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1 | INTRODUCTION
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Abstract

Research continues to demonstrate that the characteristics of one's social network
could have an impact on the development of Alzheimer's disease. Given the predis-
position of people with Down syndrome to develop Alzheimer's disease, analysis
of their social networks has become an emerging focus. Previous pilot research
demonstrated that the personal networks of people with DS could be quantita-
tively analyzed, with no difference between self-report and parent-proxy report.
This manuscript focuses on a 12-month follow-up period with the same original
participants (24 adults with Down syndrome). Their social networks demonstrated
sustainability, but not improvement, as reported by people with DS (mean network
size: 8.88; mean density: 0.73; mean constraint: 0.44; mean effective size: 3.58;
mean max degree: 6.04; mean degree: 4.78) and their proxies (mean network size:
7.90; mean density: 0.82; mean constraint: 53.13; mean effective size: 2.87; mean
max degree: 5.19; mean degree: 4.30). Intentional and continued efforts are likely
needed in order to improve the social network measures of people with Down

syndrome.
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DS could be quantitatively analyzed, with no difference between self-

report and parent-proxy report (Skotko et al., 2023).

Since an estimated 40%-80% of adults with Down syndrome (DS) will
develop Alzheimer's disease (AD) (Salehi et al., 2016), prevention and
treatment have remained a pressing concern for this population. Pre-
vious studies in the neurotypical population have demonstrated that
larger personal networks could have a protective effect against AD
(Crooks et al.,, 2008; Fratiglioni et al., 2004; Kotwal et al., 2016;
Wilson et al., 2007). The science of sociograms continues to expand
(Dhand et al., 2022), and the promise of pro-connection interventions
is being explored (HHS, 2023). Personal networks are the persons
around an individual who provide support, circulate information, and
influence health behaviors (Dhand et al., 2016). In our previous

research, we demonstrated that the personal networks of people with

An open question remained: how sustainable are the personal
networks of people with DS? Our original study was conducted during
the COVID-19 pandemic, a period of immense social change.
During this time, when quarantine measures were in place, many peo-
ple with DS had limited social interactions as day programs were
mostly closed, athletic programming such as Special Olympics was
canceled, and employment opportunities were put on hold (Wong
et al,, 2022). All of these changes could have consequently reduced
social connections. Now that the pandemic has subsided and people
with DS have largely resumed their daily routines, we sought to re-
measure their personal networks. With these follow-up analyses, we

hypothesized that the personal networks for individuals with DS
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would have increased given the re-openings of their community-

based programs and activities.

2 | PATIENTS AND METHODS

21 | Patients

All participants with DS and their study partners who participated in
our original study were invited to participate in this one-year follow-
up study (Skotko et al., 2023). All participants with DS were aged
25 or older and recruited from our Massachusetts General Hospital
Down Syndrome Program, a multidisciplinary clinic geared toward the
care of individuals with DS across their lifespan. Individuals with DS
had to be proficient in English. Each participant was required to par-
ticipate with an English-proficient study partner, who was at least
18 years of age and spent at least 10 hours/week with the participant
with DS. Additional characteristics of our participants and study part-
ners are previously described (Skotko et al., 2023).

Written consent was not needed, based on an exemption from the
Massachusetts General Brigham Institutional Review Board. If the par-
ticipant identified as their own legal guardian, informed, implied verbal
consent was obtained from the participant and the study partner. In
cases where the participant had a legal guardian, informed, implied ver-
bal consent was obtained from the legal guardian and study partner of
the individual with DS. Assent was then obtained from the individual
with DS. If at any point the individual with DS either verbally or nonver-

bal expressed dissent, the study was stopped.

22 | Survey

Our survey for both the study partners and people with DS was
adapted from the PERSNET personal networks instrument (Dhand
et al., 2016, 2018; Prust et al., 2021) and is previously described
(Skotko et al., 2023). In short, the survey elicited the names of people
with whom the person with DS “discussed important stuff with,”
“hung out with,” and sought help from when they felt sick (please see
Supplementary Materials of Skotko et al., 2023, for a copy of the sur-
vey). Names were then unduplicated. The closeness of the social ties

was then established, and sociodemographic traits were obtained.

2.3 | Study procedures

Approximately 1 year after their baseline survey, the same study part-
ners were asked to complete our survey via Research Electronic Data
Capture (REDCap) hosted at Massachusetts General Hospital (Harris
et al, 2009, 2019). Study partners were instructed that the survey
would take about 15-20 minutes and were asked to respond from their
perspective. To ensure study partners are not responding from their
loved one's perspective, the directions stated, “Please respond as to

what you feel are the right answers NOT how you anticipate your loved

one will respond to the same question.” Once that was completed, our
research team scheduled a co-visit over Zoom with the individual with
DS and the study partner. First, our research team asked the questions
directly to the participants with DS and entered their responses directly
into REDCap. Afterward, the study partners were invited to join the ses-
sion to support the individual with DS, help un-duplicate names, and
provide perspective on the participant's social network, as previously
described (Skotko et al., 2023).

24 | Analyses

Detailed analyses have been previously described (Skotko
et al., 2023). In Table 1, we provide an abbreviated summary of ana-
lytic terms utilized within this current study.

We used Wilcoxon's signed rank test, a nonparametric paired

test, to compare the network metrics between time points for both

TABLE 1  Abbreviated summary of analytic terms utilized within
this current study.

Term Description

Network Unbounded value identifying the number of individuals
size in the participant's personal network. This value does
not include the participants themselves, but includes
individuals within the direct network and any
additional name listed in response to any of the
survey questions.

Constraint  Measure of how closely the members in the
participants' networks are connected to the network
itself. Using a statistic derived from Burt's Aggregated
Constraint value,? values can range from O to 125,
with O indicating that the network is “open” or
“bridging,” and 125 indicating a fully “closed” or

“constrained” network.

Measuring how close the individuals in the participant's
network are to each other. Density can range from O
to 1, as the value is calculated by taking the number
of ties between individuals in the network outside
the participant over the total number of possible ties.
A value of 1 would represent a perfectly “dense”
network where all individuals outside of the
participant have ties to each other.

Density

Effective Measuring the amount of different groups and voices
size within a network. Ranging from final values O to the

network size value, the statistic is calculated by
subtracting total strength of the tie to the proband
and from the average strength of the tie to each
member. Larger effective sizes come from networks
where individuals do not know each other, while
smaller effective sizes come from networks where
everyone knows each other.

Max Looks at the greatest number of ties any individual,
degree outside of the proband, has in the network.

Mean Average number of ties for all network members,
degree outside of the proband.

?Burt, R. S. Network items and the general social survey. Soc. Networks 6,
293-339 (1984).
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As reported by study partner (N = 31)

TABLE 2 Demographics of participants with DS, as reported by study partners and the participants with DS.

As reported by participant with DS (N = 24)

Variable N % [95% Cl] N % [95% Cl] p value
Sex
Male 15 51.6 [33.1, 69.8] 12 50.0 [29.1, 70.9] n/a’
Female 16 48.4[30.2, 66.9] 12 50.0[29.1, 70.9]
Other 0 0.0 (0] 0.0
Race
Black or African American 0 0.0 0 0.0 0.317
White 30 96.8 [83.3, 99.9] 23 95.8 [78.9, 99.9]
American Indian/American Native 0 0.0 0 0.0
Asian 1 3.2[0.1,16.7] 0 0.0
Native Hawaiian or other Pacific Islander 0 0.0 0 0.0
Other 0 0.0 0 0.0
Blank/Skip Question 0 0.0 1 4.210.1,21.1]
Ethnicity
Hispanic 1 3.2[0.1,16.7] 1 4.2[0.1,21.1] 0.801
Not Hispanic 27 87.1[70.2, 96.4] 22 91.7 [73.0, 99.9]
Unknown 0 0.0 4.2[0.1, 21.1]
Blank 9.7 [2.0, 25.8] 0 0.0
Educational Level
Some high school or less 8 25.8[11.9, 44.6] 2 8.3[1.0,27.0] 0.815
High school graduate 18 58.1[39.1, 75.5] 15 62.5 [40.6, 81.2]
Some college 3 9.7 [2.0, 25.8] 3 12.5[2.7, 32.4]
Associate's degree 1 3.2[0.1,16.7] 2 8.3[1.0,27.0]
Bachelor's degree 0 0 1 4.2[0.1,21.1]
Prefer not to answer 1 3.2[0.1, 16.7] 1 4.2[0.1,21.1]
Blank 0 0.0 0 0.0
Currently dating someone
Yes 6 19.4[7.5,37.5] 9 37.5[18.8, 59.4] 0.083
No 23 74.2[55.4,88.1] 15 62.5[40.6, 81.2]
Blank 2 6.510.8,21.4] 0 0.0
Living status
Living alone 5 16.1[5.5, 33.7] 5 20.8[7.1,42.2] 0.157
Not living alone 26 83.9 [66.3, 94.5] 19 79.2 [57.8,92.9]

*There is perfect agreement on sex between the 24 participant-study partner pairs; as such, it is not possible to calculate a p value from McNemar's test

when there is perfect agreement.

the study partners and persons with DS. Missing responses were
excluded from analyses. We used McNemar's test to assess whether
there is a significant difference between responses from participants
with DS and their study partners (N = 24 with paired responses).

3 | RESULTS
3.1 | Participants

Of the 43 study partners and 38 people with DS who participated in
our original study, 31 study partners and 24 participants with DS

chose to participate in this follow-up study (Table 2). There were
12 dyads lost to follow-up; no participant and/or study partner
expressed dissent. An equal number of men and women with DS par-
ticipated. The majority identified as non-Hispanic white were not liv-

ing independently and were high school graduates (Table 2).
3.2 | Personal network characteristics
There were no statistically significant differences for any social net-

work summary metrics between baseline and follow-up measures, for
either the study partners or the participants with DS (Table 3). At
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TABLE 3 Comparison of network structure metrics, as reported by study partners (N = 31) and participants with Down syndrome (N = 24) at

baseline and follow-up.

Respondent Variable Time point
Study partner Network size Baseline
Follow-up
Density Baseline
Follow-up
Constraint Baseline
Follow-up
Effective size Baseline
Follow-up
Max degree Baseline
Follow-up
Mean degree Baseline
Follow-up
Person with Down syndrome Network size Baseline
Follow-up
Density Baseline
Follow-up
Constraint Baseline
Follow-up
Effective size Baseline
Follow-up
Max degree Baseline
Follow-up
Mean degree Baseline
Follow-up
Variable Respondent Median 25th percentile
Network size Study partner 7.50 5.50
Person with DS 8.00 6.00
Density Study partner 0.90 0.68
Person with DS 0.74 0.59
Constraint Study partner 56.12 43.28
Person with DS 43.14 35.73
Effective Size Study partner 2.80 2.07
Person with DS 3.54 2.10
Max degree Study partner 4.50 4.00
Person with DS 6.00 5.00
Mean degree Study partner 4.00 3.43
Person with DS 4.94 3.55

follow-up, there were some statistically significant differences in met-
rics between people with DS and their study partners: lower density
(0.74 vs. 0.90, p = 0.018) and greater effective size (3.54 vs. 2.80,
p = 0.013) (Table 4). There were also no statistically significant differ-
ences for any of the social network characteristics as reported solely
by study partners between baseline and follow-up (Table 5).

Median 25th percentile 75th percentile p value
8.00 6.00 11.00 0.1094
8.00 6.00 9.00
0.87 0.67 1.00 0.7536
0.90 0.61 1.00

54.87 40.19 62.37 0.6501

56.02 44.28 64.80
2.50 1.60 4.29 0.9534
2.80 2.00 3.86
5.00 4.00 7.00 0.2964
5.00 4.00 6.00
4.33 3.43 5.20 0.3294
4.00 343 5.00
9.50 6.50 12.50 0.6249
8.00 6.00 10.50
0.82 0.61 1.00 0.2341
0.74 0.59 1.00

43.87 34.89 52.07 0.7911

43.14 35.73 49.13
3.74 1.67 4.67 0.2448
3.54 2.10 5.00
6.00 5.00 8.00 0.9832
6.00 5.00 7.50
5.06 3.88 5.33 0.9765
4.94 3.55 6.00

TABLE 4 Comparison of paired

75% percentile p value
responses at follow-up (N = 24).

9.00 0.4466
10.50
1.00 0.0182
1.00
63.05 0.0013
49.13
3.58 0.0132
5.00
6.00 0.0528
7.50
4.67 0.3115
6.00

Per their self-report, participants with DS had, on average,
8.88 individuals in their personal network at this follow-up time
point (Table 4). Participants with DS reported that people in their
personal network remained close (0.73 on a scale of 0-1), and rela-
tively constrained (44 on a scale of 0-125). The networks mostly

consisted of people who knew each other, as the average effective

85US017 SUOLILLIOD BAERID 8 qeo!|dde ayp Aq peusenoh ae S3joe YO ‘8sn JO S9IN 10y Afeiq 1 BUIIUO AS]IA UO (SUOTIPUOD-PLIE-SWISH LD A3 | 1M A%eiq1Bu1|UO//SANL) SUO BIPUOD PUe SWia | 84} 835 *[£202/0T/TT] U0 Ariqiaulluo A 1M ‘AiseAlun preaeH AQ £902€ 2 B fe/z00T 0T/10p/woo A3 | im Azeiq iUl |uo//:sdny Woiy papeojumod ‘0 ‘9.8r2SST



HARISINGHANI T AL.

AMERICAN JOURNAL OF

medical genetics

_WILEY_L_%°*

TABLE 5
follow-up (N = 31).

Baseline (N = 31) Median
[interquartile range]

0.50[0.40, 0.60]
16.46 [15.01, 19.15]
0.94[0.71, 0.98]

Proportion of network members who are kin
Standard deviation of network members’ ages

Diversity of men and women in the network (0, all
one sex; 1, equally balanced men and women)

Diversity of different races in the network (O, all one
race; 1, equally balanced across all races)

Diversity of different ethnicities in the network (0, all
one ethnicity; 1, equally balanced across all
ethnicities)

Proportion of network members who have disability

Proportion of network members who exercise 3-4
times a week

Proportion of network members who eat a healthy
diet regularly

Proportion of network members who are in contact
daily or weekly

Proportion of network members who have been
known for more than 6 years

Proportion of network members who live in the
same house or within 15 miles

Proportion of network members who have a barrier
in spending time with focal individual with DS

0.00 [0.00, 0.29]

0.00 [0.00, 0.00]

0.20[0.00, 0.38]

0.58[0.40, 0.80]

0.80[0.64, 0.97]

0.46[0.38, 0.62]

0.80[0.72, 0.89]

0.80[0.64, 0.98]

0.30[0.00, 0.50]

Seminars in Medical Genetics

Comparison of network metric characteristics of social network members, as reported by study partners at baseline (N = 31) and

Follow-up (N = 31) Median

[interquartile range] p value?
0.50 [0.40, 0.60] 0417

15.69 [13.29, 17.90] 0.164
0.96[0.67,0.99] 0.542
0.00 [0.00, 0.27] 0.826
0.00 [0.00, 0.00] 0.477
0.17 [0.00, 0.40] 0.502
0.57[0.32,0.80] 0.431
0.78 [0.43, 1.00] 0.273
0.53[0.40,0.72] 0.520
0.80 [0.68, 1.00] 0.558
0.80[0.57,0.85] 0.394
0.15 [0.00, 0.58] 0.758

2Wilcoxon signed rank test with continuity correction comparing Baseline to Follow-up Values for all cases with complete data (N = 31).

size remained low (3.58). The greatest number of ties an individual
in the network had to other people in the network (not including
the individual with DS) was on average 6.04. Meanwhile, there
were, on average, 4.78 ties that any given member outside of the
participant with DS held with each other within a network. The
diverse sociograms also captured the large standard deviations

among participants (Figure 1).

4 | DISCUSSION

The social networks for our cohort of adults with DS demonstrated
sustainability, but not improvement, over 12 months, as reported by
people with DS and their proxies. The durability of our participants’
social networks must be assessed against the changing backdrop of
the COVID-19 pandemic. Massachusetts declared a State of Emer-
gency in March 2020 due to COVID-19 (Markos, 2021), and our base-
line study began in July 2020. Although there were phases and
rollbacks for COVID-19 restrictions, the relaxation of restrictions offi-
cially began in January 2021 as vaccinations became more common-
place. The governor of Massachusetts ended the State of Emergency
on June 15, 2021 (Mass.gov, n.d.). The earliest follow-up survey for
this research was conducted in August of 2021, with the majority of
other follow-up surveys being conducted in late 2021 through 2022.
In short, our baseline study uniquely analyzed social networks during

a time of heavy external restrictions, and our follow-up study cap-
tured a time of minimal to no external restrictions.

Despite these broad environmental differences, the social net-
works of people with DS remained unchanged and did not improve
after the pandemic ended. This might indicate that individuals with
DS maintain consistent relationships within their social networks.
Unlike neurotypical individuals, who might have multiple social oppor-
tunities to form novel connections (e.g., book clubs, sports groups,
and social activities), individuals with DS and other intellectual disabil-
ities often have transportation barriers (Friedman & Rizzolo, 2016)
and expressive language challenges (Grieco et al., 2015; Kristensen
et al., 2022), which limit such occurrences. If this explanation holds
true, the implication would be that intentional and sustained effort
might be needed to improve access to social settings for people
with DS.

An additional explanation could relate to housing settings for indi-
viduals with DS. Many adults with DS live in group home settings that
are able to accommodate independent living with support as needed.
Personal social networks for individuals with DS in these settings could
rely on housemates, which remained relatively unchanged, and even
inflexible, during state quarantine requirements (Hegedus, 2020). This
was similar to many MA seniors who lived in nursing homes or other
congregate living settings (Giri et al., 2021).

Another explanation could be that insufficient time had transpired

from the end of pandemic restrictions. Even after the state of
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FIGURE 1 Personal networks of people with Down syndrome, as reported by participants with DS and caregivers. A solid black dot
represents the participants with DS, open dots are other social connections. Blue lines represent weak social ties, while red bands represent
strong social ties.
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emergency was ended in Massachusetts, many of the day programs,
jobs, and social activities remained limited for people with DS due to
widespread staffing shortages. Thus, the follow-up survey results
might continue to reflect more socially restricted environments. Addi-
tionally, a combination of these explanations might have contributed
to the durability of the social networks in people with DS.

Previous research demonstrated that self-reported assessments
of social networks matched proxy-reported assessments (Skotko
et al., 2023). At this follow-up time point, this was the case for most—
but not all-measures. In comparison to study partners, people with
DS reported more groupings within their network (effective size) and
less connections between those in their network (density). This sug-
gests that both reports from adults with DS and caregiver proxies may
be needed in future research to capture their full social dynamics.

Our study was not without limitations. The size of this pilot study
was small and from one specific clinic; as such the results might not
be generalizable to the larger population of people with DS. The
majority of our participants were also non-Hispanic white (96.8%),
meaning that the results might not be generalizable to other racial and
ethnic groups. While the study was open to families of all races
and ethnicities, future efforts must look toward addressing systemic
structural barriers to research participation (Chung et al., 2023; Krell
et al., 2023). Future studies could also replicate this study in other
clinic and community settings to capture a wider range of perspec-
tives. Additionally, future studies could incorporate in-person inter-
views. Often, due to living situations, the study partner would be
sitting next to or near the individual with DS even for the part of the
survey meant only for the individual with DS. A possibility remains
that this impacted answers and/or led to the individual with DS seek-
ing prompting from their study partner. Although the team encour-
aged the individual with DS to answer the questions without
guidance, nonverbal guidance might have occurred. In-person sepa-
rate interviews could further mitigate this possibility.

In conclusion, the science of social networks can be used for
and with people with DS. For this cohort study, their social net-
works were sustained, although not improved, over a one-year
period after the end of the COVID-19 pandemic. Social therapeu-
tics hold promise for addressing Alzheimer's disease in the future
(Perry et al., 2022), including those with DS. Since quantitative
analyses on social networks can be performed in people with DS,
such measures can now be introduced into clinical trials aimed at
improving or enriching their personal connections. An open ques-
tion remains: if the social networks of people with DS can be
improved, could their incidence of Alzheimer's disease be

reduced?
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