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Background: At Children’s of Alabama, all patients with insulin dependent
diabetes are considered for continuous subcutaneous insulin infusion therapy
(CSlI, also known as insulin pump). In some cases, eligibility depends on
insurance requirements, including six months of MDI therapy, CSIl education,
and a six-week glucose log with four daily readings.

Objective: Evaluate factors influencing CSlI initiation after "Prepump class” and
assess glycemic changes in CSII starters.

Methods: A retrospective review of pre-pump class attendees from January
2022 to July 2023 was completed. Patients who initiated a CSlII prior to January
2024 were identified as "CSlI-starters,” and those who remained in multiple daily
injections were identified as “MDlI-retainers”. Demographic and medical data
were compared between these groups. For CSllI-starters, type of system and use
of automatic insulin delivery (AID) was evaluated. Glycemic outcomes were
assessed in those with type 1 diabetes (T1D) with continuous glucose monitor
data. A sub-analysis was done for those outside the honeymoon period.
Outcomes of AID systems and users of non-AID systems were compared.

Results: Of 283 pediatric patients who attended pre-pump class, 187 (66%)
started CSII, with a median initiation time of 108 days (interquartile range 76—
154). CSllI-starters and MDI-retainers differed by race (p=0.0385) and insurance
(p=0.0001), but not by sex, language, or age at diagnosis. Initiators were younger
(p=0.0150), had shorter diabetes duration (p=0.0001), lower HbAlc (p=0.0020),
and higher CGM use (p<0.0001). Among starters, 70% chose tubeless pumps, and
62% (n=116) used AID systems. Race and insurance were not linked to AID vs
non-AlID choice, but were associated with CSII initiation. Insurance and race
were not associated with selecting an AID over non-AID CSIlI systems. In
glycemic analysis, 183 patients were studied. AID systems showed improved
outcomes compared to non-AlD systems for the full analysis and sub-analysis of
patients outside the honeymoon period.
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Conclusion: While race and insurance are not associated with the selection of an
AID vs non-AID system, they are associated with CSllI-starters versus MDI-
retainers. As expected, AID systems outperformed non-AID systems in our
cohort. Future work will aim to reduce disparities in CSIl and AID access for all
interested in diabetes technology.

diabetes mellitus, type 1, adolescent, child, artificial pancreas, closed-loop systems

1 Introduction

Type 1 diabetes mellitus (T1D), caused by insulin deficiency
following autoimmune destruction of the pancreatic beta cells, is the
most common form of diabetes in youth (1, 2). Aggressive management
with frequent glucose monitoring and insulin administration is
associated with a reduced risk of complications (3-5).

Insulin can be given via multiple daily injections (MDI) or
continuous subcutaneous insulin infusion (CSII, also known as an
insulin pump). Relative to MDI, CSII use is associated with
improved glycemic control (6-8) and lower hospitalization rates
for diabetes-related emergencies (9, 10). Therefore, CSII should be
considered a viable treatment option for pediatric patients with
diabetes, particularly those with suboptimal glycemic control, as it
has the potential to improve both therapeutic efficacy and overall
safety in this population (11, 12).

With technological advances in CSII and continuous glucose
monitors (CGM), the available CSII options have evolved.
Currently, options include tubeless and tubed CSII models as well
as CSII systems with or without automatic insulin delivery (AID)
(13). An AID system allows for automatic insulin administration of
basal insulin in addition to correction boluses dependent on real
time CGM measurements (7, 14). The use of a CSII with AID is the
current standard of care in patients able to safely use the technology
(11). This combination is strongly recommended for school-aged
children and adolescents, and should also be considered for use in
toddlers and preschool-aged children as well as those with
hypoglycemia unawareness (12).

While this is the standard of care, there are multiple factors that
limit access and use of CSII therapy in general and AID systems for
many patients. Patient CGM preference, provider bias, and
insurance requirement can limit access. This variation raises
concerns for unequitable access, something that has been seen
with diabetes-technologies in the past (15).

At Children’s of Alabama, anyone is eligible for CSII therapy if
the caregiver, provider, and the patient mutually agree to pursue it.
However, eligibility is also subject to insurance coverage limitations.
For example, Alabama Medicaid requires six months of MDI
therapy, education on CSII, and a documented six-week blood
glucose log with four discrete values per day. CGM reports do not
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count as discrete values. At Children’s of Alabama, an in-person
pre-pump class is offered by Certified Diabetes Care and Education
Specialists (CDCES) to patients with diabetes mellitus who are
interested in starting a CSIL During this 3-hour class, which fulfills
Medicaid education requirements, a group of families and patients
receive education on the differences between CSII and MDI, the
difterent features of all available CSII models, and a comparison of
AID and non-AID systems. This class does not favor one CSII over
the others, and families have access to all the devices that are
available and approved for children. While this formal education is
required by Alabama Medicaid, it is optional for most
other insurers.

In our system, significant steps are required to initiate a CSII
(See Figure 1), and the process requires cooperation between the
clinic, durable medical equipment providers or pharmacy, the
insurer, and the patient’s family. In this complex process, we were
unsure what proportion of patients who attended pre-pump class
were successfully able to start a CSII system and if there were any
significant demographic or medical differences between those able
to start a CSII (CSII-starters) compared to those who remained on
MDI (MDI-retainers) or if there were any demographic or medical
differences in those who selected a CSII with an AID or non-
AID capacity.

While the primary goal was to evaluate the outcomes of
attendance to pre-pump class on CSII initiation and selection, a
secondary goal was to evaluate glycemic outcomes for a subset of
patients with T1D who transitioned from MDI to CSII.

2 Materials and methods
2.1 Objectives
Primary Aim:
1. Assess outcomes of existing process as related to access to
CSII therapy among pediatric patients with insulin

dependent diabetes who attended a “pre-pump” class.

Objectives:
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FIGURE 1

Process map of CSll initiation at Children’s of Alabama circa 2023. BG, blood glucose; COA, Children’s of Alabama; CSII, continuous subcutaneous
insulin infusion; DME, durable medical equipment; EMR, electronic medical record.

1. Evaluate the patients who attended a pre-pump class and
explore factors that are associated with CSII initiation.

2. Evaluate the features of CSII selected and evaluate
differences in those selecting AID compared to non-
AID models.

3. Assess glycemic outcomes, measured by hemoglobin A1C
(HbAlc) and CGM metrics, in pediatric patients with T1D
who transitioned from MDI therapy to CSII therapy.

4. Conduct a sub-analysis of glycemic outcomes in youth with
T1D who had been diagnosed for more than 12 months
prior to CSII initiation, and who had 14-day continuous
glucose monitoring (CGM) data available both before and
after starting CSII, in order to minimize the influence of the
“partial remission” or “honeymoon” phase.

2.2 Participants

This retrospective study included patients with diabetes seen
from January 2022 through December 2023 at Children’s of
Alabama. Patients below 21 years of age who attended pre-pump
class from January 2022 through June 2023. Patients who had
documented CSII use by December 2023 were defined as “CSII-
starters.” Patients without documented CSIT use by December 2023
were described as “MDI-retainers.” The six-month phase from July
2023 through December 2023 was included to allow for time for
those attending pre-pump class in June 2023 to have adequate time
to decide upon CSII therapy, navigate the complex process (See
Figure 1), and start their CSIL. Patients above 21 years of age and
those who attended a pre-pump class outside the observation period
from January 2022 through December 2023 were excluded from the
patient cohort. Type of diabetes was not an exclusion criterion, for
the primary and secondary aim. Glycemic evaluation was limited to
those with T1D transitioning from MDI to CSII with sub-analysis
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limited as noted above to account for confounding of the
honeymoon phase.

2.3 Data source

The patient cohort was identified from pre-pump class
attendance records kept by the CDCES team leading the pre-
pump class. Demographic information (age, legal sex, language,
race/ethnicity, and insurance), clinical data (age at diagnosis of
diabetes, duration of diabetes at pre-pump class, duration of
diabetes at CSII initiation, and HbAlc), and diabetes-technology
information (date of the CSII initiation, CSIT model, and if model
was used in AID mode) were retrieved from the electronic health
record via individual chart review.

The CGM metrics were obtained directly from patient’s shared
data with the clinic. “Pre-CSII HbAlc” was the last recorded HbAlc
prior to CSII initiation and “post-CSII HbA1c” was that closest to
90 days after CSII initiation. CGM metrics were collected for the 14-
days prior to HbAlc measurement. For patients without a post-CSII
HbAIlc measurement but with available CGM data, a 14-day CGM
data window was selected for analysis. The end date of this window
matched the median number of days post-CSII initiation when
HbA1c measurements were obtained in the cohort. For example, if
the cohort’s median timing for post-CSII HbAlc measurement was
120 days after CSII initiation, CGM data from days 106 to 120 post-
CSII would be analyzed for these patients.

2.4 Variables

Language was identified as English and non-English speaking.
The race/ethnicity was defined as non-Hispanic White (NHW),
non-Hispanic Black (NHB), Hispanic and other. Insurance was
subdivided to Medicaid and non-Medicaid insurance.
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Commercially available CSII models during the study period
that were selected by CSII-starters were: Omnipod® UST400,
Omnipod® DASH, Omnipod® 5, Medtronic MiniMed'™ 770 G,
Tandem Control IQ®, and Tandem Basal IQ®. The CSII models
were subdivided into the conventional CSII (CSII with tubing) and
tubeless CSII. The CSII insulin delivery system was then divided
into a CSII with an AID system and a CSII with a conventional CSII
mode (Manual mode). Finally, it was noted if a patient had a CSII
with AID capacity but was using it in a non-AID mode.

2.5 Statistical analysis

The normality of continuous variables was assessed by the
Kolmogorov-Smirnov test. The characteristics of CSII-starters
were compared to MDI-retainers. Normally distributed variables
were compared with the student’s t-test. Skewed variables were
compared with Wilcoxon-Mann-Whitney test, and categorical
variables were compared with chi-square or Fisher exact where
appropriate. In paired sub-analysis for the third aim, paired t-test
was performed for normally distributed variables and Wilcoxon
signed-rank test performed for skewed data. All reported p-values
are two-tailed with an alpha of <0.05. Analysis was performed in
SAS® 9.4 software (SAS Institute, Cary, NC).

3 Results
3.1 CSll initiation

A total of 283 individuals met inclusion criteria for aims one and
two evaluating CSII start and CSII selection. A slight majority (n=148,

TABLE 1 Demographic information and diabetes-specific data.

Total (n=283)

CSII starters (n=187)

10.3389/fendo.2025.1568133

52.3%) were female, and the majority (n=208, 73.5%) were NHW and
English-speaking (n=277, 97.9%). A slight minority (n=138, 48.8%),
had private insurance. Average age at diabetes diagnosis and pre-pump
attendance were 8.8 * 4.1 years and 11.4 + 4.1 years respectively.

Among attendees, 280 (98.9%) had a diagnosis of T1D, and 3
(1.1%) had diabetes other than T1D including type 2 diabetes and
diabetes due to pancreatic insufficiency. Only two individuals had
previously used a CSII; the rest were new to CSII diabetes
technology. Most patients used CGM, with a small minority (N =
14, 4.9%) using glucometers. Glucometer users were majority NHB
(n = 8;57.1%), Medicaid insured (n = 12; 85.7%) and female (n = 8;
57.1%). Of the 283 patients who attended pre-pump class (n = 187;
66.1%) were CSII-starters. For CSII-starters, the median time to
initiate a CSII after pre-pump attendance was 108 days with an
interquartile range of 76-154 days.

CSII-starters and MDI-retainers did not differ in sex, language,
nor age at diabetes diagnosis. However, they did differ by race
(p=0.0385), and insurance (p=0.0001). Additionally, CSII-starters
were younger (p=0.0150), had diabetes for a shorter duration
(p=0.0001), lower HbAlc concentrations (p=0.0020), and higher
CGM use (p <0.0001) relative to MDI-retainers. (See Table 1).

3.2 CSll selection

Most CSII-starters (n= 131, 70%) selected a tubeless CSII. CSII-
starters opted for a CSII with an AID system in 68.4% (n=128) of
cases, and 90.6% (n=116) of those patients used the CSII in AID
mode. The preferred CSII models were: Omnipod® 5 (38.5%),
followed by Tandem Control IQ® (27.8%), Omnipod® DASH
(19.8%), Omnipod® UST400 (11.8%), Tandem Basal IQ® (1.6%);,
and Medtronic MiniMed"" 770 G (0.5%).

MDI-retainers (h=96)

p-value

Sex: Female (%) 148 (52.3) 99 (52.9) 49 (51.0)
Race: 208 (73.5) 147 (78.6) 61 (63.5) 0.0385
NHW 58 (20.5) 32 (17.1) 26 (27.1)
NHB 9(3.2) 5(2.7) 4 (4.2)
Hispanic 8 (2.8) 3 (1.6) 5(5.2)
Other
Language: Non-English (%) 6(2.1) 3(1.6) 3(3.1) 0.4
Insurance: Private (%) 138 (48.8) 108 (57.8) 30 (31.3) 0.0001
Age at diabetes diagnosis 8.8 (4.1) 8.7 (4.0) 9.0 (4.2) 0.6
(n=280) (n=185) (n=95)
Duration of diabetes at pre- 1.13 (0.4-3.7) 0.75 (0.42-2.5) n=185 2.0 (0.75-5.0) 0.0001
pump class' n=280 n=95
Age at Pre-pump class 114 (4.1) 11.0 (4.0) 12.2 (4.1) 0.0150
Pre-pump HbAIc (%) 8.1 (7.1-9.6) 8.0 (6.9-9.1) 8.6 (7.5-10.4) 0.0020
CGM use at pre-pump 269 (95.0) 187 (100.0) 82 (85.0) <0.0001

HbAlc, glycated hemoglobin Alc; NHW, non-Hispanic White; NHB, non-Hispanic Black.
Variables are mean (standard deviation) and n (%) unless otherwise indicated.
"Median and interquartile range shown for skewed variable.
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At time of CSII initiation, AID-users were 12.0 + 3.8 years old
while those using a non-AID CSII or a CSIT with an AID capacity in
non-AID mode were 10.4 + 4.3 years old (p=0.0123). Relative to
non-AID CSII users, AID-users had an older age at diabetes
diagnosis (p=0.0151). AID use was not associated with pre-pump
HbAlc, duration of diabetes mellitus, insurance, sex, race/ethnicity,
or language. (See Table 2).

3.3 Glycemic outcomes

For the glycemic outcome analysis, of the 187 patients that were
started on CSII, 183 met the inclusion criteria. One was excluded for
not having T1D, one was excluded due to lack of any available CGM
data, and two excluded because they were already using a CSII and
attended pre-pump class to switch CSII model.

All but 20 patients had a baseline HbAlc measurement. For the
20 subjects without a baseline HbAlc, 14-day CGM data was
collected for days 130-144 after CSII initiation, in line with the
median time to HbAlc measurement of 144 days for the cohort
with HbA1lc measurements available (see methods above).

A total of 113 patients were transitioned from MDI to CSII with
an AID and 70 were transitioned to a non-AID CSII Baseline
glycemic data, between AID and users of non-AID systems did not
differ. However, significant differences were observed between post-
CSII glycemic metrics in users of AID systems and users of non-
AID systems. The percentage of CGM active time was higher in
AID users as compared to users of non-AID systems. Additional
changes were noted in mean glucose, glucose management index,
time very high, time high, and time in range. No difference was seen

10.3389/fendo.2025.1568133

in post-CSII time low or very low between users of AID systems and
users of non-AID systems (See Table 3).

Sixty-six patients with T1D for greater than 12 months,
transitioned from MDI to CSII, with pre and post CGM data
available were included in the sub-analysis. Of these 66, 24
transitioned to non-AID and 42 transitioned to AID. Users of
non-AID systems saw no significant changes in pre- and post-
glycemic metrics. Specifically, HbAlc went from 7.6% (IQR: 7.0 -
8.7) to 7.6% (IQR: 7.1 - 8.20) and time in range (TIR) went from
44.5% (IQR: 24.5-53.5) to 43.5% (IQR: 30.0-52.5). (See
Supplementary Table 1).

The cohort of 42 patients who transitioned from MDI to CSII
with AID did have glycemic changes. HbAlc went from 8.2% (IQR:
74 -9.4) to 6.9% (IQR: 6.6 - 8.20) (p = <0.0001), and TIR went
from 32% (IQR: 22.0-50.0) to 56.5% (IQR: 43.0-66.0) (p = <0.0001).
With the exception of time low, time very low and coefficient
of variation, all other CGM metrics differed with AID users
having superior outcomes after CSII initiation (See
Supplementary Table 2).

4 Discussion
4.1 CSll initiation and selection

Navigating CSII initiation is complex, and many systems
struggle to facilitate CSII initiation despite official standards of
care recommendations. For many patients at Children’s of
Alabama, including all patients insured through Alabama
Medicaid, one of the first steps is attending pre-pump class. In

TABLE 2 Automated insulin delivery system compared to non-automated insulin delivery system.

CSII Starters CSll used with AID

CSll used without AID = p-value

(n = 187) (n = 116) (n=71)
Sex: Female (%) 99 (52.9) 56 (48.3) 43 (60.6) 0.1
Race: 147 (78.6) 88 (75.9) 59 (83.1) 0.6
NHW 32 (17.1) 23 (19.8) 9 (12.7)
NHB 5(2.7) 3 (2.6) 2(2.8)
Hispanic 3(1.6) 2(1.7) 1(1.4)
Other
Language: Non-English (%) 3(1.6) 3(2.6) 0 0.2
Insurance: Private (%) 108 (57.8) 62 (53.5) 46 (64.8) 0.1
Age at diabetes diagnosis 8.7 (4.0) 9.3 (3.9) 7.8 (4.1)
(n=185) n=115 N=70

Duration of diabetes at pre- 0.75 (0.42-2.5) 0.67 (0.33-2.75) 0.96 (0.50-2.33)

pump class’ n=185 n=115 n=70

Age at CSII start 11.4 (4.0) 12.0 (3.8) 10.4 (4.3) 0.0123
Days to CSII initiation" 108 (76-154) 110 (78-162) 102 (71-153) 0.1
Pre-pump HbAIc (%) 8.3 (+/- 1.9) 8.0 (6.9-9.1) 8.1 (7.3-9.0) 0.1

CSII, continuous subcutaneous insulin infusion; AID, Automated insulin delivery system; HbA1C, glycated hemoglobin Alc; NHW, non-Hispanic White; NHB, non-Hispanic Black.
Variables are mean (standard deviation) and n (%) unless otherwise indicated.
"Median and interquartile range shown for skewed variable.
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TABLE 3 Glycemic data of CSlI starters with T1D.

AID users n=113

10.3389/fendo.2025.1568133

Users of non-AID systems n=70 p-value

Hemoglobin Alc

Pre-HbAlc (%) 8.0 (6.9-9.1) 7.7 (6.7-9.1) 7.9 (7.1-8.5) 0.10
n=183 n=113 n=70
Post-HbA1c (%) 7.5 (6.7-8.3) 7.0 (6.5-8.1) 7.9 (7.1-8.5) 0.0021
n=163 n=95 n=68
Pre-CSIl CGM Data n=132 n=87 n=45
Mean Blood Glucose (mg/dL) | 206 (51) 205 (52) 207 (49) 0.77
GMI (%) 8.2(1.2) 8.2 (1.3) 8.3 (1.8) 0.75
CV (%) 349 (6.7) 34.7 (6.6) 35.1 (7.1) 0.78
Time very high' (%) 25.0 (12.0-44.5) 25.0 (11.0-44.0) 24.0 (13.0-46.0) 0.74
Time high (%) 253 (9.6) 24.7 (9.6) 264 (9.6) 0.33
Time in mngel (%) 44.0 (27.5-58.5) 45.0 (28.0-60.0) 43.0 (24.0-54.0) 0.49
Time low' (%) 0 (0.0-1.0) 0 (0.0-1.0) 0 (0.0-1.0) 0.99
Time very low' (%) 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 0.06
Time CGM active' (%) 97.0 (91.4-98.7) 97.3 (89.2-98.9) 96.9 (93.6-98.4) 0.77
Post-CSIl CGM Data n=142 n=89 n=53
Mean Blood Glucose (mg/dL) = 192 (42) 186 (44) 203 (34) 0.0189
GMI (%) 7.9 (1.0) 7.8 (1.1) 8.25 (0.8) 0.0181
CV (%) 36.3 (6.4) 35.8 (6.5) 37.1 (6.4) 0.23
Time very high (%) 18.5 (10.0-31.0) 15.0 (7.0-27.0) 26.0 (17.0-33.0) 0.0012
Time high (%) 25.0 (10.0) 22.6 (7.1) 29 (12.7) 0.0012*
Time in range (%) 53.0 (39.0-66.0) 61.0 (43.0-70.0) 44.0 (35.0-53.0) <0.0001
Time low (%) 1.0 (0.0-1.1) 1.0 (0.0-1.0) 0.0 (0.0-1.0) 1.0
Time very low (%) 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 0.85
Time CGM active (%) 97.9 (95.6-98.8) 98.3 (96.2-98.9) 97.0 (93.5-98.6) 0.0262

HbAlc, glycated hemoglobin Alc; GMI, glucose management indicator; CSII, Continuous subcutaneous insulin infusion; CV, coefficient of variation; CGM, continuous glucose monitor. Data
are mean (standard deviation) if normal and median (interquartile range) if skewed. Test for paired skewed data is Wilcoxon signed-rank test. Test for paired normal test is paired t-test.

! Skewed data; * Unequal variances t-test.

this review of 18-months of pre-pump attendees, we found a CSII
start rate of 66.1%. Detailed review of the data showed enlightening
information about CSII-starters and MDI-retainers.

Before discussing, it is important to highlight this work’s
limitations. First, this is a single-center review and results may
not generalize to other areas, particularly those with different
insurance requirements. Second, the pre-pump class has a
capacity of 6 families per class and it is offered 4 times per
month. This barrier may explain the time gap between the
diagnosis and the pre-pump class date. Third, Alabama Medicaid
does not cover CSII until six months post diagnosis, which impacts
our duration of diabetes at pre-pump class and may contribute to
lower initiation rates. Finally, only those starting CSII by December
2023 were included. With a median time from pre-pump class to
CSII initiation of 108 days, it is possible that some patients,
particularly those attending pre-pump class towards the end of

Frontiers in Endocrinology

June 2023, initiated a CSII after December 2023. The CSII start was
determined in one of two ways. First, by reviewing the attendance to
the CSII start appointment at Children’s of Alabama (CSII
initiation date). Second, by reviewing the provider’s
documentation at the follow-up clinic visits. As some patients
receive CSII initiation directly through the CSII company and not
through Children’s of Alabama, if the provider did not accurately
document the insulin administration at follow-up, those patients
would have been mistakenly identified as MDI-retainers. Finally,
available AID systems continued to evolve with changes in
availability and coverage during our study period, which might
have impacted our results.

Despite these limitations, this work identifies some meaningful
insights. In our clinic, approximately 48% of patients with T1D have
Medicaid. Although public and privately insured patients were
near-equally represented in pre-pump attendance (See Table 1),
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privately insured patients made up a disproportionate number of
CSII-starters. In fact, based upon our data showing that for those
who attend pre-pump class 78.3% of those with private insurance
proceed to CSII start compared to only 54.4% of patients with
public insurance. In our population, those with private insurance
are 1.4 times more likely to start a CSII than those with public
insurance. Consequently, the type of insurance seems to play a vital
role in our population as most MDI-retainers were insured through
Alabama Medicaid.

Similar differences were seen by racial and ethnic group. In our
clinic, approximately 30% of patients with T1D are NHB (16),
however patients who are NHB made up only 20.5% of pre-pump
attendees. For pre-pump attendees who are NHW, 70.1% of them
started a CSII compared to only 55.2% of those who are NHB and
55.6% of those who are Hispanic. NHW pre-pump attendees are 1.3
times more likely to start a CSII than NHB and Hispanic pre-pump
attendees. This shows disparities in not just CSII initiation, but also
access to pre-pump class given the underrepresentation of patients
who are NHB in pre-pump class attendees compared to the
clinic population.

Although the pre-pump class is available to all patients with
diabetes who are interested in starting a CSII, the reason for the
underrepresentation of NHB patients in class attendance remains
unclear. While detailed information regarding caregivers’ work
schedules or primary modes of transportation is lacking, these
factors may contribute to the limited participation observed in this
population. To enhance accessibility, proposed strategies include
offering pre-pump classes at varied times—such as both morning
and afternoon sessions—and proactively evaluating the need for
transportation support. Additionally, the majority of NHB patients
are covered by Medicaid. Therefore, a key area for improvement is
reinforcing the insurance requirement mandating attendance at a
pre-pump class prior to CSII initiation. Clear communication of this
requirement may increase awareness among patients and caregivers,
encouraging greater engagement and commitment to attending
scheduled sessions. Novel approaches with remote learning should
be evaluated given success in other systems (17).

The association of HbAlc with CSII start requires further
evaluation. Historically many providers hesitated to initiate CSII
in patients with elevated glucose levels. As recently as 2009, expert
consensus agreed that suboptimal adherence to diabetes treatment
was a relative contraindication to the initiation of a CSII (18). Over
the last decades however, practice has changed with the American
Diabetes Association’s most recent recommendations stating that
CSII therapy should be offered in all patients “who are capable of
using the device safely (either by themselves or with a caregiver)”
(11). Our institution, has adapted to these guidelines. While
previously there was concern about initiating CSII in those with
elevated glucose levels due to fears related to increased
hospitalization, recent practice has evolved, and an elevated A1C
and history of diabetes-related hospitalizations are no longer seen as
contraindications to CSII use. Currently, CSII information is
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routinely offered to all appropriate patients at their first
outpatient endocrinology visit. In patients with Medicaid, this
conversation may be delayed as Alabama Medicaid will not cover
CSII until the patient has had diabetes for a minimum of 6 months.

Interestingly, while our local practice is more inclusive in offering
CSII to more patients, our data clearly shows a trend towards lower
HbAlc in CSlI-starters versus MDI-retainers. It is possible that factors
that make it difficult to reach glycemic targets also make it difficult to
navigate the complex CSII initiation process (See Figure 1). We suspect
that it is these outside factors, including high local rates of poverty and
food insecurity (19), rather than glycemic management itself, which is
the underlying cause of the difference in CSII initiation by HbAlc.

Reassuringly, we found no difference in CSII initiation by
language. Even though only 2% of the individuals who attended a
pre-pump class were non-English-speaking patients, 50% started a
CSII. This finding is reassuring as it is hard to get a CSII, more so
when operating through a second language (See Figure 1). While
only 2% of pre-pump attendees were non-English speakers, this is
consistent with our patient population with type 1 diabetes,
indicating that the non-English speaking patients have access to
pre-pump classes at a similar rate as their English-speaking peers.

Findings of age and AID use require a more nuanced
evaluation. We saw a slight trend towards lower age in CSII-
starters overall but a slightly higher age in AID users relative to
users of non-AID systems. This likely reflects the preferred CSII
model amongst our patients, 70% of whom selected a tubeless
model. For a portion of our study period, the tubeless-AID model
was not yet available on the formulary for our patients. Our first
tubeless AID CSII initiation occurred in the fall of 2022, well into
our study period. As AID use becomes approved in lower age ranges
with tubeless options, we expect to see a reduction in the age
discrepancy amongst CSII users who select AID and non-AID
systems. During the study period, while most patients selected a
CSII with AID capacity, some used it in non-AID mode as they were
using a CGM incompatible with their AID system. Encouragingly,
the selection between AID and non-AID did not appear to be
influenced by disparities in insurance or race/ethnicity.

Even though the time to start a CSII is somewhat prolonged,
this delay may stem from several factors, including communication
between the family, CSII company, and insurance; coordination
between the CSII company, insurance, endocrine office, and durable
medical equipment (DME) provider; Medicaid’s requirement for
blood glucose logs; the shipment of CSII equipment; and the CSII
training (See Figure 1). Advocacy efforts to ensure insurance
requirements do not perpetuate disparities to standard-of-care
technology are essential.

CSII starters and MDI-retainers did not differ in sex or language
but did differ by HbAlc, race/ethnicity, age, duration of diabetes,
and insurance. This opens the door for equity-focused
improvements and efforts. We look forward to partnering with
providers, payors, and families to increase access and use of
standard of care technology.
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4.2 Glycemic outcomes

Our data supports historic data showing superiority of CSII
over MDI therapy (15, 20) and adds to it by highlighting clear
differences in outcomes for youth not affected by honeymoon
period using AID and non-AID CSII systems (See Supplementary
Tables 1, 2). Our findings support current standards-of-care with
AID as preferred system for youth with T1D (11) with clear
differences in outcomes of both HbAlc and CGM glycemic metrics.

4.3 Final conclusions

CSII is associated with lower average glucose and better
glycemic control (6-8) with AID systems outperforming non-AID
systems in our cohort. Unfortunately our data shows relatively low
CSII initiation with disparities noted by race, insurance, and
glycemic control. When we have a technology available, when
used correctly, is associated with improved outcomes, we have an
obligation to evaluate and modify our systems to ensure equitable
access and use. This work identifies existing disparities in CSII-
initiation and provides a baseline to address these barriers for
further improvement efforts.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University of
Alabama at Birmingham Institutional Review Board. The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

MC: Data curation, Investigation, Writing — original draft,
Writing - review & editing. RE: Investigation, Writing — original
draft, Writing - review & editing. JS: Conceptualization, Data

Frontiers in Endocrinology

08

10.3389/fendo.2025.1568133

curation, Formal analysis, Methodology, Supervision, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors thank and acknowledge the contributions of the
CSII nurse team of the Children’s of Alabama who help to improve
the outcomes of patients with diabetes mellitus.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors’and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2025.
1568133/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1568133/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1568133/full#supplementary-material
https://doi.org/10.3389/fendo.2025.1568133
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Castillo Echevarria et al.

References

1. Dabelea D., Mayer-Davis E.J., Saydah S., Imperatore G., Linder B., Divers J., et al.
Prevalence of type 1 and type 2 diabetes among children and adolescents from 2001 to
2009. JAMA. (2014) 311:1778-86. doi: 10.1001/jama.2014.3201

2. Divers ], Mayer-Davis EJ, Lawrence JM, Isom S, Dabelea D, Dolan L, et al. Trends
in incidence of type 1 and type 2 diabetes among youths - selected counties and
Indian reservations, United States, 2002-2015. MM WR Morb Mortal Wkly Rep. (2020)
69:161-5. doi: 10.15585/mmwr.mm6906a3

3. Effect of intensive diabetes treatment on the development and progression of long-
term complications in adolescents with insulin-dependent diabetes mellitus: Diabetes
Control and Complications Trial. Diabetes Control and Complications Trial Research
Group. ] Pediatr. (1994) 125:177-88. doi: 10.1016/S0022-3476(94)70190-3

4. The relationship of glycemic exposure (HbAIc) to the risk of development and
progression of retinopathy in the diabetes control and complications trial. Diabetes.
(1995) 44:968-83. doi: 10.2337/diabetes.44.8.968

5. Nathan DM. The diabetes control and complications trial/epidemiology of
diabetes interventions and complications study at 30 years: overview. Diabetes Care.
(2014) 37:9-16. doi: 10.2337/dc13-2112

6. Noor N, Kamboj MK, Triolo T, Polsky S, McDonough R], Demeterco-Berggren C,
et al. Hybrid closed-loop systems and glycemic outcomes in children and adults with
type 1 diabetes: real-world evidence from a U.S.-based multicenter collaborative.
Diabetes Care. (2022) 45:e118-9. doi: 10.2337/dc22-0329

7. Usoh CO, Price C, Johnson CP, Speiser JL, Aloi JA. Efficacy of control-IQ technology in
a general endocrine clinic. Endocr Pract. (2023) 29:29-32. doi: 10.1016/j.eprac.2022.10.010

8. Babiker A, Alammari N, Aljuraisi A, Alharbi R, Alqarni H, Masuadi E, et al. The
effectiveness of insulin pump therapy versus multiple daily injections in children with
type 1 diabetes mellitus in a specialized center in Riyadh. Clin Med Insights Endocrinol
Diabetes. (2022) 15:11795514221128495. doi: 10.1177/11795514221128495

9. Noor N, Ebekozien O, Levin L, Stone S, Sparling DP, Rapaport R, et al. Diabetes
technology use for management of type 1 diabetes is associated with fewer adverse
COVID-19 outcomes: findings from the T1D exchange COVID-19 surveillance
registry. Diabetes Care. (2021) 44:¢160-2. doi: 10.2337/dc21-0074

10. Maahs DM, Hermann JM, Holman N, Foster NC, Kapellen TM, Allgrove J, et al.
Rates of diabetic ketoacidosis: international comparison with 49,859 pediatric patients
with type 1 diabetes from England, Wales, the U.S., Austria, and Germany. Diabetes
Care. (2015) 38:1876-82. doi: 10.2337/dc15-0780

Frontiers in Endocrinology

09

10.3389/fendo.2025.1568133

11. Elsayed NA, McCoy RG, Aleppo G, Balapattabi K, Beverly EA, Briggs Early K,
et al. 14. Children and adolescents: standards of care in diabetes—2025. Diabetes Care.
(2025) 48:5283-305. doi: 10.2337/dc25-S014

12. Phillip M, Nimri R, Bergenstal RM, Barnard-Kelly K, Danne T, Hovorka R, et al.
Consensus recommendations for the use of automated insulin delivery technologies in
clinical practice. Endocr Rev. (2023) 44:254-80. doi: 10.1210/endrev/bnac022

13. Peacock S, Frizelle I, Hussain S. A systematic review of commercial hybrid
closed-loop automated insulin delivery systems. Diabetes Ther. (2023) 14:839-55.
doi: 10.1007/s13300-023-01394-5

14. FDA authorizes first interoperable, automated insulin dosing controller designed
to allow more choices for patients looking to customize their individual diabetes
management device system(2019). Available online at: https://www.fda.gov/news-
events/press-announcements/fda-authorizes-first-interoperable-automated-insulin-
dosing-controller-designed-allow-more-choices (Accessed January 07, 2025).

15. Gandhi K, Ebekozien O, Noor N, McDonough RJ, Hsieh S, Miyazaki B, et al.
Insulin pump utilization in 2017-2021 for more than 22,000 children and adults with
type 1 diabetes: A multicenter observational study. Clin Diabetes. (2024) 42:56-64.
doi: 10.2337/cd23-0055

16. Schmitt J, Fogle K, Scott M, Iyer P. Improving equitable access to continuous
glucose monitors for Alabama’s children with type 1 diabetes: A quality improvement
project. Diabetes Technol Ther. (2022) 24:481-91. doi: 10.1089/dia.2021.0511

17. Pemberton J, Collins L, Drummond L, Dias RP, Krone R, Kershaw M, et al.
Enhancing equity in access to automated insulin delivery systems in an ethnically and
socioeconomically diverse group of children with type 1 diabetes. BMJ Open Diabetes
Res Care. (2024) 12. doi: 10.1136/bmjdrc-2024-004045

18. Lassmann-Vague V, Clavel S, Guerci B, Hanaire H, Leroy R, Loeuille GA, et al.
When to treat a diabetic patient using an external insulin pump. Expert consensus.
Sociéte francophone du diabéte (ex ALFEDIAM) 2009. Diabetes Metab. (2010) 36:79-85.
doi: 10.1016/j.diabet.2009.09.002

19. ERS. Food atlas (2023). Available online at: https://www.ers.usda.gov/data-
products/food-environment-atlas/go-to-the-atlas/ (Accessed July 06, 2023).

20. Misso ML, Egberts KJ, Page M, O'Connor D, Shaw J. Continuous subcutaneous
insulin infusion (CSII) versus multiple insulin injections for type 1 diabetes mellitus.
Cochrane Database Syst Rev. (2010) 1:Cd005103. doi: 10.1002/14651858.
CD005103.pub2

frontiersin.org


https://doi.org/10.1001/jama.2014.3201
https://doi.org/10.15585/mmwr.mm6906a3
https://doi.org/10.1016/S0022-3476(94)70190-3
https://doi.org/10.2337/diabetes.44.8.968
https://doi.org/10.2337/dc13-2112
https://doi.org/10.2337/dc22-0329
https://doi.org/10.1016/j.eprac.2022.10.010
https://doi.org/10.1177/11795514221128495
https://doi.org/10.2337/dc21-0074
https://doi.org/10.2337/dc15-0780
https://doi.org/10.2337/dc25-S014
https://doi.org/10.1210/endrev/bnac022
https://doi.org/10.1007/s13300-023-01394-5
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-interoperable-automated-insulin-dosing-controller-designed-allow-more-choices
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-interoperable-automated-insulin-dosing-controller-designed-allow-more-choices
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-interoperable-automated-insulin-dosing-controller-designed-allow-more-choices
https://doi.org/10.2337/cd23-0055
https://doi.org/10.1089/dia.2021.0511
https://doi.org/10.1136/bmjdrc-2024-004045
https://doi.org/10.1016/j.diabet.2009.09.002
https://www.ers.usda.gov/data-products/food-environment-atlas/go-to-the-atlas/
https://www.ers.usda.gov/data-products/food-environment-atlas/go-to-the-atlas/
https://doi.org/10.1002/14651858.CD005103.pub2
https://doi.org/10.1002/14651858.CD005103.pub2
https://doi.org/10.3389/fendo.2025.1568133
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Patient outcomes after attending pre-pump education class: disparities in initiation and glycemic outcomes
	1 Introduction
	2 Materials and methods
	2.1 Objectives
	2.2 Participants
	2.3 Data source
	2.4 Variables
	2.5 Statistical analysis

	3 Results
	3.1 CSII initiation
	3.2 CSII selection
	3.3 Glycemic outcomes

	4 Discussion
	4.1 CSII initiation and selection
	4.2 Glycemic outcomes
	4.3 Final conclusions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


