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Abstract

Studies in the neurotypical population have demonstrated that personal social net-

works can mitigate cognitive decline and the development of Alzheimer disease. To

assess whether these benefits can also be extended to people with Down syndrome

(DS), we studied whether and how personal networks can be measured in this popu-

lation. We adapted a personal networks instrument previously created, validated, and

implemented for the neurotypical population. We created two versions of the survey:

one for participants with DS, ages 25 and older, and another for their study partners,

who spent a minimum of 10 h/wk in a caregiver role. Participants with DS gave con-

cordant data to those of study partners. Their personal networks included a median

network size of 7.50, density 0.80, constraint 46.00, and effective size 3.07. Personal

networks were composed of 50% kin, 80% who live within 15 miles, and 80% who

eat a healthy diet. In this proof-of-principle study, we demonstrated that the personal

networks of people with DS can be quantitatively analyzed, with no statistical differ-

ence between self-report and parent-proxy report. Future research efforts can now

evaluate interventions to enhance personal networks for preventing Alzheimer dis-

ease in this population.
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1 | INTRODUCTION

People with Down syndrome (DS) are living longer than they ever have

before, thanks to continued advances in science and medicine

(Antonarakis et al., 2020; de Graaf et al., 2017). Yet, as their population

size continues to grow within the United States (Antonarakis et al., 2020;

de Graaf et al., 2017, 2022), more adults with DS will also be diagnosed

with Alzheimer disease—caused, in part, by the extra APP gene, encoding

amyloid plaques, located on their triplicated chromosome 21 (Antonarakis

et al., 2020; Ballard et al., 2016; Lott & Head, 2019). By some estimates,

�50% of adults with DS will show symptomatic signs of dementia by

the age of 60 (Bayen et al., 2018; Sinai et al., 2018; Strydom et al., 2010).

To date, no pharmaceutical options have proven to be effective in treat-

ing dementia for this population (Ballard et al., 2016).

Studies in the neurotypical population have demonstrated that

personal networks—the persons around an individual who provide

support, circulate information, and influence health behaviors (Dhand

et al., 2016)—can mitigate cognitive decline and the development of

Alzheimer disease (Fratiglioni et al., 2004). In one nationally represen-

tative cohort study of 3310 adults, ages 62–90, researchers found

that individuals at most risk for early dementia had smaller network

sizes, less community involvement, and more reliance on family mem-

bers (Kotwal et al., 2016). In a prospective study of 2249 women, ages

78 and older, large personal networks had a protective effect on cog-

nitive functioning (Crooks et al., 2008). In another prospective study

of 823 seniors free of dementia at enrollment, the risk of Alzheimer

disease was more than doubled in lonely people (Wilson et al., 2007).

Loneliness was also associated with lower cognitive levels at baseline

as well as with further cognitive decline in subsequent years (Wilson

et al., 2007). The exact mechanisms by which personal networksAbbreviation: DS, Down syndrome.
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lessen cognitive decline are multifactorial. Researchers suggest that

social relationships increase cognitive stimulation (“use it or lose it”;
Hultsch et al., 1999), buffer patients from expected adverse cognitive

effects of brain volume loss (Perry et al., 2021), and temper stress-

related neurological effects (Fratiglioni et al., 2004).

In the neurotypical population, social connection has also been

linked to better physical health including longevity. In a meta-analytic

review of 148 studies (308,849 participants in total), researchers

found that people with stronger social relationships had a 50%

increased likelihood of survival than those with weaker social relation-

ships (Holt-Lunstad et al., 2010). On average, people with DS have a

shortened life span (58 years; de Graaf et al., 2017) compared with

the neurotypical population (77 years; CDC, 2022).

An open question follows: can these benefits observed in the

neurotypical population also be expected for people with DS who all

have an intellectual disability to some degree? To answer this ques-

tion, we must first assess whether and how personal networks can be

measured in people with DS. Derived from a standardized survey

made for clinical populations (PERSNET; Dhand et al., 2018) the per-

sonal networks of a participant may be visualized into a sociogram

(Figure 1). With a sociogram, we may further quantify the characteris-

tics of the network including metrics of structure (e.g., network size)

and composition (e.g., percentage kin).

In this proof-of-principle study, we studied the personal networks

in a cohort of adults with DS. We asked: can adults with DS reliably

self-report their own personal networks? What is the range of quanti-

tative characteristics of personal networks in a DS cohort?

2 | PATIENTS AND METHODS

2.1 | Patients

We recruited people with DS, ages 25 and older, who were patients

in our Massachusetts General Hospital Down Syndrome Program, a

multidisciplinary tertiary clinic that sees patients about once yearly.

Each participant needed to be verbal with English as their primary lan-

guage and able to respond to questions. Patients who had a diagnosis

of dementia were excluded. Each participant also needed to have a

study partner, 18 years or older, who served as a caregiver and spent

at least 10 h each week with the participant with DS. The study part-

ner must also be verbal with English as their primary language.

This study was deemed exempt by the Massachusetts General

Brigham Institutional Review Board for written informed consent. If

the participant with DS did not have a legal guardian, the study coor-

dinator obtained informed, implied verbal consent from the partici-

pant with DS and their study partner. If the participant with DS had a

legal guardian, the study coordinator obtained informed verbal con-

sent from the legal guardian of the person with DS along with the

study partner (if different than the legal guardian), and assent was

established with the participant with DS. At all times, if dissent from

the participant with DS was detected, the study procedures would be

stopped.

2.2 | Survey

We adapted the PERSNET personal networks instrument previously

created, validated, and implemented by Dhand et al. (2016, 2018) and

Prust et al. (2021). We created two versions of the survey: one for

participants with DS and another for the study partners. Our adapta-

tions aimed to reduce the reading level of the questions so that our

participants with DS could best understand their intent (see Supple-

mentary Appendix S1 for complete surveys). The first set of questions

was aimed at creating a master list of people who are important to

the person with DS. We used three questions to elicit a list from par-

ticipants with DS: (1) Who do you discuss important stuff with?;

(2) Who do you often hang out with?; (3) Who helps you when you

feel sick? The questions for the study partner used the same language:

(1) Who does your loved one discuss important stuff with?; (2) Who

does your loved one often hang out with?; (3) Who helps your loved

one when he/she feels sick?

After generating a master list of names from these questions and

removing duplicates, our team next asked a series of questions to

measure the closeness of the relationships to the person with DS. For

the participants with DS, we asked, “How close do you feel to…?” The
answer options were “very close” or “not very close.” The survey for

the study partner used parallel language, “Compared to everyone

you've listed, how close do you think your loved one feels to each

person?” The answer options were again “very close” or “not very

close.”
We then measured the closeness of relationships between the

social connections, using the first names generated by the study part-

ner. We asked, “Is [person A] a total stranger, very close, or in-

between with [person B]?” We defined “total strangers” as two peo-

ple who would not know one another if they met on the street; “in-
between” as relationships in the middle of total strangers and very

close, typically people who know each other's name and face; and

“very close” as two people who as close or closer to each other than

F IGURE 1 Sociogram example for a person with Down syndrome
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they are to you. Study partners were also asked this question of the

master list of names generated by the participants with DS (see study

procedure below).

For the study partners only, we asked additional descriptive ques-

tions about the master list of names that they had generated: Which

person or persons support your loved one most often? What is the

sex of each person in your loved one's network? What is the race of

each person in your loved one's network? What is the ethnicity of

each person in your loved one's network? As far as you know, does

this person have any of the following (answer options: “Down

syndrome,” “Other disability,” “No disability/typical,” or “Do not

know”)? On average, how often does your loved one communicate

with each person in his/her network by video chat (e.g., FaceTime),

phone, or in person (Do NOT consider texting/instant messaging/

Facebook; answer options: “daily,” “weekly,” “monthly,” “less often,”
“do not know”)? For how many years has your loved one known the

following people (answer options: “<3 years,” “3–6 years,” “>6 years,”
and “do not know”)? How far does each person live from your loved

one? (answer options: “same house,” “≤5 miles,” “6–15 miles,” “16–
50 miles,” and “50+ miles”)? Are any of the following barriers to your

loved one's relationship with each of the following (answer options:

“transportation,” “availability of caregivers to coordinate,” “scheduling
conflicts,” “language issues/speech intelligibility,” and/or “none”)? For
each person, in what way are they connected to your loved one

(answer options: “spouse,” “family,” “friend,” “advisor,” “co-worker,”
or “other”)? How old is each person? Has your loved one exercised at

least three to four times a week over the past 3 months? Which peo-

ple in your loved one's network do you think have exercised at least

three to four times a week in the past 3 months? Did your loved one

eat a healthy diet regularly over the past 3 months? Which people in

your loved one's network do you think ate a healthy diet regularly

over the past 3 months?

On both the surveys for participants with DS and their study part-

ners, we also collected sociodemographic variables about the person

with DS including gender, race, ethnicity, educational level, zip code,

dating status, and living arrangement.

2.3 | Study procedures

After inclusion and exclusion criteria were reviewed, our study team

reviewed the project's information sheet with the dyads over the

phone (Figure 2). We obtained informed consent or assent verbally

from the patients with DS, based on their age and legal guardianship

status. As needed, we obtained informed consent verbally from par-

ents and/or legal guardians.

Once consent was obtained, we surveyed study partners and par-

ticipants with DS separately. First, the study partners were e-mailed a

unique link to their survey. We collected and managed study data

using Research Electronic Data Capture (REDCap) electronic data cap-

ture tools hosted at Massachusetts General Hospital (Harris

et al., 2009, 2019).

After the caregiver completed their survey, our research team

scheduled a videoconference session with the participant with DS

alone, initially. In the interview, our research team asked the questions

directly to the participants and entered their responses into REDCap,

which was not shown to the participants. After the participant had

completed their survey, the study partner was then invited to join the

session. During this portion of the videoconference, the previous

answers of the participant with DS were not altered. New questions—

which were a priori felt to be too cognitively challenging for most

people with DS to answer alone—were asked when the study partner

was available to assist. Specifically, we asked the study partner to

identify whether the names generated by the person with DS were

“real and alive (such as a best friend), real but not alive (such as a

deceased grandparent), or not real (such as Spiderman).” Then, we

asked study partners to assess the closeness of relationships between

the social connections, using the first names generated by the person

with DS: “Is [person A] a total stranger, very close, or in-between with

[person B]?”

2.4 | Analyses

The analyses for personal networks have been previously described in

length (Dhand et al., 2016). In brief, “network size” is the quantity of

members within the patient's personal network excluding themselves.

This quantity contains both the number of individuals identified and

used within the direct network as well as any additional individuals

beyond five for each name-generating question, allowing for an

unbounded network size. Thus, this value may be the same as or

larger than the number of individuals observed in the graphical

network.

“Constraint” is a measurement of how tightly connected mem-

bers of the network are to the network, in general. This statistic is

derived from Burt's Aggregated Constraint value, which includes data

on the number of network members, their ties, the strength of their

ties, and second order ties. This statistic is then multiplied by 100 to

better integrate with modeling. The scale for this measurement is

from a theoretical zero to maximum of 125, with zero being a per-

fectly “open” or “bridging” network and 125 representing perfectly

“closed” or “constrained” networks.

F IGURE 2 Flow diagram of survey
methodology. DS, Down syndrome;
REDCap, Research Electronic Data
Capture

SKOTKO ET AL. 3
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“Density” is a measurement of how dense the patient's personal

network is based upon the quantity of ties between network mem-

bers excluding the patient. This statistic is determined by taking the

number of actual ties between network members and dividing it by

the total number of possible ties that could possibly be made between

network members. The scale for this measure is from a theoretical

zero to maximum of 1, which would represent a perfectly “dense”
network.

“Effective size” describes how many unique informational

“groups” exist within the network—that is, the number of unique

voices in the network based upon the number and strength of ties.

Networks in which everyone knows everyone very well will result in

lower effective sizes, while networks in which there are many persons

are not interconnected will result in larger effective sizes. Mathemati-

cally, the statistic is determined by taking the total strength of direct

ties to the proband and subtracting from it the average strength of

ties to each network member; strong ties are assigned a value of

1 and weak ties a value of 0.5 The scale for this measure is from mini-

mum of a theoretical zero to the network size value of a given

network.

“Max degree” is the largest number of ties that any network

member has within the network (excluding the proband and ties to

the proband). The scale for this measure is from a minimum of zero to

the network size – 1.

“Mean degree” is the average number of ties for all network

members (excluding the proband and ties to the proband). The scale

for this measure is from a minimum of zero to the network size – 1.

The composition variables include information about the network

members, such as the proportion of individuals who eat a healthy diet

or exercise. These variables can be considered indicators of the social

milieu around the patient, which may influence the health habits of

the patient.

The graphical representation of the personal networks (“socio-
grams”) was generated using R version 4.1.2 (Vienna, Austria). We

adapted code to process from https://github.com/AmarDhand/

PersonalNetworks.

A Fisher's exact test was used to compare the demographics

between self-report and proxy-report. We used a Pearson correlation

coefficient and the Wilcoxon's signed rank test, a nonparametric

paired test, to compare the network metrics between self-report and

proxy-report. Missing responses were excluded from analyses.

3 | RESULTS

3.1 | Participants

Of the 43 dyads, 5 did not have responses from the corresponding

person with DS (3 decided not to participate due to the emerging

demands of the coronavirus disease of 2019 (COVID-19) pandemic,

1 no longer had a study partner who spoke English as a primary lan-

guage, and 1 was lost to follow-up). As reported by the study partners,

the participants with DS had a mean age of 36.3 years (SD = 8.9,

range 25–55, N = 43). They included both males and females and

were predominantly non-Hispanic whites (Table 1). The majority had a

high school education or less. About 20% were dating someone. For

the overwhelming majority of adults who do not live alone, they had a

mean of 3.8 persons in their households, including themselves

(SD = 2.0, range 2–12, N = 37).

The participants with DS (N = 38) gave concordant responses to

those from their study partners about their own sociodemographic

characteristics, except for race, ethnicity, and educational level

(Table 1). Participants with DS were more likely to skip questions

about race and ethnicity. Participants with DS tended to report a

higher level of education. For those who did not report living alone,

they had a mean of 4.0 persons in their households, including them-

selves (SD = 2.2, range 2–10, N = 30).

3.2 | Personal network characteristics

The participants with DS gave concordant responses to those from

their study partners for all the personal network quantitative charac-

teristics (Table 2). All study partners and participants with DS were

able to answer the survey questions so that sociograms could be gen-

erated (Figures 3 and 4). According to participants with DS, the

median network size was 7.50, constraint 46.00, density 0.80, and

effective size 3.07. Side-by-side sociograms for each dyad are avail-

able in the Supplementary Figure S1. Individual network metrics for

self-reports and proxy-reports are also available in the Supplementary

Tables S1 and S2.

The composition of the personal networks, based on study part-

ner responses only, described a milieu of social characteristics around

the participant (Table 3). About 50% of network members were fam-

ily. There was an equal proportion of male and female members, and

nearly all members were of the race and ethnicity that was concor-

dant with that of the participant with DS. The SD of ages was high at

16 years, meaning the networks had older and younger persons

around the participant. Only 6% of network members had DS or

another disability, themselves. About 38% of network members had

some barriers to interacting with the participant, defined as transpor-

tation, availability for caregivers to coordinate, scheduling conflicts,

and language issues/speech intelligibility. Most network members

were known to the participant for more than 6 years, and 80% were

geographically proximate. The network members were reported to

have healthy lifestyles: 60% of network members exercised at least

three to four times weekly, and 80% ate a healthy diet regularly. One

participant with DS identified two network members who were real,

but not alive (i.e., two deceased grandparents). No participants identi-

fied network members who were not real.

4 | DISCUSSION

In this proof-of-principle study, we demonstrated that the personal

networks of people with DS can be quantitatively analyzed, with no

4 SKOTKO ET AL.
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TABLE 1 Demographics of participants with DS, as reported by study partners and the participants with DS

Variable

As reported by study partner (N = 43) As reported by participant with DS (N = 38)

p valueN % N %

Sex 0.7348

Male 24 55.8 20 52.6

Female 19 44.2 17 44.7

Other 0 0.0 1 2.6

Race 0.0015

Black or African American 0 0.0 0 0.0

White 41 95.3 27 71.1

American Indian/American Native 0 0 1 2.6

Asian 1 2.3 1 2.6

Native Hawaiian or other Pacific Islander 0 0 0 0

Other 1 2.3 1 2.6

Blank 0 0.0 8 21.1

Ethnicity <0.0001

Hispanic 2 4.7 1 2.6

Not Hispanic 39 90.7 18 47.4

Unknown 1 2.3 10 26.3

Blank 1 2.3 9 23.6

Educational level 0.0033

Some high school or less 13 30.2 1 2.6

High school graduate 23 53.5 28 73.7

Some college 2 4.7 6 15.8

Associate's degree 2 4.7 2 5.3

Prefer not to answer 2 4.7 1 2.6

Blank 1 2.3 0 0.0

Currently dating someone 0.1416

Yes 9 20.9 14 36.8

No 33 76.7 24 63.2

Blank 1 2.3 0 0

Living status 0.5333

Living alone 5 11.6 7 18.4

Not living alone 38 88.4 31 81.6

Abbreviation: DS, Down syndrome.

TABLE 2 Social networks summary metrics, as reported by study partners (N = 43) and participants with Down syndrome (N = 38)

Study partner median [interquartile
range]

Participant with down syndrome median [interquartile
range] r

p-
value

Network size 8.00 [6.00, 10.50] 7.50 [5.25, 11.00] 0.26 0.71

Constraint 52.09 [40.56, 61.46] 46.00 [36.62, 56.53] 0.05 0.12

Density 0.90 [0.67, 1.00] 0.80 [0.67, 0.99] �0.03 0.32

Effective size 2.70 [1.76, 4.20] 3.07 [1.69, 4.41] 0.01 0.31

Maximum

degree

5.00 [4.00, 7.00] 6.00 [4.00, 7.75] 0.15 0.46

Mean degree 4.00 [3.43, 5.00] 4.57 [3.47, 5.30] 0.50 0.64

Note: r, Pearson correlation coefficient.

SKOTKO ET AL. 5
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statistical difference between self-report and parent-proxy report.

Since people with DS all have an intellectual disability to some degree,

this finding is significant, demonstrating that our adaptation of the

personal social networks survey could be understood reliably. As

patient-centered research efforts expand, particularly for those with

intellectual disabilities (Patient-Centered Outcomes Research

Institute, 2021), this has significant implications for capturing the

voices of adults with DS and other intellectual disabilities on these

topic domains—and not just relying on parent-proxy reports (Santoro

et al., 2022). With that said, the correlations ranged between weak

and strong, suggesting that there would be value in including both the

self-proxy and parent-proxy reports.

Sociograms of these social structural patterns could also be gen-

erated for each person with DS, demonstrating that future clinical tri-

als could incorporate these measures as primary or secondary

outcomes. In particular, future research efforts might evaluate inter-

ventions aimed at increasing the quantitative characteristics of these

personal networks. Additional trials might focus on measuring what

impact such changes might have on the mitigation of Alzheimer dis-

ease, which occurs at a higher frequency in this population. Increased

personal network dimensions have been correlated with a decrease in

Alzheimer disease in the neurotypical population (Crooks et al., 2008;

Fratiglioni et al., 2004; Hultsch et al., 1999; Kotwal et al., 2016; Perry

et al., 2021; Wilson et al., 2007). Cognitive interaction achieved in

diverse and open personal networks may also help promote cognitive

reserve (Peng et al., 2022; Perry et al., 2021). An open question

remains: could enhancing the social networks of people with DS help

prevent or delay the onset of Alzheimer disease or boost their cogni-

tive reserve?

The structures of personal networks of persons with DS were, on

average, large and open with a network size of about 8 and a con-

straint of about 46. Neurotypical individuals from a national cohort

study, in comparison, had an average network size of 8 and constraint

of 44 (Dhand et al., 2018). This openness in the network is accompa-

nied by 3.1 unique informational groups (effective size). In compari-

son, neurotypical individuals had an effective size of 4.0 (Dhand

et al., 2018). These results show similarity between persons with DS

and neurotypical individuals. This might be surprising to those who

hypothesize that people with DS have trouble sustaining meaningful

friendships. Our results, however, are consistent, with a previous

study in which sampled people with DS self-reported little trouble in

making friends (Skotko et al., 2011).

The personal network members for people with DS were largely

racially and ethnically concordant with the persons with DS. These

persons were unlikely to have a disability of their own. About half

were family members, and most were geographically proximate to the

ID 1 ID 2 ID 3 ID 4 ID 5 ID 6 ID 7

ID 8 ID 9 ID 10 ID 11 ID 12 ID 13 ID 14

ID 15 ID 16 ID 17 ID 18 ID 19 ID 20 ID 21

ID 22 ID 23 ID 24 ID 25 ID 26 ID 27 ID 28

ID 29 ID 30 ID 31 ID 32 ID 33 ID 34 ID 35

ID 36 ID 37 ID 38 ID 39 ID 40 ID 41 ID 42

ID 43

F IGURE 3 Personal networks of people with Down syndrome, as reported by their study partners (N = 43). In each personal network, a solid
black dot represents the proband with Down syndrome, open dots represent other social connections, blue lines represent weak social ties
between two persons, and red lines represent strong social ties between two persons
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adults with DS. These results might be explained, in part, by people

with DS who continue to live with family members during their adult-

hood. An increasing number of adults with DS, though, are moving to

group homes, where housemates and staff become potential built-in

members of one's personal network. That much of this study was con-

ducted during the COVID-19 pandemic might also contribute to net-

work members being mostly within family homes or group homes.

Most adults with DS also participate in day programs, frequently

funded by the Massachusetts Department of Developmental Services.

These day programs afford people with DS the opportunity to incor-

porate staff and other participants into their personal networks. Most

day programming was closed for in-person experience during the

COVID-19 pandemic. Future research might further examine the

potential protective effects of these built-in social networks from

group homes and day programs.

The majority of network members in our sampled population

were likely to have healthy habits—that is, they are prone to exercis-

ing regularly and eating a healthy diet. Adults with DS are frequently

obese—and subsequently develop associated comorbidities such as

obstructive sleep apnea, liver dysfunction, diabetes type II, and hyper-

lipidemia (Capone et al., 2018). While this obesity can be explained, in

part, by the reduced metabolic rate in adults with DS, the effects can

still be mitigated with healthy lifestyle changes (Curtin et al., 2013;

Fleming et al., 2008). Recent studies have documented that people

with DS rarely achieve the minimum recommended exercise standards

(Oreskovic et al., 2020). Future research might focus on interventions

that could effectively tap into these personal network members as

motivating role models for healthy habits.

Our research has limitations. By using a convenience sample, our

results are subject to selection bias and might not be generalizable to

the larger population of people with DS. Future studies might aim to

replicate this study in a larger population so that personal network

norms might even be established by age group for people with

DS. Our research might also be prone to recall bias. People with DS

might not remember to name all of the people in their current per-

sonal networks. However, the number of names were not statistically

different from the names independently provided by their caregivers.

If the proxy-reported sociodemographic variables are accepted as

truth, people with DS demonstrated inaccuracy in reporting their own

race, ethnicity, and educational level. Future research might explore

other ways in which respondents with DS might better understand

these questions. If these questions, however modified, remain too

challenging for accurate responses, future research studies should

incorporate proxy-reports when these sociodemographic variables are

ID 1 ID 2 ID 3 ID 4 ID 5 ID 6 ID 7

ID 8 ID 9 ID 10 ID 11 ID 12 ID 13 ID 14

ID 15 ID 16 ID 17 ID 18 ID 19 ID 20 ID 21

ID 22 ID 23 ID 24 ID 25 ID 26 ID 27 ID 28

ID 29 ID 30 ID 31 ID 32 ID 33 ID 34 ID 35

ID 36 ID 37 ID 38 ID 39 ID 40 ID 41 ID 42

ID 43

F IGURE 4 Personal networks of people with Down syndrome (DS), as self-reported (N = 38). In each personal network, a solid black dot
represents the proband with DS, open dots represent other social connections, blue lines represent weak social ties between two persons, and
red lines represent strong social ties between two persons. IDs 3, 24, 26, 29, and 36 represent the 5 participants with DS for whom we did not
have responses.
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important. Study partners needed to be at least 18 years or older and

spend at least 10 h each week with the participant with DS. To this

extent, the study partners were quite involved in the lives of the partici-

pants with DS and, as such, we feel that the perceptions of these study

partners were closer to “truth.” However, people with DS might very

well have truthful responses that are unknown, and thus unvalidated, by

the study partners. Future research studies might incorporate observa-

tional components to more objectively assess social networks.

Importantly, through this research, we have demonstrated that

the personal networks of people with DS can be solicited through

self-report and quantitatively analyzed with standard metrics. The

groundwork has now been laid to further explore the potential of

“social therapeutics” (Dhand et al., 2022) to enhance the personal net-

works for adults with DS.
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