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priorities, and diabetes is not first among them. He works in a restaurant kitchen
and does not have private insurance. He has been receiving multiple-daily-injection
(MDI) insulin therapy with glargine as basal insulin, but fingerstick glucose mea-
surements and mealtime injections are often forgotten. Leo regularly has an evening
snack without insulin because of his fear of nocturnal hypoglycemia. For the past
2 years, his glycated hemoglobin levels have ranged from 9.0 to 13.2%, putting him
at high risk for long-term complications. His diabetes team prescribed a glucose sen-
sor, also called a continuous glucose monitor (CGM), which provides interstitial
glucose values every 5 minutes, but approval was denied because he did not perform
at least four fingerstick glucose meter measurements each day. Approval for an insu-
lin infusion pump was also denied because of missed insulin injections and a high
glycated hemoglobin level.

When Leo enrolled in a study testing an automated insulin delivery (AID) system,
his glycated hemoglobin level was 11.2%. He was initially provided with both a glu-
cose sensor and an insulin pump, but according to the study protocol, insulin deliv-
ery was not yet automated. His glycated hemoglobin level decreased to 8.5% in
2 weeks. This striking improvement was attributable to several factors. First, the
glucose sensor measures glucose levels every 5 minutes, providing immediate feed-
back and alerts. By sharing these real-time readings and alerts with his partner, both
Leo and his partner became more comfortable with lower glucose values, especially
overnight. Second, the insulin doses were easier to deliver, since the pump calculated
meal and corrective doses and eliminated the need for manual injections. Finally,
wearing the pump around the clock ensured that basal insulin was present and was
not affected by missed manual injections.

After 6 months, as specified in the protocol, Leo transitioned to the use of an AID
system (Fig. 1). He quickly learned to trust the system, and his anxiety regarding
nocturnal hypoglycemia dissipated. After 3 months of using the AID system, his
glycated hemoglobin level was 6.9% (Fig. 2A).
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The AID system integrates communication
between the glucose sensor and insulin pump
and uses an algorithm to automatically decrease
or suspend insulin delivery for predicted hypo-
glycemia, increase basal insulin for predicted
hyperglycemia, and deliver corrective doses for
higher glucose values while accounting for previ-
ously delivered insulin. These automatic real-
time decisions are made every 5 minutes, coin-
ciding with each new sensor glucose value. AID
algorithms are typically stored on the pump,
which communicates with a cell phone to send
data to the cloud. Cloud-based programs offer
patients, family members, and health care pro-
viders the ability to visualize integrated glucose
and insulin delivery data, allowing identification
of patterns that can be used to modify settings
and behaviors. Table S1 in the Supplementary
Appendix (available with the full text of this ar-
ticle at NEJM.org) provides examples of adjust-
able factors with some of the current systems.

The standard glycated hemoglobin goal is
typically set at less than 7.0%, but levels below
7.5% are also associated with a low risk of long-

term complications.! Although the glycated hemo-
globin level is the current reference standard for
assessing the long-term risks of complications,?
it is an indirect surrogate marker of mean glu-
cose levels and is strongly influenced by red-cell
life span, medications, and genetic ancestry.>*
Glucose sensors now provide a direct measure of
interstitial glucose, which bathes tissues where
nonenzymatic glycosylation and the formation
of advanced glycosylation end products occur
(the process leading to many of the long-term
complications of diabetes).” Glucose sensors also
generate measures of the risk of hypoglycemia
that are not provided by measurements of gly-
cated hemoglobin. As the technology has ad-
vanced with glucose sensors, sensor-augmented
pumps, and AID systems, it has become easier
and safer for people to meet glycemic goals in
order to prevent short- and long-term complica-
tions of diabetes (Table 1).

Data show that diabetes technology is effec-
tive in improving glycemic and quality-of-life
outcomes.! Initial AID systems had many alarms
and safeguards that created additional burdens
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Figure 1. System Configurations for Automated Insulin Delivery (AID).

Panel A shows a system using a “tethered” insulin pump, and Panel B shows a system using a tubeless or “patch” insulin pump.
PDM denotes personal diabetes manager.
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Figure 2. Trends in Leo’s Glycated Hemoglobin Levels and an Example
of Hourly Glucose and Insulin Tracing on AID.
During the 18-month study, Leo’s glycated hemoglobin levels improved,
as shown in Panel A. Switching from multiple-daily-injection (MDI) insulin
therapy to a sensor-augmented pump (SAP), which provided communica-
tion between the glucose sensor and insulin pump but without AID, led to
an initial improvement during the first 6 months of the study, which was
further enhanced when the two systems were allowed to communicate as
an AID system. Panel B shows an example of a single-day tracing while
Leo was using AID. Only one meal bolus was given, at approximately 9 p.m.
(red bar). However, the algorithm called for six automatic corrective doses
(blue bars) to help provide insulin for other meals, including lunch and
afternoon snacks. To convert the values for glucose to millimoles per liter,
multiply by 0.05551.

for the patient. However, current systems have
reduced alarm burdens, use glucose sensors that
do not require calibration, and provide automatic
corrective doses of insulin with the use of im-
proved adaptive algorithms. These changes have
also resulted in improved sleep? and have less-
ened other burdens of diabetes by providing a
degree of forgiveness for late or missed meal
boluses, as observed in Leo’s case (Fig. 2B). A
recent review article provides further informa-

tion about current AID systems, results of piv-
otal trials, and suggestions for initiating and
managing these systems. The hope is that future
types of technology will further reduce burdens
for patients and their families with the use of
smaller glucose sensors, more durable and com-
fortable infusion sets,”® and elimination of the
need for patients to “announce” meals to the
system and to count carbohydrates.™

A majority of insulin pumps sold in the
United States and Europe are now equipped with
AID technology, and these systems have been
tested in patients who are 2 to 81 years of age.!"!
Initiation of both a glucose sensor and an AID
pump can be completed in a single visit lasting
approximately 3 hours, so that patients can tran-
sition directly from MDI insulin therapy to AID,
either in person or remotely. Patients and their
family members are taught how to insert the
devices, program their pumps, interpret data in
real time, and connect the system to a cell phone.
In a recent randomized trial that initiated AID
in young children (2 to 5 years of age), 81% of
the families of children who were assigned to
AID were trained remotely, and the participants
included children and families across the United
States who lived in areas that were far from major
diabetes centers, with 26% of the participants
from groups that are often underrepresented in
health care delivery settings.'

In the vignette, Leo’s lack of private insurance
hindered his access to diabetes technology. This
illustrates a common obstacle posed by the well-
established disparities and health care inequities
that characterize insurance coverage in the
United States, even though the use of diabetes
technology is the recognized standard of care
for patients with diabetes for which insulin is
warranted.!® Disparities in use of and access to
technology have worsened over the past decade
and are implicated in disproportionately higher
glycated hemoglobin levels among persons from
low socioeconomic and underserved racial and
ethnic groups.”® Drivers of inequitable access —
such as payer coverage, provider bias, and lim-
ited language options in device interfaces — are
often outside patient control. Public payers and
high-deductible insurance plans are implicated in
interruptions of glucose sensor use that compro-
mise glycemic outcomes.” Studies have shown
that bias based on both race or ethnic group and
insurance status affects recommendations re-
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Table 1. Effects of Technology on Reaching Glycemic Targets.*

Glycated Hemoglobin

Target and Diabetes Technology Level
%

Target® <7

MDI insulin therapy and blood- 8.2
glucose meters’

MDl insulin therapy and glucose 7.6
sensors’

Pump and glucose sensors® 7.4

AID®° 6.8-7.1

Glucose Sensor Metrics
Glucose Level, Mean Glucose Level
70-180 mg/dl Glucose Level <70 mg/dl
% of time mg/dl % of time
>70 154 <4
45 189 5.5
51 180 4.8
59 170 2.2
71-75 148-156 1.3-2.3

* To convert the values for glucose to millimoles per liter, multiply by 0.05551. AID denotes automated insulin delivery,

and MDI multiple daily injection.

garding the use of technology.”»* Changes in
national, institutional, and payer coverage can
help bridge disparities and increase access to dia-
betes technology.?® Diabetes technology has been
associated with improved outcomes in economi-
cally diverse settings in resource-rich countries.*
Although this vignette highlights structural bar-
riers to equitable access that are specific to the
United States, similar barriers in other countries
also warrant system-level changes. Globally
reliable access to insulin, blood-glucose moni-
toring, and diabetes technology is limited and is
a major cause of avoidable illness and death.

VIGNETTE 2: USE OF DIABETES
TECHNOLOGY FOR TYPE 2 DIABETES

Eli was advised to go to the emergency depart-
ment after a routine blood test showed a high
random glucose level of 640 mg per deciliter (35.5
mmol per liter). Although type 2 diabetes had
been diagnosed 4 years earlier, he was not treated
with medications. His glycated hemoglobin val-
ues, measured once or twice a year, had ranged
from 6.7 to 7.2%. A new measurement showed
that the glycated hemoglobin level was 16.3%. Eli
also had worsening urinary frequency and thirst.
In the emergency department, treatment with
subcutaneous insulin and intravenous fluids led
to the resolution of a concomitant mild anion gap
acidosis. A glucose sensor and instruction in the
use of injectable insulin were provided by the on-
call certified diabetes care and education special-

ist, and a follow-up clinic visit was arranged. Eli
was discharged home after he received a prescrip-
tion for glargine insulin and a recommendation
for the use of insulin treatment indefinitely.

Interest in the use of glucose sensors in pa-
tients with type 2 diabetes has increased since
data from two randomized clinical trials*>?*
showed greater improvements in glycemic out-
comes with the use of real-time glucose sensors
than with standard fingerstick glucose monitor-
ing in patients with type 2 diabetes who were
receiving insulin therapy. On the basis of these
findings, clinical guidelines published since 2021
recommend that glucose sensors be considered
for all patients with diabetes who are receiving
insulin treatment.”?

Eli initially expressed skepticism about the use
of insulin, but as he watched his sensor glucose
levels in real time at home, he recognized that
glargine injections were warranted. On the basis
of feedback from the glucose sensor, he indepen-
dently eliminated foods that were causing pro-
nounced glucose spikes; these changes resulted in
improvements in glucose levels and reduced
symptoms.

Exploring the potential for glucose sensor—
related benefits with respect to behavioral changes
remains a critical area for understanding how
glucose sensors can serve patients with type 2
diabetes. This also applies to patients who are not
receiving insulin treatment, particularly because
lifestyle interventions are the cornerstone of
management.” In the two aforementioned ran-

N ENGLJ MED 389;22 NEJM.ORG NOVEMBER 30, 2023 2079

The New England Journal of Medicine
wnloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on November 30, 2023. For personal use only. No other uses without permissic
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

domized trials,”?® benefits with respect to gly-
cemic outcomes were observed despite minimal
or no changes in pharmacologic therapy, find-
ings that suggest that the improvements in gly-
cemic control may have derived primarily from
sensor-informed behavioral changes. Use of the
glucose sensor made Eli see that both insulin
and dietary changes were warranted, even before
he was seen in the clinic.

Four weeks after his emergency department
visit, Eli had a diabetes consultation in the
clinic. During this visit, Eli’s physician reviewed
the glucose sensor data with him on a computer
screen, which helped to establish a collaborative
foundation for discussion and shared decision
making. The data revealed marked week-to-week
reductions in hyperglycemia with the consistent
insulin dose, indicating progressive islet recovery
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Figure 3. Trend in Islet Recovery and Medication Adjustments Informed by Glucose Sensor Data.

This figure shows Eli’s glucose trends during the 8 weeks subsequent to his emergency department (ED) encounter and also includes
the medication changes made during the month after his diabetes clinic visit, which took place 4 weeks after he was discharged home
from the ED. For consistency, the data are labeled according to weeks since the ED visit, such that weeks 5-8 represent the month
immediately after Eli’s visit in the diabetes clinic. Eli's glucose sensor readings in the 4 weeks after his ED visit (Panel A, facing page)
showed rapid and progressive reductions in his glucose levels, indicative of islet cell recovery. The glucose management indicator
(GMI, calculated from 2 weeks of glucose data; see below) at week 2 was 10.0% and at week 4 was 6.7%. At Eli’s in-person clinic visit,

4 weeks after his discharge from the ED, the 4 weeks of glucose data were reviewed with him, and a plan for how to progressively increase
metformin and simultaneously decrease insulin glargine was made. Two weeks after the clinic visit (after weeks 5-6) (Panel B), the glucose
sensor data were reviewed remotely by the physician with Eli. Together, they agreed on a plan to add empagliflozin while continuing to
decrease the insulin. The results of this plan are shown in the subsequent 2 weeks (weeks 7-8), during which time empagliflozin was in-
creased to the full dose and insulin was discontinued. The medication adjustments made in the month after his clinic visit are summarized
(Panel C). These adjustments correspond to the continuous glucose monitor (CGM) data shown in Panel B from the same period, which
allowed Eli and his physician to be comfortable with the swift dose adjustments. The GMI approximates glycated hemoglobin values on the
basis of the mean sensor glucose using at least 2 weeks of CGM data (GMI %=3.31+0.02392 x[mean glucose level in milligrams per deciliter];
GMI millimoles per mole=12.71+4.70587 x[mean glucose level in millimoles per liter]).?* CV denotes coefficient of variation.
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(Fig. 3A). Eli preferred stepwise medication ad-
justments and agreed to begin with metformin.
After 2 weeks, the maximum metformin dose was
reached, and insulin doses had been decreased by
half. The glucose sensor data were reviewed re-
motely with Eli, and empagliflozin was added.
Over the following 2 weeks (weeks 7 and 8 since
the emergency department visit), Eli was able to
discontinue insulin while maintaining excellent
glucose control. The glucose sensor data and
medication dose adjustments during the 4 weeks
after the clinic visit are shown in Figure 3B and
3C, respectively, with the remote review of the
glucose sensor data occurring after the first
2 weeks.

This vignette highlights the ways in which
data-informed medication adjustments can be
made with glucose sensors. The glucose data
were available for review remotely by the physi-
cian, who was able to make informed medica-
tion adjustments quickly by remotely checking
glucose sensor results 2 weeks after the initial
visit. Although telehealth services became reim-
bursable during the coronavirus disease 2019
(Covid-19) pandemic, glucose sensor review can
be billed separately from clinic or telehealth
services up to four times per year, but not more
than once per month. Initialization (also bill-
able) can be done in the clinic to ensure that
glucose sensor data are available to health care
providers in real time. Even with these advances,
a lack of electronic health record integration
means that clinical staff must manage multiple
cloud databases to maintain updated data from
glucose sensors and insulin pumps. Although
some devices automatically transmit data to the
cloud, others require manual data uploading by
patients from home. If a patient has difficulty
with this process, then data will be uploaded for
review only at in-person appointments.

The remote monitoring capabilities and more
detailed glucose data obtained from glucose
sensors may be of particular benefit in under-
represented populations (including some racial
or ethnic groups, patients with low socioeco-
nomic status, and those with public insurance
or no insurance coverage) who have a dispro-
portionately higher incidence and prevalence of
type 2 diabetes. Underrepresented younger per-
sons with type 2 diabetes are emerging as one
of the most vulnerable patient groups, with a
rapid progression to diabetes complications.*!

Thus, it is imperative to strive for equitable access
to diabetes technology as coverage continues to
expand at the state level (Table 2), given the
association between access and improved dia-
betes outcomes.*

Glucose sensors are a powerful recent innova-
tion in the management of diabetes, and the
marked improvements in glycemic control seen
in patients with type 1 diabetes have prompted
the use of sensors for treating other forms of
diabetes.®% In light of the evidence and guide-
lines,”?® we should consider carefully why any
patient receiving insulin treatment is not using a
glucose sensor. The benefits of these devices
also seem likely to extend to patients who are
not treated with insulin, although more data are
needed to substantiate this idea.

VIGNETTE 3: USE OF DIABETES
TECHNOLOGY IN THE HOSPITAL

Gia, who had lived with type 1 diabetes for 40 years,
was admitted to the hospital with a nondisplaced
hip fracture. She also had diarrhea due to Clos-
tridium difficile infection and was receiving care
with contact precautions. She had used an insulin
pump for years and had a fear of hypoglycemia,
which caused her to maintain high glucose levels.
Two years earlier, she had started AID, and her
fear of hypoglycemia had lessened. Her glycated
hemoglobin levels were reduced to less than 7.5%.

On admission, Gia was transitioned from her
AID system to MDI insulin therapy, an option that
was more familiar to her primary admitting team.
However, her glucose level was difficult to con-
trol. She expressed frustration about the lack of
flexibility with MDI, particularly because her
meals were often delayed or cold as she waited for
a nurse to provide prandial insulin injections. Her
anxiety about hypoglycemia also returned while
she was receiving MDI therapy, and she regularly
requested reduced doses of prandial insulin. At
Gia’s request, the AID system was restarted, and
glucose control improved (Fig. 4). However, a fa-
cility that was willing to manage the AID system
and also provide rehabilitation for her reduced
mobility after the hip fracture was not available.
To facilitate discharge, the AID system was again
discontinued. MDI insulin therapy was restarted,
and glycemic control once again worsened.

Both hyperglycemia and hypoglycemia are
associated with increased risks of poor hospital
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outcomes,*** but avoiding both simultaneously
can prove challenging.® Current inpatient glucose
targets are conservative, typically 140 to 180 mg
per deciliter (7.8 to 10.0 mmol per liter); these
targets preferentially avoid the risks of hypoglyce-
mia over those associated with hyperglycemia.’**
The current standard is to use a combination of
long- and short-acting (basal-bolus) doses of
insulin by means of MDI therapy.>** However,
glucose goals are often still unmet; one meta-
analysis showed that glycemic targets were met
in only 34 to 66% of patients, and 2 to 29% of
the patients had hypoglycemic episodes.*® Con-
ventionally, these treatment protocols rely on
point-of-care fingerstick glucose measurements,
which must be performed at the bedside. There
are no alerts for hypoglycemia, except symp-
toms. Management can be challenging because
of the variability in insulin sensitivity (owing to
stress, illness, medications, and reduced activi-
ty), changes in oral intake, and timing mis-
matches between food delivery and insulin ad-
ministration. Thus, substantial demands are
placed on hospital staff, particularly bedside
nurses.*” More aggressive goals or complex regi-
mens may require more diligent oversight that is
often provided by dedicated inpatient diabetes
consultation services, which are not commonly
available at community hospitals.*** It is there-
fore not atypical to remove diabetes devices
such as a glucose sensor, pump, or AID system
when treatment teams and staff are unfamiliar
with them.

Like Gia, many patients entering a hospital
prefer to continue using their devices. Our insti-
tution was able to respond to Gia’s request with
infrastructural support and detailed guidance,
including standardized criteria with protocols
and documentation for use, interruption, and
discontinuation of diabetes devices. Resuming
use of the glucose sensor restored alerts for gly-
cemic excursions, and her AID data were able to
be reviewed by the inpatient diabetes service
using the same cloud-based platforms used in
the outpatient setting.

Although glucose control improved consider-
ably when Gia transitioned back from MDI
therapy to an AID system, studies are still
needed to confirm the glycemic benefits of us-
ing diabetes devices in the hospital setting.
Limited, mostly retrospective, data have sug-
gested mild improvements in glycemic control

with continued use of nonautomated pump
therapy in carefully selected patients.**** Simi-
larly, the use of glucose sensors, without an as-
sociated delivery device, has been shown to be
associated with mild reductions in periods when
glucose levels are below 70 mg per deciliter (3.9
mmol per liter).*# Clinical trials on the use of
AID in the hospital have shown excellent results
when a customized, fully automated system
(with no meal input requirement)¥ or a com-
mercial “hybrid” system (with meal input)*® is
used. By integrating the pump and sensor and
implementing automated insulin-dose decisions
every 5 minutes, AID offers the potential to pro-
actively avert anticipated glycemic excursions
arising from fluctuations in insulin sensitivity
— a capability not possible with MDI therapy.
However, it remains to be seen whether AID will
become a primary insulin delivery tool for inpa-
tient glycemic control in the future.

CONCLUSIONS

The three vignettes showcase the transforma-
tive changes that glucose sensors and AID
technology have made in the management of
type 1 and type 2 diabetes. However, the vi-
gnettes are not intended to provide a compre-
hensive review of the much broader landscape
of digital technology for diabetes, which en-
compasses mobile health applications (apps)
(mHealth, a name coined by Robert Istepan-
ian*®), insulin-dose adjustments, and decision-
making support, as well as glucose monitoring
and AID. Considerable work is ongoing in
many of these areas. For instance, thousands of
mHealth apps are now available on smart-
phones; these apps address nutrition, physical
activity, and diabetes management. There is
little evidence that mHealth apps can improve
glycemic control in persons with type 1 diabe-
tes; however, there is some evidence of im-
proved lifestyle modification in those with type
2 diabetes.”®! Decision-making support tools
such as cloud-based artificial intelligence can
recommend adjustments in insulin doses for
MDI insulin therapy or insulin pumps, but
early clinical trials have not shown better gly-
cemic control than that with the standard of
care.”>*

Glucose sensors are an important advance in
management for persons with type 1 or type 2
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* A total of 15 states in 2019 and 7 in 2022 had no public
payer coverage for glucose sensors.

 Data are abstracted from https://diatribe.org/medicaid
-and-cgm-whos-covered.

i Data are abstracted from https://www.chcs.org/media/
Expanding-Medicaid-Access-to-Continuous-Glucose
-Monitors_011222.pdf.

diabetes.’® These sensors have led to the develop-
ment of various applications for visualization
and analysis of glucose sensor data in real time
and retrospectively. The Ambulatory Glucose Pro-
file>> provides a standard presentation of glucose
sensor data and has been widely adopted,
along with the standardization of sensor glyce-

Table 2. States with Public Payer Coverage for Glucose mic targets to define hypoglycemia and hyper-
Sensors, 2019-2022. glycemia.®*® Mean glucose sensor values gener-
c ate a glucose management indicator, which is
Patient Group i:"z‘;'i‘g_‘; ?:";J;g; strongly correlated with glycated .hemoglobm
levels.?® Cloud-based access to diabetes data
number of states from glucose sensors, insulin pumps, or both
Children with 35 41 during the Covid-19 pandemic made it possible
type 1 diabetes to replace many in-person visits with virtual
Adults with 31 40 visits, which are now regularly used in clinical
type 1 diabetes practice.
Children with 14 28 AID systems have also transformed diabetes
type 2 diabetes care and have allowed a majority of users to
Adults with 14 27 meet or come close to meeting glycemic goals
type 2 diabetes while decreasing some of the burdens of diabe-

tes management.”! Many AID applications con-
tinue to emerge, including AID support for per-
sons with missed meal boluses®**® and AID use
in persons with conditions such as cystic fibro-
sis—related diabetes and diabetes during preg-
nancy.?*3*>° Although current AID systems have
advanced substantially, they also have limitations,
including unexpected insulin infusion-site fail-
ures, times when the accuracy of the glucose sen-
sor is inadequate, requirements for frequent user
input, issues with commercial smartphone com-
patibility, connectivity between devices, challenges
in transmitting data to the cloud, and limitations
in equitable access to diabetes technology.

It is not unreasonable to forecast that devel-
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Figure 4. Trend in Daily Hospital Glucose Levels during Inpatient Diabetes Management.
When Gia was receiving MDI insulin therapy during her first 5 days in the hospital, she had fluctuating glucose levels that frequently
exceeded 250 mg per deciliter. AID therapy was initiated on day 5, which led to improved glucose control. MDI insulin therapy was reinsti-
tuted on day 15 in order to facilitate Gia’s discharge to a rehabilitation facility, and her glycemic control again showed greater fluctuation
with higher glucose levels.
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opments in diabetes technology will continue to
improve glycemic control while decreasing the
burdens for patients in managing diabetes. If
widely adopted, these types of technology have
the potential to improve the lives of both pa-
tients with type 1, type 2, and other forms of
diabetes. The onus lies with the medical profes-

sion to help achieve greater and more equitable
use of these methods.

Neither the jJournal nor the Massachusetts Medical Society
endorses any specific diabetes management technology. Ex-
amples of such technology appear in this article for illustrative
purposes only and do not constitute an endorsement.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

REFERENCES

1. Lind M, Pivodic A, Svensson A-M,
Olafsdéttir AF, Wedel H, Ludvigsson J.
HbA, _level as a risk factor for retinopathy
and nephropathy in children and adults
with type 1 diabetes: Swedish population
based cohort study. BMJ 2019;366:14894.
2. The Diabetes Control and Complica-
tions Trial Research Group. The effect of
intensive treatment of diabetes on the de-
velopment and progression of long-term
complications in insulin-dependent dia-
betes mellitus. N Engl J Med 1993;329:
977-86.

3. Beck RW, Bergenstal RM. Beyond
AlC-standardization of continuous glu-
cose monitoring reporting: why it is need-
ed and how it continues to evolve. Diabe-
tes Spectr 2021;34:102-8.

4. Radin MS. Pitfalls in hemoglobin Alc
measurement: when results may be mis-
leading. J Gen Intern Med 2014;29:388-94.
5. Genuth S, Sun W, Cleary P, et al. Skin
advanced glycation end products glu-
cosepane and methylglyoxal hydroimid-
azolone are independently associated
with long-term microvascular complica-
tion progression of type 1 diabetes. Dia-
betes 2015;64:266-78.

6. Battelino T, Danne T, Bergenstal RM,
et al. Clinical targets for continuous glu-
cose monitoring data interpretation: rec-
ommendations from the International
Consensus on Time in Range. Diabetes
Care 2019;42:1593-603.

7. Beck RW, Riddlesworth T, Ruedy K,
et al. Effect of continuous glucose moni-
toring on glycemic control in adults with
type 1 diabetes using insulin injections:
the DIAMOND randomized clinical trial.
JAMA 2017;317:371-8.

8. Brown SA, Kovatchev BP, Raghinaru
D, et al. Six-month randomized, multi-
center trial of closed-loop control in type 1
diabetes. N Engl ] Med 2019;381:1707-17.
9. Brown SA, Forlenza GP, Bode BW, et al.
Multicenter trial of a tubeless, on-body
automated insulin delivery system with
customizable glycemic targets in pediat-
ric and adult participants with type 1 dia-
betes. Diabetes Care 2021;44:1630-40.

10. Carlson AL, Sherr JL, Shulman DI, et al.
Safety and glycemic outcomes during the
MiniMed advanced hybrid closed-loop
system pivotal trial in adolescents and
adults with type 1 diabetes. Diabetes Tech-
nol Ther 2022;24:178-89.

11. Phillip M, Nimri R, Bergenstal RM,
et al. Consensus recommendations for the
use of automated insulin delivery tech-
nologies in clinical practice. Endocr Rev
2023;44:254-80.

12. Bisio A, Gonder-Frederick L, McFad-
den R, et al. The impact of a recently ap-
proved automated insulin delivery system
on glycemic, sleep, and psychosocial out-
comes in older adults with type 1 diabe-
tes: a pilot study. J Diabetes Sci Technol
2022;16:663-9.

13. Brazg R, Garg SK, Bhargava A, et al.
Evaluation of extended infusion set per-
formance in adults with type 1 diabetes:
infusion set survival rate and glycemic
outcomes from a pivotal trial. Diabetes
Technol Ther 2022;24:535-43.

14. Bionic Pancreas Research Group.
Multicenter, randomized trial of a bionic
pancreas in type 1 diabetes. N Engl J Med
2022;387:1161-72.

15. Wadwa RP, Reed ZW, Buckingham
BA, et al. Trial of hybrid closed-loop con-
trol in young children with type 1 diabetes.
N Engl J Med 2023;388:991-1001.

16. ElSayed NA, Aleppo G, Aroda VR, et al.
Diabetes technology: standards of care in
diabetes-2023. Diabetes Care 2023;46:
Suppl:$111-§127.

17. Addala A, Auzanneau M, Miller K,
et al. A decade of disparities in diabetes
technology use and HbA  in pediatric
type 1 diabetes: a transatlantic compari-
son. Diabetes Care 2021;44:133-40.

18. Majidi S, Ebekozien O, Noor N, et al.
Inequities in health outcomes in children
and adults with type 1 diabetes: data from
the T1D exchange quality improvement col-
laborative. Clin Diabetes 2021;39:278-83.
19. Hill-Briggs F, Adler NE, Berkowitz
SA, etal. Social determinants of health and
diabetes: a scientific review. Diabetes Care
2020 November 2 (Epub ahead of print).
20. Addala A, Maahs DM, Scheinker D,
Chertow S, Leverenz B, Prahalad P. Unin-
terrupted continuous glucose monitoring
access is associated with a decrease in
HbA1c in youth with type 1 diabetes and
public insurance. Pediatr Diabetes 2020;
21:1301-9.

21. Odugbesan O, Addala A, Nelson G,
et al. Implicit racial-ethnic and insurance-
mediated bias to recommending diabetes
technology: insights from T1D exchange
multicenter pediatric and adult diabetes

provider cohort. Diabetes Technol Ther
2022;24:619-27.

22. Addala A, Hanes S, Naranjo D, Maahs
DM, Hood KK. Provider implicit bias im-
pacts pediatric type 1 diabetes technology
recommendations in the United States:
findings from the Gatekeeper study. J Di-
abetes Sci Technol 2021;15:1027-33.

23. Johnson SR, Holmes-Walker DJ, Chee
M, et al. Universal subsidized continuous
glucose monitoring funding for young
people with type 1 diabetes: uptake and
outcomes over 2 years, a population-based
study. Diabetes Care 2022;45:391-7.

24. Gerhardsson P, Schwandt A, Witsch
M, et al. The SWEET Project 10-year
benchmarking in 19 countries worldwide
is associated with improved HbAlc and
increased use of diabetes technology in
youth with type 1 diabetes. Diabetes Tech-
nol Ther 2021;23:491-9.

25. Beck RW, Riddlesworth TD, Ruedy K,
et al. Continuous glucose monitoring ver-
sus usual care in patients with type 2 dia-
betes receiving multiple daily insulin in-
jections: a randomized trial. Ann Intern
Med 2017;167:365-74.

26. Martens T, Beck RW, Bailey R, et al.
Effect of continuous glucose monitoring
on glycemic control in patients with type 2
diabetes treated with basal insulin: a ran-
domized clinical trial. JAMA 2021;325:
2262-72.

27. American Diabetes Association Pro-
fessional Practice Committee. Diabetes
technology: standards of medical care in
diabetes — 2022. Diabetes Care 2022;45:
Suppl:897-$112.

28. Grunberger G, Sherr J, Allende M,
et al. American Association of Clinical
Endocrinology clinical practice guideline:
the use of advanced technology in the
management of persons with diabetes
mellitus. Endocr Pract 2021;27:505-37.

29. Davies MJ, Aroda VR, Collins BS, et al.
Management of hyperglycaemia in type 2
diabetes, 2022: a consensus report by the
American Diabetes Association (ADA)
and the European Association for the
Study of Diabetes (EASD). Diabetologia
2022;65:1925-66.

30. Bergenstal RM, Beck RW, Close KL,
et al. Glucose Management Indicator
(GMI): a new term for estimating A1C
from continuous glucose monitoring. Dia-
betes Care 2018;41:2275-80.

N ENGL J MED 389;22 NEJM.ORG NOVEMBER 30, 2023

2085

The New England Journal of Medicine
wnloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on November 30, 2023. For personal use only. No other uses without permissic
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



2086

DIGITAL TECHNOLOGY FOR DIABETES

31. TODAY Study Group. A clinical trial
to maintain glycemic control in youth
with type 2 diabetes. N Engl ] Med 2012;
366:2247-56.

32. Addala A, Ding V, Zaharieva DD, et al.
Disparities in hemoglobin Alc levels in
the first year after diagnosis among
youths with type 1 diabetes offered con-
tinuous glucose monitoring. JAMA Netw
Open 2023;6(4):e238881.

33. Ozaslan B, Levy CJ, Kudva YC, et al.
Feasibility of closed-loop insulin delivery
with a pregnancy-specific zone model
predictive control algorithm. Diabetes
Technol Ther 2022;24:471-80.

34. Scully KJ, Palani G, Zheng H, Moheet
A, Putman MS. The effect of control IQ
hybrid closed loop technology on glyce-
mic control in adolescents and adults
with cystic fibrosis-related diabetes. Dia-
betes Technol Ther 2022;24:446-52.

35. Karol AB, O’Malley G, Fallurin R, Levy
CJ. Automated insulin delivery systems as
a treatment for type 2 diabetes mellitus:
a review. Endocr Pract 2023;29:214-20.
36. Umpierrez GE, Hellman R, Koryt-
kowski MT, et al. Management of hyper-
glycemia in hospitalized patients in non-
critical care setting: an endocrine society
clinical practice guideline. J Clin Endocri-
nol Metab 2012;97:16-38.

37. Akirov A, Grossman A, Shochat T,
Shimon I. Mortality among hospitalized
patients with hypoglycemia: insulin re-
lated and noninsulin related. J Clin Endo-
crinol Metab 2017;102:416-24.

38. Christensen MB, Gotfredsen A, Nor-
gaard K. Efficacy of basal-bolus insulin
regimens in the inpatient management of
non-critically ill patients with type 2 dia-
betes: a systematic review and meta-anal-
ysis. Diabetes Metab Res Rev 2017;33(5):
€2885.

39. ElSayed NA, Aleppo G, Aroda VR,
et al. Diabetes care in the hospital: stan-
dards of care in diabetes-2023. Diabetes
Care 2023;46:Suppl 1:5267-S278.

40. Corl DE, McCliment S, Thompson RE,
Suhr LD, Wisse BE. Efficacy of diabetes
nurse expert team program to improve
nursing confidence and expertise in caring
for hospitalized patients with diabetes
mellitus. J Nurses Prof Dev 2014;30:134-42.

41. Demidowich AP, Batty K, Love T, et al.
Effects of a dedicated inpatient diabetes
management service on glycemic control
in a community hospital setting. J Diabe-
tes Sci Technol 2021;15:546-52.

42. Haque WZ, Demidowich AP, Sidhaye
A, Golden SH, Zilbermint M. The finan-
cial impact of an inpatient diabetes
management service. Curr Diab Rep
2021;21:5.

43. Bailon RM, Partlow BJ, Miller-Cage V,
et al. Continuous subcutaneous insulin
infusion (insulin pump) therapy can be
safely used in the hospital in select pa-
tients. Endocr Pract 2009;15:24-9.

44. Cook CB, Beer KA, Seifert KM, Boyle
ME, Mackey PA, Castro JC. Transitioning
insulin pump therapy from the outpatient
to the inpatient setting: a review of 6 years’
experience with 253 cases. J Diabetes Sci
Technol 2012;6:995-1002.

45. Singh LG, Satyarengga M, Marcano
I, et al. Reducing inpatient hypoglyce-
mia in the general wards using real-
time continuous glucose monitoring:
the Glucose Telemetry System, a random-
ized clinical trial. Diabetes Care 2020;
43:2736-43.

46. Spanakis EK, Urrutia A, Galindo RJ,
et al. Continuous glucose monitoring-
guided insulin administration in hospi-
talized patients with diabetes: a random-
ized clinical trial. Diabetes Care 2022;45:
2369-75.

47. Bally L, Thabit H, Hartnell S, et al.
Closed-loop insulin delivery for glycemic
control in noncritical care. N Engl J] Med
2018;379:547-56.

48. Davis GM, Hughes MS, Brown SA, et al.
Automated insulin delivery with remote
real-time continuous glucose monitoring
for hospitalized patients with diabetes: a
multicenter, single-arm, feasibility trial.
Diabetes Techol Ther 2023 August 28
(Epub ahead of print).

49. Istepanian RS, Woodward B. m-Health:
fundamentals and applications. New York:
Wiley, 2017.

50. Wu X, Guo X, Zhang Z. The efficacy of
mobile phone apps for lifestyle modifica-
tion in diabetes: systematic review and
meta-analysis. JMIR Mhealth Uhealth
2019;7(1):€12297.

51. Fleming GA, Petrie JR, Bergenstal
RM, Holl RW, Peters AL, Heinemann L.
Diabetes digital app technology: benefits,
challenges, and recommendations: a con-
sensus report by the European Associa-
tion for the Study of Diabetes (EASD) and
the American Diabetes Association (ADA)
Diabetes Technology Working Group.
Diabetologia 2020;63:229-41.

52. Bisio A, Anderson S, Norlander L, et al.
Impact of a novel diabetes support system
on a cohort of individuals with type 1 dia-
betes treated with multiple daily injec-
tions: a multicenter randomized study.
Diabetes Care 2022;45:186-93.

53. Nimri R, Battelino T, Laffel LM, et al.
Insulin dose optimization using an auto-
mated artificial intelligence-based deci-
sion support system in youths with type 1
diabetes. Nat Med 2020;26:1380-4.

54. Castle JR, Wilson LM, Tyler NS, et al.
Assessment of a decision support system
for adults with type 1 diabetes on multi-
ple daily insulin injections. Diabetes
Technol Ther 2022;24:892-7.

55. Bergenstal RM, Ahmann AJ, Bailey T,
et al. Recommendations for standardiz-
ing glucose reporting and analysis to op-
timize clinical decision making in diabe-
tes: the Ambulatory Glucose Profile
(AGP). Diabetes Technol Ther 2013;15:
198-211.

56. Danne T, Nimri R, Battelino T, et al.
International consensus on use of con-
tinuous glucose monitoring. Diabetes
Care 2017;40:1631-40.

57. Akturk HK, Snell-Bergeon J, Shah VN.
Efficacy and safety of tandem control I1Q
without user-initiated boluses in adults
with uncontrolled type 1 diabetes. Diabe-
tes Technol Ther 2022;24:779-83.

58. Garcia-Tirado J, Diaz JL, Esquivel-
Zuniga R, et al. Advanced closed-loop
control system improves postprandial
glycemic control compared with a hybrid
closed-loop system following unan-
nounced meal. Diabetes Care 2021 Au-
gust 15 (Epub ahead of print).

59. Lee TTM, Collett C, Bergford S, et al.
Automated insulin delivery in women with
pregnancy complicated by type 1 diabetes.
N Engl J Med 2023;389:1566-78.

Copyright © 2023 Massachusetts Medical Society.

N ENGL J MED 389;22 NEJM.ORG NOVEMBER 30, 2023

The New England Journal of Medicine
wnloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on November 30, 2023. For personal use only. No other uses without permissic
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



