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Racial/ethnic minority individuals with 
type 1 diabetes have worse diabetes 

outcomes than non-Hispanic White individuals   

Bionic pancreas improved glycemic control in both 
non-Hispanic White and minority individuals    

N = 240 non-Hispanic White individuals
N = 84 Minority individuals (African
       American, Hispanic, other)    
161 adults/163 children

Overall change in HbA1c from baseline to week 13 in non-Hispanic White and minority participants.
Black dots indicate the mean values, horizontal bars in the boxes indicate the medians, the bottom
and top of each box represent the 25th and 75th percentiles

*Real-�me con�nuous glucose monitoring plus injec�ons, 
pump, or closed-loop

O ll h i HbA f b li t k 13 i Hi i Whit d i it ti i t

Non-Hispanic White group 
(N=233)

Minority group 
(N=80)

Subanalysis of the Bionic
Pancreas Pivotal Trial compared
glycemic control in non-Hispanic

White and minority individuals using bionic
pancreas vs. standard of care*

ARTICLE HIGHLIGHTS

• Racial/ethnic minority individuals with type 1 diabetes have worse health outcomes than non-Hispanic White
individuals.

• The bionic pancreas has potential to improve glycemic control in minority individuals compared with standard
care.

• Use of bionic pancreas at 13 weeks showed improved glycemic control in African American and Hispanic minority
participants.

• The bionic pancreas may provide minorities with type 1 diabetes with improved outcomes compared with current
insulin-delivery technologies.
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Nelly Mauras6 for the Bionic

Pancreas Research Group*

OBJECTIVE

We evaluated the performance of the iLet bionic pancreas (BP) in non-Hispanic
White individuals (here referred to as “Whites”) and in Black, Hispanic, and other
individuals (here collectively referred to as “Minorities”).

RESEARCH DESIGN AND METHODS

A multicenter, randomized controlled trial evaluated glycemic management with
the BP versus standard of care (SC) in 161 adult and 165 pediatric participants
with type 1 diabetes over 13 weeks.

RESULTS

In Whites (n = 240), the mean baseline-adjusted difference in 13-week HbA1c between
the BP and SC groups was20.45% (95% CI20.61 to20.29 [24.9 mmol/mol;26.6 to
23.1]; P < 0.001), while this difference amongMinorities (n = 84) was20.53% (20.83
to20.24 [26.0 mmol/mol;29.2 to22.8]; P < 0.001). In Whites, the mean baseline-
adjusted difference in time in range between the BP and SC groups was 10% (95% CI
7–12; P < 0.001) and inMinorities was 14% (10–18; P < 0.001).

CONCLUSIONS

The BP improves glycemic control in both Whites and Minorities and offers prom-
ise in decreasing health care disparities.

There are striking racial/ethnic disparities in care and outcomes for people with
type 1 diabetes, with worse metabolic control, higher rates of diabetes complica-
tions and ketoacidosis, and much lower use of technology among racial/ethnic
groups (1–8). The reasons for these differences in technology use are largely due to
socioeconomic status (SES); however, even after adjusting for SES, disparities per-
sist for Black children, possibly due to limited access to care and system mistrust,
implicit bias (such as caregivers’ perception of costs and providers’ perception of
users’ competence), and structural racism (8–12). Novel therapeutic approaches
are needed to diminish disparities in ways that do not increase burden, but racial
and ethnic minority groups are largely underrepresented in clinical trials and clinical
use of modern technologies (11,13–16). This subanalysis tested the hypothesis that
White and minority individuals would have similarly improved glycemic control us-
ing the iLet bionic pancreas (BP) compared with standard care (SC).
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RESEARCH DESIGN AND METHODS

This is a subanalysis of the Insulin-only Bi-
onic Pancreas Pivotal Trial, a randomized
controlled trial comparing the iLet (Beta
Bionics) BP to SC (real-time continuous
glucose monitoring [CGM] plus continua-
tion of the method of insulin delivery
used at baseline, including hybrid closed-
loop [HCL] systems) in both children and
adults with type 1 diabetes at 16 centers
in the U.S. Participant baseline data were
collected using the Dexcom G6 CGM; for
those not using a Dexcom G6, 2 weeks of
blinded baseline glucose data were col-
lected before randomization. The results
for the full cohort and for adults and
children have been previously reported
(17–19). The BP automatically delivers in-
sulin (and in some configurations, gluca-
gon) as needed based on CGM-sensor
glucose. It is initialized using only the
body weight and does not require carbo-
hydrate counting. All insulin given, includ-
ing for meals announced by the user as
“Breakfast,” “Lunch,” or “Dinner,” and
“Usual For Me,” “More,” or “Less,” is de-
termined autonomously by the BP algo-
rithms and cannot be modified by the
user or health care provider. The algo-
rithms continually adapt basal, correction,
and meal-announcement insulin doses to
meet the individual’s needs.

Matching the racial/ethnic diversity of
people in the U.S. with type 1 diabetes
was a priority during recruitment. The self-
reported race/ethnicity of participants in-
cluded non-Hispanic White (here referred
to as “Whites”) and African American, His-
panic (White and non-White), Asian, Native
Hawaiian/Pacific Islander, American Indian/
Alaska Native, and more than one race (re-
ferred to collectively as “Minorities”). Insur-
ance was classified as private, Medicare/
Medicaid, other government insurance, or
no coverage. The diabetes management
method used at baseline was categorized
as multiple daily injections (MDI), with or
without CGM, pump, with or without
CGM, a predictive low-glucose suspend
system, or an HCL system.

The outcomes were the HbA1c level at
13 weeks and the percentage of sensor
glucose time in range of 70–180 mg/dL
(TIR).

Statistical methods followed those re-
ported for the primary trial analyses
(19). Treatment groups were compared
using a linear mixed-effects regression
model adjusting for the baseline value

of the metric, age at randomization,
and clinical site (random effect). The dif-
ferences in the treatment effect by race
were tested by adding a treatment-
by-race interaction to the model. The
treatment effect by SES factors was tested
analogously. All CIs and P values are two
sided. No adjustments for multiple com-
parisons were performed, and results
should be considered exploratory. Analy-
ses were performed with SAS 9.4 soft-
ware (SAS Institute).

RESULTS

The trial randomized 326 participants
from January to July 2021 (Supplementary
Fig. 1), between 6 and 79 years old, with
baseline HbA1c from 5.5% to 13.1% (37 to
120 mmol/mol). Baseline characteristics
are summarized in Table 1. The overall
self-identified race and ethnicity of the
participants (Supplementary Table 1) was
74% White (n = 240), 10% Black (n = 32),
10% Hispanic (n = 34), 3% more than one
race (n = 11), 2% Asian (n = 5), <1%

Table 1—Participant characteristics by race and treatment arm

BP SC

White
n = 157

Minority
n = 60

White
n = 83

Minority
n = 24

Age at enrollment, years 29 ± 19 22 ± 17 31 ± 20 16 ± 11

Age $18 years 85 (54) 22 (37) 47 (57) 7 (29)

Female sex 73 (46) 34 (57) 30 (36) 11 (46)

Education†
<Bachelor degree 41 (26) 31 (53) 26 (33) 11 (46)
Bachelor degree 62 (40) 14 (24) 30 (38) 9 (38)
Graduate/professional degree 53 (34) 13 (22) 24 (30) 4 (17)

Annual household income‡

<$25,000 3 (2) 3 (5) 0 () 2 (8)
$25,000–<$35,000 4 (3) 3 (5) 5 (6) 1 (4)
$35,000–<$50,000 6 (4) 5 (8) 1 (1) 3 (13)
$50,000–<$75,000 16 (10) 10 (17) 6 (7) 3 (13)
$75,000–<$100,000 22 (14) 5 (8) 13 (16) 3 (13)
$100,000–<$200,000 57 (36) 18 (30) 24 (29) 5 (21)
$$200,000 38 (24) 9 (15) 18 (22) 5 (21)

Insurance§
Private 141 (90) 41 (68) 68 (82) 17 (71)
Medicare/Medicaid 11 (7) 14 (23) 8 (10) 6 (25)
Other government 4 (3) 4 (7) 5 (6) 1 (4)
No coverage 0 (0) 0 (0) 1 (1) 0 (0)

Baseline technology use

MDI 1 no CGM 14 (9) 6 (10) 3 (4) 3 (13)
MDI 1 CGM 31 (20) 19 (32) 21 (25) 12 (50)
Pump 1 no CGM 3 (2) 2 (3) 4 (5) 0 (0)
Pump 1 CGM 47 (30) 19 (32) 24 (29) 3 (13)
Pump 1 CGM 1 PLGS 6 (4) 3 (5) 3 (4) 2 (8)
Pump 1 CGM 1 HCL 56 (36) 11 (18) 28 (34) 4 (17)

Baseline HbA1c, %|| 7.7 ± 1.1 8.3 ± 1.5 7.6 ± 1.2 7.9 ± 0.9

Baseline HbA1c, mmol/mol 61 ± 12.0 67 ± 16.4 60 ± 13.1 63 ± 9.8

<8.0% (<64 mmol/mol) 94 (60) 28 (47) 53 (65) 13 (54)
8.0%–<9.0% (64–<75 mmol/mol) 44 (28) 12 (20) 20 (24) 7 (29)
$9.0% ($75 mmol/mol) 19 (12) 20 (33) 9 (11) 4 (17)

Baseline TIR, % 53 ± 17 47 ± 21 52 ± 21 45 ± 16

$70% 30 (19) 8 (13) 22 (27) 3 (13)

PLGS, predictive low-glucose suspend. †For pediatric participants, the highest education
level of parent or guardian was reported. Four White participants and two Minority partici-
pants did not provide data on education. ‡Data on income were not provided by 27 White
participants and 9 Minority participants. §All insurance data are self-reported. Two White
participants and one Minority participant did not provide data on insurance. Six White par-
ticipants and two Minority participants who indicated having private insurance also had gov-
ernment-funded insurance (Medicare/Medicaid/other government). ||One White participant
was missing a baseline HbA1c measurement.
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American Indian/Alaska Native (n = 2),
and <1% not reported (n = 2). The two
participants with unknown race and eth-
nicity were excluded from this analysis.
Minorities had higher Medicare/Medicaid
use compared with Whites (24% vs. 8%),
less HCL use (18% vs. 35%), and a higher
number of participants with HbA1c $9%
(29% vs. 12%).
A similar treatment effect of BP on

change of HbA1c from baseline to
13 weeks, adjusting for baseline HbA1c,
was observed in both Whites and Minori-
ties (P value for interaction = 0.57). In
Whites, HbA1c decreased from 7.7 ± 1.1%
(61 ± 12 mmol/mol) to 7.2 ± 0.7% (56 ±
7 mmol/mol) in the BP group and stayed
the same, from 7.6 ± 1.2% to 7.6 ± 1.0%
in the SC group (mean adjusted differ-
ence [MAD] �0.45%, 95% CI �0.61 to
�0.29 [�4.9 mmol/mol, �6.6 to �3.1],
P < 0.001) (Table 2 and Fig. 2). In Minori-
ties, HbA1c decreased from 8.3 ± 1.5%
(67 ± 17 mmol/mol) to 7.4 ± 0.6% (58 ±

7 mmol/mol) in the BP group and was un-
changed at 7.9 ± 0.9% (63 ± 10 mmol/mol)
in the SC group (MAD �0.53%, �0.83 to
�0.24 [�6.0 mmol/mol, �9.2 to �2.8],
P < 0.001). Greater changes in HbA1c
from baseline were noted with higher
baseline HbA1c levels, as shown in Table 2,
Figs. 1 and 2, and Supplementary Fig. 2.
Of participants with baseline HbA1c $8%,
Whites’ HbA1c decreased from 8.8 ± 0.8%
to 7.6 ± 0.7% in the BP group and from
8.8 ± 0.9% to 8.5 ± 1.0% in the SC group
(MAD �0.95%, �1.26 to �0.63, P <
0.001), while Minorities’ HbA1c decreased
from 9.4 ± 1.2% to 7.8 ± 0.5% in the BP
group and from 8.8 ± 0.4% to 8.7 ± 0.7%
in the SC group (MAD �1.04%, �1.53%
to �0.56%, P < 0.001).

As with HbA1c, the treatment effect
of BP on TIR comparing 2 weeks of
baseline to 13 weeks on the BP was
similar in Whites and Minorities, adjust-
ing for baseline TIR (P value for interac-
tion = 0.11). TIR in Whites increased

from 53 ± 17% to 65 ± 10% in the BP
group and increased from 52 ± 21% to
56 ± 17% in the SC group (MAD 10%,
95% CI 7–12, P < 0.001). TIR in Minori-
ties increased from 47 ± 21% to 63 ±
9% in the BP group versus 45 ± 16% to
47 ± 14% in the SC group (MAD 14%,
10–18, P < 0.001).

In participants <18 years of age (Sup-
plementary Table 2 and Supplementary
Fig. 3), Whites’ mean HbA1c decreased
from 8.1 ± 1.2% to 7.5 ± 0.7% in the BP
group and did not change, from 7.8 ±
1.2% to 7.8 ± 1.1%, at 13 weeks in the SC
group (MAD �0.49%, 95% CI �0.77 to
�0.21, P < 0.001). Minorities’ mean
HbA1c decreased from 8.2 ± 1.2% to 7.5
± 0.6% at 13 weeks in the BP group and
increased from 7.8 ± 1.0% to 7.9 ± 0.9%
in the SC group (MAD �0.41%, �0.81
to �0.01, P = 0.05).

Among those $18 years of age (Supple-
mentary Table 2), Whites’ mean HbA1c de-
creased from 7.4 ± 0.8% to 7.0 ± 0.6% in

Table 2—Glycemic outcomes by treatment group, race, and baseline HbA1c

Baseline Follow-up (at or over 13 weeks)
Adjusted difference BP
minus SC (95% CI)

[P value]*

BP SC BP SC

No. Mean ± SD No. Mean ± SD No. Mean ± SD No. Mean ± SD

HbA1c, % (mmol/mol)
Overall
White 157 7.7 ± 1.1

(61 ± 12)
82 7.6 ± 1.2

(60 ± 13)
153 7.2 ± 0.7

(56 ± 7)
81 7.6 ± 1.0

(59 ± 11)
�0.45 (�0.61, �0.29)

[<0.001]
Minority 60 8.3 ± 1.5

(67 ± 17)
24 7.9 ± 0.9

(63 ± 10)
57 7.4 ± 0.6

(58 ± 7)
23 7.9 ± 0.9

(63 ± 10)
�0.53 (�0.83, �0.24)

[<0.001]
Baseline HbA1c <8.0%

(<64 mmol/mol)
White 94 7.0 ± 0.6

(53 ± 6)
53 7.0 ± 0.7

(53 ± 8)
91 7.0 ± 0.6

(53 ± 6)
53 7.1 ± 0.7

(54 ± 8)
�0.17 (�0.32, �0.02)

[0.03]
Minority 28 7.0 ± 0.5

(53 ± 6)
13 7.2 ± 0.5

(55 ± 6)
27 7.1 ± 0.5

(54 ± 6)
12 7.2 ± 0.5

(56 ± 5)
0.04 (�0.27, 0.34)

[0.82]
Baseline HbA1c $8.0%

($64 mmol/mol)
White 63 8.8 ± 0.8

(72 ± 8)
29 8.8 ± 0.9

(73 ± 10)
62 7.6 ± 0.7

(60 ± 7)
27 8.5 ± 1.0

(69 ± 11)
�0.95 (�1.26, �0.63)

[<0.001]
Minority 32 9.4 ± 1.2

(79 ± 13)
11 8.8 ± 0.4

(73 ± 5)
30 7.8 ± 0.5

(61 ± 6)
11 8.7 ± 0.7

(71 ± 7)
�1.04 (�1.53, �0.56)

[<0.001]

TIR 70–180 mg/dL, %

Overall
White 157 53 ± 17 83 52 ± 21 156 65 ± 10 83 56 ± 17 10 (7, 12) [<0.001]
Minority 60 47 ± 21 24 45 ± 16 60 63 ± 9 24 47 ± 14 14 (10, 18) [<0.001]

Baseline HbA1c <8.0%
(<64 mmol/mol)

White 94 62 ± 14 53 63 ± 15 93 68 ± 8 53 65 ± 13 5 (2, 7) [<0.001]
Minority 28 64 ± 13 13 55 ± 12 28 68 ± 9 13 56 ± 12 7 (2, 12) [0.007]

Baseline HbA1c $8.0%
($64 mmol/mol)

White 63 39 ± 13 29 32 ± 14 63 61 ± 9 29 40 ± 13 19 (15, 23) [<0.001]
Minority 32 33 ± 16 11 34 ± 12 32 59 ± 6 11 38 ± 10 21 (15, 28) [<0.001]

*Estimates, CIs, and P values calculated from a repeated-measures linear mixed-effects model adjusting for age at randomization as a fixed ef-
fect and clinical site as a random effect.

diabetesjournals.org/care Castellanos and Associates 1187

https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://doi.org/10.2337/figshare.22221280
https://diabetesjournals.org/care


the BP group and decreased from 7.5 ±
1.2% to 7.4 ± 0.9% in the SC group (MAD
�0.42%, 95% CI �0.60 to �0.24, P <

0.001). Minorities’ HbA1c decreased from
8.5 ± 2.0% at baseline to 7.3 ± 0.5% in BP
group and decreased from 8.3 ± 0.9% to
8.1 ± 1.0% in the SC group (MAD �0.82%,
�1.27 to �0.38, P < 0.001).

The mean baseline HbA1c was higher
and the treatment effect on HbA1c and
TIR was greater for those without a
bachelor degree, for those with an an-
nual household income of <$75,000,
for those not using a CGM before the
trial, and for those using MDI (Supple-
mentary Table 3).

CONCLUSIONS

Among children in the U.S.with type 1 dia-
betes, the SEARCH study found that 72.6%
were non-HispanicWhite, 15.7% were His-
panic, 9.3% were non-Hispanic Black, and
2.4% were Asian (5). Similar patterns are
present in adults. Our pediatric cohort was
65.5% non-Hispanic White, 14.5% His-
panic, 9.7% non-Hispanic Black, and 2.4%

Asian, and therefore reflective of the pop-
ulation of children with type 1 diabetes.
Our overall cohort, while not perfectly
representative, was more reflective than
previous pivotal studies of HCL systems
(10,13–15,20), of the general U.S. popula-
tion with type 1 diabetes in terms of race/
ethnicity, SES, range of HbA1c, and the dis-
tribution of baseline therapies (MDI, insu-
lin pump, and HCL), suggesting that results
observedmay bemore generalizable.

Our analysis shows that use of the BP
yielded improvements in HbA1c by a similar
degree among both White and Minority
participants when adjusted for baseline
HbA1c. Additionally, the racial and ethnic
disparities in mean HbA1c appear to be re-
duced with the BP. In the SC group, base-
line difference in HbA1c between White
and Minority participants remained un-
changed at follow-up, while in the BP
group, the difference in HbA1c among
White and Minority participants was re-
duced at follow-up. Thus, while the treat-
ment effect did not differ by race when
adjusting for baseline glucose, the differ-
ences inHbA1c betweenWhite andMinority

participantswere reduced after using the BP
system, likely because those with higher
baseline HbA1c had greater improvements
with the BP system than those with lower
baseline HbA1c. Likewise, those with lower
SES had higher baseline HbA1c, reflected in
greater improvementswith the BP system.

Similar improvements in glucose con-
trol with the BP relative to SC in Minority
andWhite participants may be due to the
autonomous dosing by the BP, which de-
termines every insulin dose independently
of the skill of the health care provider or
the level of numeracy or technical acumen
of the user. Collectively, this operational
autonomy of the BP opens the practical
possibility that a broad base of prescribing
health care providers and users of the BP
could use the device safely and effectively.

Limitations of this study included a rela-
tively small number of Asian and Ameri-
can Indian/Alaska Native participants, that
we did not collect data on household size
to further assess income inequality, and a
duration of system use that was limited
to 13 weeks. Nonetheless, these data pro-
vide a basis for additional studies to more

Figure 1—HbA1c change from baseline by race/ethnicity and treatment group. A: Overall change in HbA1c from baseline to week 13 in White and
Minority participants. B: Change in HbA1c from baseline to week 13 in White and Minority participants with baseline HbA1c <8%. C: Change in
HbA1c from baseline to week 13 in White and Minority participants with baseline HbA1c $8%. Black dots indicate the mean values, horizontal bars
in the boxes indicate the medians, and the bottom and top of each box represent the 25th and 75th percentiles, respectively.
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fully explore the relationship between
race/ethnicity and glycemic control with
automated insulin delivery systems.

Conclusion
The iLet BP improved glycemic outcomes
in a racially and ethnically diverse minority
cohort, with similar improvements seen in
both Minority and White subpopulations,
suggesting generalizability to a real-world
population of people with type 1 diabetes
that might be less discriminatory than cur-
rent insulin-delivery technologies.
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