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OBJECTIVE

Lack of effective transition from pediatric to adult care may contribute to adverse
outcomes in young adults with type 1 diabetes. The understanding of outpatient
and acute care utilization patterns across the adolescent to young adult transition
age in type 1 diabetes populations is suboptimal in the U.S.

RESEARCH DESIGN AND METHODS

We studied claims data from 14,616 individuals diagnosed with type 1 diabetes,
aged 16–24 years, and enrolled in a large national health plan for ‡1 year from
2005 to 2012. Annual outpatient and emergency department visits and hospitali-
zation rates were calculated at each age. Generalized estimating equations were
used to assess the association of age-group (adolescents [age 16–18 years] vs.
young adults [age 19–24 years]), outpatient visits, and sociodemographic varia-
bles with emergency department visit and hospitalization rates.

RESULTS

Endocrinologist visits declined from 2.3 per year at age 16 years to 1.5 per year
by age 22. Emergency department rates increased per year from 45 per 100 at
age 16 to 63 per 100 at age 20, then decreased to 60 per 100 by age 24. Hospital-
izations per year climbed from 14 per 100 at age 16 to 21 per 100 at age 19, then
decreased to 17 per 100 by age 24. In statistical models, young adults experi-
enced higher rates of emergency department visits (incidence rate ratio [IRR]
1.24 [95% CI 1.18, 1.31]) and hospitalizations (IRR 1.25 [95% CI 1.15, 1.36]) than
adolescents. Additional significant predictors of emergency department visits
and hospitalizations included female sex and Black race. Individuals with two or
more endocrinologist visits per year were less likely to have emergency depart-
ment visits and hospitalizations; higher income was also protective.

CONCLUSIONS

Results highlight concerning increases in acute care utilization for young adults
with type 1 diabetes who are less engaged with outpatient diabetes care and
highlight socioeconomic risk factors that warrant further study.

Type 1 diabetes is a chronic medical condition with intensive management demands
related to insulin administration, glucose monitoring, and adjustment for nutrition
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and exercise. As adolescents with type 1
diabetes progress to young adulthood,
they assume responsibility for daily dia-
betes self-management as well as the lo-
gistics of diabetes care and supplies, all
in the setting of competing life demands
and decreasing parental support (1). Young
adults with type 1 diabetes are at in-
creased risk for suboptimal adherence
and adverse health outcomes, including
poor glycemic control (2,3), acute diabetes
complications such as diabetic ketoacidosis
(4), chronic microvascular complications
(5), and early mortality (6,7).

In addition to increased self-management
responsibility, young adults must also
ultimately transition from pediatric to
adult diabetes care providers. Previous
studies from patient and provider per-
spectives have highlighted challenges
in the type 1 diabetes transition process,
including suboptimal pediatric transition
preparation and care coordination, gaps
between pediatric and adult care, and
patient dissatisfaction with the transi-
tion experience (8–14).

Lack of effective transition from pedi-
atric to adult diabetes care may lead to
problematic gaps in health care delivery,
with an associated increased risk for
adverse outcomes in young adults with
type 1 diabetes (1,15). A recent general
transition systematic review highlighted
pretransition use of health services as an
important determinant in care gaps in
addition to demographic and patient
behavior characteristics (16).

However, transition practices vary con-
siderably in different countries and care
delivery settings. Some countries have a
mandated transition age of 18 years, in-
cluding Canada, where administrative data
set analysis revealed an increase in post-
transition diabetes hospitalizations (17). In
contrast, transition timing is hetero-
geneous in the U.S., although multiple
studies have cited a mean transition age
of 19–20 years (9,18,19). State Medicaid
data analyses have demonstrated associ-
ations between gaps in specialty care
and increased hospitalizations in pedi-
atric patients with diabetes, as well as
generally high emergency department
and inpatient use in young adults with
type 1 diabetes (20,21). Recent claims
(22) and National Inpatient Sample (23)
analyses showed high rates of diabetic
ketoacidosis in young adults relative to
older adults (22) and younger adoles-
cents (23). However, further research is

needed to better understand shifts in
both outpatient and acute care patterns
across the transition age range as well
as predictors of acute care utilization
in adolescents and young adults with
type 1 diabetes.

Health insurance claims data provide
a standardized source of information
and a holistic view of patients’ interac-
tions with the health care system across
care locations. Leveraging claims data
to clarify trends in outpatient and acute
care utilization as younger patients age
may help to inform transition interven-
tions and enable tracking of the transi-
tion process and outcome measures over
time. The objectives of this study were to
1) assess trends in outpatient care, emer-
gency department visits, and inpatient
hospitalizations across the older adoles-
cent and young adult years in a large
national sample of patients with type 1
diabetes and 2) evaluate whether age,
sociodemographic variables, and outpa-
tient care utilization are associated with
emergency department utilization and
hospitalizations.

RESEARCH DESIGN AND METHODS

Cohort Definition
Our study population included commer-
cially insured adolescents and young adults
(16–24 years old) in Optum’s deidentified
Clinformatics Data Mart database who
were enrolled between 1 January 2005 and
31 December 2012. The Optum data in-
clude enrollment information and all med-
ical, pharmacy, and hospitalization claims
from �40 million commercially insured
members of a large national health plan.

We defined members living with type 1
diabetes by using a combination of type 1
diabetes ICD-9 codes plus one or more
insulin prescription codes. Members aged
16–24 years meeting the ICD-9 plus insulin
prescription criteria and with$12 months
of health plan enrollment were included.
The first year in which the member met
the type 1 diabetes criteria was consid-
ered the ascertainment year for baseline
analysis. Sociodemographic and comor-
bidity variables (as described below) were
collected during this ascertainment year.
The analytic data set included all medi-
cal, pharmacy, and hospitalization claims
for all available person-times for patients
in the cohort during the 16–24-year age
range. During our cohort construction, we
identified 14,616 individuals meeting the

above criteria, contributing 34,533 patient-
years to the study. The unit of analysis was
age-years or the year during which a given
individual was a specific age between
16 and 24 years.

Outpatient Visits
To construct outpatient visit utilization
measures, provider types were classified
in the Optum data set as adult or pedi-
atric, along with primary care or sub-
specialty designation. Family practice and
obstetrics/gynecology providers were
excluded. We first identified outpatient
visits based on CPT evaluation and man-
agement codes, then classified all out-
patient visits as to adult or pediatric
providers, and finally classified these visits
as primary care or endocrinology. In statis-
tical models, we defined receiving regular
primary care as having one or more pri-
mary care visits per age-year and regular
endocrinology as having two or more
endocrinology visits per age-year.

Outcome Measures
Health care utilization measures in this
study included total emergency depart-
ment visits, high-severity emergency de-
partment visits, total hospitalizations, and
diabetes hospitalizations categorized by
the Agency for Healthcare Research and
Quality (AHRQ) as preventable. We ap-
plied algorithms for detecting emergency
department visits using a combination of
place of service, revenue, and CPT codes.
We used a validated modification of the
Billings emergency department visit clas-
sification algorithm to categorize more
acute emergency department visits as
high severity (24–26). The Billings algo-
rithm provides a probability that a given
visit is nonemergency, is emergent but
primary care treatable, or requires emer-
gency department care. Per the validated
approach, we defined visits as high sever-
ity when the probability that the primary
diagnosis required emergency depart-
ment care was $75%.

We identified total hospitalizations using
a standard approach and excluded birth
hospitalizations on the basis of ICD-9-CM
diagnosis codes. We also calculated
diabetes hospitalizations specifically desig-
nated as preventable using a combination
of the four AHRQ-validated diabetes
preventable hospitalization categories:
diabetes short-term complication (e.g., dia-
betic ketoacidosis), diabetes long-term
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complication, uncontrolled diabetes, and
lower-extremity amputation among pa-
tients with diabetes.

Covariates
We used the Johns Hopkins Adjusted
Clinical Groups (ACG) system comorbid-
ity score (version 10) algorithm, a vali-
dated measure that categorizes diagnoses
based on ICD codes and predicts mortality
(27,28), to assess members’ baseline ascer-
tainment year morbidity. Consistent with
previous studies, low morbidity was de-
fined as a score of <2.0 and high mor-
bidity as $3.0 (26).
To derive proxy demographic measures,

the data vendor linked the insurance pol-
icy holder’s most recent residential street
address to their 2000 U.S. Census block
group. We created validated income- and
education-level categories with low in-
come defined as residence in neighbor-
hoods with below poverty levels of
>20%; midincome of 11–20%, and high
income of <10%. Census-based measures
of socioeconomic status have been vali-
dated (29,30) and used in multiple studies
to examine the impact of policy changes
on disadvantaged populations (31–33).
We classified members as from pre-

dominantly White, Black, or Hispanic
neighborhoods if they lived in a U.S.
Census block group (geocoding) with at
least 75% of residents of the respective
race/ethnicity. We then applied a super-
seding ethnicity assignment if members
had an ethnically unique surname (34) and
classified remaining members as from
mixed race/ethnicity neighborhoods. This
validated approach of combining surname
analysis and census data has positive and
negative predictive values of �80 and
90%, respectively (35). Other covariates
included calendar year, age category (16–18
vs. 19–24 years), sex, and U.S. region
(West, Midwest, South, and Northeast).

Statistical Analysis
Annual outpatient, emergency depart-
ment visit, and nonbirth hospitalization
rates were prorated over a year if the
member did not have 12 months of en-
rollment. We aligned members at their
age and assessed annual measures at
each age from 16 to 24 years. We gen-
erated marginal adjusted rates by age
for outpatient visits (primary care, endocri-
nology, and total outpatient visits), emer-
gency department visits, and nonbirth

hospitalizations using generalized es-
timating equations (GEEs) (36–38) and
plotted them with CIs. These marginal
adjusted rates included adjustment for sex,
U.S. region, ACG morbidity score, race/
ethnicity, and neighborhood income/
education. We also calculated the per-
centage of individuals at each age year
with zero adult plus pediatric endocri-
nology visits.

We then used GEEs to assess the im-
pact of age-group (16–18 vs. 19–24 years),
outpatient visits, and sociodemographic
variables on emergency department visit
and hospitalization rates, accounting for
within-patient clustering over time. We
specified a negative binomial distribution
for count outcomes (e.g., emergency de-
partment visits, nonbirth hospitalization)
using the log link function. Models were
adjusted for age category (16–18 vs.
19–24 years), receipt of regular primary
care, number of endocrinology visits (zero,
one, two or more), number of outpatient
visits per year, sex, U.S. region, ACG mor-
bidity score, race/ethnicity, and neighbor-
hood income/education. Statistical analyses
were conducted using Stata 15 (StataCorp
LLC, College Station, TX). P< 0.05 conveyed
statistical significance. The Harvard Pilgrim
Health Care Institutional Review Board
approved this study.

RESULTS

We identified 14,616 members with
type 1 diabetes in the 16–24-year age
range, contributing 34,533 patient-years
to the analytic data set over the selected
age-years. During the ascertainment year,
47% were female, 75% resided in high-
income neighborhoods, 84% lived in high
education neighborhoods, and 76% were
White (Table 1). The mean ACG morbidity
score was 2.5 (SD 3.2). The majority of
members were from the South (42%) and
Midwest (34%).

Trends in Outpatient Visits: Specialty
Versus Primary Care and Pediatric
Versus Adult Care
Over the 16–24-year age range, pediat-
ric endocrinology visits decreased from
1.7 visits per year at age 16 years to 0.5
visits per year by age 20 and 0.08 per
year by age 24. Pediatric primary care
visits decreased on a similar scale from
1.5 per year at age 16 years to 0.3 per year
by age 20 and 0.05 per year by age 24.
Adult endocrinology visits increased from

0.6 per year at age 16 years to a maxi-
mum of 1.4 per year by age 24. Adult pri-
mary care visits were lower than specialty
visits for this population, increasing from
0.2 visits per year at age 16 years to 0.75
per year by age 24 (Fig. 1A). Overall, com-
bined pediatric and adult endocrinology
visits decreased from 2.3 per year at age
16 years to 1.7 per year by age 20 and
1.5 by age 24. Combined pediatric and
adult primary care visits decreased from
1.7 per year at age 16 years to 0.8 per
year by age 20 and 0.8 per year by age 24
(Fig. 1B). Zero endocrinologist (adult plus
pediatric) visits increased from 22% of indi-
viduals at age 16 years to 41% by age 24
years. The incidence rate ratio (IRR) of

Table 1—Characteristics at cohort
ascertainment

Characteristic Value

Age, years, %
16 10.9
17 11.4
18 11.8
19 11.8
20 11.3
21 11.0
22 10.5
23 10.5
24 10.8

Male sex, % 52.9

Race/ethnicity, %

White 75.4
Mixed 13.7
Hispanic 7.4
Black 1.9
Asian 1.4
Missing (n = 33) 0.2

Neighborhood below
poverty level, %

<10% 75.0
11–20% 17.6
>20% 7.5
Missing (n = 21) 0.1

Neighborhood below high
school education level, %

<10% 84.4
11–20% 11.8
>20% 3.7
Missing (n = 21) 0.1

U.S. region, %

South 42.5
Midwest 33.7
West 14.7
Northeast 9.1
Missing (n = 9) 0.06

ACG score at the first enrolled
year within age 16–24 years,
mean ± SD

2.5 ± 3.3

Data are from 14,616 individuals contributing
34.533 patient-years to the study.
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having one or more endocrinology visits
per year in 19–24-year-olds, compared
with 16–18-year-olds, was 0.80 (95% CI
0.78, 0.81). The IRR of having one or
more primary care visits per year in
19–24-year-olds, compared with 16–18-
year-olds, was 0.57 (95% CI 0.78, 0.81).

Trends in Proxy Health Outcomes
by Age
Overall emergency department visits
increased from 45 per 100 per year at
age 16 years to 63 per 100 per year by
age 20, then stabilized to 60 per 100 per
year by age 24. High-severity emergency

department visits increased from 10 per
100 per year at age 16 years to 13 per
100 per year by age 20, decreasing to
8 per 100 per year by age 24.

Total hospitalizations increased from
13 per 100 per year at age 16 years to
21 per 100 per year by age 20, stabilizing

A

B

Pediatric

Pediatric

Figure 1—Outpatient visit trends by age. A: Trends broken down by pediatric endocrinology, pediatric primary care, adult endocrinology, and adult primary care
and internal medicine visits. B: Trends broken down by adult plus pediatric endocrinology and adult plus pediatric primary care visits. Depicted aremarginal rates
(visits per year) by age for outpatient visits, with adjustment for sex, U.S. region, ACGmorbidity score, race/ethnicity, and neighborhood income/education.
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at 17 per 100 per year by age 24 (Fig. 2).
AHRQ preventable diabetes hospitalizations
increased from 8 per 100 per year at
age 16 years to 14 per 100 per year by
age 19, decreasing to 9 per 100 per
year by age 24.

Variables Affecting Acute Care
Utilization

Overall Emergency Department Visits

In the GEE analysis assessing predictors
of overall emergency department visits,
young adults (aged 20–24 years) were
significantly more likely to have emergency
department visits relative to adolescents
(IRR 1.24 [95% CI 1.18, 1.31]), as were
those with race classified as Black versus
White (IRR 1.35 [95% CI 1.11, 1.63]) or
mixed neighborhood race/ethnicity ver-
sus White (IRR 1.18 [95% CI 1.08, 1.29])
and females versus males (IRR 1.19 [95%
CI 1.12, 1.25]) (Table 2). Those with higher
medical complexity as per ACG score also
had increased emergency department
visits (IRR 1.11 [95% CI 1.10, 1.63] per
unit ACG score increase). Regional dif-
ferences were also noted, with higher
rates of emergency department visits
in the Midwest and South relative to
the Northeast and West. Lower income
(IRR 1.22 [95% CI 1.12, 1.32] for neigh-
borhood poverty level $10%) and lower
education (IRR 1.21 [95% CI 1.09, 1.33]
for neighborhood education below high

school $10%) were also associated with
higher risk for emergency department
visits. Individuals with two or more en-
docrinology visits per year were signifi-
cantly less likely to have an emergency
department visit in that year (IRR 0.78
[95% CI 0.73, 0.82]), with a similar but
smaller protective effect for one endo-

crinology visit (IRR 0.88 [95% CI 0.82,
0.94]); a significant effect was not
seen for one or more primary care
visits.

Hospitalizations

In the models assessing predictors of
hospitalizations, similar patterns were seen

Figure 2—Overall emergency department (ED) visits and nonobstetric (non-OB) hospitalizations by age. Depicted are marginal adjusted rates (visits
per 100 per year) by age for ED visits and non-OB hospitalizations, with adjustment for sex, U.S. region, ACG morbidity score, race/ethnicity, and
neighborhood income/education.

Table 2—Predictors of overall emergency department visits

Variable IRR (95% CI) P

Female (ref. male) 1.19 (1.12, 1.25) <0.0001

Young adult aged 19–24 years (ref. 16–18 years) 1.24 (1.18, 1.31) <0.0001

Race (ref. White)

Black 1.35 (1.11, 1.63) 0.002
Mixed 1.18 (1.08, 1.29) <0.0001
Hispanic 1.09 (0.97, 1.21) 0.14
Asian 0.83 (0.57, 1.20) 0.33

ACG score 1.11 (1.10, 1.12) <0.0001

U.S. region (ref. West)

Midwest 1.35 (1.22, 1.49) <0.0001
South 1.16 (1.06, 1.28) 0.002
Northeast 1.16 (1.02, 1.32) 0.023

Lower income (neighborhood poverty level $10%)
(ref. <10%)

1.22 (1.12, 1.32) <0.0001

Lower education (neighborhood below high school $10%)
(ref. <10%)

1.21 (1.09, 1.33) <0.0001

$1 Primary care visits per year (ref. <1) 1.05 (0.99, 1.11) 0.06

Endocrinology visits per year (ref. 0)

$2 0.78 (0.73, 0.82) <0.0001
1 0.88 (0.82, 0.94) <0.0001

Boldface indicates significance at P < 0.05. ref., reference.
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compared with the overall emergency de-
partment visit analyses (Table 3). Young
adults (aged 20–24 years) were signifi-
cantly more likely to be hospitalized rela-
tive to adolescents (IRR 1.25 [95% CI 1.15,
1.36]), as were those with race classified
as mixed versus White (IRR 1.21 [95% CI
1.06, 1.40]) and females versus males (IRR
1.32 [95% CI 1.19, 1.45]). Individuals with
race classified as Black versus White expe-
rienced more hospitalizations (IRR 1.43
[95% CI 1.06, 1.93]). Individuals with
higher medical complexity as per ACG
score also experienced more hospital-
izations (IRR 1.14 [95% CI 1.13, 1.15]
per unit ACG score increase). Significant
regional differences were not noted for
hospitalizations. Lower income (IRR 1.22
[95% CI 1.07, 1.40] for neighborhood
poverty level $10%) and lower educa-
tion (IRR 1.28 [95% CI 1.09, 1.50] for
neighborhood education below high
school $10%) also conferred higher
risk. As with overall emergency depart-
ment visits, individuals with two or
more endocrinology visits per year
were significantly less likely to be
hospitalized in that year (IRR 0.76
[95% CI 0.69, 0.83]). Statistically signifi-
cant protective effects were not noted
for one endocrinology visit or one or
more primary care visits.

CONCLUSIONS

Results from our sample, representing
>14,000 commercially insured adolescents
and young adults with type 1 diabetes
from diverse locations across the U.S.,
demonstrate concerning declines in
outpatient care utilization and concom-
itant increases in costly adverse proxy
health outcomes across the late adoles-
cent and early young adult years. These
data depict the experiences of adolescents
and young adults from the first decade
and a half of the 21st century and pro-
vide an important point of comparison
for researchers and policymakers aiming
to reduce acute care utilization and
improve outcomes in this vulnerable
population.

Overall, annual endocrinology visits
(pediatric and adult) in this population
declined by >50%, from 2.3 per year at
age 16 years to 1.7 per year by age 20
and 1.5 by age 24. Furthermore, the per-
centage of individuals with zero endocri-
nologist visits increased from 22 to 41%
between age 16 and 24 years. The Amer-
ican Diabetes Association recommends
medical assessment every 3 months for
this population (39). Adult primary care
visits were lower than adult endocrinol-
ogy visits at all age points. The substan-
tial drop-off in pediatric visits and increase

in adult visits around age 19 years suggests
a trend of transition to adult care in that
age range, which is consistent with limited
U.S. data in the diabetes literature (18,19).
The endocrinologist visit data are par-
ticularly relevant because previous re-
search has shown that endocrinologists
(rather than primary care providers)
provide the main diabetes care for the
majority of young adults with type 1 di-
abetes (40). Among young adults aged
$18 years in the SEARCH for Diabetes
in Youth study (a population-based
cohort), 45% designated their main
diabetes care provider as an adult en-
docrinologist and 24% as a pediatric
endocrinologist compared with only
17% as a primary care provider or general
practitioner (40).

In our results, visits to pediatric pro-
viders declined, but the difference was
not fully recouped by visits to adult
providers. Possible contributing factors
include competing young adult life de-
mands, clinical recommendations to be
seen less frequently in adult clinics, or
the reported relative decrease in avail-
ability of adult endocrinology providers
in the U.S. (41). However, fragmentation
of care around transition is also an im-
portant factor that contributes to de-
creased visit rates in young adults. Gaps
>6 months between pediatric and adult
care have been reported by 21–34% of
posttransition young adults with type 1
diabetes, with gaps occurring less fre-
quently in individuals who had regular
pediatric visits in the year before transi-
tion (9,11). Young adults with gaps be-
tween pediatric and adult care may be
at risk for further loss to follow-up and
disconnection from adult care. Given the
vulnerability and increased risk of ad-
verse outcomes in young adults, careful
attention to transition planning, coordi-
nated adult care referrals, and young
adult support is warranted across the
transition period.

We found that inpatient hospitalization
rates increased from 14 per 100 per year
in members aged 16 year to 21 per
100 per year by age 19, and emergency
department visits increased from 45 per
100 per year in those aged 16 to 63 per
100 per year by age 20. For comparison,
in a published analysis of largely older
adults from the Optum database (N =
23,493, 88% aged >40 years, any diabetes
type), total hospitalizations were �13 per
100 per year, and emergency department

Table 3—Predictors of inpatient (nonobstetric) hospitalizations

Variable IRR (95% CI) P

Female (ref. male) 1.32 (1.19, 1.45) <0.0001

Young adult aged 19–24 years (ref. 16–18 years) 1.25 (1.15, 1.36) <0.0001

Black (ref. White) 1.43 (1.06, 1.93) 0.018

Mixed 1.22 (1.06, 1.40) 0.007
Hispanic 1.09 (0.90, 1.32) 0.37
Asian 1.00 (0.56, 1.77) 0.99

ACG score 1.14 (1.13, 1.15) <0.0001

U.S. region (ref. West)

Midwest 1.16 (0.99, 1.35) 0.07
South 1.13 (0.98, 1.31) 0.10
Northeast 0.83 (0.67, 1.02) 0.07

Lower income (neighborhood poverty level $10%)
(ref. <10%)

1.22 (1.07, 1.40) 0.003

Lower education (neighborhood below high school $10%)
(ref. <10%)

1.28 (1.09, 1.50) 0.002

$1 Primary care visit per year (ref. <1) 1.06 (0.97, 1.15) 0.22

Endocrinology visits per year (ref. 0)

$2 0.76 (0.69, 0.84) <0.0001
1 0.96 (0.87, 1.08) 0.58

Boldface indicates significance at P < 0.05. ref., reference.
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visits were 25 per 100 patient-per year
(26). Our population had higher rates, espe-
cially for young adults and for emergency
department utilization. In our multivariate
models, young adults were �25% more
likely to have emergency department visits
or hospitalizations relative to adolescents.
Our acute care utilization data corre-

spond with hospitalization trends reported
from other populations. For instance, in a
California Medicaid analysis, 19–21-year-
olds with type 1 diabetes had significantly
higher rates of hospitalizations and emer-
gency department visits compared with
younger age-groups (21). A more recent
California statewide inpatient database
analysis showed a significant rise in dia-
betes-related hospitalizations between
age 17 and 19 years (42). A Nationwide
Inpatient Sample analysis also showed
age-specific increases in annual hospital-
izations for diabetes at ages 20–24 years
(43). A population-based administrative
data set analysis of young adults with
type 1 diabetes aged 18–20 years in On-
tario showed a significant increase in
diabetes-related hospitalizations in the
2 years after transition to adult care (17).
A recent systematic literature review of
diabetic ketoacidosis prevalence in adults
highlighted that young adults aged
18–25 years were at highest risk (4).
The high emergency department utili-

zation in young adults (far above hospi-
talization rates) is striking and raises the
concern that young adults may be seek-
ing routine care (e.g., insulin prescription
refills) in the emergency department set-
ting. Of note, total emergency depart-
ment visits were at least four times
higher than high-severity emergency
department visits in our analyses. While
less is known about emergency care utili-
zation in young adults with type 1 dia-
betes, high rates of emergency care
utilization related to lack of routine care
have been reported in the general young
adult population (44,45) and in young
adults with asthma (46).
Lack of a diabetes medical home may

be one cause of increased emergency
department utilization. Importantly, we
found that individuals with two or more
endocrinology visits per year were >20%
less likely to have an emergency depart-
ment visit or hospitalization, and even
one endocrinology visit per year was as-
sociated with a >10% decreased risk of
emergency department use. However, we
found no protective association between

primary care visits and either type of
acute care utilization for this population.
These results suggest an integral role for
subspecialty diabetes care, which may
function as a safety net in preventing
loss to follow-up and related acute care
utilization for older adolescents and young
adults, as well as the need for improved
integration between diabetes specialty
care and primary care.

Previous work using Medicaid claims
has shown that children and adoles-
cents admitted for diabetic ketoacidosis
were significantly less likely to have vis-
ited an endocrinologist in the preceding
120 days (20). In a single-center longitu-
dinal onset cohort of 61 children and
adolescents with type 1 diabetes, those
with irregular endocrinology follow-up
were more likely to be admitted for dia-
betic ketoacidosis (47). In addition, the
above Ontario analysis showed that conti-
nuity of the patient-physician relationship
was protective against hospitalization in
posttransfer young adults with type 1 dia-
betes (17). More broadly, poor access to
medical care has been linked to higher
rates of hospitalizations across multiple
chronic diseases in adults (48).

Other salient findings for significant
predictors of acute care utilization in-
cluded race/ethnicity and geocoded so-
cioeconomic variables. We observed an
increased incidence of emergency de-
partment use in Black and mixed race
individuals; the trend for hospitaliza-
tions was markedly similar, although the
P value for Black race did not meet the
specified level of significance, possibly
because of small sample size. We also
noted a significantly elevated risk for
both emergency department use and
hospitalizations in the setting of lower
education or income levels. These ob-
servations suggest a need to provide
active and innovative outreach to pop-
ulations with risk factors for greater
emergency department use and for
hospitalization. Such efforts may help
to reduce the recognized health dis-
parities that are evident in racial and
ethnic minority groups, a finding af-
firmed in our analyses.

Recent studies have highlighted racial/
ethnic and socioeconomic disparities in
glycemic outcomes and advanced diabe-
tes technology treatment modalities in
children (49,50) and young adults (51).
Future studies with larger minority sam-
ples are needed to uncover and address

interventions for modifiable drivers of
disparities in type 1 diabetes.

Strengths of this study include the
large sample size and ability to assess
both pediatric and adult visits and acute
care utilization at a high level with a na-
tional scope across various health care
settings and regions. However, there are
a number of limitations. The study covers
the years 2005–2012 and does not in-
clude data from more recent years, al-
though the results provide an important
point for comparison in the challenging
landscape of type 1 diabetes transition.
Information on glycemic control (hemo-
globin A1c values) is not available in the
claims data environment. Our data do
not include information on diabetes de-
vice (insulin pump, continuous glucose
monitor) use or telehealth utilization,
though these were less prevalent during
the study period; future studies should
examine diabetes technology claims to
assess the impact of these devices on
transition care trends. Our study used a
dynamic cohort design with variable par-
ticipation times, and we were not able
to pinpoint the precise time of transition
to adult diabetes care; future studies
should perform analyses on continuously
enrolled populations to clarify transition
patterns. Socioeconomic and racial/ethnic
data were limited by geocoding and
neighborhood-level variables (though
obtained through well-validated ap-
proaches) and have the potential for
misclassification; our sample had mini-
mal racial and ethnic diversity and more
of a focus on Midwestern and Southern
populations. Finally, our results may not
be representative of newly insured peo-
ple and do not include information about
publicly insured populations.

In conclusion, young adults with type 1
diabetes experience decreased subspeci-
alty endocrinology care and increased
emergency department utilization and
hospitalizations compared with adoles-
cents, which is further compounded by
social determinants of health. Young adults
may experience disruptions in outpatient
diabetes care during the high-risk transi-
tion period, and more frequent subspeci-
alty diabetes care is strongly associated
with decreased acute care utilization.
There is an urgent need to test inter-
ventions to improve transition prepa-
ration and care navigation targeted to
high-risk groups and to strengthen the
diabetes medical home and specialty care/
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primary care integration across diverse
populations of young adults with type 1
diabetes.

Funding. This work was supported by the Na-
tional Institute for Diabetes and Digestive and
Kidney Diseases K23DK102655.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. K.C.G. researched data
and wrote the manuscript. J.A.F. and L.L. con-
tributed to the discussion and reviewed and
edited the manuscript. F.Z. and R.L. analyzed
data and reviewed and edited the manuscript.
J.F.W. researched data, analyzed data, and re-
viewed and edited the manuscript. K.C.G. is the
guarantor of this work and, as such, had full ac-
cess to all the data in the study and takes re-
sponsibility for the integrity of the data and the
accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the 77th Scien-
tific Sessions of the American Diabetes Associ-
ation, San Diego, CA, 9–13 June 2017.

References
1. Peters A; American Diabetes Association
Transitions Working Group. Diabetes care for
emerging adults: recommendations for transition
from pediatric to adult diabetes care systems: a
position statement of the American Diabetes
Association, with representation by the American
College of Osteopathic Family Physicians, the
American Academy of Pediatrics, the American
Association of Clinical Endocrinologists, the
American Osteopathic Association, the Centers for
Disease Control and Prevention, Children with
Diabetes, The Endocrine Society, the International
Society for Pediatric and Adolescent Diabetes,
Juvenile Diabetes Research Foundation Inter-
national, the National Diabetes Education Program,
and the Pediatric Endocrine Society (formerly
Lawson Wilkins Pediatric Endocrine Society).
Diabetes Care 2011;34:2477–2485
2. Clements MA, Foster NC, Maahs DM, et al.;
T1D Exchange Clinic Network. Hemoglobin A1c
(HbA1c) changes over time among adolescent
and young adult participants in the T1D Exchange
Clinic Registry. Pediatr Diabetes 2016;17:327–336
3. Foster NC, Beck RW, Miller KM, et al. State
of type 1 diabetes management and outcomes
from the T1D Exchange in 2016-2018. Diabetes
Technol Ther 2019;21:66–72
4. Fazeli Farsani S, Brodovicz K, Soleymanlou N,
Marquard J, Wissinger E, Maiese BA. Incidence
and prevalence of diabetic ketoacidosis (DKA)
among adults with type 1 diabetes mellitus (T1D):
a systematic literature review. BMJ Open 2017;
7:e016587
5. Dabelea D, Stafford JM, Mayer-Davis EJ, et al.;
SEARCH for Diabetes in Youth Research Group.
Association of type 1 diabetes vs type 2 diabetes
diagnosed during childhood and adolescence
with complications during teenage years and
young adulthood. JAMA 2017;317:825–835
6. Bryden KS, Dunger DB, Mayou RA, Peveler RC,
Neil HA. Poor prognosis of young adults with
type 1 diabetes: a longitudinal study. Diabetes
Care 2003;26:1052–1057

7. Laing SP, Jones ME, Swerdlow AJ, Burden AC,
Gatling W. Psychosocial and socioeconomic risk
factors for premature death in young people with
type 1 diabetes. Diabetes Care 2005;28:1618–
1623
8. Busse FP, Hiermann P, Galler A, et al.
Evaluation of patients’ opinion and metabolic
control after transfer of young adults with type 1
diabetes from a pediatric diabetes clinic to adult
care. Horm Res 2007;67:132–138
9. Garvey KC, Foster NC, Agarwal S, et al. Health
care transition preparation and experiences in a
U.S. national sample of young adults with type 1
diabetes. Diabetes Care 2017;40:317–324
10. Garvey KC, Telo GH, Needleman JS, Forbes P,
Finkelstein JA, Laffel LM. Health care transition in
young adults with type 1 diabetes: perspectives
of adult endocrinologists in the U.S. Diabetes
Care 2016;39:190–197
11. Garvey KC, Wolpert HA, Rhodes ET, et al.
Health care transition in patients with type 1
diabetes: young adult experiences and relationship
to glycemic control. Diabetes Care 2012;35:1716–
1722
12. Kipps S, Bahu T, Ong K, et al. Current
methods of transfer of young people with type 1
diabetes to adult services. Diabet Med 2002;
19:649–654
13. Pacaud D, Yale J, Stephure D, Dele-Davies H.
Problems in transition from pediatric to adult
care in individuals with diabetes. Can J Diabetes
2005;40:29–35
14. Raymond JK, Duke DC, Shimomaeda L, Harris
MA. Looking forward to transition: perspectives
on transition from pediatric to adult diabetes
care. DiabetesManag (Lond) 2013;3(4)
15. Weissberg-Benchell J, Wolpert H, Anderson
BJ. Transitioning from pediatric to adult care: a
new approach to the post-adolescent young
person with type 1 diabetes. Diabetes Care
2007;30:2441–2446
16. Goossens E, Bovijn L, Gewillig M, Budts W,
Moons P. Predictors of care gaps in adolescents
with complex chronic condition transitioning to
adulthood. Pediatrics 2016;137:e20152413
17. Nakhla M, Daneman D, To T, Paradis G,
Guttmann A. Transition to adult care for youths
with diabetes mellitus: findings from a Universal
Health Care System. Pediatrics 2009;124:e1134–
e1141
18. Helgeson VS, Reynolds KA, Snyder PR, et al.
Characterizing the transition from paediatric to
adult care among emerging adults with type 1
diabetes. DiabetMed 2013;30:610–615
19. Lotstein DS, Kuo AA, Strickland B, Tait F. The
transition to adult health care for youth with
special health care needs: do racial and ethnic
disparities exist? Pediatrics 2010;126(Suppl. 3):
S129–S136
20. Crossen SS, Wilson DM, Saynina O, Sanders
LM. Outpatient care preceding hospitalization
for diabetic ketoacidosis. Pediatrics 2016;137:
e20153497
21. Lee JM, Sundaram V, Sanders L, Chamberlain
L, Wise P. Health care utilization and costs of
publicly-insured children with diabetes in California.
J Pediatr 2015;167:449–54.e6
22. Pettus JH, Zhou FL, Shepherd L, et al.
Incidences of severe hypoglycemia and diabetic
ketoacidosis and prevalence of microvascular
complications stratified by age and glycemic
control in U.S. adult patients with type 1

diabetes: a real-world study. Diabetes Care
2019;42:2220–2227
23. Gaffney A, Christopher A, Katz A, et al. The
Incidence of Diabetic Ketoacidosis During “Emerging
Adulthood” in the USA and Canada: a Population-
Based Study. J Gen InternMed2019;34:1244–1250
24. Ballard DW, Price M, Fung V, et al. Validation
of an algorithm for categorizing the severity of
hospital emergency department visits. Med Care
2010;48:58–63
25. Wharam JF, Landon BE, Galbraith AA,
Kleinman KP, Soumerai SB, Ross-Degnan D.
Emergency department use and subsequent
hospitalizations among members of a high-
deductible health plan. JAMA 2007;297:1093–
1102
26. Wharam JF, Zhang F, Eggleston EM, Lu CY,
Soumerai SB, Ross-Degnan D. Effect of high-
deductible insurance on high-acuity outcomes
in diabetes: a Natural Experiment for Translation
in Diabetes (NEXT-D) study. Diabetes Care 2018;
41:940–948
27. Reid RJ, Roos NP, MacWilliam L, Frohlich N,
Black C. Assessing population health care need
using a claims-based ACG morbidity measure: a
validation analysis in the Province of Manitoba.
Health Serv Res 2002;37:1345–1364
28. University JH. The Johns Hopkins ACG Case-
Mix System Reference Manual, Version 7.0.
Baltimore,The Johns Hopkins University, 2005
29. Krieger N. Overcoming the absence of
socioeconomic data in medical records: validation
and application of a census-based methodology.
Am J Public Health 1992;82:703–710
30. Krieger N, Chen JT, Waterman PD, Rehkopf
DH, Subramanian SV. Race/ethnicity, gender, and
monitoring socioeconomic gradients in health:
a comparison of area-based socioeconomic
measures–the public health disparities geocoding
project. Am J Public Health 2003;93:1655–1671
31. Selby JV, Fireman BH, Swain BE. Effect of a
copayment on use of the emergency department
in a health maintenance organization. N Engl J
Med 1996;334:635–641
32. Trivedi AN, Rakowski W, Ayanian JZ. Effect of
cost sharing on screening mammography in
Medicare health plans. N Engl J Med 2008;
358:375–383
33. Trivedi AN, Zaslavsky AM, Schneider EC,
Ayanian JZ. Relationship between quality of care
and racial disparities in Medicare health plans.
JAMA 2006;296:1998–2004
34. Ethnic Technologies. E-tech 2022. Accessed
26 July 2022. Available from https://www.
ethnictechnologies.com/e-tech
35. Fiscella K, Fremont AM. Use of geocoding and
surname analysis to estimate race and ethnicity.
Health Serv Res 2006;41:1482–1500
36. Bartus T. Estimation of marginal effects using
margeff. Stata J 2005;5:309–329
37. Graubard BI, Korn EL. Predictive margins
with survey data. Biometrics 1999;55:652–659
38. Searle SR, Speed FM, Milliken GA. Population
marginal means in the linear model: an alternative
to least squaresmeans. Am Stat 1980;34:216–221
39. Draznin B, Aroda VR, Bakris G, et al.;
American Diabetes Association Professional Practice
Committee. 14. Children and adolescents: Standards
of Medical Care in Diabetes-2022. Diabetes Care
2022;45(Suppl. 1):S208–S231
40. Waitzfelder B, Pihoker C, Klingensmith G,
et al.; SEARCH for Diabetes in Youth Study Group.

2516 Utilization Trends Across Transition Diabetes Care Volume 45, November 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/11/2509/690182/dc220152.pdf by guest on 09 April 2024

https://www.ethnictechnologies.com/e-tech
https://www.ethnictechnologies.com/e-tech


Adherence to guidelines for youths with diabetes
mellitus. Pediatrics 2011;128:531–538
41. Vigersky RA, Fish L, Hogan P, et al. The clinical
endocrinology workforce: current status and
future projections of supply and demand. J Clin
Endocrinol Metab 2014;99:3112–3121
42. Nip ASY, Lodish M. Trend of diabetes-related
hospital admissions during the transition period
from adolescence to adulthood in the state of
California. Diabetes Care 2021;44:2723–2728
43. Lee JM, Okumura MJ, Freed GL, Menon RK,
Davis MM. Trends in hospitalizations for diabetes
among children and young adults: United States,
1993 2004. Diabetes Care 2007;30:3035–3039
44. Callahan ST, Cooper WO. Changes in
ambulatory health care use during the transition

to young adulthood. J Adolesc Health 2010;46:
407–413
45. Fortuna RJ, Robbins BW, Mani N, Halterman
JS. Dependence on emergency care among young
adults in the United States. J Gen Intern Med
2010;25:663–669
46. Chua KP, Schuster MA, McWilliams JM.
Differences in health care access and utilization
between adolescents and young adults with
asthma. Pediatrics 2013;131:892–901
47. Jacobson AM, Hauser ST,Willett J, Wolfsdorf
JI, Herman L. Consequences of irregular versus
continuous medical follow-up in children
and adolescents with insulin-dependent
diabetes mellitus. J Pediatr 1997;131:
727–733

48. Bindman AB, Grumbach K, Osmond D, et al.
Preventable hospitalizations and access to health care.
JAMA1995;274:305–311
49. Lai CW, Lipman TH, Willi SM, Hawkes CP.
Racial and ethnic disparities in rates of continuous
glucose monitor initiation and continued use in
children with type 1 diabetes. Diabetes Care
2021;44:255–257
50. Willi SM, Miller KM, DiMeglio LA, et al.; T1D
Exchange Clinic Network. Racial-ethnic disparities
in management and outcomes among children
with type 1 diabetes. Pediatrics 2015;135:424–434
51. Agarwal S, Kanapka LG, Raymond JK, et al.
Racial-ethnic inequity in young adults with type 1
diabetes. J Clin Endocrinol Metab 2020;105:
dgaa236

diabetesjournals.org/care Garvey and Associates 2517

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/11/2509/690182/dc220152.pdf by guest on 09 April 2024

https://diabetesjournals.org/care

