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Aim: Poorer glycemic control and higher diabetic ketoacidosis (DKA) rates are seen in racial/ethnic minorities with type 1 diabetes 
(T1D). Use of diabetes technologies such as continuous glucose monitors (CGM), continuous subcutaneous insulin infusion (CSII) and 
automated insulin delivery (AID) systems has been shown to improve glycemic control and reduce DKA risk. We examined race/ 
ethnicity differences in diabetes technology use and their relationship with HbA1c and DKA.
Methods: Data from patients aged ≥12 years with T1D for ≥1 year, receiving care from a single diabetes center, were examined. 
Patients were classified as Non-Hispanic White (n=3945), Non-Hispanic Black (Black, n=161), Hispanic (n=719), and Multiracial/ 
Other (n=714). General linear models and logistic regression were used.
Results: Black (OR=0.22, 0.15–0.32) and Hispanic (OR=0.37, 0.30–0.45) patients were less likely to use diabetes technology. This 
disparity was greater in the pediatric population (p-interaction=0.06). Technology use associated with lower HbA1c in each race/ethnic 
group. Among technology users, AID use associated with lower HbA1c compared to CGM and/or CSII (HbA1c of 8.4% vs 9.2%, 
respectively), with the greatest difference observed for Black adult AID users. CSII use associated with a lower odds of DKA in the 
past year (OR=0.73, 0.54–0.99), a relationship that did not vary by race (p-interaction =0.69); this inverse association with DKA was 
not observed for CGM or AID.
Conclusion: Disparities in diabetes technology use, DKA, and glycemic control were apparent among Black and Hispanic patients 
with T1D. Differences in technology use ameliorated but did not fully account for disparities in HbA1c or DKA.
Keywords: continuous subcutaneous insulin infusion, continuous glucose monitoring, automated insulin delivery systems, diabetic 
ketoacidosis, racial disparities

Introduction
Elevated HbA1c levels are observed in US racial and ethnic minorities with type 1 diabetes (T1D).1 African American 
and Hispanic patients in the US also have a greater rate of diabetic ketoacidosis (DKA), a life-threatening acute 
complication of diabetes driven by excessive hyperglycemia and insulin insufficiency. Technologies such as continuous 
glucose monitors (CGM) and continuous subcutaneous insulin infusion (CSII) enhance diabetes management and 
improve glycemic management. These technologies reduce incidence of severe hypoglycemia and DKA. However, 
racial and ethnic minorities are less likely to use CGM or CSII.1–6

There have been tremendous advances in diabetes care and improvements in glycemic control over the past several 
decades, including insulin analogs,7,8 CGM,9 insulin pumps, i.e. CSII10,11 and automated insulin delivery systems (AID).12–14 

Studies with AID have been shown to improve glycemic control and reduce hypoglycemia in children, adolescents, and adults 
with T1D.15–17 However, knowledge of its use in racial ethnic minorities is limited, as is its association with improved 
glycemic management and reduction in DKA events among these populations.

Diabetes, Metabolic Syndrome and Obesity 2023:16 2295–2310                                         2295
© 2023 Conway et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 April 2023
Accepted: 18 July 2023
Published: 2 August 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-9871-0294
http://orcid.org/0000-0003-3607-9788
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Minimizing hyperglycemia is critical to preventing both acute and chronic complications of T1D in racial and ethnic 
minorities. We examined differences, and whether insurance coverage status and type explain these differences, in the use 
of diabetes self-management technology by race/ethnicity among both adolescents and adults and their association with 
HbA1c and DKA among patients with T1D receiving regular care at a large diabetes center in the US.

Materials and Methods
Individuals included in this study consisted of patients with T1D being treated at the Barbara Davis Center for Diabetes, 
Colorado, between January 1st 2020 and October 31st 2021. Electronic Health Records were queried to identify patients 
with T1D. Demographics, information on technology use and type of technology, HbA1c, and type of medical insurance 
at their most recent visit, as well as a history of having DKA within the previous 12 months were extracted from the 
electronic health record (EHR). Persons aged 12 years and older with a diagnosis of T1D were included, resulting in 
a final study population of 5539 patients. This study was approved by the Colorado Multiple Institutional Review Board, 
with a waiver of consent since all data were already collected and this was secondary data analysis. This study is in 
compliance with the Declaration Helsinki.

Diabetes technology use was defined as the use of CSII, use of CGM, or an AID. All patients at our center are offered 
CGM and insulin pumps, and there are no requirements for them to have failed previous therapy to be eligible for these 
technologies. Our insulin pump training program is a structured series of three classes. Training for CGM is less 
structured, and usually consists of a single, 20-min class. Target HbA1c was <7% in adults aged 18 years and older and in 
the pediatric population.

Statistical analyses
The Student’s t-test was used to test for differences in continuous variables and the chi-square test was used to test for 

differences in categorical data. Multivariable logistic regression analysis was used to test the association of a) race/ 
ethnicity with diabetes technology use; b) diabetes technology use with target glycemic control within each race/ethnic 
group; and c) diabetes technology use with DKA. General linear models were used to test the relationship between 
diabetes technology use and HbA1c in each of the race/ethnic groups. Tests for multiplicative interaction by age group 
(pediatric vs adult population) were conducted, and, where appropriate, stratified analyses were carried out. Analyses 
included terms for age, sex, diabetes duration, race/ethnicity (non-Hispanic White (White), non-Hispanic Black (Black), 
Hispanic, Other races/multiracial (Other)), medical insurance (private, military, Medicaid, other, none), and number of 
visits with the provider in the previous year. The criterion for statistical significance was a two-tailed P-value of <0.05. 
Statistical analysis was conducted using SAS version 9.4 (Cary, North Carolina).

Results
Patient characteristics are presented in Table 1. Mean age was 28.7 years, with slightly over a quarter of patients under 
age 18 years. Overall, half of the patients were female and approximately 70% of the patients were White. Hispanic 
patients represented the largest non-White population, representing 19% and 11%, respectively, of the pediatric and adult 
populations. Over 80% of both the adult and pediatric patients were using either CSII or CGM, with both CSII and CGM 
more common among the pediatric patients than among the adults.

Characteristics of the study population by race are presented in Table 2 (overall) and Table 3 (stratified by age group). 
The mean age of the pediatric patients with type 1 diabetes was 15 years in each of the race/ethnic groups, with mean 
diabetes duration also similar in each group, ranging from 5.8 among Black patients to 6.2 among White patients. Private 
health insurance was highest among White children (72%) and lowest among Hispanic children (25%). Technology use 
was also highest among White children, at 93.5%, but lowest among Black children, at 55.1%. For most characteristics, 
those in the Other races group were either similar to Whites or between that of Whites and Black/Hispanic patients 
(Table 2).

Mean age of the adult population ranged from 27.5 years in Hispanic patients to 34.7 years in the White patients, with 
diabetes duration ranging from 13.3 years to 18.4 years, respectively. Like the pediatric population, technology use was 
highest among White patients; however, unlike the pediatric population technology use was similar among Black and 
Hispanic patients. Similarly, having private health care insurance was highest among White patients, but similar among 
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Table 1 Descriptive Characteristics of Barbara Davis Study Participants with Type 1 Diabetes, Mean ± Std 
or % (n)

Overall N= 5539 Pediatric N= 1468 Adults N= 4071

Age, years 28.7 ± 15.0 15.3 ±1.7 33.5 ± 14.7b

Age group

12–17 (1468) 26.5

18–24 (1659) 30.0

24–39 (1250) 22.6

≥ 40 (1162) 21.0

Sex, female (%[n]) 50.3 (2788) 47.2 (693) 51.5 (2095)a

Race/ethnicity (%[n])

White 71.2 (3945) 61.6 (904) 74.7 (3041)b,†

Black 2.9 (161) 3.3 (49) 2.8 (112)

Hispanic 13.0 (719) 18.7 (275) 10.9 (444)

Other 12.9 (7154) 16.4 (240) 11.6 (474)

Diabetes Duration, years 14.4 ± 11.8 6.1 ± 3.4 17.5 ± 12.3b

Health Insurance (%[n])

Private 67.4 (3733) 59.0 (866) 70.4 (2867)b,†

Military 2.8 (156) 3.8 (56) 2.5 (100)

Medicaid 28.2 (1564) 35.8 (526) 25.5 (1038)

Other 0.5 (27) 0.27 (4) 0.56 (23)

None 1.1 (59) 1.1 (16) 1.1 (43)

Technology use (%[n])

CSII 67.7 (3750) 74.3 (1090) 65.3 (2660)b

CGM 70.6 (3910) 83.9 (1231) 65.8 (2679)b

AID use 44.1 (2444) 49.9 (730) 23.8 (738)b

Any technology use 84.1 (4659) 88.6 (1301) 82.5 (3358)b

HbA1c (%) 8.2 ± 1.9 8.7 ± 1.9 8.1 ± 1.9b

DKA in the past year (%[number of patients]) 4.2 (213) 5.4 (78) 3.7 (135)a

Number of DKA events in the past year

No events 95.9 (4920) 94.6 (1368) 96.3 (3552)

1 event 3.0 (156) 3.7 (54) 2.8 (102)

2 events 0.7 (37) 1.0 (54) 0.6 (22)

3 or more events 0.39 (20) 0.6 (9) 0.3 (11)

Notes: ap<0.01 bp<0.0001. †p-value <0.05 for global differences between groups.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S416192                                                                                                                                                                                                                       

DovePress                                                                                                                       
2297

Dovepress                                                                                                                                                         Conway et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Black and Hispanic adult patients. As with the pediatric population, characteristics of those in the Other races group were 
either similar to White patients or between that of White and Black/Hispanic patients (Table 3).

Table 4 shows the relationship between race/ethnicity and diabetes technology use. Technology use by race varied 
significantly between the pediatric and adult populations, with the racial disparity greater for adolescents than adults and 
the p-values for tests of interaction ranging from 0.04 to <0.0001. While the race disparity in usage was similar among 
the pediatric and adult Hispanic population compared to non-Hispanic White patients, Black adolescents were approxi
mately one-tenth as likely to use diabetes technology compared to non-Hispanic White adolescents whereas Black adult 
patients were about one-fourth as likely compared to non-Hispanic White adults. Insurance status/type was also an 
important correlate of diabetes technology use, with those with either Medicaid or no insurance approximately a third to 
half as likely to be using diabetes technology compared to those with private or military insurance. This finding was 
similar among both the pediatric and adult populations.

When stratified by race (Table 5 and Table 6), younger age was a significant correlate among White and Hispanic 
pediatric patients for both CSII and CGM use (Table 5), while longer duration of diabetes was significantly associated 
with some form of diabetes technology use among all race/ethnic groups except Black patients. Only among the Hispanic 
pediatric population was a gender difference in technology use observed, with girls more likely than boys to be using 
diabetes technology. Having private or military insurance was an important correlate of technology usage among all race/ 

Table 2 Descriptive Characteristics of Barbara Davis Study Participants with Type 1 Diabetes, Stratified by 
Race/Ethnicity, Mean ± Std or % (n)

White (n, 3945) Black (n= 161) Hispanic (n, 719) Other (n, 714)

Age, years 30.3 ± 16 24.6 ± 12a 22.9 ± 10a 26.4 ± 14.1a

Sex, female 49.5 (1953) 46.5 (75) 54.4 (391) 51.8 (369)

Diabetes duration, years 15.6 ± 3 11.7 ± 10 10.4 ± 8 12.8 ± 11.1

Health insurance

Private 79.2 (2957) 40.4 (65) 37.6 (270) 61.8 (441)a,†

Military 2.0 (109) 0.6 (1) 2.1 (15) 4.3 (109)

Medicaid 21.0 (827) 57.8 (93) 57.7 (415) 32.1 (229)

Other 0.5 (20) 0.6 (1) 0.3 (2) 0.6 (4)

None 0.8 (32) 0.6 (1) 2.4 (17) 0.8 (32)

Technology use

CSII 72.5 (2861) 41.0 (66) 49.1 (353) 65.8 (470)a,†

CGM 73.2 (2886) 52.2 (84) 59.0 (424) 72.3 (516)

AID use 47.8 (11,886) 24.2 (39) 32.0 (230) 40.5 (289)a,†

Any technology use 87.4 (3448) 60.9 (98) 70.9 (510) 84.5 (603)

HbA1c 8.0 ± 1.7 9.5 ± 2.4 9.2 ± 2.2 8.3 ± 1.9

DKA in the past year 3.1 (114) 7.4 (11) 8.4 (56) 4.8 (32)a,†

Number of DKA events in the past year

1 event 2.5 (91) 4.7 (7) 5.4 (36) 3.3 (22)a,†

2 events 0.4 (15) 2.0 (3) 2.0 (13) 0.9 (6)

3 or more events 0.2 (8) 0.7 (1) 1.5 (7) 0.6 (4)

Notes: ap<0.0001. †p-value <0.05 for global differences between groups.
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Table 3 Descriptive Characteristics of the Participants, Stratified by Race and Age Group, Mean ± 
Std or % (n)

White Black Hispanic Other Races

Pediatric Population

Age, years 15.3 ± 1.7 15.2 ± 1.7 15.4 ± 1.6 15.2 (1.7)

Sex, female 45.5 (411) 59.2 (29) 50.6 (139) 47.5 (114)

Diabetes duration, years 6.2 ± 3.4 5.8 ± 3.5 5.6 ± 1.6a 6.0 ± 3.6

Health insurance

Private 72.2 (653) 28.6 (14) 25.1 (69) 54.2 (130)c,†

Military 3.9 (35) 0.0 (0) 2.2 (6) 6.3 (15)

Medicaid 22.7 (205) 71.4 (35) 70.1 (194) 38.3 (92)

Other 0.2 (2) 0.0 (0) 0.7 (2) 0.0 (0)

None 1.0 (9) 0.0 (0) 1.3 (3) 1.3 (3)

Technology use

CSII 82.1 (742) 67.4 (33) 44.0 (121) 25.8 (62)c,†

CGM 89.6 (810) 46.9 (23) 69.8 (192) 85.8 (206)

AID use 56.6 (512) 20.4 (10) 35.3 (97) 46.3 (111)c,†

Any technology use 93.5 (845) 55.1 (27) 77.5 (213) 90.0 (216)

HbA1c 8.3 ± 1.7c 10.6 ± 2.5c 9.6 ± 2.2a 8.7 ± 1.8

DKA in the past year 3.9 (35) 10.6 (5) 8.9 (24) 6.0 (14)a

DKA frequency in the past year

1 event 3.1 (28) 6.4 (3) 5.5 (15) 3.4 (8)

2 events 0.6 (5) 2.1 (1) 1.9 (5) 1.7 (4)

3 or more events 0.2 (2) 2.1 (1) 1.5 (4) 0.9 (2)

Adult Population

Age, years 34.7 ± 15.1 28.7 ± 12.7c 27.5 ± 10.1c 32.1 ± 14.3b

Sex, female 50.7 (1542) 41.1 (46) 56.8 (252) 53.9 (255)a,†

Diabetes duration, years 18.4 ± 12.8 14.3 ± 10.5b 13.3 ± 8.4c 16.2 ± 11.8b

Health insurance

Private 75.8 (2304) 45.5 (51) 45.3 (201) 65.6 (311)c,†

Military 2.4 (74) 0.9 (1) 2.0 (9) 3.4 (16)

Medicaid 20.5 (622) 51.8 (58) 49.8 (221) 28.9 (137)

Other 0.6 (18) 0.9 (1) 0.0 (0) 0.8 (4)

None 0.8 (23) 0.9 (1) 2.9 (13) 1.3 (6)

(Continued)
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Table 3 (Continued). 

White Black Hispanic Other Races

Technology use

CSII 69.7 (2119) 44.6 (50) 44.8 (199) 61.6 (292)c,†

CGM 68.3 (2076) 54.5 (61) 52.3 (232) 65.4 (310)

AID use 45.2 (1374) 25.9 (29) 30.0 (133) 37.6 (178)c,†

Any technology use 85.6 (2603) 63.4 (71) 66.9 (297) 81.7 (387)

HbA1c 7.9 ± 1.7 9.6 ± 2.3c 8.9 ± 2.2c 8.1 ± 1.9a

DKA in the past year 2.3 (79) 5.9 (6) 8.1 (32) 4.2 (18)c,†

Number of DKA events in the past year

1 event 2.3 (63) 4.0 (4) 5.3 (21) 3.2 (14)

2 events 0.4 (10) 2.0 (2) 2.0 (8) 0.5 (2)

3 or more events 0.2 (6) 0.0 (0) 0.8 (3) 0.5 (2)

Notes: ap<0.01 bp<0.001 cp<0.0001. †p-value <0.05 for global differences between groups. Bold and italicized font within the 
table used to delineate study population subgroups (strata).

Table 4 Multivariable Adjusted Relationship of Race/Ethnicity with Technology Use in Type 1 Diabetes, Stratified 
by Age Group

Any Technology Use  
OR (95% CI)

CSII  
OR (95% CI)

CGM  
OR (95% CI)

AID  
OR (95% CI)

Pediatric Population

Race

White Ref Ref Ref Ref

Black 0.11 (0.06–0.22) 0.13 (0.07–0.26) 0.13 (0.07–0.24) 0.22 (0.11–0.46)

Hispanic 0.37 (0.24–0.57) 0.40 (0.29–0.56) 0.37 (0.26–0.54) 0.51 (0.37–0.70)

Other 0.71 (0.42–1.19) 0.68 (0.48–0.98) 0.77 (0.49–1.19) 0.69 (0.51–0.93)

Age, per five year increase 0.53 (0.31–0.92) 0.47 (0.31–0.70) 0.42 (0.26–0.68) 0.74 (0.53–1.03)

Sex, female vs male 1.54 (1.07–2.20) 1.30 (1.00–1.69) 1.24 (0.91–1.68) 1.29 (1.04–1.60)

Diabetes duration 1.12 (1.06–1.19) 1.16 (1.11–1.21) 1.06 (1.01–1.11) 1.14 (1.10–1.18)

Insurance

Private Ref Ref Ref Ref

None 0.35 (0.09–1.39) 0.19 (0.07–0.55) 0.40 (0.12–1.35) 0.46 (0.15–1.38)

Medicaid 0.32 (0.22–0.48) 0.41 (0.31–0.54) 0.40 (0.29–0.56) 0.64 (0.50–0.82)

Military 1.01 (0.30–3.40) 1.45 (0.63–3.32) 1.06 (0.40–2.77) 1.00 (0.57–1.76)

Other 0.25 (0.02–2.56) 0.27 (0.04–2.10) 0.47 (0.05–4.73) 0.33 (0.03–3.37)

(Continued)
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Table 4 (Continued). 

Any Technology Use  
OR (95% CI)

CSII  
OR (95% CI)

CGM  
OR (95% CI)

AID  
OR (95% CI)

Adult Population

Race

White Ref Ref Ref Ref

Black 0.27 (0.17–0.42) 0.34 (0.23–0.51) 0.53 (0.34–0.84) 0.42 (0.26–0.66)

Hispanic 0.35 (0.27–0.45) 0.34 (0.27–0.43) 0.53 (0.42–0.67) 0.56 (0.45–0.72)

Other 0.76 (0.58–1.00) 0.68 (0.55–0.84) 0.90 (0.72–1.13) 0.73 (0.59–0.90)

Age, per five year increase 0.94 (0.90–0.97) 0.87 (0.84–0.90) 1.03 (1.00–1.06) 0.91 (0.88–0.94)

Sex, female vs male 1.41 (1.18–1.68) 1.46 (1.27–1.68) 1.18 (1.02–1.36) 1.11 (0.97–1.27)

Diabetes duration 1.01 (1.01–1.02) 1.02 (1.02–1.03) 1.00 (0.99–1.01) 1.02 (1.01–1.03)

Insurance

Private Ref Ref Ref Ref

None 0.41 (0.21–0.82) 0.37 (0.19–0.71) 0.57 (0.29–1.11) 0.28 (0.12–0.64)

Medicaid 0.38 (0.31–0.46) 0.49 (0.41–0.57) 0.41 (0.35–0.49) 0.45 (0.38–0.54)

Military 0.96 (0.50–1.83) 1.01 (0.63–1.62) 0.74 (0.46–1.20) 1.02 (0.67–1.56)

Other 2.31 (0.51–10.45) 1.90 (0.68–5.32) 0.84 (0.34–2.06) 1.13 (0.48–2.65)

Notes: Analyses also adjusted for the number of visits with the provider in the past year. Bold, italicized font within the table used to delineate 
study population subgroups (strata). 
Abbreviations: CSII, continuous subcutaneous insulin infusion CGM, continuous glucose monitoring AID, automated insulin delivery.

Table 5 Race Stratified Multivariable Adjusted Factors Associated with Technology Use in the Pediatric Population

White OR (95% CI) Black OR (95% CI) Hispanic OR (95% CI) Other OR (95% CI)

Any Technology Use (CSII or CGM)

Age, per five year increase 0.42 (0.18–0.98) 0.66 (0.09–4.86) 0.45 (0.18–1.23) 1.81 (0.50–6.54)

Sex, female vs male 1.48 (0.83–2.64) 0.99 (0.26–3.74) 1.93 (1.05–3.55) 1.31 (0.54–3.17)

Diabetes duration 1.19 (1.08–1.31) 0.86 (0.69–1.07) 1.09 (0.98–1.20) 1.21 (1.03–1.42)

Private/Military/Other vs Medicaid/None 3.19 (1.82–5.57) 5.45 (1.02–29.00) 3.92 (1.65–9.29) 1.98 (0.82–4.77)

CSII

Age, per five year increase 0.37 (0.21–0.65) 0.26 (0.03–2.64) 0.35 (0.15–0.81) 1.55 (0.63–3.79)

Sex, female vs male 1.18 (0.82–1.69) 1.11 (0.24–5.18) 1.98 (1.17–3.37) 0.96 (0.52–1.76)

Diabetes duration 1.16 (1.09–1.23) 0.89 (0.70–1.15) 1.23 (1.12–1.34) 1.17 (1.06–1.30)

Private/Military/Other vs Medicaid/None 2.73 (1.87–3.98) 12.20 (1.95–76.92) 2.39 (1.31–4.38) 2.07 (1.12–3.83)

CGM

Age, per five-year increase 0.33 (0.16–0.67) 0.95 (0.12–7.49) 0.36 (0.15–0.91) 1.00 (0.33–2.98)

Sex, female vs male 1.14 (0.73–1.80) 1.73 (0.44–6.80) 1.57 (0.90–2.74) 0.89 (0.42–1.87)

(Continued)
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Table 5 (Continued). 

White OR (95% CI) Black OR (95% CI) Hispanic OR (95% CI) Other OR (95% CI)

Diabetes duration 1.09 (1.02–1.17) 0.79 (0.61–1.03) 1.02 (0.93–1.11) 1.12 (0.99–1.26)

Private/Military/Other vs Medicaid/None 2.07 (1.30–3.31) 7.06 (1.16–42.95) 4.00 (1.89–8.47) 2.02 (0.95–4.29)

AID

Age, per five year increase 0.77 (0.51–1.17) 0.15 (0.01–2.40) 0.52 (0.23–1.19) 1.15 (0.53–2.54)

Sex, female vs male 1.13 (0.86–1.49) 0.47 (0.07–3.01) 2.75 (1.60–4.73) 0.98 (0.58–1.65)

Diabetes duration 1.15 (1.10–1.20) 1.03 (0.80–1.32) 1.13 (1.04–1.23) 1.12 (1.04–1.22)

Private/Military/Other vs Medicaid/None 1.43 (1.04–1.96) 13.44 (1.91–94.59) 1.71 (0.96–3.05) 1.71 (0.99–2.94)

Notes: Analyses also adjusted for the number of visits with the provider in the past year. Bold font within the table used to delineate population subgroups (race/ethnicity) 
or subgroup analyses of technology type. 
Abbreviations: CSII, continuous subcutaneous insulin infusion CGM, continuous glucose monitoring AID, automated insulin delivery.

Table 6 Race/Ethnicity Stratified Multivariable Adjusted Factors Associated with Technology Use in the Adult Population

White OR (95% CI) Black OR (95% CI) Hispanic OR (95% CI) Other OR (95% CI)

Any Technology Use (CSII or CGM)

Age, per 5 year increase 0.93 (0.89–0.97) 0.99 (0.76–1.30) 0.94 (0.83–1.07) 0.91 (0.82–1.02)

Sex, female vs male 1.45 (1.17–1.80) 1.24 (0.50–3.06) 1.58 (1.02–2.45) 0.89 (0.52–1.53)

Diabetes duration 1.01 (1.00–1.02) 1.04 (0.98–1.11) 1.03 (1.00–1.07) 1.04 (1.01–1.07)

Private/Military/Other vs Medicaid/None 2.06 (1.60–2.64) 2.93 (1.19–7.24) 3.80 (2.36–6.12) 5.08 (2.94–8.79)

CSII

Age, per 5 year increase 0.87 (0.84–0.90) 0.82 (0.65–1.04) 0.90 (0.80–1.02) 0.77 (0.70–0.85)

Sex, female vs male 1.46 (1.24–1.72) 1.36 (0.56–3.33) 1.49 (0.99–2.24) 1.44 (0.96–2.18)

Diabetes duration 1.02 (1.01–1.02) 1.07 (1.01–1.13) 1.04 (1.01–1.07) 1.07 (1.04–1.09)

Private/Military/Other vs Medicaid/None 1.61 (1.33–1.96) 5.09 (2.06–12.55) 3.68 (2.40–5.62) 3.03 (1.94–4.72)

CGM

Age, per 5 year increase 1.03 (0.99–1.07) 1.06 (0.82–1.38) 1.03 (0.90–1.17) 1.03 (0.93–1.14)

Sex, female vs male 1.13 (0.95–1.34) 2.39 (0.96–5.94) 1.38 (0.90–2.11) 1.01 (0.66–1.56)

Diabetes duration 1.00 (0.99–1.01) 1.03 (0.97–1.10) 1.02 (0.99–1.05) 1.00 (0.98–1.03)

Private/Military/Other vs Medicaid/None 2.15 (1.75–2.64) 2.24 (0.93–5.40) 3.07 (1.94–4.86) 2.92 (1.83–4.64)

AID

Age, per 5 year increase 0.92 (0.88–0.95) 0.91 (0.71–1.16) 0.88 (0.76–1.01) 0.80 (0.71–0.90)

Sex, female vs male 1.03 (0.88–1.20) 1.71 (0.64–4.59) 1.46–0.94–2.27) 1.39 (0.91–2.12)

Diabetes duration 1.02 (1.01–1.03) 1.07 (1.00–1.14) 1.03 (1.00–1.07) 1.06 (1.03–1.08)

Private/Military/Other vs Medicaid/None 1.84 (1.52–2.24) 4.57 (1.67–12.55) 3.32 (2.08–5.30) 4.33 (2.58–7.26)

Notes: Analyses also adjusted for the number of visits with the provider in the past year. Bold font within the table used to delineate population subgroups (race/ethnicity) 
or subgroup analyses of technology type. 
Abbreviations: CSII, continuous subcutaneous insulin infusion CGM, continuous glucose monitoring AID, automated insulin delivery.
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ethnic groups, but particularly for Black patients. Black pediatric patients with private or military insurance were twelve 
times more likely to be using CSII and seven times more likely to be using CGM than Black pediatric patients with no 
insurance or with Medicaid. Among adults (Table 6), while the relationship between insurance status/type with CGM 
usage was similar among the race/ethnic groups, having private or military insurance was associated with a 2- to 3-fold 
increased likelihood for CGM use; for CSII use this relationship was stronger in all race/ethnic groups than in non- 
Hispanic Whites (non-overlapping CIs). Longer duration of diabetes increased the likelihood of CSII use among all race/ 
ethnic groups; by contrast longer duration of diabetes had no relationship with CGM use among any of the race/ethnic 
groups.

Figure 1 shows the relationship of technology use with HbA1c in each race/ethnicity group. For both the pediatric and 
adult populations, regardless of technology use, mean HbA1c was highest among Black patients, intermediate among 
Hispanic patients, and lowest among non-Hispanic White patients and patients in the Other races category. However, 
technology use was associated with a lower HbA1c in every race/ethnicity group; this was stronger for CGM use among 
Black, Hispanic and patients of Other races category, and stronger for CSII for non-Hispanic White pediatric patients. For 
adults as well, technology use was associated with a lower HbA1c among patients of each race/ethnicity category.
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Figure 1 Mean multivariable adjusted HbA1c by race/ethnicity and technology use. Mean HbA1c by race/ethnicity and diabetes technology use: 1) pediatric population; 2) 
adult population. Mean HbA1c by race/ethnicity and CGM use: 3) pediatric population; 4) adult population. Mean HbA1c by race/ethnicity and CSII use: 5) pediatric 
population; 6) adult population. Analyses adjusted for age, diabetes duration, and number of provider visits over the past year. *p<0.05, **p<0.01, ***P<0.001, ****p<0.0001 
for differences by any technology (panels 1 and 2), CGM (panels 3 and 4) or CSII use (panels 5 and g).ap<0.05, cp<0.001, dp<0.0001 for differences by race. 
Abbreviations: B, non-Hispanic Black; H, Hispanic O, Other races; NHW, non-Hispanic White; CGM, continuous glucose monitoring; CSII, continuous subcutaneous 
insulin infusion.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S416192                                                                                                                                                                                                                       

DovePress                                                                                                                       
2303

Dovepress                                                                                                                                                         Conway et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 2 shows mean HbA1c among technology users using AID compared to other technology users. Among 
pediatric technology users, AID was associated with lower HbA1c in every race/ethnicity group except for Black 
children. By contrast, among the adult population AID use was associated with lower HbA1c. The lower HbA1c 
associated with AID use was greatest among Black adults, with a mean HbA1c of 8.4% vs 9.2% among AID users 
compared to CSII and/CGM users (p<0.05). Among technology users, AID use was associated with a 1.8 to 2.9-fold 
greater likelihood of achieving target glycemic levels for White and Hispanic children, respectively, but showed no 
significant association among Black children or children of other races or among adults of any racial/ethnic group (data 
not depicted).

Table 7 shows the relationship of technology use with DKA in the past year. Compared to non-Hispanic White 
patients, Black and Hispanic patients were more than twice as likely to have experienced a DKA event in the past year. 
Further controlling for health insurance status/type attenuated but did not eliminate this excess risk, particularly for 
Hispanic patients. Patients with private or military insurance were less than half as likely to have experienced a DKA 
event in the past year. Technology use had no effect on the relationship of race with DKA in the past year. Results were 
similar for both the pediatric and adult populations (p-value for interaction >0.80 for each: any technology use, CSII use 
and CGM use).

Discussion
In this study of approximately 5000 pediatric and adult patients with type 1 diabetes, we examined the relationship of 
diabetes technology use by race/ethnicity and its relationship with HbA1c and DKA. The major findings of this study are 
that 1) technology use was lower in Black and Hispanic patients, a relationship that was attenuated, but not eliminated, 
by health insurance status and type; 2) technology use was associated with a lower HbA1c in every race/ethnic group; 3) 
AID use among technology users was associated with the greatest difference in HbA1c among Black adults compared to 
other races, but had no beneficial relationship on HbA1c among Black children; and 4) CSII reduced the likelihood of 
DKA with no difference in effect by race. We also observed that racial disparities in both diabetes technology use and 
HbA1c were greater in the pediatric population, with the greatest disparities observed for Black compared to White 
adolescents. Finally, medical insurance, but not diabetes technology use, was associated with having experienced a DKA 
event in the past year, with this relationship being strongest among Black patients.

Consistent with other reports, use of technologies such as CSII, CGM and AID delivery systems for glucose 
management was much lower among our Black and Hispanic patients than among non-Hispanic Whites in our 
population. This was observed among both the pediatric and the adult patient populations. Similarly, the Pediatric 
Diabetes Consortium T1D-New Onset (NeOn) Study observed a greater transition to CSII use among non-Hispanic 
Whites than among minorities (36% vs 11%) during the first year since diabetes diagnosis even after accounting for 

0

2

4

6

8

10

12

B H O W

H
bA

1c
 (%

)

Most Recent HbA1c by AID Use among 
Adult Diabetes Technology Users

AID yes AID  no

**
*

d
a b

0

2

4

6

8

10

12

B H O W

H
bA

1c
 (%

)
Most Recent HbA1c by AID Use among 

Pediatric Diabetes Technology Users

AID yes AID no

d d
*

** ***d
d

c

Figure 2 Mean multivariable adjusted HbA1c by race/ethnicity and Automated Insulin Delivery Systems (AID) use in the pediatric and adult patient populations at the 
Barbara Davis Center. Analyses adjusted for age, diabetes duration, and number of provider visits over the past year. *p<0.05, **p<0.01, ***p<0.001 for differences by AID 
use. ap<0.05, bp<0.01, cp<0.001, dp<0.0001 for differences by race.

https://doi.org/10.2147/DMSO.S416192                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 2304

Conway et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 7 Multivariable Adjusted Association of Technology Use with Diabetic Ketoacidosis in the Past Year

Base Model OR 
(95% CI)

Base Model + Health Insurance 
OR (95% CI)

Any Technology Use OR 
(95% CI)

CSII Use OR 
(95% CI)

CGM Use OR 
(95% CI)

AID Use OR 
(95% CI)

Race

White Ref Ref Ref Ref Ref Ref

Black 2.23 (1.17–4.23) 1.55 (0.80–3.00) 1.55 (0.80–3.01) 1.41 (0.72–2.75) 1.50 (0.77–2.91) 1.51 (0.78–2.93)

Hispanic 2.42 (1.73–3.93) 1.67 (1.17–2.39) 1.67 (1.16–2.40) 1.55 (1.08–2.24) 1.63 (1.13–2.34) 1.64 (1.15–2.36)

Other 1.43 (0.96–2.15) 1.28 (0.85–1.93) 1.28 (0.85–1.93) 1.25 (0.83–1.88) 1.27 (0.85–1.92) 1.27 (0.84–1.91)

Age group, pediatric vs adult 0.90 (0.65–1.24) 0.85 (0.62–1.17) 0.85 (0.61–1.17) 0.88 (0.64–1.22) 0.86 (0.62–1.20) 0.86 (0.62–1.18)

Sex, female 1.18 (0.89–1.56) 1.16 (0.88–1.54) 1.16 (0.88–1.54) 1.19 (0.89–1.57) 1.17 (0.88–1.55) 1.17 (0.88–1.55)

Diabetes duration 0.96 (0.95–0.98) 0.97 (0.95–0.98) 0.97 (0.95–0.98) 0.97 (0.95–0.98) 0.97 (0.95–0.98) 0.97 (0.95–0.98)

Private/Military/Other vs 

Medicaid/None

0.39 (0.29–0.52) 0.39 (0.29–0.53) 0.41 (0.30–0.56) 0.40 (0.29–0.54) 0.39 (0.53–0.29)

Technology use 0.99 (0.67–1.47) 0.73 (0.54–0.99) 0.85 (0.61–1.18) 0.89 (0.66–1.20)

Age group by race interaction P, 0.86 for joint test P, 0.90 for joint test P, 0.87 for joint test P, 0.87 for joint test

Notes: Analyses also adjusted for the number of visits with the provider in the past year. Bold font within the table used to delineate subgroup analyses of technology type. The interaction tests between race and age group for each of 
the full models are presented in the bottom of the table below the solid black bar. 
Abbreviations: CSII, continuous subcutaneous insulin infusion CGM, continuous glucose monitoring AID, automated insulin delivery.
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socioeconomic factors such as high income and having private health insurance.6 In the SEARCH for Diabetes in Youth 
study as well, racial and ethnic minorities were less likely to use CSII, a lower usage which was also associated with 
a higher HbA1c.5,18 One contributing factor may be the lack of representation of minorities among clinical trials of 
diabetes.19 Due to their lack of representation in clinical trials, these devices may not be user friendly to minority 
populations and may thus contribute to the low uptake. Other factors may be socioeconomic factors such as income, 
education, and health insurance, language-related numeracy and ability to count carbohydrates, as well as provider bias in 
prescribing practices.

Among all race and ethnic groups in our population, having health insurance and the type of health insurance were 
significant factors in whether patients were using diabetes technology for glucose management. This was true for both 
children and adults, and appeared most striking for Black pediatric patients, despite diabetes technology being covered by 
Medicaid for pediatric patients in Colorado. Thus, factors related to the patient having insurance and the type of 
insurance may account for some of the racial disparities in technology use. Indeed, there is some evidence that even 
when socioeconomic factors are similar, technology use, and prescribing of technology use, for diabetes management is 
still lower for minority patients.3–5 In Colorado, people younger than age 22 who are insured by Colorado’s Medicaid and 
Medicaid expansion program (CHP+) have had access to CGM technology since at least 2016, yet pediatric patients who 
had Medicaid as their source of insurance were approximately 70% less likely to be using any diabetes technology for 
management of diabetes compared to those with private insurance. Disparities in physician prescribing of treatment 
regimen have been shown to account for some of the disparities in diabetes technology adoption.3–5

There is considerable evidence that the use of diabetes technologies, including continuous glucose monitoring (CGM) 
systems,12,13,20–22 insulin pumps and automated insulin delivery systems (AID) systems, improve glycemic control and 
quality of life.12,13,23 Lower A1c reduces acute and chronic diabetes complications, including DKA24,25 microvascular 
diseases,26 and cardiovascular disease,27,28 the leading cause of mortality in people with T1D. We showed that diabetes 
technology use for the management of glycemic control was associated with reductions in HbA1c across all race/ethnic groups 
and among both pediatric and adult patients, with the exception of CSII use among Black adolescents. While CGM use was 
associated with a significantly lower HbA1c among the Black pediatric patients, no difference was observed for CSII use in 
this sub-patient population in contrast to approximately 1.5% lower HbA1c associated with CSII use among Black adults. 
Black adults showed the greatest difference in HbA1c associated with CSII use of all the race/ethnic groups. Reasons for this 
race-specific disparity between the pediatric and adult population in the difference in HbA1c associated with CSII use are not 
clear since patients at our center are offered CGM and insulin pumps, and there are no requirements for them to have failed 
previous therapy to be eligible for these technologies. Our insulin pump training program is a structured series of three classes, 
offered to all patients regardless of race.21 Nevertheless, it is possible that outside of these three structured classes the non- 
Black pediatric patients are provided more help in using CSII. Indeed, the pediatric clinic has a robust Latino program 
implemented by one of our authors (AGG) while the adult clinic does not and thus we may have been observing the impact of 
this program among the pediatric Hispanic patients rather than a specific lack among the Black pediatric patients. Though the 
sample size was small and thus power to detect a significant difference was limited, the automated insulin delivery system 
appeared more effective in lowering HbA1c in Black children, with the same 5% point reduction in HbA1c compared with 
non-users as was observed for Hispanic children.

Automated insulin delivery systems reduce HbA1c, increase time in range (70–180 mg/dL), and reduce time above and 
below range.14,29–32 We have previously shown that AID use improved HbA1c levels, glycemic management and time spent 
in the appropriate glycemic range in our adult population and was associated with lower A1c in our pediatric population.21,29 

In the current study as well, among diabetes technology users, AID use was associated with further reductions in HbA1c in 
adults but only among non-Hispanic Black and non-Hispanic White patients. In our pediatric adolescent population, AID use 
was associated with lower HbA1c in all race/ethnic groups except non-Hispanic Black patients. In contrast to the 1% point 
difference in glycemic control among Black adults using an AID system, only a 0.5% difference in HbA1c levels was 
observed in Black adolescent AID users and non-users. This lack of a significant difference in HbA1c among Black 
adolescents using an AID vs not using AID may be related to the small numbers of Black patients in our population since 
the same 0.5% point difference in HbA1c associated with AID use was also observed in Hispanic patients.
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Finally, CSII use and having health insurance other than Medicaid were associated with a reduced likelihood of 
DKA in our population with no difference by race. Racial and ethnic differences in DKA in the US have been well 
documented by the T1DX registry and others,2,33–37 with higher rates generally observed among Black patients, 
particularly children, with T1D than in other racial/ethnic groups.2,34,35 In our population, we also observed an 
increased risk of DKA among racial/ethnic minorities, with the greatest excess risk among Hispanic patients 
compared to non-Hispanic White patients (it should also be noted that some of our patients were part of the 
T1DX registry). However, despite the higher DKA among Hispanic patients, CSII reduced DKA similarly among 
Hispanic patients. CSII was associated with a significantly 27% lower risk of DKA in our population, an association 
that did not differ by race or ethnicity. While insulin pump infusion site failure can contribute to DKA genesis, CSII 
users in our population had lower DKA risk. This may not be an indication of a protective effect of CSII per se, but 
rather that patients using CSII were more facile diabetes technology users. Similarly, AID may help the less 
engaged users get more exogenous insulin and thus reduce DKA risk, though we did not observe differences in 
DKA by AID use. The strong 60% reduction in DKA associated with having private, military or other type of 
health insurance besides Medicaid and its attenuation of the association of race with DKA underscores how SES 
factors other than access to health care and having health insurance affect critical health outcomes in diabetes.

Strengths and Limitations
Strengths of this study included its large sample size, with over 5000 patients who were being treated at a single diabetes 
center. The diversity of the population being treated at this single center is another strength, as nearly 30% of the patents 
were Hispanic, Black, or of other non-White race/ethnic groups, allowing for racial comparisons in diabetes technology 
use and this effect on glycemic control among patients being treated at the same health care center and thus theoretically 
minimizing differences in healthcare center practices. We also had a large population of both pediatric and adult patients 
and were able compare racial differences by age group. While we had information on the patients’ insurance status and 
type, a limitation is that other socioeconomic data such as education and income were not available. Thus, while in 
theory health insurance in Colorado, including Medicaid, is supposed to cover diabetes technology for all Colorado 
children with T1D, in practice other costs associated with these technologies, such as co-payments, may limit their 
adoption by youth belonging to lower income families. The lack of information on education and household income also 
limited our ability to assess whether disparities in racial technology use might be due to differential prescribing practices 
among physicians to patients in the same income and education strata. Thus, while provider bias may have played an 
important role in the racial differences in diabetes technology use among our population, provider bias in prescribing 
technology is not easy to capture. Another limitation was our reliance on electronic health record data. As such, 
misclassification of type 1 diabetes is possible; however, this is unlikely to have changed our results of racial differences 
in diabetes technology use and their associations with HbA1c. We also used EHR data to capture which patients were 
using diabetes technology and the type of technology they were using; however, we did not have information about 
adherence to these devices among the users. High adherence to the use of CGM and AID has been shown to be critical to 
HbA1c improvement.38 Finally, data presented in this report are from a single diabetes center serving a very large 
geographical area and patients may go to an outside emergency department or hospital outside of our network to be 
treated for DKA, thus our results on the relationship between diabetes technology use and DKA may be underestimated if 
these visits to outside clinics happened more often among those not using diabetes technology. Additionally, being 
a single diabetes center, our results may not be generalizable to sites nationwide.

Conclusion
Use of diabetes technologies for the management of glycemia in T1D appears to be associated with lower HbA1c in all race/ 
ethnic groups, though the association is minimal in Black youth and most pronounced among Black adults. Factors associated 
with medical insurance or medical insurance type appear to be barriers to technology use among all race/ethnic groups, most 
pronounced among Black youth, despite diabetes technology being free of charge for Medicaid users in Colorado, suggesting 
that provider bias may play a role. Additionally, despite having a robust, culturally relevant pediatric Latino program, we still 
struggle to get diabetes technology usage in this population approaching the rates in non-Hispanic Whites. Thus, more needs 
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to be done to decrease provider bias and increase technology acceptability among all racial/ethnic groups and insured groups. 
Given the apparent reduced risk of DKA with CSII use regardless of race/ethnicity and the reduction in HbA1c with 
technology use, efforts to increase utilization of these technologies among minority populations should be strongly 
encouraged.
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