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Purpose: We sought to determine if a novel online health
tool, called Down Syndrome Clinic to You (DSC2U), could
improve adherence to national Down syndrome (DS) guidelines.
We also sought to determine if primary care providers (PCPs)
and caregivers are satisfied with this personalized online
health tool.

Methods: In a national, randomized controlled trial of 230
caregivers who had children or dependents with DS without
access to a DS specialist, 117 were randomized to receive DSC2U
and 113 to receive usual care. The primary outcome was
adherence to five health evaluations indicated by national
guidelines for DS. DSC2U is completed electronically, in all
mobile settings, by caregivers at home. The outputs—personalized
checklists—are used during annual wellness visits with the
patient’s PCP.

Results: A total of 213 participants completed a 7-month follow-
up evaluation. In the intention-to-treat analysis, the intervention
group had a 1.6-fold increase in the number of indicated
evaluations that were recommended by the primary care provider
or completed compared with controls. Both caregivers and PCPs
reported high levels of satisfaction with DSC2U.

Conclusions: DSC2U improved adherence to the national DS
health-care guidelines with a novel modality that was highly
valued by both caregivers and PCPs.

Genetics in Medicine (2021) 23:163–173; https://doi.org/10.1038/s41436-
020-00952-7

Keywords: Down syndrome; trisomy 21; digital health; health-
care guidelines; primary care

INTRODUCTION
Current estimates suggest that the population prevalence of
individuals with Down syndrome (DS) in the United States is
approximately 212,000 and growing, mostly due to their longer
lifespan, now ~60 years.1,2 Patients with DS are prone to
multiple chronic conditions and neurobiological alterations over
their lifetime, many of which can be prevented and treated.3,4

In 2011, the American Academy of Pediatrics (AAP)
updated its 2001 DS guidelines for pediatricians,3 and
caregiver-friendly checklists have been posted online since
2013.5 Experts also developed consensus-based guidelines for
internists caring for adults with DS since 2001.6–8 However,
patients with DS are adherent to only 10–67% of these

guidelines when under the care of primary care providers
(PCPs) according to a few regional studies.9–12 DS-specific
specialty clinics were formed to address this gap in care, and
their positive impact on the diagnosis and management of co-
occurring conditions is known.8 Yet, the 71 US-based DS
clinics serve fewer than 5% of people with DS.13 DS clinics are
geographically inaccessible for many; greater than 33% of
patients with DS would need to drive more than 2 hours to
reach the nearest clinic.13 As such, the majority of people with
DS are likely not receiving adequate evidence-based screening
and preventive care, resulting in delayed, missed, or under-
treated comorbidities. To address this disparity, we created
Down Syndrome Clinic to You (DSC2U), a novel, web-based
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tool that automatically generates personalized recommenda-
tions from symptoms and historical data entered by caregivers.

MATERIALS AND METHODS
Ethics
The research plan was approved by the Partners Human
Research Committee. Informed consent was obtained from all
subjects and archived at Massachusetts General Hospital.
We conducted a national two-arm, randomized controlled

trial of caregivers of individuals with DS to assess the efficacy
of DSC2U in assuring adherence to evidence-based guidelines
(ClinicalTrials.gov: NCT04227197; HSRProj number:
HSRP20163014). The full protocol is available, on request,
from the corresponding author.

Participants
Participants were recruited through online social media
postings from MassGeneral Hospital and DS nonprofit
organizations around the United States. We enrolled US-
based caregivers between 3 October 2017 and 30 September
2018. We defined “caregivers” as parents, siblings, or other
persons responsible for the care of an individual with DS
whom they identify as a “dependent”. To be eligible,
caregivers had to be English- or Spanish-speaking, live in
the United States, and have a child/dependent with DS ≥ 1
year old, and not be an active patient in a DS specialty clinic.
To strive for a more demographically diverse sample, we
applied a quota system during enrollment based on the race
and ethnicity of the individual with DS (Supplementary
Materials S1, Figure S1). Additional recruitment measures
were also implemented: (1) we reached out to the minority
working groups of the DS organizations (e.g., National Down
Syndrome Congress and Massachusetts Down Syndrome
Congress); (2) we recontacted all of the DS local support
groups in demographic areas of the country that have sizable
black/African American and Spanish-speaking communities;
(3) we asked African American caregivers who are influencers
on social media to help recruit for our study; and (4) all of our
recruitment materials, online and in print, were also available
in Spanish. All caregivers provided informed consent.

Intervention
DSC2U is a web-based tool, in English and Spanish, for
families to get up-to-date, personalized health and wellness
information, based on national guidelines and expert
consensus, for a person with DS (Supplementary Materials S2
and S3). After the caregiver completed the DSC2U intake
questionnaire, they received online access to a personalized
caregiver checklist and PCP plan, also available in English and
Spanish. These documents contained customized suggestions
that were designed to help people with DS get health care
tailored to their own specific needs. Also included in the
documents was in-depth information about education,
therapies, life skills, mental health/neurobehavioral condi-
tions, and psychosocial supports with extensive links to

curated online resources (Supplementary Materials S3, S16,
S17). Caregivers were encouraged to share and discuss the
PCP plan at the next wellness visit with the PCP.

Randomization and treatment groups
Caregivers completed a baseline assessment survey (Supple-
mental Material S4, S20) no more than 8 weeks prior to the
scheduled wellness visit with the PCP. This survey collected
demographic data about the participant, their child or
dependent, and their PCP; current health concerns and
history; and health-care screening status. After the baseline
assessment was received, caregivers were assigned in a 1:1
ratio to DSC2U or waitlist according to a computer-generated
randomization schedule constructed with permuted blocks of
size 2 and 4, stratified for traveling distance from PCP (three
levels: <30 minutes, 30–59 minutes, and ≥60 minutes) and
type of insurance (two levels: public and private). We emailed
participants randomized to the intervention group a link to
DSC2U, accessible with a 4-digit passcode so that they could
return to DSC2U and complete it at their convenience. The
DSC2U intake questionnaire contains ten sections for
caregivers to complete, including current symptoms in their
loved one with DS along with any past medical or behavioral
diagnoses and any recent blood work or diagnostic testing.
The DSC2U intake also contains optional questions about
nutrition, education, therapies, life skills, and community
resources (Supplementary Materials S3). The DSC2U intake
questionnaire is distinct from the baseline assessment.
If the DSC2U intake questionnaire was not completed, we

emailed reminders at 4, 3, and 2 weeks before the scheduled
PCP appointment. Participants in the control group received
usual care for 7 months after their next scheduled PCP
appointment, after which they were offered access to DSC2U.

Outcomes
The primary outcome was adherence to five recommended
health-care evaluations: celiac screen, sleep study, thyroid test,
audiogram, and ophthalmology evaluation (Supplementary
Materials S2, S7).3–6 These five were selected from among
those set forth by the AAP and adult consensus statements for
DS because of the prevalence of the associated medical
problems, the consequences of failing to treat appropriately,
and the availability of treatments and therapies. We assessed
the indications for each of the five evaluations for a given
participant based on information reported in the baseline
assessment (Supplementary Material S21). Our secondary
outcomes were experience with the PCP visit, satisfaction with
DSC2U (intervention group), and quality of life measures.

Data collection
Primary outcomes were assessed by caregiver survey approxi-
mately 7 months after the PCP visit to allow time for
recommended evaluations to be scheduled and completed.
We asked caregivers whether the five evaluations were
completed or recommended by the PCP (Supplementary
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Material S18). Primary outcome evaluations were measured
along with other health-care evaluations to assess response
bias. To validate caregiver responses, medical records were
obtained from the first 20 caregivers who completed the
study. We planned for validation of all caregiver reports if
agreement was less than 90%.
Secondary outcomes measuring the experience with the

PCP visit were gathered by caregiver survey approximately
2 weeks after the PCP visit for both the intervention and
control participants (Supplementary Material S6, Figures S6,
S7). Some measures of visit experience were taken or adapted
from the Clinician Group Consumer Assessment of Health-
care Providers and Systems (CG-CAHPS) suite of instru-
ments (Supplementary Material S19).14 We also asked the
intervention group about their satisfaction with DSC2U at the
2-week and 7-month time points.
At baseline and then ~2 weeks and ~7 months after the PCP

visit, six measures of quality of life were collected by caregiver
self-report using age-appropriate versions of the PedsQL 2.0
Family Impact Module and PedsQL 4.0 parent-proxy,
standard Short Form 15 Generic Core Scales (Supplementary
Material S5).15–17

PCP-reported measures, including experience with the
patient visit and experience with DSC2U (intervention
arm), were gathered by self-administered mail surveys sent
2 weeks after the visit (Supplementary Material S20). An
incentive of $40 was enclosed with the survey.
Except where indicated otherwise, all caregiver commu-

nications, including survey requests, were by email. Reminder
emails to nonrespondents were sent up to three times about
two weeks apart, concluding with two phone calls in the
eighth week, if needed. PCPs received their survey by mail,
with an option to complete the survey electronically;
reminders were sent by mail up to two times, two weeks
apart, concluding with two phone calls in the sixth week, if
needed. All study data were collected and managed using
REDCap.18,19 Caregivers received up to $50 in incentives and
an additional $20 if selected for validation.

Statistical analysis
The complete statistical analysis plan is available in
Supplementary Materials S8 and S9. Based on previously
published completion rates of indicated evaluations10 and to
allow for up to a 14% dropout, we estimated that a sample of
200 total parents/caregivers would yield 80% power to detect
an average increase of 0.6 completed or recommended
evaluations. This sample would provide 80% power to detect
treatment-specific improvements in secondary outcomes for
effect sizes as small as 0.56. All analyses were performed on an
intention-to-treat basis. All tests for significance were two-
sided. Analyses were performed using SAS (version 9.4, SAS
Institute, Cary, NC).
Significant benefit, defined a priori, was declared when the

mean number of indicated evaluations that had been
recommended or completed was greater among participants

randomized to the intervention if two-sample t-test with a
two-tailed p value for the treatment comparison was <0.05.
For participants lost to follow-up and those reporting that
they were not sure whether a given evaluation was completed
or recommended by their PCP, we counted them as having
not completed the evaluation. (In this intention-to-treat
analysis, we treated loss to follow-up as fully informative
about noncompletion.) On the other extreme, as part of our
Supplementary Materials, we performed the same analyses
but excluded any missing data. (In this case we treated loss to
follow-up as wholly noninformative [i.e., completely at
random] with respect to noncompletion). We confirmed
our inference using a generalized linear model assuming beta-
binomial distributed counts of recommended or completed
evaluations among those indicated with parameters estimated
by maximum likelihood and in a permutation test by direct
randomization of assigned treatment labels.
We analyzed longitudinal changes in our secondary

outcome measures using a shared-baseline repeated-measures
analysis of variance (ANOVA) for each of six quality of-life
outcomes derived from the two PedsQL instruments. Linear
contrasts were used to test for treatment-specific improve-
ments over time. As a sensitivity analysis, we also used simple
two-group Wilcoxon rank-sum tests to compare changes
from baseline to the 2-week and 7-month follow-ups
individually. With six secondary outcomes, we tested each
secondary outcome at ɑ= 0.008, two-tailed, to control for
multiple comparisons.
We further analyzed the primary outcome for subgroup-

dependent differences with linear models that included terms
for subgroup membership, treatment group, and their
interaction and that allowed for heteroscedastic variance by
subgroup. Evidence of a subgroup-dependent difference in the
efficacy of DSC2U was based on the significance of the
subgroup x treatment group interaction (Supplementary
Materials S13).

RESULTS
Participant flow
We assessed 645 caregivers for eligibility through the study
website, and 281 were consented (Fig. 1). After accounting for
the caregivers who did not complete the baseline survey,
changed their PCP visit date outside of the study window, or
self-withdrew, we randomized 230 consented caregivers to
receive either DSC2U (117 participants) or “usual care” (113
participants).
At the 2-week follow-up, 101 (86.3%) of the 117 original

caregivers in the intervention group and 108 (95.6%) of the
113 caregivers in the control group completed the surveys. At
this same time point, 81.6% and 77.9% of the PCPs completed
the surveys in the intervention and control groups,
respectively.
At the 7-month follow-up, 103 (88.0%) of 117 original

caregivers in the intervention group and 110 (97.3%) of 113
caregivers in the control group completed the surveys.
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Baseline characteristics of the intervention and control
groups
The ages of the individuals with DS ranged from 8 months to
56 years old (at the time of the caregivers’ completion of the
baseline assessment), and 92.1% of caregivers were mothers.
The two treatment groups of caregivers, patients, and PCPs
were well balanced with respect to baseline characteristics and
relationships (Table 1; S1, S2).

Primary outcomes
At the end of the 7-month follow-up period, the primary
outcome—the number of indicated evaluations that were
completed or recommended by the PCP—was greater among
DSC2U participants (intervention group: M= 0.53, SD= 0.73;
control group: M= 0.33, SD= 0.53; difference: 0.20, 95%
confidence interval [CI]: 0.04 to 0.37, p= 0.016 by t-test, p <
0.011 by beta-binomial test, p= 0.012 by permutation test;

PCP Issued survey (N = 114f)  
Completed (N = 94)
Not responsive (N = 20)

Caregiver issued 2-week follow-up survey (N = 113) 
Completed (N = 101)
Not responsived (N = 7)
Lost to follow upe (N = 5)

Caregiver Issued 7-month follow-up survey (N = 114g)   

Completed (N = 103h)
Lost to follow up (N = 11)

Caregiver Issued 7-month follow-up survey (N = 113)  
Completed (N = 110)
Lost to follow up (N = 3)

PCP Issued survey (N = 113) 
Completed (N = 88)
Not responsive (N = 25) 

CONSORT Flow Diagram

Assessed for eligibility (N = 645)

Excluded (N = 364)
Not meeting inclusion criteria (N = 244)
Declined to participate (N = 1)
Non-responsive (N = 119)

Caregivers analyzed (N = 117)

Allocated to INTERVENTION (N =117) 
Completed DSC2U prior to PCP date (N = 110)
Completed DSC2U after PCP date (N = 2)
Never completed DSC2U (N = 5)

Discontinued participation, and completed
DSC2U (N = 2b) 

Caregiver issued 2-week follow-up survey (N = 113)
Completed (N = 108)
Not responsive (N = 5) 

Allocated to CONTROL (N =113)  
Discontinued participation (N = 0)

Caregivers analyzed (N = 113) 

Allocation

Analysis

2-week Follow-Up (T = 1)

Randomized (N = 230)

Enrollment

Consented (n = 281)

Never randomized (N = 51)
Failed to complete baseline (N = 41) 
PCP visit date changed outside study window
(N = 8) 

Self withdraw (N = 2a)

7-month Follow-Up (T = 2)

PCP Visit (N = 115) 
Completed (N = 113)

Did not complete (N = 2c)

PCP Visit (T = 0)

PCP Visit (N = 113) 
Completed (N = 113)

Intervention Control

Fig. 1 CONSORT flow diagram shows the enrollment of subjects (both Primary Care Providers (PCPs) and caregivers), their allocation of
treatment, their follow-up surveys (both the 2-week follow-up survey and the 7-month follow-up survey), and analysis. aOne self-withdrew
because subject lives in Canada; another self-withdrew because subject became ill and no longer had time to participate; bOne participant discontinued
participation because found DS specialty clinic; another discontinued participation because uncomfortable sharing requested information with study; cOne
participant did not complete PCP visit because moved states and was not able to find new PCP in study window; another did not complete PCP visit because
rescheduled date outside of study window; dNon-responsive are participants who didn’t complete a survey, but then did complete a subsequent survey later
in the study; eLost to follow up are participants who stop responding to surveys; fPCP of withdrawn subject was sent survey before subject withdrew;
gWithdrawn subject issued 7-month follow-up survey in error and subject completed survey; hWe received surveys from some participants who had not
responded at the 2-week time point.
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Tables 2, 3). Participants in the intervention group had a 1.6-fold
increase in the number of indicated evaluations that were
completed or recommended by the PCP compared with the
controls. The mean absolute difference was 0.20 evaluations
across the five evaluation items between the intervention group
and the control group. Put another way, the DSC2U participants
had one more indicated evaluation that was recommended by
their PCP or completed (versus control group) for every five
PCP visits. All of these indicated evaluations were supported by
the DS health-care guidelines.3,5–7

Of note, the intervention group was also more likely to
complete nonindicated evaluations than the control group
(Supplementary Materials S12) although the difference was
not significant when classifying loss to follow-up as non-
completion in our intention-to-treat analysis (Tables 2, 3).
None of the analyzed subgroups disproportionately benefited
from DSC2U based on our primary outcome measure
(Supplementary Materials S13). We validated the reports of
five primary outcomes from 20 caregivers. Of these 100

parental reports, 95 were accurate based on medical records.
We received five inconsistent responses from four caregivers.

Secondary outcomes
Caregivers in both arms rated the PCP visits highly
(Supplementary Table S2). On a 10-point Likert scale with
“10” representing “most helpful” and “0” representing “least
helpful”, caregivers reported high satisfaction with DSC2U at
both the 2-week follow-up (M= 7.75, SD= 1.84) and 7-
month follow-up (M= 7.79, SD= 1.82); satisfaction exhibited
no significant decline over this time (p= 0.90, Table 4). PCPs
also expressed high satisfaction with DSC2U at the 2-week
follow-up (M= 7.80, SD= 1.86).
Analyses of secondary quality of life outcomes, as

ascertained through the six PedsQL 4.0 parent-proxy and
PedsQL 2.0 Family Impact Module summary scores, did not
demonstrate a significant difference between the intervention
and control groups at either the 2-week or 7-month time
points (Supplementary Material S15, Table S10).

Table 1 Baseline characteristics of people with Down syndrome (DS).

Variable and characteristics Overall (N= 230) Randomized group

Control (N= 113) DSC2U (N= 117)

Person with DS

Age

Mean ± SD (range) 12.43 ± 11.5 (0.9, 57.2) 12.6 ± 11.8 (0.9, 55.8) 12.1 ± 11.1 (1.1, 57.2)

<2 years 18 (7.8%) 8 (7.1%) 10 (8.5%)

2 to 4 years 57 (24.8%) 28 (24.8%) 29 (24.8%)

5 to 7 years 33 (14.3%) 16 (14.2%) 17 (14.5%)

8 to 12 years 48 (20.9%) 24 (21.2%) 24 (20.5%)

13 to 17 years 23 (10.0%) 11 (9.7%) 12 (10.3%)

18 to 25 years 24 (10.4%) 11 (9.7%) 13 (11.1%)

26 years or older 27 (11.7%) 15 (13.43%) 12 (10.3%)

Sex

Male 124 (53.9%) 61 (54.0%) 63 (53.8%)

Female 106 (46.1%) 52 (46.0%) 54 (46.2%)

Race

White or Caucasian 201 (88.5%) 100 (90.1%) 101 (87.1%)

Black or African American 12 (5.3%) 7 (6.3%) 5 (4.3%)

Asian 4 (1.8%) 1 (0.9%) 3 (2.6%)

Native American or American Indian 1 (0.4%) 0 (0.0%) 1 (0.9%)

Hawaiian or Pacific Islander 1 (0.4%) 0 (0.0%) 1 (0.9%)

More than one race 8 (3.5%) 3 (2.7%) 5 (4.3%)

Missing 3 2 1

Ethnicity

Hispanic or Latino 28 (12.3%) 13 (11.7%) 15 (12.9%)

Not Hispanic or Latino 199 (87.7%) 98 (88.3%) 101 (87.1%)

Missing 3 2 1

Primary health-care insurance

Public (e.g., Medicaid) 61 (26.5%) 29 (25.7%) 32 (27.4%)

Private (e.g., Blue Cross) 167 (72.6%) 83 (73.5%) 84 (71.8%)

None (i.e., self-pay) 2 (0.9%) 1 (0.9%) 1 (0.9%)
DSC2U Down Syndrome Clinic to You.
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Ancillary analyses
Of the caregivers in the intervention group who completed
the 2-week follow-up (N= 101), all accessed the caregiver
checklist in some capacity (viewing, downloading, and/or
printing). Of these, 97% reported that the caregiver
checklist recommendations were easy to understand
(Table 4). All caregivers would recommend the checklist
to another caregiver. About 76% would review their
checklist more than twice per year after the 2-week time
point, and 61% would access more than twice per year after
the 7-month time point (p= 0.004, Table 4). At the 2-week
time point, 96% of caregivers would recomplete DSC2U
again in the future, which did not statistically lessen over
time (Table 4).
When the plan was shared with the PCP, 93% of caregivers

felt that the PCP seemed to be interested in the information,
and 86% felt the PCPs agreed with the recommendations. At
the 2-week follow-up, all PCPs who received the plan
discussed the recommendations with the caregiver and were
interested in the information. About 97% of PCPs who
received the plan agreed with the recommendations.
None of the characteristics of the individual with DS, the

caregiver, the PCP, the PCP’s practice, or the relationship
between the PCP and caregiver was a statistically significant
predictor for any of the dependent variables detailed above,
when the p value was adjusted to account for multiple
comparisons (Supplemental Material S14, Table S9).

DISCUSSION
In a national, two-arm, randomized controlled trial, patients
with DS were more likely to be up to date with health-care
guidelines and expert consensus if their caregivers accessed a
novel health-care tool (DSC2U). This online tool directed
toward the caregiver community has not only been created to
support the wellness of individuals with DS, but also shown to
be effective in improving health-related outcomes.
Caregivers and PCPs were highly satisfied with the tool. The

majority of caregivers indicated they would revisit their
caregiver checklist more than twice a year, and nearly all
reported that they would recomplete DSC2U at least once a
year. Nearly all PCPs agreed with the recommendations in the
plans. The caregiver checklists and PCP plans also generated
in-depth information about educational, neurobehavioral,
psychosocial, and life skills topics, including a curated list of
links to web-based resources (Supplementary Material S16
and S17). These resources may have contributed to caregivers’
and providers’ high satisfaction levels.
Our study was not without limitations. Our caregiver cohort

was largely white and well educated: 73% had a 4-year college
degree or higher, and only 11% scored low on our health
literacy assessment (Table S1). We know that DS naturally
occurs equally in all races and ethnicities, regardless of
socioeconomic status. Although we were able to meet our
enrollment target for Hispanics/Latinos, we were unable to
achieve our targeted goal for black participants through the

Table 2 Primary outcome: completion of indicated evaluations (missing evaluations treated as noncompletion).

Variable Level Overall (N= 230) Randomized group P value

Control (N= 113) DSC2U (N= 117)

Indicated evaluations 0 42 (18.3%) 20 (17.7%) 22 (18.8%) 0.756

1 70 (30.4%) 33 (29.2%) 37 (31.6%)

2 80 (34.8%) 41 (36.3%) 39 (33.3%)

3 30 (13.0%) 15 (13.3%) 15 (12.8%)

4 7 (3.0%) 4 (3.5%) 3 (2.6%)

5 1 (0.4%) 0 (0.0%) 1 (0.9%)

Indicated evaluations that were recommended or completed 0 148 (64.3%) 79 (69.9%) 69 (59.0%) 0.018a

1 67 (29.1%) 31 (27.4%) 36 (30.8%)

2 13 (5.7%) 3 (2.7%) 10 (8.5%)

3 2 (0.9%) 0 (0.0%) 2 (1.7%)

Indicated evaluations that were completed 0 167 (72.6%) 84 (74.3%) 83 (70.9%) 0.138

1 52 (22.6%) 28 (24.8%) 24 (20.5%)

2 10 (4.3%) 1 (0.9%) 9 (7.7%)

3 1 (0.4%) 0 (0.0%) 1 (0.9%)

Evaluations that were not indicated and completed 0 52 (22.6%) 26 (23.0%) 26 (22.2%) 0.146

1 54 (23.5%) 35 (31.0%) 19 (16.2%)

2 56 (24.3%) 23 (20.4%) 33 (28.2%)

3 37 (16.1%) 15 (13.3%) 22 (18.8%)

4 28 (12.2%) 13 (11.5%) 15 (12.8%)

5 3 (1.3%) 1 (0.9%) 2 (1.7%)
P values from two-sample t-tests.
DSC2U Down Syndrome Clinic to You.
aP value < 0.05.
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recruitment mechanisms described in Materials and Methods.
To this extent, our results might not be generalizable to the
black/African American DS community. Future research is
needed to learn how to disseminate and implement DSC2U
within this community.
The patients with DS represented in our study were also

already very adherent to wellness guidelines at baseline:
overall, 18% of patients with DS were already up to date on
the five measured outcomes at baseline (Table 3b), and the
remaining families were short by only 1.5 evaluations, on
average (Table 3c). Their PCPs also participated with a high
response rate. This level of caregiver and provider engagement
might suggest that the families that enrolled in our study were
actively engaged with their PCPs before the study. Yet, even
within this well cared for population, a clinically significant
improvement was achieved for those receiving the DSC2U
intervention. We infer that for families in the United States
who are less adherent to the wellness guidelines, the
improvement might even be greater.
We also discovered that, when compared with controls,

patients with in the intervention group were also more likely
to complete nonindicated evaluations than the control group,
although the difference was not significant in the intention-
to-treat analysis. Receiving the PCP plan may have caused
PCPs in the intervention group to pay closer attention to the
care of these patients. When examined individually, two of
these screenings (celiac and thyroid screening) were statisti-
cally more likely to be completed, or at least recommended,
when not indicated in the intervention group. These blood
tests may have been easier to obtain, or their clinical triggers
might have been more likely to intersect with neurotypical
health care. Sleep studies, ophthalmology exams, and hearing
testing did not seem to be obtained as much when they were
not clinically indicated. Notably, the caregiver checklists and
PCP plans did not enumerate which evaluations were not
needed; only actions on missing items were suggested. Future
versions of DSC2U might consider explicitly listing evalua-
tions that are not clinically indicated, to reduce health-care
costs even further.
Our subgroup analyses—examining people with DS by race,

ethnicity, language, age, and insurance type—did not
demonstrate differences in our primary outcome. Further,
our regression analyses did not uncover certain characteristics
of the patient, caregiver, or PCP that could predict the use or
relevance of DSC2U. Since this study was not powered for
these secondary analyses, further research is needed to
determine if effect sizes and satisfaction levels might vary
among subgroups within the DS community.
DSC2U might also serve as a blueprint for caregiver and

PCP engagement in improving evidence-based practice in
other health-care conditions beyond DS (e.g., Williams
syndrome, 22q11 syndrome, adult congenital heart disease).
The adaptation of DSC2U to these conditions has the
potential to buttress conversations between families and PCPs
who are increasingly tasked with more complex health-care
recommendations for a growing number of conditions.Ta
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Table 4 DSC2U experience measures for caregivers and primary care providers.

Variable 2-week follow-up surveyb (N= 101) 7-month follow-up surveyc (N= 103) P value

DSC2U experience measures for caregivers

Have you viewed, downloaded, or printed the caregiver checklist?

Yes 101 (100.0%) – –

Did you have any problems viewing, downloading, or printing the caregiver checklist?

No 91 (90.1%) – –

Yes, somewhat 5 (5.0%) – –

Yes, definitely 5 (5.0%) – –

Missing 0 – –

Did the caregiver checklist explain the recommendations in a way that was easy for you to understand?

No 3 (3.0%) – –

Yes, somewhat 11 (10.9%) – –

Yes, definitely 87 (86.1%) – –

Missing 0 – –

Did you use the links to information that were included in the caregiver checklist?

No 24 (23.8%) – –

Yes, somewhat 39 (38.6%) – –

Yes, definitely 38 (37.6%) – –

Missing 0 – –

Did you discuss the caregiver checklist or any of the recommendations with [name]?

No 58 (57.4%) – –

Yes, somewhat 19 (18.8%) – –

Yes, definitely 24 (23.8%) – –

Missing 0 – –

Overall rating of caregiver checklistd

0 1 (1.0%) 0 (0.0%) 0.945

2 1 (1.0%) 0 (0.0%) –

3 0 (0.0%) 1 (1.0%) –

4 3 (3.0%) 4 (3.9%) –

5 6 (5.9%) 9 (8.7%) –

6 8 (7.9%) 11 (10.7%) –

7 19 (18.8%) 15 (14.6%) –

8 27 (26.7%) 25 (24.3%) –

9 18 (17.8%) 13 (12.6%) –

10 18 (17.8%) 25 (24.3%) –

Mean ± SD (range) 7.75 ± 1.84 (0.00, 10.0) 7.79 ± 1.82 (3.00, 10.0) 0.895

Would you recommend the caregiver checklist to another caregiver?

No 0 (0.0%) 1 (1.0%) 0.195

Yes, somewhat 17 (16.8%) 26 (25.2%) –

Yes, definitely 84 (83.2%) 76 (73.8%) –

How often would you reuse the caregiver checklist?

More than 5 times per year 18 (17.8%) 8 (7.8%) 0.004a

2–5 times per year 59 (58.4%) 55 (53.4%) –

Once per year 23 (22.8%) 34 (33.0%) –

Never 1 (1.0%) 6 (5.8%) –

How often would you recomplete the caregiver checklist?

More than 5 times per year 3 (3.0%) 6 (5.8%) 0.495

2–5 times per year 34 (33.7%) 38 (36.9%) –

Once per year 60 (59.4%) 52 (50.5%) –

Never 4 (4.0%) 7 (6.8%) –
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Table 4 continued

Variable 2-week follow-up surveyb (N= 101) 7-month follow-up surveyc (N= 103) P value

Were you able to view or download the primary care plan that was created for your primary care provider?

No 10 (9.9%) – –

Yes 91 (90.1%) – –

Missing 0 – –

Did you give the primary care plan to the PCP before or during visit?

No 40 (39.6%) – –

Yes, before the visit and at the visit 7 (6.9%) – –

Yes, at the visit 44 (43.6%) – –

Yes, before the visit 10 (9.9%) – –

Missing 0 – –

Did you give a copy of the primary care plan to the PCP after the visit?

No 21 (84.0%) – –

Yes 4 (16.0%) – –

Missing 76 [15]e – –

Why did you not give a copy of the primary care plan before or during the visit?

I chose not to 8 (32.0%) – –

I forgot to 10 (40.0%) – –

I experienced technical difficulties 3 (12.0%) – –

Other 4 (16.0%) – –

Missing 76 [15]e – –

Did your primary care provider review the primary care plan and discuss it with you at [name]’s visit?

No 8 (13.1%) – –

Yes, somewhat 18 (29.5%) – –

Yes, definitely 35 (57.4%) – –

Missing 40 [40]e – –

Did your primary care provider seem interested in the information in the primary care plan?

No 4 (6.6%) – –

Yes, somewhat 20 (32.8%) – –

Yes, definitely 37 (60.7%) – –

Missing 40 [40]e – –

Did your primary care provider seem to agree with the recommendations in the primary care plan?

Not sure 7 (11.5%) – –

No 1 (1.6%) – –

Yes, somewhat 21 (34.4%) – –

Yes, definitely 32 (52.5%) – –

Missing 40 [40]e – –

DSC2U experience measures for primary care provider

Variable 2-week follow-up surveyb (N= 94)f

Did [name]’s caregiver give you a copy of the primary care plan before and/or during the wellness visit?

No 55 (60.4%)

Yes, at the visit 25 (27.5%)

Yes, before the visit 11 (12.1%)

Missing 3

Did you discuss this primary care plan or any of its recommendations with the caregivers?g

Yes, somewhat 9 (25.0%)

Yes, definitely 27 (75.0%)

Missing 58 [3]e

Were you interested in any of the information in this primary care plan?g

Yes, somewhat 10 (28.6%)

Yes, definitely 25 (71.4%)

Missing 59 [4]e
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Overall, DSC2U improved adherence to national DS health-
care guidelines with a broadly accessible, low-touch modality
that was highly appreciated by both caregivers and PCPs. This
is especially relevant as in-person DS specialty clinics become
both financially unsustainable and geographically limited.13

Our positive results demonstrated that our novel tool, which
empowered caregivers with curated medical information, has
the potential to disseminate high-cost specialty care into
lower-cost primary care settings.

SUPPLEMENTARY INFORMATION
The online version of this article (https://doi.org/10.1038/s41436-
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