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Abstract

Objective: Previous studies revealed that hemoglobin Alc (HbAlc) increased overall in the United States in the
past decade. In addition, health inequities in type 1 diabetes (T1D) outcomes by race/ethnicity and insurance
type persist. This study examines the trends in HbAlc from 2016 to 2022 stratified by race/ethnicity and
insurance in a large multicenter national database.

Research Design and Methods: We analyzed glycemic outcomes and diabetes device use trends for >48,000
people living with type 1 diabetes (PwT1D) from 3 adult and 12 pediatric centers in the T1D Exchange Quality
Improvement Collaborative (T1DX-QI), comparing data from 2016 to 2017 with data from 2021 to 2022.
Results: The mean HbAlc in 2021-2022 was lower at 8.4% compared with the mean HbAlc in 2016-2017 of
8.7% (0.3% improvement; P<0.01). Over the same period, the percentage of PwT1D using a continuous
glucose monitor (CGM), insulin pump, or hybrid closed-loop system increased (45%, 12%, and 33%,
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respectively). However, these improvements were not equitably demonstrated across racial/ethnic groups or
insurance types. Racial/ethnic and insurance-based inequities persisted over all 7 years across all outcomes;
comparing non-Hispanic White and non-Hispanic Black PwT1D, disparate gaps in HbAlc (1.2%-1.6%), CGM
(30%), pump (25%-35%), and hybrid-closed loop system (up to 20%) are illuminated.

Conclusion: Population-level data on outcomes, including HbAlc, can provide trends and insights into strat-
egies to improve health for PWT1D. The T1DX-QI cohort showed a significant improvement in HbAlc from
2016 to 2022. Improvements in diabetes device use are also demonstrated. However, these increases were
inconsistent across all racial/ethnic groups or insurance types, an important focus for future T1D population

health improvement work.

Keywords: HbAlc, Quality improvement, Type 1 diabetes, Real-world data, Health equity, Learning health

system.

Introduction

EVERAL STUDIES HAVE SHOWN THAT, on average, people
with type 1 diabetes (PwT1D) in the United States do not
meet the current American Diabetes Association hemoglobin
Alc (HbAlc) goal of <7%.' The TID Exchange Clinic
Registry (T1DX-Registry) and other multicenter U.S. regis-
try studies demonstrated a worsening longitudinal trend in
HbAlc across the lifespan from 2010 to 2018.*° Interna-
tional comparisons have revealed that PwT1D in the United
States had worse glycemic outcomes than those in Sweden,
Germany, Austria, England, and Wales.” Few studies have
demonstrated U.S. outcomes by race/ethnicity and insurance.
T1D Exchange Quality Improvement Collaborative
(T1DX-QI) is a T1D multicenter data-sharing collaborative
that was established in 2016'>!" to promote quality im-
provement (QI), implement best practices, and use center-
wide deidentified electronic medical records (EMRs) data for
outcomes benchmarking and population health improve-
ment.'>"* TIDX-QI has grown from 10 centers in 2016 to
>50 pediatric and adult centers across 21 states in the United
States.

To our knowledge, no large multicenter study in the United
States has been published to describe recent trends in gly-
cemic outcomes since the well-known T1DX-Research study
showed an increase in mean HbAlc from 2010 to 2018.* In
addition, few studies have explored longitudinal glycemic
outcomes by race and ethnicity and insurance type. In this
study, we describe recent trends in glycemic outcomes and
diabetes technology use within the T1DX-QI database of
>48,000 PwT1D and assess differences in these outcomes by
race/ethnicity and insurance type.

Methods
Data source

The T1D Exchange Quality Improvement Collaborative
(T1DX-QI) differs from the TIDX-Research in a few key-
ways. Notably, the TIDX-QI represents EMR data from all
persons receiving care from participating centers, whereas
T1DX-Research represents ~35% of the clinic population
that signed up to participate in the registry.* In addition, data
from the TIDX-QI EMR database are available to TIDX-QI
centers for QI, population health analysis, benchmarking, and
visualization in a provider-facing QI Portal, as opposed to the
T1DX-Research, which was primarily designed as a clinical

research study registry. Furthermore, TIDX-QI has a higher
proportion of pediatric centers participating (52%) than the
T1DX-Registry (20%).>*7-10:15

In 2016, TIDX-Research centers were invited to partici-
pate in the TIDX-QI. Ten academic pediatric and adult
centers across the United States formed the first TIDX-QI
cohort. The establishment of the T1DX-QI network, quality
improvement initiatives, and real-world data collection ]E')ro-
cesses has been described in previous publications.'®1315-16
Currently, there are >50 T1DX-QI centers recruited through
various means, including targeted outreach to safety net
hospitals to increase racial diversity and geographical re-
presentation.

TIDX-QI centers share patient-level deidentified EMR
data per T1IDX-QI data specifications after completing an
extensive data mapping and validation process, which has
been well described.'” EMR data files include information on
deidentified individual-level demographics (including
patient-reported race/ethnicity, insurance type, and T1D di-
agnosis date) and diabetes-related variables, including
HbA1c among other laboratory values, diabetic ketoacidosis,
and severe hypoglycemia hospitalization rates, and diabetes
technology use.'>~"’

To be included in this study, centers must have been af-
filiated with the TIDX-QI during the study period and
completed data mapping. This filtered the number of eligible
centers to 12 pediatric and 3 adult active in the network for
both periods in the analysis. All 15 included centers identified
as academic medical institutions serving urban areas. We
included PwT1D from these centers with at least one HbAlc
measurement available from each reported year. PwT1D
aged <1 year, had a duration of diabetes <1 year, or had
missing data were excluded from the analysis; reported per-
centages are based on available data (described in Supple-
mentary Table S1). The TIDX-QI has published previous
studies describing this database.'®™'°

The primary outcome measure for this study is longitudi-
nal trends in HbAlc. Additional details about inclusion cri-
teria for our study cohort are described in Supplementary
Figure S1. This study was completed according to the
STROBE guidelines for reporting observational studies.’*?!

The Western Institutional Review Board centrally ap-
proved this as an exempt population-based study with HI-
PAA consent waived, as no identifiable information was
used. The centers also obtained necessary ethical approvals to
share deidentified data with TIDX-QL.
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Data analysis

The mean duration of T1D in years was calculated using the
documented date of T1D diagnosis. Mean and median HbAlc
for each age group were calculated using each individual’s
most recent HbA 1c¢ during the study period (2016-2022). The
percentages of PWT1D with HbAlc <7% or >9% are also
presented. We analyzed the use of a continuous glucose
monitor (CGM), insulin pump, and hybrid-closed loop system
(HCLS) across each of the 7 years. As appropriate, the paired
t-test or McNemar’s test was used for significance testing
when comparing demographic groups. Figures depicting
HbA Ic trends show variation in outcomes by presented group
using error bars (25th and 75th percentiles).

Glycemic control was analyzed and compared for the pe-
riods 2016/2017 and 2021/2022. For PwT1D with multiple
HbAlc values during either reporting period, the mean
HbAlc for that period was determined for each individual
and then used in the analysis. PWT1D were grouped by 1-year
age categories to compute mean HbA 1c cross-sectionally and
examine HbAlc distribution across the age span. Locally
weighted smoothing (LOESS) smoothing was performed for
the graphs.

Finally, differences in glycemic control by race/ethnicity
and insurance type were examined during each reporting pe-
riod. Results are displayed in age groups to account for age

A Trendsin HbAlc by Age
(2016/2017 versus 2021/2022; all patients)

ranges (1-15, 16-25, 26-40, and 40+ years). Linear regression
was used to calculate adjusted mean HbA 1c by race/ethnicity
groups, adjusting for age, gender, and duration of diabetes in
model A and adjusting for age, gender, duration of diabetes,
insurance, and technology use in model B. Results are pre-
sented as mean HbAlc with corresponding 95% confidence
intervals (CIs).

PwT1D were propensity score matched using 1:1 matching
with the nearest neighbor approach and a caliper of 0.1. PWT1D
were matched by age (years), gender (female/male), and in-
surance type (private/public) into two race/ethnicity groups
(non-Hispanic White [NHW] and non-Hispanic Black [NHB]/
Hispanic). Similarly, PWT1D were matched for age (years),
gender (female/male), and race/ethnicity (NHW, NHB, His-
panic) into two insurance groups (public and private). Analysis
was completed using R statistical program version 2.4.1.

Results

The mean HbAlc in 2021-2022 was lower at 8.4% com-
pared with the mean HbAlc in 2016-2017 of 8.7% (0.3%
improvement) for all PwT1D seen in the included centers;
P<0.01 (Fig. 1A). The proportion of PwT1D with HbAlc
<7% increased from 20% in 2016/2017 to 26% in 2021/2022.
In the same time frame, the percentage of PwT1D with

B Trends in HbAlc by Age
(2016/2017 versus 2021/2022; same patient group)
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FIG. 1. Trendsin HbAlc by age 2016/2017 versus 2021/2022. This figure depicts trends in HbAlc by age comparing time

periods (2016/2017 vs. 2021/2022). (A) Trends for all patients seen in either period. (B) Trends for patients seen in both

periods. HbAlc, hemoglobin Alc.
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HbAlc >9% decreased from 43% to 31%. An analysis of
glycemic change only among PwT1D who contributed data
in both study periods also demonstrates significant im-
provement (mean HbAlc of 8.4% in 2021/2022 compared
with 8.5% in 2016/2017 (P <0.01, Fig. 1B).

This group saw a 5% increase in the percentage of PwT1D
with HbAlc <7% and a 4% decrease in the percentage of
PwTI1D with an HbAlc >9%. Table 1A demonstrates mean
differences in HbAlc by age group. Young adults aged 16-25
years experienced the most considerable difference in mean
HbAlc (—0.6%) between the two periods. All four age groups
(1-15, 16-25, 26-40, and 40+ years) experienced a statisti-
cally significant decrease in mean HbAlc. Table 1B dem-
onstrates mean differences in HbAlc by age group and
insurance type between the two study periods. Across most
age groups, PWTI1D with private insurance experienced a
larger favorable HbAlc reduction than those who are pub-
licly insured.

Supplementary Table S1 presents demographic informa-
tion by major racial/ethnic groups. Most NHW people were
privately insured (59%), compared with 30% and 35% of
NHB and Hispanic PwT1D, respectively. The average du-
ration of T1D varied by racial/ethnic group (10.6 years in
NHW, 7 years in NHB, and 8.4 years in Hispanic PwT1D).
A higher proportion of NHW and Hispanic PwT1D was re-
ported using technology compared with NHB PwTI1D (re-
spectively, 55% and 49% compared with 29% CGM use,
62% and 46% compared with 29% pump use, and 13% and
11% compared with 3% HCLS use).

While Figure 1 and Supplementary Table S1 demonstrate
an improvement in HbAlc levels at every age, Supplemen-
tary Figures S2 and S3 illustrate that inequities persist despite
overall improvement across various racial/ethnic groups or
insurance types. Specifically, mean HbAlc decreased be-
tween 2016/2017 and 2021/2022 for PWT1D identified as
NHW (from 8.6% to 8.0%) and Hispanic (9.0% to 8.6%), but

EBEKOZIEN ET AL.

mean HbAlc for NHB PwTI1D remained relatively stable
over this period (9.8% to 9.6%).

In addition to differences in trends, racial inequities per-
sisted over all 7 years, with mean HbA1lc for NHW PwT1D
averaging 0.5% and 1.4% lower than Hispanic and NHB
groups, respectively. Mean HbA 1c decreased over the 7 years
regardless of insurance type; however, the decrease was more
prominent for privately insured individuals (0.5% difference,
compared with 0.3% for publicly insured PwT1D).

Over the same period, CGM use increased between 2016/
2017 and 2021/2022 across all major racial/ethnic groups
(Fig. 2A). As with HbAlc, racial/ethnic inequities in CGM
use persisted across this period; an ~30% difference in CGM
use persists between NHW and NHB PwT1D across all seven
presented years. A moderate increase (12%) in use for all
groups and similar racial/ethnic inequities are also seen in
insulin pump use (Fig. 2B). All racial groups experienced
increased HCLS use, though at disparate rates (Fig. 2C).

Table 2A indicates that racial/ethnic disparities remain in
HbA1c when controlling for age, gender, and duration of dia-
betes. Table 2B adjusts factors commonly associated with
race/ethnicity, such as insurance type and use of diabetes tech-
nology. Although these factors help explain the racial/ethnic
disparity to a degree, they do not account for the entire differ-
ence in HbA 1c outcomes. Each racial/ethnic group experienced
a statistically significant improvement in HbA lc. Despite this
improvement, we see a considerable inequity in HbAlc and
diabetes device use between NHW and NHB/Hispanic PwT1D
across the study period (Supplementary Table S1).

Table 3 shows more favorable glycemic outcomes for
NHW PwT1D (mean HbAlc of 8.4%) as compared with their
matched pairs who identified as NHB or Hispanic (mean
HbAIc of 9.2). NHW PwT1D have significantly higher odds
of having HbAlc <7% (odds ratio [OR]: 1.34,95% CI: 1.23—
1.45, P<0.001) than NHB and Hispanic PwT1D. Similarly,
privately insured PwT1D had more favorable glycemic

TABLE 1. MEAN DIFFERENCES IN HEMOGLOBIN Alc

(A) Mean differences in HbAlc by Age

Mean
Mean HbAIc (SD) HbAIc (SD)

Age group 2016/2017 202172022 Difference (SE) P

1 to 15 years 8.8 (1.9) 8.6 (2.1) 0.2 (0.02) <0.001
16 to 25 years 9.2 (2.1) 8.6 (2.2) 0.6 (0.01) <0.001
26 to 40 years 8.0 (1.7) 7.6 (1.8) 0.4 (0.01) <0.001
40+ years 7.6 (1.2) 7.4 (1.3) 0.2 (0.01) <0.001
(B) Mean differences in HbAlc by Age and Insurance

Public insurance Private insurance
Mean Mean Mean Mean
HbAlc (SD) HbAlIc (SD) Difference HbAlc (SD) HbAIc (SD) Difference

Age group 2016/2017  2021/2022 (SE) P 2016/2017  2021/2022 (SE) P

1 to 15 years 9.1 (2.0) 8.9 (2.2) 0.2 (0.01) <0.001 8.5 (1.7) 8.0 (1.7) 0.5 (0.02) <0.001
16 to 25 years 9.6 (2.4) 9.1 24) 0.5 (0.01) <0.001 8.8 (2.0) 8.3 (1.9) 0.5 (0.01) <0.001
26 to 40 years 8.9 (2.0) 8.4 (1.9 0.5 (0.01) <0.001 7.6 (1.5) 7.3 (1.5) 0.3 (0.01) <0.001
40+ years 8.1 (1.6) 7.8 (1.7) 0.3 (0.02) <0.001 7.6 (1.2) 7.3 (1.2) 0.3 (0.01) <0.001

Unadjusted data presented.

HbAlc, hemoglobin Alc; SD, standard deviation; SE, standard error.
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FIG. 2. Trends in device use by race/ethnicity 2016-2022. This figure depicts trends in device use by race/ethnicity from
2016 to 2022, displayed by year and device type (CGM, A); insulin pump (B); and (HCLS, C). CGM, continuous glucose
monitor; HCLS, hybrid-closed loop system.
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TABLE 2. HEMOGLOBIN Alc BY RACE/ETHNICITY ADJUSTED FOR CONFOUNDERS 2016/2017 aND 2021/2022

(A) Adjusted for age, gender, duration of diabetes

2016/2017 Adjusted

202172022 Adjusted Mean improvement (SE)

Race/ethnicity mean (95% CI) mean (95% CI) 2016/2017 vs. 2021/2022
NHW 9.0 (8.7-9.2) 8.0 (8.0-8.1) 1.0 (0.04)**
NHB 10.1 (9.9-10.4) 9.7 (9.6-9.8) 0.4 (0.05)**
Hispanic 9.6 (9.2-9.7) 8.7 (8.5-8.7) 0.9 (0.04)**

(B) Adjusted for age, gender, duration of diabetes, insurance, technology (CGM, pump, or HCLS) use

2016/2017 Adjusted 2021/2022 Adjusted Mean improvement (SE)
Race/ethnicity mean (95% CI) mean (95% CI) 201672017 vs. 2021/2022
NHW 8.7 (8.7-8.8) 8.2 (8.2-8.5) 0.5 (0.04)**
NHB 9.9 (9.8-9.9) 9.5 (9.3-9.5) 0.4 (0.04)**
Hispanic 9.2 (9.1-9.4) 8.6 (8.4-8.7) 0.6 (0.04)**
**P<0.0001.

CGM, continuous glucose monitor; CI, confidence interval; HCLS,

Hispanic White.

outcomes (mean HbA1c of 7.9%) than their matched pairs on
public insurance (mean HbAlc of 9%) in 2021/2022.

PwTI1D on private insurance have significantly higher
odds of having HbAlc <7% (OR: 1.96, 95% CI: 1.84-2.09,
P <0.001) than publicly insured PwT1D. Although results for
both propensity score matches were significant, odds of
HbAlc <7% based on insurance status were slightly higher
than based on race/ethnicity.

Discussion

This multisite analysis demonstrates improvement in gly-
cemic outcomes and increases in diabetes technology use

hybrid-closed loop system; NHB, non-Hispanic Black; NHW, non-

among PwT1D in TIDX-QI centers from 2016 to 2022. Al-
though the HbAlc improvement over both study periods is
slight (0.3%), it is positive, trending in the right direction, and
clinically significant (due to the association with risk for
micro- and macrovascular complications of diabetes).?>** In
addition, the proportion of participants achieving an HbAlc
<7% increased significantly from 21% to 26% during this
time frame.

This study analyzes data from >48,000 PwT1D, roughly
twice as many as in previous T1DX-Research publications.>*
This analysis also shows findings from a population that was
both more racially/ethnically diverse and proportionately
higher enrollment in public insurance between 2016 and 2022.

TABLE 3. GLYCEMIC OUTCOMES AFTER PROPENSITY SCORE MATCHING

(A) Among minority vs. NHW PwTID 2021/2022%

Minority (NHB+Hispanic) NHW P
n 6607 6607
Mean HbAlc (SD) 9.2 (2.5) 8.4 (1.9) <0.001
Median HbAlc (IQR) 8.8 (3.5) 8.0 (24) <0.001
HbAlc <7%, n (%) 1257 (19) 1584 (24) <0.001
HbAlc <8%, n (%) 2314 (23) 3222 (32) <0.001
HbAlc >9%, n (%) 3048 (31) 1938 (19) <0.001
Odds ratio HbAlc <7% (95% CI) Ref. 1.34 (1.23-1.45) <0.001
(B) Among privately vs. publicly insured PwTID 2021/2022*%*

Publicly insured Privately insured P

n 9948 9948 <0.001
Mean HbAlc (SD) 9 (2.3) 7.9 (1.7) <0.001
Median HbAlc (IQR) 8.6 (3.1) 7.5 (2.0) <0.001
HbAlc <7%, n (%) 1918 (19) 3180 (32) <0.001
HbAlc <8%, n (%) 3778 (38) 6101 (61) <0.001
HbAlc >9%, n (%) 4129 (42) 2007 (20) <0.001
Odds ratio HbAlc <7% (95% CI) Ref. 1.96 (1.84-2.09) <0.001

*Matched for age (years), gender (female/male), insurance (public/private).
**Matched for age (years), gender (female/male), race/ethnicity (NHW, NHB, Hispanic).

PwTI1D, People with Type 1 Diabetes.
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Although our findings present trends counter to previous
U.S. analyses,*> they are consistent with data from interna-
tional registries that have demonstrated improvements in
HbA Ic and diabetes device use over a similar period.”** Our
findings are consistent with other studies highlighting the
difficulty in achieving HbAlc <7%.%

As evidence builds to demonstrate the correlation, in-
creased adoption of advanced technologies could explain a
portion of the observed improvement in HbA 1¢.%!6:17-19:26-29
Another explanation is that T1DX-QI has allocated resources
toward multiple quality improvement projects over the past 3
years. TIDX-QI centers have implemented practice-wide
interventions to improve care programs for high-risk PwT1D
and to increase insulin pump and CGM use.'*'? These pro-
jects support centers to reach glycemic targets in adult and
pediatric populations and address disparities in the use of
diabetes technology.

The positive impact of targeted QI projects such as these
on glycemic outcomes is supported by several international
publications.’®*' The England/Wales National Pediatric
Diabetes Audit, for example, demonstrated an improvement
in HbAlc attributed to using QI strategies.’

Significant differences in mean HbAlc by race and eth-
nicity are similar to those noted in the study by Foster et al.*
This article also illustrates the adjusted racial/ethnic gap in
HbAlc when controlling for factors such as insurance and
diabetes device use. Previous publications by Foster et al.
presented glycemic outcomes and device use adjusted for
factors including race and ethnicity only. This analytic dis-
tinction is essential in demonstrating race as a social con-
struct, and socioeconomic differences do not entirely explain
health inequities.

This strengthens the need to advocate for funded studies
that further evaluate the role of potential contributors and
implement innovative programs to reduce the gap success-
fully. These findings align with previously published results
demonstrating that insurance does not entirely account for
racial/ethnic disparities in health outcomes.'”>7*

In 2021/2022, the odds of having HbAlc <7% were higher
for PWT1D who identified as NHW or were privately insured
than for propensity score-matched pairs.

Despite the HbAlc improvement across all age groups
from 2016 to 2022, this study’s observation of persistent gaps
in glycemic outcomes has concerning implications PwT1D
who identify as racial/ethnicity minorities or are publicly
insured. These findings align with a large existing body of
work that documents disparities in T1D-related outcomes
within the United States.?>>>3% In addition, although diabetes
technology plays a crucial role in diabetes management,
addressing technology coupled with insurance does not en-
tirely account for the persistent and significant gap in HbAlc
by race/ethnicity, even when accounting for age, gender, and
duration of diabetes.'®!725-2°

Although this study presents a significant difference in
mean HbAlc by race/ethnicity and insurance type, the dis-
tribution of the data (as illustrated in Supplementary Figs. S2
and S3) demonstrates major overlap between and consider-
able variability within groups. There is a need for future re-
search to help identify the roles of potential contributors to
diabetes outcomes. Contributors may include structural and
systemic racism, utilization of various types of technology,
and nature of principal care givers support. Furthermore, the
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role of health care providers, the impact of the coronavirus
disease 2019 (COVID-19) pandemic, and PwT1D socioeco-
nomic factors could be further studied.®*’

Future research can evaluate the impact of equity-focused
community interventions, including eliminating prior au-
thorization for evidence-based interventions, timely initia-
tion of diabetes technology, and broader policy advocacy to
address barriers to care for minoritized racial/ethnic and
publicly insured groups. In addition, the role of artificial in-
telligence to further support diabetes care (for example,
predicting the 180-day risk of diabetes ketoacidosis-related
hospitalization for youth with T1D) is worthy of future
studies.*®

T1DX-QI centers are actively working to address some of
the contributors to inequities among PwT1D by employing a
multipronged approach, including using equity-adapted QI
tools and an innovative 10-step equity framework.**~*! These
approaches have demonstrated improvement in reducing in-
equities in diabetes technology adoption**** and can poten-
tially be applied in primary care setting and nonacademic
centers.

Strengths and limitations

Major strengths of this study include the use of real-world
epidemiological trends for multiple centers in the United
States, a very large sample size, and the use of the same
patients as their own control in a longitudinal format. This
study also analyzes data from >48,000 PwT 1D, roughly twice
as many as included in previous T1DX-Research publica-
tions.”* This analysis also shows findings from a more ra-
cially/ethnically diverse and proportionately higher publicly
insured population,* and reports diabetes technology data
including HCLSs. In addition, this study presents race/
ethnicity-based outcomes controlled for socioeconomic
confounders, which are closely tied to but do not account for
race/ethnicity-based differences in outcomes.

Limitations of the study include the selection bias of the
TIDX-QI centers (primarily academic institutions located
mainly on eastern and western U.S. regions that agreed to
participate in a national network), which affects the gener-
alizability of the study. In addition, these data do not include
primary care centers. These data do not include primary care
or nonacademic diabetes centers. Future studies should in-
clude a broader network of diabetes centers. Finally, this
observational study cannot demonstrate causality due to the
risk of confounding from unmeasured and uncontrolled fac-
tors, includinf additional factors that explain racial/ethnic
disparities.***

Conclusion

This observational study demonstrates significant im-
provement in HbAlc from 20162017 to 2021-2022 and
increases in diabetes technology use across age groups for
PwT1D cared for at U.S. diabetes centers participating in the
T1D Exchange Quality Improvement Collaborative. The
presented data show opportunities to improve outcomes by
race/ethnicity, insurance type, and age. Additional research
will be needed to determine causality, identify contributing
factors, and evaluate efficacious strategies to close health
equity gaps in T1D outcomes.
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