Female 4
Parents in Focus Groups (N=20)
My child with Down syndrome’s age 0-5 5
6-12 4
13-17 5
18-21 6
My child with Down syndrome’s gender Female 10
To what extent does your son or daughter with Down syndrome, in your opinion, have significant Range: 1-6
health problems? (1=not a problem, 7=very much a problem) Mean: 2.7
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Expert Panels (EP)

To what extent does your son or daughter with Down syndrome, in your opinion, have significant
educational / learning difficulties? (1=not a problem, 7=very much a problem)

Parent Sex

Parent Race

Parent Highest level of education

Parent Employed
Parent Marital Status
Parent Number of children

Parent State of Residence

Parent combined total household income

Standard Deviation: 1.2
Range: 2-7
Mean: 4.9

Standard Deviation: 1.3

Female

White or Caucasian

Black or African American
Asian

Other

College or university graduate
Master’s degree
Doctorate degree

Yes
No

Married
Divorced

Range: 1-6
Mean: 2.8

New York
Pennsylvania
Massachusetts
Michigan
Maryland
Idaho

Florida
Missouri
Kentucky
Ohio

Utah

N/A, International

Mean: $138,500
Range:$75,000-400,000

- =
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Table 6:

Additional Example quotes of constructs from Focus Groups (FGs) and Expert Panels (EPs)

Code

Topic

Example quote

Physical Health

Neurologic

Seizures, infantile spasms

“I don’t know if anybody else’s children have had the infantile spasms
which-- it’s pretty scary. But we got them under control quickly.” S6, FG8

Dermatologic

Skin “break outs” and pimples,
alopecia, very dry skin

“He has the typical some things, very dry skin, some skin problems..” S3,
FG7

Musculoskeletal

Strength, fitness, low muscle tone

“She’s good on the monkey bars but she fatigues easier because of low
tone.” S2, FG8

asthma, narrow airways

Cardiac Congenital heart disease, heart “I think about my son’s heart. | mean he’s never had surgery. Knock on
murmur, arrhythmia, pulmonary wood. But he does have two ASDs.” S2, FG1
hypertension, need for surgery, need
for pacemaker

Respiratory Colds, bronchitis, pneumonia, RSV, “He was hospitalized four times last year with respiratory illnesses. So if

he gets a really bad cold or something, then he doesn’t seem to fight it as
well.” S4, FG1

Genitourinary

Chronic renal failure, toilet training

“Four years ago, he was diagnosed with chronic renal failure, which was
completely out of the blue, no warning whatsoever.” S7, FG7

pain tolerance

Digestive Constipation, celiac disease, “[I know he’s healthy] If he’s having regular bowel movements, if he’s
duodenal atresia eating good.” S4, FG1
Sensory Organs Vision concerns, hearing loss, “She’s periodically on an antibiotic for her ears, so drainage is an issue and
cholesteatomas, need for glasses, making sure that her hearing’s good.” S7, FG8
need for ear tubes, need for hearing
aid, recurrent ear infections
Endocrine Hypothyroidism “About two years ago, she was diagnosed with hypothyroidism. And so
she’s now taking a hormone supplement to address that.” S6, FG7
Metabolism Overweight, failure to thrive, “I think my son is in good health, but he has put on about 19 pounds since
glucose issues, type 1 diabetes, the pandemic started. .... So I’m not feeling he’s so healthy anymore.”S3,
fatigue FG7
Activity Ability to and frequency of exercise “We try to make sure to work in activity, both because of the long term
value and because we find that it helps with some of [her] stimming and
other behaviors.” S4,FG8
Mobility Slowing down, sitting up / “He’s not able to sit up yet. He still has low muscle tone.” S5, FG1
milestones, strength, balance
Sleep Sleep apnea, getting “a good “I think of a healthy day being | really put an emphasis on a good night’s
night’s” sleep, napping sleep....” S2, FG8
Oromotor Picky eating; difficulties with “He really needs crunchy stuff because of texture and low tone...he also
breastfeeding, chewing or needs a lot of flavor. But he’s very picky.” S2, FG1
swallowing; need for gastrostomy
tube
Pain Ear pain with ear infections, high “She has very high pain tolerance. So if she’s not feeling well and she

actually tells me she’s not feeling well, it’s pretty bad.” S6, FG 7

Other physical

Dental health

“Dental health issues can come quickly if there is a problem.” FG1

Other physical

Medical issues which are not
associated with, or more prevalent,
in Down syndrome

“His three fingers were fused together, so that was six surgeries there too.”
FG8

Mental Health

Quality of life

Feeling pleasure/happiness, sense of
self-fulfillment, feeling welcomed
and socially accepted

“One comment is that people in wheelchairs, they may not be able to move
around very well, but they still have a quality of life. So | think it’s an
individual thing. It takes in the consideration of mental health, social health,
if you will, also how we feel about getting around in the sense of doing
things within our environment. So it’s not just what we would consider

healthy. It’s how they function and how they feel about that.”- EP1, S2
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Code

Topic

Example quote

Physical Health

Mood / affect Receptiveness to learning new skills “If something doesn’t go with her, align with her, she would cry instantly. |
and facing challenges; regulating could see tears in half a second.” S5, FG7
mood; ability to recognize and “1 guess | can tell when she’s happy by the absence of behaviors and stuff
communicate about one’s emotions that she does when she’s unhappy or feeling isolated.” S7, FG1
Identity Pride from ability to set and reach “l want to be a gamer. That’s how the world makes money.” S5, FG4
goals; personality/sense of humor;
emerging sexuality “And | think she was pretending with me and not trying to trick me but
using this little sense of humor. It was the first time that | had really seen
her do that. S2, FG8
Coping Maintaining health-related routines; “She doesn’t take rejection. If she calls a friend or looks to get somebody to
being able to manage change/ do something and they say no, she just moves on to the next one. | mean,
disruptions to routines; developing it’s like she has better resilience skills than | do when it comes to social
healthy coping mechanisms rejection / interaction.” S4, FG6
“Even though you think that maybe he is not engaged in what’s going on
or he’s doing his own thing, you’ll hear him talk about it later or he’ll be
processing it later, after the fact.”
“Sometimes [he] will just say, “Oh, well,” about things. I’m not sure
it’s resilience or just, “Oh, well.” I don’t know. | don’t know what the
difference would be for him.”
Behavior Using behavior to indicate and “If he tells me no and he doesn’t want to do that, that’s one of the signs, to

cope with feelings; engaging in self-
soothing or self-protective behaviors

me, that there’s something going on, things he would normally do.”

Neurodevelopmental

Learning; independence (including
planning and problem-solving
skills); developmental progress
(including need for therapies)

“Children who are more delayed or have less communication are more
likely to have difficult behaviors, more likely to have bad sleep happen.”-
EP2, S1

“Level of intellectual impairment likely informs a lot of how well
especially a lot of the topics in this mental health section which what |

was alluding to before as far as self-awareness and expression of awareness
and expression of emotions and all those types of concepts.”- EP3, S4

“Probably having our specialty services - so speech, OTPT - being regular
parts of their programming. So that might be another kind of big-picture
way to quantify, either by frequency, or just that they have access at all.”-
EP3, S4

Language Expressive and receptive language “And she’s not able to express, so she’s like a hidden volcano.” S5, FG7
including vocabulary and
articulation; use of sign language

Alertness -

Other Mental

Social Health

Resources and
Opportunities

Access to transportation; access

to healthcare and insurance
coverage, including knowledgeable
pediatricians, specialists, and
therapists; safe living situation;
access to social support such

as relatives nearby and parent
support groups; availability of social
activities and educational supports

“There’s really no time in history ever to be a person with a disability than
now.... 1 just think there’s so much that these children can do and become.
So if we can give them the right tools, if we can mainstream them-- and so
1’'m really hopeful about what my son will be able to do.” -S2, FG1

School / work

Having friends and building
relationships at school; participating
in enrichment activities at school;
inclusion with neurotypical peers
including school ‘mainstreaming’

“What makes our life important? And having activities that allows us to
connect and develop some kind of friendships and things like that, that
seems to be the key to social for me. | don’t know, but I think the other
dimensions-- they’re really important. School districts, stuff like that, but
still, how much accessibility they have to different social environments and
stuff. That would help.”- EP1,54

Community
participation

Participating in community activities
(through peer groups, hobbies,
sports, etc.); Going out to places

in community (e.g., park, grocery

“You’ll get very different answers to some of these. They do great at school
with peers but they don’t see them outside of school. They do great with
structure at school but maybe not at home.”- EP1, S3
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Code

Topic

Example quote

Physical Health

store); Positive impact of diverse
communities

Socialization

Opportunities to engage with friends,
family, and other people in the
community either in-person or using
technology (i.e. phones, iPad, or
social media); avoiding isolation

“Community safety. The absence of significant stressors and trauma.”- EP3,
S6

Relationships

Having meaningful relationships
with family members; being able to
develop close friendships with and
feel included by people

“He tries to mirror them [his siblings] sometimes. And he sees them doing
stuff. And he wants to try to do it. So I do think it’s been super helpful.”
-S4, FG1]

Other social

Overscheduling / time limitations;
prioritizing / age-based differences

“Because doing something for 10 minutes for anybody who’s age three is
really sketchy at best, because they’re three and they’re just learning how
to attend to anything for any amount of time. So that 10-minute benchmark
makes sense for someone maybe at a certain age, but not so much for
someone who’s 8.- EP2, S8
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