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ORIGINAL ARTICLE

Home Visits for Children and Adolescents
with Uncontrolled Type 1 Diabetes

Stephanie S. Crossen, MD, MPH,1 James P. Marcin, MD, MPH,1 Lihong Qi, PhD,2

Hadley S. Sauers-Ford, MPH,1 Allison M. Reggiardo, BS,1 Shelby T. Chen, BS,1

Victoria A. Tran, BS,1 and Nicole S. Glaser, MD1

Abstract

Background: Home-based video visits were provided over one year as a supplement to in-person care for
pediatric type 1 diabetes (T1D) patients with suboptimal glycemic control. We hypothesized that the inter-
vention would be feasible and satisfactory for the target population and would significantly improve hemo-
globin A1c (HbA1c) levels and completion of recommended quarterly diabetes clinic visits.
Methods: This was a nonrandomized clinical trial. Fifty-seven patients aged 3–17 years with known T1D and
HbA1c ‡8% (64 mmol/mol) were recruited to receive the intervention. The study population was 49% ado-
lescent (13–17 years old) and 58% publicly insured patients. Video visits were scheduled every 4, 6, or 8 weeks
depending on the HbA1c level. HbA1c levels as well as frequencies of clinic visits and of diabetes-related
emergency department (ED) and hospital encounters were compared before and after the study.
Results: Thirty participants completed 12 months of video visits. The study cohort demonstrated significant
improvement in mean HbA1c in both intention-to-treat (N = 57) analysis (10.8% [95 mmol/mol] to 10.0%
[86 mmol/mol], P = 0.01) and per-protocol (N = 30) analysis (10.8% [95 mmol/mol] to 9.6% [81 mmol/mol],
P = 0.004). Completion of ‡4 annual diabetes clinic visits improved significantly from 21% at baseline to 83%
during the study period for the entire cohort, P < 0.0001. The frequency of diabetes-related ED and hospital
encounters did not change significantly.
Conclusions: Home-based video visits are a feasible supplement to in-person care for children and adolescents
with T1D and suboptimal glycemic control and can successfully improve HbA1c levels and adherence to
recommended frequency of care in this high-risk clinical population.

Keywords: Home-based telemedicine, Pediatric type 1 diabetes, Remote data-sharing, Glycemic control.

Introduction

Management of type 1 diabetes (T1D) has advanced
substantially in the last two decades. More effective

insulin preparations,1 insulin pumps,2 continuous glucose
monitoring (CGM),3 and hybrid closed-loop systems4 are
facilitating closer monitoring and better glycemic control5–7

for patients who have access to them. Simultaneously, evi-
dence linking outpatient diabetes care, hemoglobin A1c
(HbA1c) levels, and long-term complications has led to
evidence-based guidelines for treatment during childhood
and adolescence.8,9 Despite these advancements, the majority

of pediatric T1D patients are failing to achieve recommended
HbA1c levels10 and remain at high risk for morbid and costly
complications later in life.

While recommended quarterly clinic visits are sufficient
for a subset of T1D patients, the Diabetes Control and
Complications Trial11 and multiple single-center studies12–15

have demonstrated that more frequent contact with providers
improves glycemic control for high-risk patients. However,
more frequent in-person visits are difficult to achieve. Un-
dersupply of pediatric diabetes specialists,16 an expanding
number of youth with T1D,17 and poor reimbursement for
multidisciplinary services in an office setting18 limit clinic
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appointments. For patients and families, the additional mis-
sed school hours, parental time away from work, and trans-
portation expenses are a significant burden.19 Fortunately,
recent innovations in diabetes technology and connected
health20–22 as well as increasing availability of smart de-
vices23 have made remote patient monitoring and tele-
medicine encounters feasible for T1D.

Previously published studies of video visits for pediatric
T1D are few and primarily include trials of video-based be-
havioral therapy by mental health professionals and trials of
video-based physician visits replacing in-person visits for
patients with limited access. Studies in the former category
have delivered frequent behavioral therapy to pediatric pa-
tients with T1D and demonstrated improved glycemic control
after 3 months.14,15 Studies in the latter category have shown
no improvement in glycemic control after 1–2 years, but have
demonstrated high patient satisfaction and reported time and
cost savings.24–26 We investigated the utility of supple-
menting in-person care with frequent home-based video
visits for a population of pediatric T1D patients with sub-
optimal glycemic control over the course of one year. We
hypothesized that this intervention would be feasible and
satisfactory for patients and that it would increase the overall
frequency of diabetes care and significantly improve gly-
cemic control during the study period.

Methods

Study design and recruitment

This was a nonrandomized clinical trial in which all par-
ticipants received the study intervention. Patients were re-
cruited at the University of California, Davis (UCD),
Pediatric Diabetes Clinic between November 27, 2017, and
February 2, 2018. Inclusion criteria were (1) age 1–17 years,
(2) diagnosis of T1D >3 months prior (to ensure baseline
HbA1c did not reflect prediagnosis glucose levels), (3)
HbA1c level ‡8% (64 mmol/mol) at time of enrollment, (4)
access to the internet using a device with video and audio
capability, and (5) ability to connect the patient’s home
glucose meter—as well as insulin pump and/or CGM, if
applicable—to an internet-capable device through Bluetooth
or physical cable. The only exclusion criterion was need for
English language interpretation due to difficulty in securing
interpretation services remotely. Written informed consent
was obtained from each patient’s parent or guardian, and
patients 8–17 years of age provided assent to participate. The
UCD Institutional Review Board approved this study and it
was registered with ClinicalTrials.gov (registration number
NCT03374462).

Study intervention

The study intervention consisted of home-based video
visits with a pediatric endocrinologist as a supplement to
quarterly in-person visits at the UCD Pediatric Diabetes
Clinic. Video visits took place every 4 weeks (for patients
with HbA1c >12% or >108 mmol/mol), 6 weeks (for patients
with HbA1c 10%–12% or 86–108 mmol/mol), or 8 weeks
(for patients with HbA1c <10% or <86 mmol/mol). Visit
frequency was assigned at enrollment and again after 6
months based on the most recent HbA1c value. Video visits
were conducted using an HIPAA-compliant videoconfer-

encing platform27 and included the provider, patient, and
parent or guardian, with the exception of patients ‡16 years of
age whose parents gave consent for solo visits with the pro-
vider. A single pediatric endocrinologist conducted all video
visits, eliminating any interprovider variability in the clinical
approach. Participants uploaded data from their diabetes
devices before each visit using secure internet platforms that
were compatible with their home computers, tablets, or mo-
bile phones.28–32 The research team assisted with the initial
setup of these platforms and provided support for any tech-
nical issues during the study. Each video visit included dis-
cussion of interval health events and patient or family
concerns, review of shared glucose data and insulin dose
information, and provision of recommendations by the phy-
sician, including changes in behavior and/or insulin dose
adjustments. This content was equivalent to the physician
portion of in-person diabetes clinic visits, except that a de-
tailed physical examination could not be performed.

Data collection and analysis

Baseline data were collected from the electronic health
record (EHR) at enrollment. These included demographic
and insurance information, HbA1c values over the previous
year, current use of insulin pump and/or CGM, and frequency
of diabetes clinic visits and diabetes-related emergency de-
partment (ED) and hospital encounters during the prior year.
Patients and their parents were also surveyed regarding their
recollection of diabetes-related ED and hospital encounters
during the previous year to capture any encounters not listed
in our EHR. During each video visit, participants were asked
about any ED or hospital encounters since the last visit and
any technical issues encountered while uploading diabetes
data or using the video program. At 6 and 12 months, par-
ticipants were surveyed regarding their experiences (see
Supplementary Table S1 for a complete list of survey ques-
tions and responses). At 12 months, we administered an ad-
ditional survey instrument that has been published and
validated for assessment of telemedicine diabetes care.33

Survey responses were elicited from patients and parents
together in most cases—with parents typically providing the
final answers—and from patients alone for those participants
‡16 years of age who engaged in independent video visits
with the provider.

The dates of participants’ visits to the UCD Pediatric
Diabetes Clinic during the study period, HbA1c levels mea-
sured at those visits, and dates of any ED or hospital en-
counters during the study period were abstracted from the
EHR. The records for ED and hospital encounters—those
reported by participants or discovered in the EHR—were
reviewed by a pediatric endocrinologist to determine which
were diabetes related and which met criteria for diabetic
ketoacidosis (DKA) according to published guidelines.34 All
participants who withdrew from the study consented to have
their EHR data collected for the year post-enrollment.

HbA1c values were measured using point-of-care devices
with an upper measurement limit of 14% (130 mmol/mol),
therefore values >14% (>130 mmol/mol) were designated as
14.5% (135 mmol/mol) for our numerical HbA1c analyses.
The designation of 14.5% (135 mmol/mol) was chosen to
separate these values minimally from measurements of
14.0% (130 mmol/mol), knowing that this trimming of higher
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values would likely underestimate any improvement in
HbA1c observed during the study. To evaluate HbA1c
changes over time, the date of each HbA1c measurement was
identified by the number of months it occurred after enroll-
ment, rounded to the nearest integer. To characterize changes
in HbA1c throughout the study period, mean HbA1c was
calculated at quarterly intervals by grouping HbA1c values
measured during each quarter (1–3, 4–6, 7–9, and 10–12
months after enrollment) for the entire cohort and for active
versus withdrawn participants. Finally, we employed a linear
mixed-effects model35 to evaluate the impact of the inter-
vention on glycemic control over time, where HbA1c values
at enrollment and each quarter were the dependent variables
and time was the primary independent variable. Baseline
characteristics—including demographics, insurance status,
distance from clinic, and use of insulin pumps and CGMs—
were explored through this model for any association with
HbA1c. Variables that were associated with HbA1c in our
cohort—age (P = 0.001), race (P = 0.003), and pump use
(P = 0.06)—were included as covariates in the final model
(Table 3). Random effects at the patient level were also in-
cluded in the model to account for correlation of multiple
measurements over time.

Results

Study population

Fifty-seven patients enrolled in the study. Participants
were predominantly non-Hispanic White/Caucasian and
publicly insured (Table 1). Almost half were adolescents,
most lived >50 km away from the UCD Pediatric Diabetes
Clinic, and more than half had HbA1c levels ‡10%
(86 mmol/mol) at enrollment. The majority had been diag-
nosed with diabetes 1–5 years before study enrollment. Fifty-
three percent of enrolled participants completed 12 months in
the study. Among the 27 participants who withdrew from the
study, 13 exited before receiving the intervention, and the
vast majority (23 participants) withdrew due to trouble
scheduling and completing video visits within the assigned
time frame. Three patients withdrew due to loss of internet-
or video-capable devices, and one was withdrawn by the
treating endocrinologist due to new mental health symptoms
requiring urgent attention. Baseline characteristics were
compared for participants who withdrew versus those who
completed the study, including demographic characteristics,
HbA1c, use of insulin pumps and CGMs, and frequency of
diabetes care encounters (clinic, ED, and hospital) during the
year prior to enrollment. None of these variables differed
significantly between groups except CGM use, which was
more common among those who completed the study (47%)
than among those who withdrew (15%), P = 0.01.

Feasibility and satisfaction

During participants’ first video visits, 18% reported diffi-
culty using the video application and 20% reported difficulty
sharing diabetes data remotely. Among subsequent video
visits, patient-reported issues occurred 7% of the time for the
video application and 17% of the time for remote data shar-
ing. Of the 30 participants who completed the study, 97%
were very satisfied and 3% were somewhat satisfied with
home-based video visits. The most frequently cited benefits

were improved self-monitoring of blood glucose and im-
proved access to the care team between clinic visits, each of
which was endorsed by 93% of completing participants.
Detailed survey response information is available in Sup-
plementary Table S1. Responses to the validated diabetes
telemedicine survey administered at study completion33 were
likewise overwhelmingly positive. All participants at 12
months agreed or strongly agreed with the statements, ‘‘I
believe the doctor understood my blood sugar situation dur-
ing the video visit’’ and ‘‘I believe that a video visit is good
for achieving good control of my diabetes.’’ For complete
information on survey questions and responses for this in-
strument, see Supplementary Fig. S1.

Care utilization

Annual diabetes clinic visits (in-person+video) for all
participants increased from a mean of 3.1 at enrollment to a
mean of 7.9 at study completion (P < 0.001) (Table 2). The
proportion of our entire study population (N = 57) achieving
the recommended 4+ visits per year9 also increased signifi-
cantly from 21% at baseline to 83% (P < 0.0001) during the

Table 1. Study Population

Characteristics (N = 57)

N (%)

Age in years
3–7 7 (12)
8–12 22 (39)
13–17 28 (49)

Sex
Female 25 (44)
Male 32 (56)

Race
Asian 2 (4)
Black/African American 7 (12)
White/Caucasian 41 (72)
More than one race 3 (5)
Unknown/not reported 4 (7)

Ethnicity
Hispanic/Latino 6 (11)
Not Hispanic/Latino 51 (89)

Insurance
Public 33 (58)
Private 24 (42)

Distance in kilometers to clinic
£50 24 (42)
51–100 15 (26)
101–200 7 (12)
>200 11 (19)

Duration of diabetes
£1 year 3 (5)
1–5 years 32 (56)
‡5 years 22 (39)

HbA1c at enrollment
8.0%–9.9% (64–85 mmol/mol) 25 (46)
10.0%–11.9% (86–107 mmol/mol) 14 (26)
12.0%–13.9% (108–129 mmol/mol) 6 (11)
‡14% (‡130 mmol/mol) 9 (17)

HbA1c = hemoglobin A1c.
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study period. This finding was even more pronounced among
patients who completed the study (N = 30), 100% of whom
achieved 4+ visits per year during the study compared with
23% of the same group who had achieved this during the year
before study enrollment. Among patients who withdrew from
the study, clinic attendance also improved, with the pro-
portion achieving 4+ visits per year increasing from 19%
at baseline to 63% one year later. Our cohort also demon-
strated significant increases in insulin pump use (44%–53%,
P = 0.03) and CGM use (32%–51%, P = 0.002) during the
study period. The proportions of participants experiencing
diabetes-related ED encounters, DKA hospitalizations, and
other diabetes-related hospitalizations did not change sig-
nificantly during the study.

Glycemic control

Mean HbA1c for the study population improved from
10.8% (95 mmol/mol) at baseline to 10.0% (86 mmol/mol) at
10–12 months, and participants who completed 12 months of
video visits experienced an even greater decline to 9.6%
(81 mmol/mol) (Fig. 1). These changes were both statistically
significant in the mixed-effects model (Table 3), with
P = 0.001 for the entire cohort and P = 0.004 (not shown in

Table 3) for those who completed the study. Graphic (Fig. 1)
and tabular (Table 3) depictions of HbA1c changes over time
demonstrate that the study population experienced a dramatic
decline in HbA1c by the first quarter of the study, after which
HbA1c values increased transiently and then decreased again
by the end of the study. This pattern held true for the entire
cohort (Fig. 1A) and for the subset of participants who
completed 12 months of video visits (Fig. 1B). Mean HbA1c
for withdrawn subjects and participating subjects remained
similar at 1–3 and 4–6 months, but diverged significantly by
7–9 months of the intervention (Fig. 1B).

Discussion

This nonrandomized clinical trial demonstrates that home-
based video visits can improve glycemic control and adher-
ence to recommended outpatient care among high-risk
pediatric patients with T1D. Our results are both statistically
significant and clinically meaningful, including a decrease in
HbA1c of 0.8% (9 mmol/mol) among the entire cohort
(P = 0.001) and 1.2% (14 mmol/mol) among participants who
completed the study (P = 0.004). The most recent comparable
trials of video visits for pediatric T1D by Wood et al.26 and
Reid et al.25 demonstrated improvement in mean annual

Table 2. Diabetes Care Before and During the Study Period for the Entire Study Cohort (N = 57)

Year before study Study period P

Mean diabetes clinic visits (SD) 3.1 (1.0) 7.9 (4.1) <0.001
Total diabetes clinic visits

0 — 1 (2%) <0.0001
1 1 (2%) 1 (2%)
2 15 (26%) 2 (4%)
3 29 (51%) 6 (11%)
4+ 12 (21%) 47 (83%)

In-person visits
0 — 1 (2%) 0.004
1 1 (2%) 1 (2%)
2 15 (26%) 7 (12%)
3 29 (51%) 22 (39%)
4+ 12 (21%) 26 (46%)

Video visits
0 57 (100%) 13 (23%) —
1 — 10 (18%)
2 — 17 (30%)
3 — 11 (19%)
4+ — 6 (11%)

Insulin pump use 25 (44%) 30 (53%) 0.03
Continuous glucose monitor use 18 (32%) 29 (51%) 0.002
Diabetes emergency department visits

0 48 (84%) 51 (89%) 0.8
1 9 (16%) 5 (9%)
2 — 1 (2%)

Diabetic ketoacidosis hospitalizations
0 50 (88%) 51 (89%) 1
1 7 (12%) 5 (9%)
2 — 1 (2%)

Other diabetes hospitalizations
0 54 (95%) 53 (93%) 1
1 2 (4%) 4 (7%)
2 1 (2%) —

P values calculated by paired t-test, McNemar’s test, or Wilcoxon signed-rank test, as appropriate.
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outpatient visits from 2.0 to 2.9 and 2.6 to 3.5, respectively, as
well as high rates of satisfaction, but no significant changes in
HbA1c after 1 year. In comparison, our intervention dem-
onstrated much higher mean visit frequency (7.9 annual
visits) during the study period and significant HbA1c re-
duction. Given evidence that frequent phone contact11,12 and
frequent behavioral therapy14,15 can improve glycemic con-
trol in T1D, our intervention’s impact on HbA1c was likely
due in part to the high frequency of encounters.

Our nonrandomized design cannot separate the interven-
tion’s effect from any expected changes in glycemic control
over time. However, recent data demonstrate that HbA1c
values typically rise during childhood and adolescence36 rather
than demonstrating a regression to the mean, so it is unlikely
that the observed improvements were due to biologic or en-
vironmental forces external to the intervention. It is also un-
likely that improvements in endogenous pancreatic function—
as seen during the honeymoon period—played a role in our

Table 3. Change in Mean HbA1c for Study Cohort Adjusted for Patient-Level Factors

Time Change in mean HbA1c from enrollment 95% Confidence interval P

1–3 Months -0.74% -1.21 to -0.27% 0.002
-8.4 mmol/mol -14.9 to -3.7 mmol/mol

4–6 Months -0.63% -1.10 to -0.15% 0.01
-7.3 mmol/mol -12.0 to -2.5 mmol/mol

7–9 Months -0.49% -0.98 to -0.01% 0.05
-5.9 mmol/mol -10.8 to -1.1 mmol/mol

10–12 Months -0.79% -1.25 to -0.32% 0.001
-8.9 mmol/mol -14.5 to -4.2 mmol/mol

Results of the linear mixed-effects model, including age, race, and insulin pump use as covariates.

FIG. 1. Mean HbA1c – SEM at quarterly
intervals for (A) entire cohort and (B) partici-
pating subjects (circles, solid line) versus
withdrawn subjects (triangles, dotted line).
HbA1c, hemoglobin A1c.
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results because only three study subjects had a diabetes dura-
tion of £1 year, and these patients did not show significant
improvement in their HbA1c values during the study.

The finding that substantial glycemic improvement oc-
curred during the first quarter of the study was unexpected.
This initial decrease in HbA1c by 1–3 months was observed
both in active participants and those who had already with-
drawn (Fig. 1B), suggesting that the change may not have
been entirely due to video visits. We hypothesize that sub-
jects who withdrew during the first quarter experienced a
transient increase in diabetes awareness resulting from con-
versations with the research team and use of the apps pro-
vided at enrollment. However, by 7–9 months, mean HbA1c
values for participating and withdrawn subjects diverged
sharply, suggesting that ongoing improvement in HbA1c was
due to the intervention itself.

The generalizability of our findings is limited by our use of
a single provider for video visits, and this raises the possi-
bility that the intervention’s effect was at least partially due to
the provider rather than the video modality or frequency of
care. However, a significant portion of care for all partici-
pants (mean of 3.3 in-person visits during the study period)
was delivered by their continuity endocrinologists. For 10 of
our 57 subjects, the in-person endocrinologist was the same
provider who delivered video visits, and these patients
demonstrated a mean HbA1c improvement of only 0.2%
(2 mmol/mol)—from 10.7% (93 mmol/mol) at enrollment to
10.5% (91 mmol/mol) at study completion. This suggests that
the benefits of our intervention were not due to the effec-
tiveness of the video provider specifically. However, it raises
the possibility that the addition of a second care provider can
be helpful in this population, and this hypothesis should be
explored in future studies.

This nonrandomized trial was designed primarily to ex-
plore the feasibility of frequent home-based video visits for a
high-risk clinical population. We anticipated that the time
commitment required for frequent visits as well as the need to
utilize specialized software might make our intervention
untenable for a subset of the population, and it appears that
these factors did contribute to our low retention rate. How-
ever, participants who completed the study reported high
satisfaction despite the time commitment and technology
hurdles. The frequency of reported video problems also
decreased greatly after participants’ first visits (from 18%
to 7%), suggesting habituation to the video software. The
fact that frequency of data-sharing glitches did not decrease
much (from 20% to 18%) reflects the difficulty inherent in
using certain software platforms as well as insurance-
mandated changes in devices that many participants experi-
enced mid-study.

One factor that likely mitigated the burden of frequent
visits was that the time investment for video visits was much
less than for in-person visits. Our study participants estimated
the median number of minutes required for data sharing at 5
(range 1–60), for a video visit at 30 (range 15–60), and for an
in-person visit at 240 (range 120–2880), including transit to
and from the clinic (Supplementary Table S1). Video visits
were offered at a variety of times between 8 am and 5 pm and
could be completed at a variety of locations, including the
home, school, parent’s workplace, or two locations simulta-
neously such as the patient connecting from home and the
parent connecting from work. This flexibility made video

visits easier to complete than in-person visits and facilitated
participation by secondary caregivers, including those unable
to miss work, and stepparents or grandparents who were not
attending in-person visits. The involvement of additional
caregivers has been linked to improved glycemic control37

and may be another reason that HbA1c levels improved in
this study.

Two unexpected positive findings—improved in-person
clinic attendance and high initiation of pump and CGM use—
are worthy of discussion. We were concerned at the study’s
onset that participants might defer in-person visits while
engaging in video visits, but in fact, adherence to quarterly in-
person visits improved during the study. We suspect this was
due to participants’ greater prioritization of diabetes care
during the study and perception of easier access to the care
team, as reflected in survey responses. Unfortunately, data
from our electronic medical record could not reliably identify
cancelations and no-shows, so it is unclear how much of this
increased care frequency was due to a higher scheduling rate
versus a higher completion rate for scheduled encounters.

Increased use of insulin pumps and CGMs during the study
appeared to be a by-product of improved glucose self-
monitoring and ability to meet payer requirements (e.g., 4+
glucose checks per day) among patients who had desired
these devices previously. Patients’ decisions to adopt the
devices may also have stemmed from greater comfort with
diabetes technology as a result of the intervention. In addi-
tion, the latest generation of CGM products—including those
that do not require calibration by finger-stick blood glucose
measurements—became commercially available during our
study period,38 which may have increased patient desire to
acquire CGM devices. The rates of pump and CGM use in
our study population at the conclusion of the study were
similar to those observed in our clinic’s overall patient pop-
ulation, at *50% each.

Our study had multiple limitations, including a non-
randomized design, small sample size, and high attrition rate.
Participants who withdrew did not differ from those who
completed the study on any measured baseline characteristics
except CGM use. The fact that participants who remained in
the study were more likely to use CGMs is unsurprising be-
cause the most prevalent CGM29 allows easy data sharing.
However, it is possible the groups differed in other ways—
such as comfort with technology or family structure—that
were not captured in our data. In addition, our small sample
size precludes any subanalyses to explore the influence of
patient characteristics (such as age) on outcomes. Finally, the
observed increases in insulin pump use, CGM use, and fre-
quency of in-person care are potential confounders, and a
randomized trial is needed to determine if these were likely a
result of the intervention or unrelated.

This study illustrates that supplemental, home-based video
visits are feasible and satisfactory for pediatric T1D patients
with suboptimal glycemic control; video visits can be
achieved without sacrificing in-person encounters; and they
can lead to significant improvements in HbA1c and frequency
of outpatient diabetes care in this clinical population. Future
randomized trials are needed to more robustly measure the
utility of this intervention, examine any differences in ef-
fectiveness based on demographic and clinical factors, and
better characterize secondary benefits such as caregiver in-
volvement, time savings, and access to diabetes technology.
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