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Cyber School Is a Marker of Youth with High-Risk Diabetes

Christine A. March, MD, MS', Lindsay Leikam, MD?, Linda M. Siminerio, RN, PhD, CDE?, Elizabeth Miller, MD, PhD*,
and Ingrid M. Libman, MD, PhD'

Objective To explore the health characteristics of youth with diabetes in cyber school compared with peers with
diabetes in traditional brick-and-mortar schools.

Study design This was a single-center cross-sectional study of youth with type 1 or type 2 diabetes in K-12 ed-
ucation during academic year 2017-2018. Youth enrolled in cyber school were matched with traditional school
peers by age, sex, race, diagnosis, and diabetes duration. Comparisons included insurance status, hemoglobin
Alc, treatment, coexisting conditions, screening, and healthcare use.

Results Of 1694 participants, 5% (n = 87) were enrolled in cyber school. Youth enrolled in cyber school were pre-
dominantly white (89%), female (60%), adolescents (median 15.2 years) with type 1 diabetes (91%). Youth with type
2 diabetes were excluded from analyses owing to the small sample (n = 7). Public insurance was more common
among youth enrolled in cyber school (P = .005). Youth in cyber school had higher mean hemoglobin Alc, 9.1 +
1.8% (76 £+ 20 mmol/mol) vs 8.3 + 1.2% (67 + 13 mmol/mol) (P = .003), lower insulin pump use (OR, 0.36; 95%
Cl, 0.18-0.73), and more mental health conditions (OR, 4.48; 95% ClI, 1.94-10.35) compared with peers in traditional
schools. Youth in cyber school were less likely to have recommended vision (OR, 0.34; 95% CI, 0.15-0.75) and
dental (OR, 0.33; 95% Cl, 0.15-0.75) evaluations. The relationship between hemoglobin A1c and cyber school per-
sisted after adjusting for insurance status, pump use, and mental health conditions (P = .02). Similar trends were
observed for participants with type 2 diabetes.

Conclusions Youth with diabetes in cyber school may be a high-risk population. Understanding the potential
impact of cyber school-related factors on health may encourage additional provider/system/school supports for
these patients. (J Pediatr 2021;230:167-73).

yber school, also known as virtual or online school, relocates K-12 education to either an entirely home-based internet

platform or a blended format with in-person schooling.' K-12 cyber school first emerged in the 1990s, with enrollment

increasing over time to roughly 430 000 students in the US in 2017-2018.” Unlike home schooling, another alternative
to traditional brick and mortar schools available in the US, classroom activities are led by a trained teacher, rather than the
parent, using exclusively online materials. Typically, cyber schools are operated by the state or school district, but can also exist
as cyber charters, publicly funded schools that follow state regulations.' Classes are typically asynchronous with the usual school
day, offering students flexibility with the learning pace.’

With the rapid growth of cyber school, concerns have emerged about the inconsistent academic rigor of these programs. The
National Education Policy Center reported that less than one-half of full-time virtual schools received an acceptable perfor-
mance rating.” Students in cyber school tend to have lower test scores and
reduced graduation rates compared with their peers in traditional schools.*

The Center for Research on Education Outcomes estimated that students
From the 'Division of Pediatric Endocrinology and

enrolled in Pennsylvania cyber charter schools lose >100 days of learning in
both math and reading annually.” As school success relates to health status
and professional attainment in adulthood, the variable academic outcomes in
the context of cyber school merit closer attention.™’

Students with disabilities requiring an Individualized Education Plan are
increasingly enrolling in cyber schools nationally, with the prevalence increasing
from 6.8% in 2010-2011 to 15.5% in 2016-2017.” Children and adolescents with
diabetes, particularly type 1 diabetes, may represent a unique group in this
context, because management involves careful meal planning, frequent glucose
monitoring, and insulin administration. A significant portion of this care during
the week takes place in school under the supervision of a school nurse or other
certified staff, and cyber school may not offer the same level of school nursing
support. Diabetes care during the school day may also have important implica-
tions for learning, as poorer glycemic control is associated with lower scores on
standardized testing.'”"" It is not clear to what extent youth with diabetes are
attending cyber school and the effect on their health.'”
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The objectives of this study were to describe the popula-
tion of youth with type 1 or 2 diabetes enrolled in cyber
school from a large, academic diabetes center and to explore
their health-related characteristics compared with their peers
with diabetes in traditional schools. Examining the potential
relationships between cyber school enrollment and health
outcomes for youth with diabetes or other chronic diseases
is critical to helping healthcare providers understand the
unique medical needs of this population.

This is a retrospective cross-sectional study of youth with dia-
betes enrolled in cyber school in comparison with peers in
traditional schools during academic year 2017-2018 (defined
as August 1, 2017, to July 31, 2018). Data were collected from
the electronic health record of a large, academic diabetes cen-
ter (University of Pittsburgh Medical Center Children’s Hos-
pital of Pittsburgh). Youth enrolled in cyber school were
identified and matched to youth in traditional schools
from the remaining clinic population to facilitate compari-
son of clinical characteristics. This study was approved by
the University of Pittsburgh Institutional Review Board
(PRO 18100051).

Participants and Procedures

Participants included youth ages 5-19 years with type 1 or 2
diabetes with residence in Pennsylvania, because cyber school
eligibility and policies differ by state. The University of Pitts-
burgh Biomedical Informatics group identified potential par-
ticipants using type 1 and 2 diabetes-specific diagnosis codes.
School type was determined manually by reviewing an inter-
nal form completed at all diabetes outpatient encounters that
includes a question about school enrollment (traditional
school, cyber school, home school, or not available), and sub-
sequently confirmed in the provider note. Youth not enrolled
in K-12 during the 2017-2018 academic year or with incor-
rect or alternative diabetes diagnoses were excluded. Youth
with prior cyber school enrollment (transitioned to tradi-
tional schools), homeschooling, or homebound schooling
were excluded given the differences in these school programs
from cyber school." Matched youth in traditional schools
were paired to youth enrolled in cyber schools at a 1:1 by
age, sex, race, diagnosis, and duration of diabetes. Individuals
were paired to the closest control within 0.2 years of age
with a diabetes duration within £1 year; if none were avail-
able, the age difference was extended to 0.5 years (required
for n = 14).

Clinical and Biochemical Data

Demographic and clinical characteristics were extracted from
the electronic health record for up to 4 clinic visits during the
academic school year. Insurance status (private, public, or
both) was obtained as a surrogate marker of socioeconomic
status. Glycemic control was measured by calculating a
mean value for the year from the point-of-care hemoglobin
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Alc at each visit. Target hemoglobin Alc was defined as
<7% (53 mmol/mol) per the 2020 American Diabetes Asso-
ciation recommendations.’” Diabetes management regimen
and reported use of devices, including continuous glucose
monitors and insulin pumps, were obtained. Additional
medical conditions and diabetes-related comorbidities
included: overweight or obesity (body mass index > 85th
percentile), low-density lipoprotein cholesterol of >100 mg/
dL (2.59 mmol/L) and/or a prior diagnosis of dyslipidemia,
microalbuminuria (2 abnormal urine albumin/creatinine ra-
tios and/or known diagnosis), and any mental health diag-
nosis (depression, anxiety, attention deficit hyperactivity
disorder, or other mood disorder). Annual screenings per
American Diabetes Association recommendations included
a diabetes-related vision examination (youth 211 years),
dental examination, and depression screen (Patient Health
Questionnaire-9 in youth 12 years)."” Clinic visits, emergency
department visits, hospitalizations, and episodes of diabetic
ketoacidosis were collected for the year. Participants were
dichotomized by >2 missed appointments, =2 emergency
department visits, =1 admission (for any reason), and >1
episode of diabetic ketoacidosis. Reasons for cyber school
enrollment were noted. Two reviewers conducted all data
extraction with a senior investigator available to adjudicate
any disagreements.

Statistical Analyses

Descriptive statistics are presented as frequencies with per-
centages, means with SD, or medians with IQR. Characteris-
tics between youth in cyber school and youth in traditional
school were compared with x* or Fisher exact tests for pro-
portions and the f test or Mann-Whitney U test for contin-
uous variables. Multivariable logistic regression was used to
calculate ORs for clinical characteristics related to cyber
school enrollment, adjusting for matched characteristics.
For glycemic control, we assessed for confounding by other
clinically relevant variables using multivariable linear regres-
sion models with mean hemoglobin Alc as the dependent
variable, adjusting for matched characteristics. As the sample
of youth with type 2 diabetes in cyber school was small
(n = 7) and treatment regimens (eg, oral medications vs
intensive insulin therapy) were variable, analyses were con-
ducted for patients with type 1 diabetes only. Findings for
the subgroup of youth with type 2 diabetes are presented
descriptively. Comparisons for health screenings were con-
ducted for youth meeting American Diabetes Association
age criteria where indicated. Analyses were completed in
Stata v.15 (StataCorp) with significance determined by a P
value of < .05 (2-sided).

The Figure outlines participant identification. For academic
year 2017-2018, 1694 children with diabetes met inclusion
criteria with 87 (5%) enrolled in cyber school. The majority
of youth with diabetes in cyber school were white (n = 77
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[89%]), female (n = 52 [60%]), adolescents (median,
15.2 years; range, 5.9-18.9 years) with type 1 diabetes
(n =79 [91%]). Those in cyber school tended to be older
and more often female compared with all participants
meeting inclusion criteria (median age, 13.9 years; 46%
female), but other baseline characteristics were similar. Six
in the cyber school group could not be matched because
race was not documented or no traditional school
participant with the same race existed. There were no
differences between matched and unmatched youth in cyber
school in terms of age, sex, diagnosis, duration of diabetes,
body mass index percentile, or hemoglobin Alc.
Background characteristics of cyber school and traditional
school groups by diagnosis are displayed in Table I. There
were no differences between cyber school and tradition
school groups on matched characteristics; more youth with
type 1 diabetes in cyber school were on public insurance alone.

Youth with Type 1 Diabetes
Additional medical conditions were identified in 53 youth
(72%) in cyber school and 42 youth (57%) in traditional school,
most commonly atopy (allergic rhinitis, asthma, and/or
eczema), headaches, or other autoimmune conditions (eg, hy-
pothyroidism, celiac disease). Four youth in cyber school had a
documented history of autism spectrum disorder or a learning
disability compared with no youth in traditional school;
excluding these 4 youth revealed no significant changes to
our findings, and thus they were included in our final analysis.
Clinical characteristics between youth in cyber school and
youth in traditional school with type 1 diabetes are presented
in Table II. The mean hemoglobin Alc was nearly 1
percentage point higher among youth in cyber school
compared with youth in traditional school: 9.1 £ 1.8%

2036 youth with diabetes
diagnosis, residence in PA,
ages 5-19 years

Exclusions

69 incorrect diagnosis
24 pre-K

249 graduated high school

1694 subjects meeting
inclusion criteria

AN

1607 not enrolled

87 with cyber in eyber school i
school enrollment 1 cyber schootin
date range R

Exclusions

27 prior cyber school enrollment
27 homeschool

6 no available i
1548 enrolled in 5 homebound schooling

match in traditional
brick and mortar
school

traditional brick and
mortar school

l

81 in cyber school
group (74 type 1
diabetes)

81matched in
traditional brick and

mortar school
(74 type 1 diabetes)

Figure. Flow diagram for determination of included partici-
pants in the cyber school and traditional brick and mortar
school comparison groups.
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(76 £ 20 mmol/mol) vs 8.3 & 1.2% (67 £ 13 mmol/mol)
(P = .003). This difference remained significant when
adjusting for insurance status (P = .003). There was no
difference in the proportion of youth achieving a target
hemoglobin Alc of <7% (53 mmol/mol) (P = .29), but
youth in cyber school were more likely to have a
hemoglobin Alc of 210% (86 mmol/mol), indicating poor
glycemic control (P = .003). The difference in mean
hemoglobin Alc was most notable in youth 12 years of age
or older, measured at 9.4 + 1.8% (79 + 20 mmol/mol) in
adolescents in cyber school compared with 8.4 £+ 1.2%
(68 + 13 mmol/mol) in adolescents in traditional school
(P = .0008). In contrast, the mean hemoglobin Alc among
younger children was similar between those in cyber school
(7.7 £ 0.7%, 61 &+ 7 mmol/mol) and traditional school
(7.7 £ 1.2%, 61 & 13 mmol/mol) (P = .84).

Logistic regression showed that enrollment in cyber
school was most strongly associated with a hemoglobin Alc
of 210% (P = .006), lack of an insulin pump for management
(P =.004), mental health conditions (P < .001), and reduced
dental (P = .008) and vision (P = .007) screening. These re-
lationships persisted when adjusting for insurance status in
addition to matched characteristics. Because pump use and
coexisting mental health issues may affect glycemic control,
we used multivariable linear regression to examine the
relationship between school type and mean hemoglobin
Alc adjusting for these 2 variables in addition to matched
characteristics and insurance status. Enrollment in cyber
school remained significant among all ages (P = .02) and
among those 212 years of age only (P = .01).

Between youth in cyber school and youth in traditional
school with type 1 diabetes, there were no differences in
continuous glucose monito use, body mass index, or
abnormal low-density lipoprotein cholesterol. A diagnosis
of microalbuminuria was documented in only 6 partici-
pants, although it was more commonly noted in youth in
cyber school (n =5 [7%] vs n = 1 [1%], respectively). Un-
like other screenings, Patient Health Questionnaire-9
completion rates were similar. Median scores were statisti-
cally different (P = .0006), and youth in cyber school
were more likely to have a Patient Health Questionnaire-9
score of 210 (16% vs 2%, respectively) (P = .02), indicative
of a positive screen; however, scores were missing for 10
youth in cyber school and 9 youth in traditional school,
limiting our interpretation.'* Although youth in cyber
school had more missed appointments, emergency depart-
ment visits, admissions, and episodes of diabetic ketoacido-
sis, only admissions was statistically significant (22% vs 8%,
respectively) (P = .02).

Youth with Type 2 Diabetes

Descriptive clinical characteristics of youth in cyber school
and youth in traditional school with type 2 diabetes are pre-
sented in Table III. A history of other conditions associated
with metabolic syndrome, including dyslipidemia, fatty liver
disease, polycystic ovary syndrome, and/or hypertension,
were documented in 5 youth in cyber school and 4 youth in
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Table I. Background characteristics of included participants by diagnosis
Type 1 diabetes Type 2 diabetes
Traditional brick Traditional brick
Characteristics Cyber school (n = 74) and mortar school (n = 74) Cyber school (n = 7) and mortar school (n = 7)
Age, y 15.2 [5.9-18.9] 15.2 [6.0-18.6] 15.4 [11.1-18.0] 15.5 [10.6-17.8]
Sex
Male 28 (38) 28 (38) 4 (57) 4 (57)
Female 46 (62) 46 (62) 3(43) 343
Race
White 71 (96) 71 (96) 6 (86) 6 (86)
Black 3(4) 34 1(14) 1(14)
Diabetes duration, y 5.9 [0.2-16.5] 6.0 [0.3-15.6] 2.3[0.6-3.3] 2.0 [0-2.8]
Insurance status*
Private 11 (15) 11 (15) 0 0
Private and public 19 (26) 37 (50) 2 (29) 1(14)
Public 44 (59) 26 (35) 5(71) 6 (86)
v

Data are median [range] or number (%).

“Insurance status was statistically significant between youth in cyber school and traditional brick and mortar school youth for participants with type 1 diabetes only (P = .005).

traditional school. The median hemoglobin Alc was 8.7%
(72 mmol/mol) among youth in cyber school and 6.2%
(44 mmol/mol) among youth in traditional school. More
youth with type 2 diabetes in cyber school required multiple
daily injections rather than metformin alone. Similar trends
were observed in comorbidities, screening, and care use to
participants with type 1 diabetes.

Cyber School Enroliment Reasons

Among all youth with diabetes enrolled in cyber school, a
reason for this school choice was available for 72 (83%) cases;
of those, 27 (38%) were for medical concerns, 12 (17%)
academic issues, 9 (13%) peer/safety concerns (eg, bullying),
and 24 (33%) parent preference with no additional rationale
provided.

Table II. Clinical characteristics of youth in cyber school and traditional brick and mortar school youth with type 1

~

diabetes
Youth in cyber Youth in traditional brick
Characteristics school (n = 74) and mortar school (n = 74) P value a0R (95% Cl)
Glycemic control
Hemoglobin Alc, % 91+18 83+12 .003 =
<7% 6 (8) 10 (14) .29 0.54 (0.18-1.63)
>10% 21 (28) 8 (11) .007 3.77 (1.45-9.79)
Device use
Pump use 27 (36) 44 (60) .005 0.36 (0.18-0.73)
CGM use 21 (28) 31 (42) .09 0.54 (0.27-1.08)
Comorbidities
BMI percentile 80.1 [54.3-90.9] 80.0 [63.0-93.0] .36 -
BMI >85th percentile 30 (41) 30 (41) >.99 1.00 (0.50-1.98)
LDL, mg/dL 96 [78-122] 87 [75-100] 14 -
>100 mg/dL or dyslipidemia 35 (47) 24 (32) .07 1.92 (0.97-3.82)
Mental health diagnosis* 32 (43) 13 (18) .001 4.48 (1.94-10.35)
Healthcare screening
Depression screen n==61 n =62 .68 0.71 (0.15-3.48)
57 (93) 59 (95)
PHQ-9 score n=>51 n=>53 .0006 -
2 [0-8] 0 [0-3]
Annual vision examination n=063 n==64 .006 0.34 (0.15-0.75)
36 (57) 51 (80)
Annual dental examination 49 (66) 63 (85) .007 0.33 (0.15-0.75)
Healthcare use
Annual diabetes visits 3[2-4] 4 [3-4] .02 -
>2 missed visits/y 21 (28) 12 (16) .08 2.10 (0.93-4.75)
>2 ED visits/y 11 (15) 4 (5) .06 3.26 (0.95-11.25)
>1 Admission/y 16 (22) 6 (8) .02 3.24 (1.17-8.97)
>1 DKAYy 10 (14) 4 (5) .09 2.78 (0.83-9.52)
. W

BMI, body mass index; CGM, continuous glucose monitor; DKA, diabetic ketoacidosis; ED, emergency department; LDL, low-density lipoprotein; PHQ-9, Patient Health Questionnaire-9.
Data are number (%), mean + SD, or median [IQR]. Pvalues reported for x? or Fisher exact or ttest/Mann-Whitney Utest. ORs are calculated for effect of school type on each clinical characteristic,

adjusting for matched characteristics.

Conversion to SI units: hemoglobin A1c (%) to mmol/mol, multiple by 10.93 and subtract 23.5; LDL cholesterol (mg/dL) to mmol/L, divide by 38.67.
*Mental health diagnosis includes depression, anxiety, attention deficit hyperactivity disorder, or other mood disorder.
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Table III. Descriptive clinical characteristics of youth
in cyber school and traditional brick and mortar school
with type 2 diabetes
Youth in traditional
brick and
Youth in cyber  mortar school
Characteristics school (n = 7) (n=7)
Glycemic control
Hemoglobin Aic, % 8.7[5.2-11.4] 6.2[5.81014]
Management regimen
Metformin alone 1(14) 3(43)
Basal insulin and metformin 1(14) 1(14)
Multiple daily 5(71) 343
injections + metformin
Comorbidities
BMI percentile 99.1 [80.9-99.8] 99.3 [97.1 t0 99.5]
LDL, mg/dL 102 [71-147] 118 [70-168]
LDL >100 mg/dL or dyslipidemia 4 (57) 4 (57)
Mental health diagnosis* 5(71) 3 (43)
Healthcare screening
Depression screen, n = 6 each 3 (50) 3 (50)
group
Annual vision examination 3 (43) 5(71)
Annual dental examination 2 (29) 5 (71)
Healthcare use
Annual diabetes visits 1[1-3] 3[1-4]
>2 missed visits/y 5(71) 2 (29)
>2 ED visits/y 2 (29) 0
>1 Admission/y 3(43) 1(14)
\ v

Data presented as number (%) or median [range].

Conversion to Sl units: Hemoglobin A1c (%) to mmol/mol, multiple by 10.93 and subtract 23.5;
LDL cholesterol (mg/dL) to mmol/L, divide by 38.67.

*Mental health diagnosis includes depression, anxiety, attention deficit hyperactivity disorder,
or other mood disorder.

We found that approximately 5% of youth with diabetes
were enrolled in cyber school. According to publicly available
data from the Pennsylvania Department of Education,
approximately 2% of the general state population is enrolled
in cyber school, suggesting that youth with diabetes may
participate in cyber school at a higher rate.'” Within both
the state and our clinic populations, cyber school enrollment
seemed to be more common among females and older teens,
consistent with national trends.” The identified youth
enrolled in cyber school had features of high-risk diabetes,
most notably with glycemic control. Cyber school enrollment
may be an indicator of underlying, complicating factors that
contribute to poor diabetes and related-health outcomes.
There are several possible contributing explanations for
the observed difference in mean hemoglobin Alc between
youth in cyber school and their peers in traditional school
with type 1 diabetes. Coexisting mental health conditions
and insulin pump use can each impact self-management
practices and glycemic control; however, adjusting for these
variables did not change the effect of school type on hemo-
globin Alc.'®"” This finding suggests that other internal
(child) or external (family/school/environment) factors
may be influencing diabetes care. Some of these factors
may be specific to cyber school. First, the asynchronous
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learning environment can disrupt daily routines, which are
important for management habits.”’ Second, although pub-
licly funded cyber schools must employ a school nurse to
ensure children meet routine health requirements, students
in cyber school may not receive daily school nursing
support.”’ School nurses can serve an essential role for
vulnerable students; indeed, for youth with poorly controlled
diabetes, transitioning some aspects of diabetes care to the
school nurse, such as basal insulin delivery, can help lower
hemoglobin Alc.”»*’ A potential intervention could use
school nurses to engage with children in cyber school who
struggle with diabetes management at home through virtual
visits. Last, parental supervision at home may vary; we found
no difference in hemoglobin Alc between younger children
by school type, who are less likely to be independent in their
diabetes management or schoolwork at home.

Other family and environmental factors may contribute to
both diabetes management practices and school choice. Dis-
parities in glycemic control, treatment, and screening have
been identified by socioeconomic status and race/ethnicity
in youth with type 1 diabetes, yet our findings may not repre-
sent similar disparities.”*” In our study, the racial/ethnic
composition of youth in cyber school was similar to that of
our general clinic population. Although insurance status
differed between those in cyber school and traditional school,
with more youth in cyber school publicly insured, this
marker did not affect the relationship between school type
and hemoglobin Alc or other variables. Overall, cyber
schools enroll substantially fewer racial/ethnic minorities or
students living in poverty compared with public school.””
Cyber school requires stable housing, adequate technology
(eg, computers, tablets), and high-speed Internet capability,
which may be less accessible in disadvantaged populations.
Inequities in diabetes-related measures require further study
to elucidate the causal contributing factors and potential
challenges to healthcare access. Examining child executive
functioning skills, family support, parental diabetes knowl-
edge, and perceived diabetes burden in the cyber school pop-
ulation should be considered.”®*’

Although it did not account for the relationship between
cyber school attendance and glycemic control in participants
with type 1 diabetes, the higher report of mental health con-
ditions among those in cyber school was striking. Co-
occurrence of depression and other mental health conditions
are common among children with chronic illness and specif-
ically those with diabetes, but how school setting factors into
mental health is less clear.””* The quandary is whether cyber
school may contribute to a higher risk of mental health out-
comes, or if enrollment is more common among those with
preexisting mental health issues. The school environment can
contribute to students’ mental health through the degree of
connectedness to the school and staff, peer relationships,
and academic stress.”” Some youth with diabetes may partic-
ipate in cyber school to avoid triggers for their depression
and anxiety.”* At the same time, cyber school could exacer-
bate a sense of social isolation. The nature of the relationship
between cyber school attendance and psychosocial health
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merits further evaluation to clarify mental healthcare needs
and identify approaches to address gaps in care.

School choice remains a personal decision for parents
based on their child’s unique medical, social, and academic
needs. Difficult-to-manage diabetes and mental health con-
ditions may factor into parents’ decision making to enroll
their child in cyber school. We found that medical concerns
were the most frequently documented reason for cyber
school enrollment when available. The healthcare provider
may have a role in understanding and helping to address con-
cerns about diabetes management in a brick and mortar
school.'” Providers should be aware of the legal protections
to support the safety of children and adolescents with dia-
betes in school, as well as educational tools to help train
and educate school staff.””” Providers may be able to appro-
priately target resources to help children remain in a tradi-
tional school environment if that is desired by the parents
and child.

A primary limitation of this study was the small sample of
youth with type 2 diabetes in cyber school. Although this fac-
tor limited our analyses, similar trends were observed with
glycemic control, coexisting mental health conditions,
annual screening, appointment attendance, and healthcare
use (emergency department visits, admissions). Notably,
youth with type 2 diabetes in cyber school were more often
treated with intensive insulin therapy, which may account
for the difference observed in hemoglobin Alc. Additionally,
it is possible we did not identify all youth enrolled in cyber
school if the requisite form was not completed in clinic,
although this situation is unlikely because we reviewed the
forms and provider notes for every clinical encounter during
that academic year. A clearly documented rationale for cyber
school enrollment was not available for all participants, and
we were unable to retrospectively examine indicators of
academic achievement. Last, we cannot generalize our
findings to other states, where there may be differences in cy-
ber school offerings. Importantly, we can only detect associ-
ations and cannot infer that cyber school enrollment
specifically is causative of poorer outcomes. Indeed, poor
diabetes control and associated factors may increase the like-
lihood of enrollment in cyber school, or other unmeasured
factors may be influencing both diabetes care and cyber
school participation.

Our study is strengthened by being situated in an academic
diabetes center with a large enough patient sample to provide
matched controls. Although academic concerns related to cy-
ber school have been noted in prior reports, our study sug-
gests that youth with diabetes who are enrolled in cyber
school may also have health challenges, which may extrapo-
late to youth with other chronic health conditions. Future
research is needed to examine the associations between cyber
school enrollment and health prospectively in a larger popu-
lation. Qualitative research could explore parents’ motiva-
tions to choose cyber school, including if and when school
districts encourage cyber school enrollment, potential bar-
riers to care, and students’ experiences with managing dia-
betes in cyber school. Furthermore, our findings are salient
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given the current novel coronavirus disease-2019 pandemic,
which has caused children and adolescents to engage in dis-
tance learning on an unprecedented scale.” Additional studies
are needed to understand how distance learning owing to
novel coronavirus disease-2019 may impact diabetes
management and determine whether more families will
chose cyber school options in the future.

In our sample, cyber school enrollment could be consid-
ered a marker of youth with high-risk type 1 diabetes given
the correlations with worrisome health metrics. Cyber school
is a growing phenomenon in the US, which may accelerate in
response to the novel coronavirus disease-2019 pandemic.
Providers and school nurses may play a role in identifying
potential supports needed among their pediatric patients
who are in cyber school to ensure access to behavioral and
health services to support their well-being. B
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