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OBJECTIVE

To describe temporal trends and correlates of glycemic control in youth and
young adults (YYA) with youth-onset diabetes.

RESEARCH DESIGN AND METHODS

The study included 6,369 participants with type 1 or type 2 diabetes from the
SEARCH for Diabetes in Youth study. Participant visit data were categorized into
time periods of 2002–2007, 2008–2013, and 2014–2019, diabetes durations of
1–4, 5–9, and ‡10 years, and age groups of 1–9, 10–14, 15–19, 20–24, and ‡25
years. Participants contributed one randomly selected data point to each dura-
tion and age group per time period. Multivariable regression models were used
to test differences in hemoglobin A1c (HbA1c) over time by diabetes type. Models
were adjusted for site, age, sex, race/ethnicity, household income, health insur-
ance status, insulin regimen, and diabetes duration, overall and stratified for
each diabetes duration and age group.

RESULTS

Adjusted mean HbA1c for the 2014–2019 cohort of YYA with type 1 diabetes was
8.8 ± 0.04%. YYA with type 1 diabetes in the 10–14-, 15–19-, and 20–24-year-old
age groups from the 2014–2019 cohort had worse glycemic control than the
2002–2007 cohort. Race/ethnicity, household income, and treatment regimen
predicted differences in glycemic control in participants with type 1 diabetes
from the 2014–2019 cohort. Adjusted mean HbA1c was 8.6 ± 0.12% for
2014–2019 YYA with type 2 diabetes. Participants aged ‡25 years with type 2 dia-
betes had worse glycemic control relative to the 2008–2013 cohort. Only treat-
ment regimen was associated with differences in glycemic control in participants
with type 2 diabetes.

CONCLUSIONS

Despite advances in diabetes technologies, medications, and dissemination of
more aggressive glycemic targets, many current YYA are less likely to achieve
desired glycemic control relative to earlier cohorts.

Optimal glycemic control is the aim of diabetes care. Clinical trials in both type 1
and type 2 diabetes have established the link between glycemic control and the
risk for development of diabetes complications (1,2). The SEARCH for Diabetes in
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Youth (SEARCH) study first reported its
cross-sectional analysis evaluating glyce-
mic control in youth with diabetes in
2009, at a time when limited data were
available on glycemic control in large
populations in the U.S. (3). This initial
work highlighted that a substantial per-
centage of youth with type 1 and type
2 diabetes had poor glycemic control
(HbA1c $9.5%). SEARCH also helped
shed light on disparities in glycemic out-
comes in youth, as racial/ethnic minori-
ties are more likely to have higher
HbA1c levels compared with non-His-
panic White youth irrespective of the
type of diabetes (4).

Since the 2009 SEARCH publication,
the landscape of diabetes management
has changed dramatically. Most notably,
diabetes technology has rapidly evolved,
with new technologies being developed
and improved every year. The use of
continuous subcutaneous insulin infu-
sion and continuous glucose monitoring
(CGM) systems in the U.S. has inc-
reased, especially among youth with
type 1 diabetes (5,6). In addition, to
reflect new evidence regarding the risks
and benefits of tight glycemic control in
children and adolescents with diabetes,
recent national and international rec-
ommendations endorse lower HbA1c
targets, resulting in providers prescrib-
ing more intensive diabetes manage-
ment for all pediatric age groups (7,8).

The T1D Exchange Registry and the
Pediatric Diabetes Consortium are two
large registry studies in the U.S. that
have reported on glycemic control among
youth with type 1 diabetes and type 2
diabetes, respectively (9,10). While both
have helped to describe the recent state
of treatment of youth with diabetes in
the U.S., the T1D Exchange Registry and
the Pediatric Diabetes Consortium have
only been able to comment on glycemic
trends over the past decade. Beginning in
2002, SEARCH has recruited a series of
incident racially/ethnically and socioeco-
nomically diverse youth cohorts with
both type 1 and type 2 diabetes who are
well-characterized through a variety of
surveys and physical and laboratory asse-
ssments soon after diagnosis and have
been followed longitudinally. Given the
availability of population-based SEARCH
longitudinal data related to glycemic con-
trol to evaluate the impact of the chang-
ing landscape of diabetes management,
the study objective was to describe tem-

poral trends in glycemic control by age
and diabetes duration in youth-onset dia-
betes, beginning 1 year after diagnosis. In
addition, we sought to identify correlates
of glycemic control among youth with
type 1 and type 2 diabetes in the 2014–
2019 SEARCH cohort of youth and young
adults (YYA) to identify groups of patients
who may benefit from targeted interven-
tions to improve metabolic control.

RESEARCH DESIGN AND METHODS

Study Population
SEARCH is a population-based registry
network that includes five centers located
in California, Colorado, Ohio, South Caro-
lina, and Washington. Children and ado-
lescents with diabetes diagnosed before
20 years of age were identified from
ongoing surveillance of networks. Com-
prehensive details pertaining to the rec-
ruitment and study visit components of
the SEARCH study have previously been
published (11). In the first two phases of
SEARCH (SEARCH 1 and 2), individuals
newly diagnosed with diabetes in 2002–
2006 and 2008 were contacted and
recruited for a baseline research visit. Inci-
dent cases from 2002–2005 were also
asked to return for visits at 12, 24, and
60 months after their baseline visit to
measure risk factors for diabetes compli-
cations. Also, in the first phase of the
study (SEARCH 1), prevalent cases of dia-
betes, diagnosed prior to 2002, were
invited for a single visit. In the third phase
(SEARCH 3), a subset of SEARCH partici-
pants with a duration of diabetes >5
years were recruited for an outcome visit
between 2011 and 2015, for whom a sin-
gle assessment of diabetes-related data
collection was completed. In the fourth
phase (SEARCH 4), all SEARCH participants
aged >10 years were operationally split
into a group invited to another study visit
between 2015 and 2019 and those who
were only invited to complete surveys.
Those invited to the in-person research
visit included all individuals with type 2
diabetes, all non-Whites, and a random
sample of non-Hispanic Whites with type
1 diabetes. Since SEARCH is a population-
based study, the study site that recruited
the participant was often not the clinical
location where participants received their
diabetes care.

Research visits included questionnaire
administration along with collection of
anthropometric measurements and a

blood sample. HbA1c levels were mea-
sured from blood samples obtained at a
research study visit. Measurement of
HbA1c was performed at the Northwest
Lipid Metabolism and Diabetes Research
Laboratories, University of Washington,
which was the central laboratory for the
study. Measurements were performed
using an automated nonporous ion
exchange high-performance liquid chro-
matography system (Tosoh Bioscience,
Montgomeryville, PA). This method has
demonstrated to be linear from a total
area of 500 to >4,500, indicating that
the results are accurate within a large
range of number of red cells. If the total
area is <500, results are not reported; if
the total area is >4,500, the analysis is
repeated after sample dilution. A set of
quality control samples with low and
high levels of HbA1c was analyzed several
times per day to monitor the assay per-
formance, and the between-assay coeffi-
cients of variation on the two controls
were consistently <1.0% and <0.7%,
respectively. Aliquots of six whole blood
pools prepared in the laboratory with
values of 5.0%, 6.0%, 7.0%, 7.5%, 8.0%,
and 9.0% stored under liquid nitrogen
and analyzed each month for several
days to monitor the longitudinal stability
of the assay.

SEARCH participants with a diabetes
duration >1 year at a study visit were
included in the study sample. Diabetes
type was based on provider diagnosis
within 6 months of diagnosis. Partici-
pants with a type 1 diabetes provider
diagnosis who were not on insulin were
excluded. For all participants, the par-
ent, adolescent or young adult, or both
provided consent or assent. The institu-
tional review boards for all sites app-
roved the study protocol.

Statistical Analyses
SEARCH study visits were conducted
from 2002 through 2019. All partici-
pants with an eligible visit are included
in the analytic data set at least once.
Participants could have had up to six
visits over that time period. A sample of
visits for this analysis was randomly
selected from the SEARCH data in such
a way as to prioritize inclusion in diabe-
tes duration groups (1–4 years, 5–9
years, and $10 years) and time periods
(2002–2007, 2008–2013, and 2014–2019;
the 2002–2007 cohort represents the
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cohort reported in the initial 2009
SEARCH publication) while ensuring that
no participant would have multiple visits
within a duration group or time period
(Supplementary Fig. 1). By doing this,
independence assumptions of statistical
methods and analysis stratified by diabe-
tes duration or time period would not be
violated due to multiple records per par-
ticipant. A sensitivity analysis was con-
ducted to verify that the analytic data
set was consistent with other randomly
drawn samples using the same criteria.
All analyses were stratified by diabe-

tes type. Participant characteristics were
summarized using frequencies and per-
centages for categorical variables or means
and SDs for continuous measures. Unad-
justed linear regression models stratified
by duration group were used to evaluate
differences in HbA1c across time periods.
Multivariable linear regression models,
stratified by duration group, were then
used to test differences in HbA1c over time
after adjustment for clinical site, age, sex,
race/ethnicity, household income, health
insurance status, insulin regimen, and dis-
ease duration. Repeated-measures linear
models were not stratified by diabetes
duration (“overall” in tables) to account
for the multiple visits (over the three time
periods) per participant. Plots were cre-
ated to investigate the association of age
group and time period with HbA1c using
results of the fully adjusted stratified multi-
variable linear models. Multivariable linear
models, stratified by diabetes type and
adjusted for all covariates, were used to
investigate the associations of HbA1c with
participant characteristics during the last
time period (2014–2019). All analyses
were completed using SAS version 9.4
(SAS Institute, Cary, NC).

RESULTS

Longitudinal analysis included 6,369
(n = 5,482 type 1 and n = 887 type 2)
SEARCH participants. Descriptive charac-
teristics of the study sample are shown
in Table 1. While the sex of participants
across the three time periods was fairly
similar irrespective of diabetes type, the
2014–2019 sample of YYA with type 1
diabetes is comprised of a higher per-
centage of non-Hispanic Black and His-
panic participants as compared with
earlier cohorts due to the SEARCH 4
sampling strategy. Age and average
duration of diabetes increased among

participants with both type 1 and type
2 diabetes across successive SEARCH
cohorts. There was also an increase in
insulin pump use and CGM use in the
more recent cohorts of participants
with type 1 diabetes.

The estimated average adjusted HbA1c
for the 2014–2019 cohort of YYA with
type 1 diabetes was 8.8 ± 0.04% (72
mmol/mol) (Table 2). There was a statis-
tically significant difference in HbA1c
among the three cohorts, with the aver-
age adjusted HbA1c for the 2014–2019
cohort with type 1 diabetes being 0.3%
higher than the mean HbA1c for the
2002–2007 cohort (8.5 ± 0.03% [70
mmol/mol]). When examined by diabe-
tes duration, YYA with type 1 diabetes
and a diabetes duration of 5–9 years
exhibited a temporal trend of worse gly-
cemic control in recent years (2002–
2007: 8.6% [70 mmol/mol] vs. 2008–
2013: 9.1% [76 mmol/mol] vs. 2014–
2019: 9.2% [77 mmol/mol]). There was
also a statistically significant increase in
HbA1c among the 10–14-, 15–19-, and
20–24-year-old age groups of YYA with
type 1 diabetes when comparing mean
HbA1c in 2014–2019 to 2002–2007 (Fig.
1A and Supplementary Table 1). In
2014–2019, SEARCH participants had rel-
atively comparable glycemic control
compared with similarly aged YYA with
type 1 diabetes in 2008–2013, except for
the 20–24-year-old age group, which
had a statistically significant lower
adjusted HbA1c (8.7% [72 mmol/mol]) in
2014–2019 compared with 2008–2013
(8.9% [74 mmol/mol]).

In the multivariate analysis of partici-
pants with type 1 diabetes from the
2014–2019 cohort, glycemic control (i.e.,
HbA1c) was significantly associated with
race/ethnicity, age, BMI, insulin regimen,
blood glucose monitoring frequency,
and household income (Table 3). Non-
Hispanic Black and Native American YYA
with type 1 diabetes had higher HbA1c
levels than non-Hispanic White partici-
pants (Supplementary Fig. 2). Other sta-
tistically significant correlates of poorer
glycemic control in the multivariate
model for T1D included younger age,
lower BMI z-score, not using an insulin
pump, infrequent self-monitoring of
blood glucose, and lower household
income.

The 2014–2019 cohort with type 2
diabetes had an adjusted HbA1c of 8.6 ±
0.12% (70 mmol/mol). There was a

statistically significant difference in
HbA1c level across the three time peri-
ods for participants with type 2 diabe-
tes. The adjusted HbA1c level for the
2014–2019 cohort (8.6% [70 mmol/
mol]) was relatively comparable to the
2002–2007 cohort (8.7% [72 mmol/mol]
but was higher than the 2008–2013
cohort (8.3% [67 mmol/mol]). When
examined by diabetes duration, YYA
with type 2 diabetes with a diabetes
duration of $10 years exhibited a tem-
poral trend of worse glycemic control
(2008–2013: 8.4% [68 mmol/mol] vs.
2014–2019: 10.1% [87 mmol/mol]).
There was no statistically significant dif-
ference in the 2014–2019 cohort when
compared with similarly aged YYA
groups in the other two cohorts (Fig. 1B
and Supplementary Table 1). Among
participants with type 2 diabetes in the
2014–2019 cohort, the multivariate
results revealed that HbA1c was associ-
ated with BMI and medication regimen,
with those on metformin having a lower
HbA1c as compared with those on
insulin.

CONCLUSIONS

Many YYA with diabetes in the U.S. are
not meeting desired glycemic targets
despite increased availability of advanced
diabetes technologies, newer therapies,
and more aggressive glycemic targets
over time. Overall, we found that ad-
justed mean HbA1c has increased for YYA
with type 1 diabetes since the start of
the SEARCH study, while the adjusted
mean HbA1c in YYA with type 2 diabetes
is relatively unchanged when comparing
the SEARCH 2002–2007 to the most
recent 2014–2019 SEARCH cohort. This
contrasts with other countries where
improved glycemic control and outcomes
have been observed in YYA with diabetes.
The SWEET project, which includes 22
centers from Europe, Australia, Canada,
and India, demonstrated an improvement
in glycemic control; individuals <25 years
of age with type 1 diabetes had a mean
adjusted HbA1c that declined from 8.4%
[68 mmol/mol] to 7.9% [63 mmol/mol]
between 2008–2010 and 2016–2018 (12).
Similarly, the National Paediatric Diabetes
Audit in England and Wales also reported
a decline in median HbA1c of 8.6% [71
mmol/mol] in 2011/2012 to 7.8% [61.5
mmol/mol] in 2019/2020 in the pediatric
population with diabetes (13).
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In addition to differences in adjusted
HbA1c over time (Table 2), examination
by age group demonstrated significant
differences in glycemic control (Fig. 1).
We found that adjusted mean HbA1c
levels for YYA with type 1 diabetes have
increased over time across many age
groups. Similar to the 2002–2007
SEARCH cohort, adjusted mean HbA1c
was highest among 15–19-year-old par-
ticipants with type 1 diabetes at 9.3%
(78 mmol/mol) for the 2014–2019
cohort. However, it is notable that the
adjusted HbA1c for this age group in the
most recent SEARCH cohort was 0.5%
(5 mmol/mol) higher when compared
with 2002–2007 (8.8% [73 mmol/mol]).
A comparable increase in adjusted
mean HbA1c of 0.4% (4 mmol/mol) was
observed in emerging adults, as the
adjusted HbA1c for 20–24-year-old par-
ticipants increased from 8.3% (67
mmol/mol) in the 2002–2007 coh-
ort to 8.7% (72 mmol/mol) in the most
recent cohort. The mean glycemic con-
trol for these age groups is comparable
to what has recently been reported by
the U.S. T1D Exchange Registry (15–18
years old: 9.3% [78 mmol/mol]; 18–25
years old: 8.9% [74 mmol/mol]), which
reported a worsening in glycemic control
in U.S. YYA with diabetes between
2010–2012 and 2016–2018 (9). While
there have been significant advances in
type 1 diabetes management (14), the
burden of diabetes self-care remains
demanding. Our findings highlight that
the need to monitor blood glucose levels
frequently or continuously and adminis-
ter insulin reliably multiple times per day
while balancing diet, physical activity,
and other life activities continues to be
challenging for adolescents and emerging
adults with type 1 diabetes.

SEARCH has provided important infor-
mation about YYA with type 2 diabetes
in the U.S over the past two decades
(3,15,16). Results from this study dem-
onstrate that despite a growing recogni-
tion of the more rapidly progressive
decline in b-cell function (17) and accel-
erated development of diabetes compli-
cations in youth-onset type 2 diabetes
compared with adult-onset type 2 dia-
betes (18), glycemic control in U.S. YYA
with type 2 diabetes has not improved
over time. The adjusted mean HbA1c of
YYA with type 2 diabetes with an aver-
age diabetes duration of 7.0 years in
our sample was 8.6% (70 mmol/mol),
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which is comparable to the 8.4% (68
mmol/mol) reported for the Pediatric
Diabetes Consortium Type 2 Diabetes
Registry for youth with type 2 diabetes
with a diabetes duration of $4 years
(10).

The observed pattern of worsening
glycemic control with increasing dura-
tion of type 2 diabetes, independent of
many other potential correlates, was
likely driven in part by the progressive
loss of b-cell function in these partici-
pants. The adjusted HbA1c of 10.1% (87
mmol/mol) for type 2 diabetes partici-
pants with a disease duration of $10
years in the most recent SEARCH cohort
is very concerning and provides further
confirmation of the high degree of treat-
ment failure in YYA with type 2 diabetes,
as well as the need for aggressive inter-
vention (19). Given the evidence that life-
style intervention alone to achieve or
maintain normal blood glucose levels in
type 2 diabetes is often unsuccessful in
YYA, efforts are needed to support medi-
cal providers providing care for YYA with
type 2 diabetes to become more comfort-
able with recommended care and the
use of pharmacologic agents beyond met-
formin and insulin, such as liraglutide, in
this population (7).

Previous research, including data from
meta-analyses and large international reg-
istries, has demonstrated that the use of
insulin pumps in youth with type 1 diabe-
tes is associated with lower HbA1c as
compared with multiple daily injections
(20–22). Separately, CGM alone has been
associated with improved glycemic con-
trol, with the benefits increasing as CGM
use increases (23). Similarly, we found
that 2014–2019 SEARCH participants

using an insulin pump had an HbA1c level
that was 0.4% (4 mmol/mol) lower than
those managing their type 1 diabetes
with basal-bolus injections. CGM users
had an �0.2% lower HbA1c level even
when compared with those who were
monitoring their glucose four or more
times per day with fingerstick blood glu-
cose checks. It is worth noting, however,
that despite the literature supporting the
benefits of pump therapy and CGM sys-
tems in the YYA population, universal
adoption has not been achieved (24,25).
For example, while insulin pump use
nearly doubled from 2002–2007 (24.9%)
to 2014–2019 (49.1%), there was a mini-
mal increase in the 2014–2019 cohort
from the 44.7% found to be using insulin
pumps in 2008–2013. Previous studies
have shown that household income and
parental education are predictive of insu-
lin pump use (24,26). Given the chal-
lenges that YYA with type 1 diabetes face
in achieving the goals of therapy, address-
ing differences in access and use of diabe-
tes technologies offers a potential avenue
to help the YYA population meet glycemic
targets.

Robust diabetes education, diabetes
device training, and follow-up of YYA
and families are essential to help ach-
ieve target glycemic outcomes. Histori-
cally, structured, person-centered, and
empowerment-based education pro-
grams for diabetes self-management and
diabetes technology use have been deliv-
ered mostly in-person by a certified
diabetes specialist. With the expansion of
telehealth services during the coronavirus
disease 2019 pandemic, virtual training
sessions to provide diabetes education
and start diabetes technology have been

shown to be feasible (27–30). The bene-
fits of virtual training can include sched-
uling flexibility, access to individuals who
live in more remote locations, and reach-
ing individuals who experience challenges
traveling to appointments and thus help
to alleviate health equity issues (29).

We also found that lower BMI was
associated with worse glycemic control
in participants with type 1 diabetes.
This is consistent with observations
from the SEARCH for Diabetes in Youth
study published over a decade ago (3),
as well as more recent studies from
Europe (31). While both nonautomated
and automated insulin pump delivery
systems are associated with improved
glycemic control relative to multiple
daily insulin injections, some studies
have reported that their use may be
associated with higher BMI (31,32). The
insulin resistance accompanying poten-
tial overweight and obesity warrants
further examination with implementa-
tion of insulin pump therapy.

Racial and ethnic disparities in glyce-
mic control among YYA with type 1 dia-
betes are well documented (3,4,33,34).
Our finding that non-Hispanic Black and
Native American YYA with type 1 diabe-
tes had an HbA1c level that was 1.2%
(13 mmol/mol) higher than non-His-
panic White YYA, confirms the need to
address inequities in diabetes care (35).
As we work to address disparities in dia-
betes care, socioeconomic challenges
must also be addressed. We found YYA
participants in higher household income
categories had improved HbA1c levels.
In an era of rapidly rising insulin prices
(36) and estimated mean out-of-pocket
costs for medical care of �$2,500

Table 2—Model adjusted* mean HbA1c stratified by diabetes duration

HbA1c (%)

P value2002–2007 2008–2013 2014–2019

Type 1
Overall 3,398: 8.5 (0.03) 2,184: 8.9 (0.03) 1,742: 8.8 (0.04) <0.0001
1–4 years 2,288: 8.5 (0.04) 684: 8.6 (0.06) 380: 8.7 (0.09) 0.0444
5–9 years 765: 8.6 (0.07) 1,320: 9.1 (0.05) 670: 9.2 (0.07) <0.0001
$10 years 345: 8.6 (0.13) 180: 9.3 (0.13) 692: 9.0 (0.08) 0.0005

Type 2

Overall 379: 8.7 (0.14) 327: 8.3 (0.13) 519: 8.6 (0.12) 0.0330
1–4 years 336: 8.4 (0.14) 148: 7.9 (0.19) 190: 8.2 (0.19) 0.1349
5–9 years 43: 9.6 (0.44) 154: 8.8 (0.21) 167: 9.2 (0.20) 0.2600
$10 years — 25: 8.4 (0.60) 162: 10.1 (0.35) 0.0140

Data are n: least squares means (SE). *Adjusted for age, clinical site, disease duration, health insurance status, household income, insulin reg-
imen, race/ethnicity, and sex.
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annually even for those on private
health insurance (37), solutions to insu-
lin and diabetes technology affordability
are needed.
Recognizing that treating patients

with diabetes earlier and more inten-
sively has the potential to confer long-
term improvements in public health
(38–41), our finding that the majority of
YYA with diabetes continue to not meet
established glycemic targets represents
a missed opportunity for improving life-
time outcomes for patients with diabe-
tes. The transition from pediatric to

adult diabetes care is a high-risk period
during which there is an increased rate
of disengagement from care (42). For
YYA with type 1 and type 2 diabetes,
unique adherence challenges can range
from incomplete knowledge and under-
standing of treatment regimens and risk
for future health to premature shift in
responsibility for management from
parents to YYA (43). Thus, efforts should
be made to successfully transfer YYA
with diabetes to an adult-oriented diabe-
tes specialist, who is aware of how best
to meet the unique needs of YYA with

diabetes and the more aggressive clinical
course in this patient population.

While SEARCH is the largest multieth-
nic population-based study of pediatric
diabetes in the U.S., there are limitations
to the interpretation of the results. First,
data are available only for participants
who attended study visits, which might
limit the generalizability of our results.
Second, we were unable to meaningfully
estimate the impact of increased CGM
use on glycemic control since we did not
have complete information about blood
glucose monitoring frequency. However,
despite a relatively small confirmed sam-
ple of CGM users in the 2014–2019
cohort, we found that CGM users had
lower HbA1c levels than those who did
not use CGM. Third, we had a relatively
small sample size of YYA with type 2 dia-
betes, particularly in the earlier years of
the SEARCH study, highlighting the need
for continued longitudinal studies to bet-
ter characterize trends in glycemic con-
trol in YYA with type 2 diabetes. Fourth,
since SEARCH is an observational study,
we are unable to account for unmeas-
ured residual confounding. Fifth, while
we adjusted for race/ethnicity in the
models to help account for the sampling
variability, it is possible that this adjust-
ment may not completely account for the
race-based sampling differences across
cohorts.

Data from this large population-based
multicenter study confirm that YYA with
type 1 and type 2 diabetes in the U.S.
are not demonstrating improved glyce-
mic control over time and highlight the
need for systematic approaches in the
U.S. to support YYA with diabetes, such
as those that many European countries
have implemented. The establishment
and growth of the T1D Exchange Quality
Improvement Collaborative (44), which
now includes >40 U.S. pediatric and
adult diabetes clinics, offers a promising
framework to improve health care deliv-
ery and dissemination of best practices
to accelerate improvement in diabetes
outcomes in the U.S. (45). Recognizing
that lower HbA1c levels in childhood
and young adulthood is associated with
lower risk and rate of microvascular and
macrovascular complications, this study
further underscores the urgent need for
implementation of effective treatment

Figure 1—Model adjusted for age, clinical site, disease duration, health insurance status, house-
hold income, insulin regimen, race/ethnicity, and sex. Mean HbA1c by age group across study
periods.

diabetesjournals.org/care Malik and Associates 291

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/45/2/285/642548/dc210507.pdf by guest on 27 Septem

ber 2023



strategies to improve metabolic status
in YYA with diabetes.
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Table 3—Associations of HbA1c with participant characteristics: SEARCH 2014–2019 cohort*

Type 1 (n = 1,805 observations used) Type 2 (n = 478 observations used)

Estimate 95% CI P value Estimate 95% CI P value

Sex 0.07 0.44
Female Reference Reference
Male �0.16 �0.33, 0.01 �0.18 �0.62, 0.27

Race/ethnicity <0.0001 0.34

Non-Hispanic White Reference Reference
Non-Hispanic Black 1.22 0.94, 1.51 0.4 �0.23, 1.03
Hispanic 0.19 �0.06, 0.44 0.45 �0.32, 1.22
Native American 1.21 0.09, 2.33 0.66 �0.50, 1.83
Other/unknown/multiple 0.08 �0.27, 0.43 1.06 �0.01, 2.14

Age (years) �0.06 �0.08, �0.04 <0.0001 0.02 �0.06, 0.10 0.58

Diabetes duration (years) 0.01 �0.03, 0.04 0.7545 0 �0.11, 0.11 0.94

BMI z-score �0.23 �0.32, �0.14 <0.0001 �0.43 �0.72, �0.14 0.004

Insulin regimen <0.0001

Insulin pump Reference
Basal-bolus injections 0.42 0.23, 0.60
Other insulin regimens 0.83 0.39, 1.26
Unknown 0.5 �0.19, 1.19

Medication regimen <0.0001

Insulin only Reference
Insulin plus oral agent �0.26 �0.89, 0.37
Metformin only �3.09 �3.77, �2.42
Other oral agent �1.91 �2.98, �0.83
None �2.9 �3.57, �2.24
Unknown �1.77 �3.35, �0.19

Blood glucose monitoring frequency <0.0001 0.49

Less than once a day Reference Reference
1–3 times/day 0.43 0.13, 0.73 �0.16 �0.83, 0.52
4 or more times/day �0.31 �0.60, �0.02 �0.47 �1.26, 0.31
CGM �0.48 �0.76, �0.20 �0.21 �1.07, 0.65
Unknown �1.13 �1.47, �0.80 �0.72 �1.57, 0.12

Household income <0.0001 0.33

<$25,000 Reference Reference
$25,000–49,999 �0.12 �0.41, 0.18 �0.19 �0.83, 0.46
$50,000–74,999 �0.55 �0.88, �0.22 �0.56 �1.52, 0.39
>$75,000 �0.72 �1.02, �0.42 �0.81 �1.76, 0.14
Do not know/refused �0.24 �0.53, 0.05 0.08 �0.44, 0.60

Health insurance 0.27 0.33

Private Reference Reference
Medicaid/Medicare 0.22 �0.01, 0.45 �0.43 �0.96, 0.10
Other 0.12 �0.27, 0.52 0.16 �0.73, 1.06
None 0.28 �0.26, 0.82 �0.19 �0.96, 0.10

*Models adjusted for variables in the table as well as SEARCH site.
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