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New DKA Diagnostic Criteria

Glucose ≥200 mg/dl (11.1 mmol/l) or 
prior history of diabetes Diabetes/hyperglycaemia

β-hydroxybutyrate ≥3.0 mmol/l  or
urine ketone strip 2+ or greaterKetosis

pH <7.3 and/or
bicarbonate concentration <18 
mmol/l

Metabolic Acidosis

Umpierrez GE et al Diabetes Care 2024;47(8):1257-1275
Umpierrez GE et al Diabeteologia 2024;67(8):1455-1479
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DKA Pathophysiology

.

Chow E, et al. BMJ Open Diabetes Res Care. 2023;11:e003666.

DKA Pathophysiology

Chow E, et al. BMJ Open Diabetes Res Care. 2023;11:e003666.

Euglycemic DKA

CARBOHYDRATE

INSULIN

FLUIDS    (K+)

Rx PRECIPITATING 
CAUSE… 
• Stop SGLT2 
• Rx Infection
• EtOH Excess
• Substance Abuse
• Stroke, CVD 
• Trauma 
• Missed Insulin

(injection or 
infusion set) 

DKA Treatment
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DKA is A Major Health Problem – For  All Types  Of Diabetes

DKA, diabetic ketoacidosis. 
1. Riveline JP, et al. Diabetes Technol Ther. 2022;24:611-618; 2. Umpierrez GE, et al. Diabetologia. 2024;67:1455-1479; 3. Nguyen KT, et al. J Diabetes Sci Technol. 2022;16:689-715; 4. Shand JAD, et al. Acta Diabetol. 
2022;59:1485-1492.   

Costly
 In the US $21,000-

$36,000/per 
admission[2]

 Recurrent DKA is 
common

Dangerous
 DKA is a leading 

cause of death among 
children  and adults 
< 58 yrs with diabetes[3]

Common
 Most common acute 

event  leading to hospital 
admission in persons 
living with diabetes[1]

 US: 4-8% Annual 
Incidence Rate            
DKA in T1D

All Types of DM

 Hospitalization for DKA 
1 in 5 cases – T2D 

 Higher mortality for 
T2D (0.85%) with DKA 
than T1D (0.2%)

Nov 2025
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Trends in the Prevalence of Diabetic Ketoacidosis and 
Severe Hypoglycemia in Type 1 Diabetes 

Sherr J, Wysham C, et al. ADA 2026

Annual Prevalence of Diabetic Ketoacidosis and 
Severe Hypoglycemia in Type 2 Diabetes 

Sherr J, Wysham C, et al. ADA 2026
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► In this study, the authors assessed the clinical characteristics and costs 
of DKA hospitalizations in people with type 1 diabetes (T1D).

► Authors searched the 2022 National Inpatient Sample database for 
people with T1D (E10.xx any position) and DKA hospitalizations using 
ICD-10 codes. 

► Authors reported incidence, length of stay (LOS) using mean and 
standard deviation (SD), mortality using frequency (%), and 
hospitalization costs. 

Clinical Characteristics and Economic Burden of Diabetic 
Ketoacidosis in People with Type 1 Diabetes in the U.S

Galindo RJ, et al. ADA 2026

Conclusion
This analysis provides recent 
national estimates of the 
incidence, LOS, mortality and 
cost of hospitalizations for DKA in 
people with T1D. One-third of 
hospitalizations in people with 
T1D in the U.S. were for DKA in 
2022, with a total cost exceeding 
$1.24 billion, highlighting a 
significant burden to patients and 
the health system.

Results: Among 382,460 hospitalizations in patients with T1D:
 34.1% had DKA as the principal diagnosis, corresponding 

to 341.1 per 1,000 T1D hospitalizations
 Average LOS was 3.1 (4.7) days
 Inpatient mortality was 0.3% (n: 385)
 Mean cost per hospitalization was $10,140 ($12,350)

DKA Unawareness

Multinational, multicenter survey of endocrine outpatient clinic 
patients with average duration of T1D of 22 years (N=333) 

Multinational, multicenter survey of endocrine outpatient clinic 
patients with average duration of T1D of 22 years (N=333) 

46% 64%

Were unable to name a 
single symptom of DKA
Were unable to name a 
single symptom of DKA

Did not test for 
ketones at all

Did not test for 
ketones at all

32%

Were not familiar with 
the term DKA

Were not familiar with 
the term DKA

Hepprich M et al BMJ Open DRC 2023;11(6):e003662
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May 2026 

STUDY OVERVIEW
• Data on blood ketone readings performed with the

FSL reader from 89 countries from 2014 – 2024
• 135,000 patients using readers with ketone data analyzed 

both CGM data and when ketone tests were done CGM
Ketone    
Meter

92.5%
Most patients did not 
test ketones: 92.5% of 
readers had no ketone 

testing performed

Delayed Testing
Delayed ketone 

testing (5 – 8 hours) 
after glucose >250 

mg/dL

Rare
Ketones rarely 

rechecked within 24–
72 hours even with 
elevated ketones

12.5%
Elevated ketones even 

at lower glucose: 
12.5% had ketones 
≥0.6mmol/L, while 

glucose <250 mg/dL

KEY FINDINGS

Real-World Ketone Testing Patterns Among 
People Using FreeStyle Libre

DTT Bergenstal, R et al. 

May 2026 

3.0
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0.6
13%

311 mg/dL median glucose 
within 20 minutes prior to a ketone test

Real-World Ketone Testing Patterns Among 
People Using FreeStyle Libre
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DTT Bergenstal, R et al. 

Ketone Level Median Hours
• < 0.5 mmol/L  2.0 [1.0, 4.0]
• 0.6–1.4 mmol/L    2.8 [1.5, 5.5]
• 1.5–2.9 mmol/L   5.0 [2.5, 7.8]
• >3.0 mmol/L    7.8 [4.5, 11.3]

Number of Hours Prior to A Ketone Test 
Patients Had A Glucose Concentration 

Consistently >250 MG/DL                               

Real-World Ketone Testing Patterns Among 
People Using FreeStyle Libre

Current Methods to Measure Ketones

Acetoacetate 
measured via urine is 

semiquantitative

BHB via POC 
capillary test is 

quantitative 

0 0.6 1.0 1.5 > 3.0

Normal Elevated High Urgent High
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Do We Need to Monitor Both Glucose (CGM) 
and Ketones? 

Images courtesy of Richard M. Bergenstal, MD. 

Continuous Glucose Monitoring

AGP Report 

K
etone

m
m

ol/L

Glucose and Ketone Variability 

Glucose Profiles 
During Pump 
Suspension

Glucose Profiles 
During Pump 
Suspension

Ketone Profiles 
During Pump 
Suspension

Ketone Profiles 
During Pump 
Suspension

Data on file. Abbott Diabetes Care
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16-Year-Old Boy's Insulin Interruption Profile

Investigational technology. 
Sherr JL. 51st Annual Conference of the International Society for Pediatric and Adolescent Diabetes. Highlights HL-01.

Crossed 1.0 
mmol/L

Crossed 
250 mg/dL

Pump 
off

Pump
on

KetoneGlucose

G
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/L

52-Year-Old Woman's Insulin Interruption Profile

Investigational technology. 
Sherr JL. 51st Annual Conference of the International Society for Pediatric and Adolescent Diabetes. Highlights HL-01.
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Crossed 
1.0 mmol/L

Crossed
250 mg/dL

KetoneGlucose
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72-Year-Old Man's Insulin Interruption Profile

Investigational technology. 
Sherr JL. 51st Annual Conference of the International Society for Pediatric and Adolescent Diabetes. Highlights HL-01.
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Pump 
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Do We Need to Monitor Both Glucose (CGM) 
and Ketones? 

Images courtesy of Richard M. Bergenstal, MD. 

Continuous Glucose Monitoring

AGP Report 

Glucose and Ketones Rise 
Together at Similar Rate Glucose Rises Faster Than Ketones Ketones Rises Faster Than Glucose
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CE Mark Approval for Dual Sensing Technology

► First-of-its-kind biowearables
combine continuous glucose and 
ketone monitoring in a single 
sensor to support both daily 
diabetes management and help 
detect rising ketone levels.

► Integrates with the Libre digital 
health ecosystem, allowing people 
to share glucose and ketone data 
with caregivers and healthcare 
providers

► Designed for compatibility with 
leading automated insulin delivery 
(AID) systems

► First-of-its-kind biowearables
combine continuous glucose and 
ketone monitoring in a single 
sensor to support both daily 
diabetes management and help 
detect rising ketone levels.

► Integrates with the Libre digital 
health ecosystem, allowing people 
to share glucose and ketone data 
with caregivers and healthcare 
providers

► Designed for compatibility with 
leading automated insulin delivery 
(AID) systems

DKA: It Won’t Happen to Me!

Images courtesy of Richard M. Bergenstal, MD.

MDI, multiple daily injections.

Which of these 
“HYPERs” will lead 

to DKA? 
Patient with T1D on 

MDI therapy 
Patient with T1D on 

MDI therapy 
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25Riveline et al, Diabetes Technol Ther. (2022): 
doi.org/10.1089/dia.2022.0085 

RELIEF Study

CGM Use Reduces DKA by 50% But It
is Still the Most Common Acute Event

Subgroups of People With Diabetes at 
Heightened Risk of DKA 

The list order indicates potential priorities for application once CKM technology is approved for use as a medical device.
Dhatariya K, Bergenstal R, et al. Lancet Diabetes Endocrinol. 2026;14:82-92.

 Recurrent DKA
 SGLT2 inhibitor treatment
 Pregnant women with pregestational                                                                                           

diabetes or gestational diabetes
 Insulin pump users, including AID users
 Low carbohydrate or ketogenic diet
 Older and frail individuals
 Young adults with T1D
 Rural populations
 Comorbid mental health disorders
 CKD
 History of CVD or advances neuropathy associated with foot ulcers or amputation

Recurrent 
DKA

Responsible for > 20% of   
all DKA hospitalizations

High use of healthcare resources

25
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The list order indicates potential priorities for application once CKM technology is approved for use as a medical device.
Dhatariya K, Bergenstal R, et al. Lancet Diabetes Endocrinol. 2026;14:82-92.

 Recurrent DKA

 SGLT2 inhibitor treatment
 Pregnant women with pregestational                                                                                           

diabetes or gestational diabetes
 Insulin pump users, including AID users
 Low carbohydrate or ketogenic diet
 Older and frail individuals
 Young adults with T1D
 Rural populations
 Comorbid mental health disorders
 CKD
 History of CVD or advanced neuropathy associated with foot ulcers or amputation

Subgroups of People With Diabetes at 
Heightened Risk of DKA 

Summary: Current Impact of DKA and Steps to Prevent DKA

► DKA is common, costly, and dangerous

► People with diabetes do not understand DKA … very well 

► People with diabetes do not test ketones …

► Testing glucose (even CGM) is not a reliable approach to prevent DKA 

► T1D at highest risk for DKA but DKA also seen in T2D and pregnancy and DM

► Special attention: Hx of DKA, SGLT2i use, AID use, very low-carb, medically underserved 

anywhere close to Standards of Care 

Thank You 

 I look forward to my colleagues' suggestions to improve DKA prevention going forward 

27
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Carol H. Wysham, MD
Clinical Professor of Medicine  
University of Washington  
Spokane, Washington

Beyond CGM: Dual Sensing 
Technology as the 
Cornerstone of Adult DKA 
Prevention

30
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Burden of Diabetic Ketoacidosis

Increase in Proportion of People
With T2D Hospitalized for DKA1,2

31
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Who is at Risk for DKA?

34

Linck J et al. Diabetes Tech Ther 2026. 28:229-237

DKA in Real-World Practice (Germany, 2022-2023)
Multicenter observational study in 5 tertiary hospitals – 179 patients – 203 DKA episodes

33
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Challenges in Preventing DKA: Awareness ≠ Action
Cross-sectional study (April 2025) surveyed adults with T1DM > 12 months (N = 533)

36

Prevention of DKA?
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Suggestions for Application of Chronic Ketone Monitoring
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Suggested Thresholds

Suggested Graphics
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Suggested Actions

42

A Vision for an Integrated Continuous Glucose 
and Ketone Monitoring System

41
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CE Mark Approval for Libre Duo

 Libre Duo systems continuously 
monitor both glucose and ketone 
levels to reduce the reliance on 
tests that capture a single 
moment in time. 

 Libre Duo offers up to 15 days of 
wear for adults ages 18 and older 
under CE Mark. 

 Libre Duo systems continuously 
monitor both glucose and ketone 
levels to reduce the reliance on 
tests that capture a single 
moment in time. 

 Libre Duo offers up to 15 days of 
wear for adults ages 18 and older 
under CE Mark. 

Potential Benefits of Continuous Ketone Monitoring
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Challenges and Unknowns
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Proprietary and confidential — do not distribute 47

CASE STUDY: T2D and DKA

Proprietary and confidential — do not distribute 48

CASE STUDY: T2D and DKA
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Proprietary and confidential — do not distribute 

CASE STUDY: T2D and DKA

Proprietary and confidential — do not distribute 

CASE STUDY: T2D and DKA
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CASE STUDY: T2D and DKA

Proprietary and confidential — do not distribute 

CASE STUDY: T2D and DKA
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Proprietary and confidential — do not distribute 

CASE STUDY: T2D and DKA

Proprietary and confidential — do not distribute 

Learnings from This Case
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Proprietary and confidential — do not distribute 

Summary

David Maahs, MD, PhD
Lucile Salter Packard Professor of Pediatrics and, by 
courtesy, Of Health Research and Policy (Epidemiology) | 
Chief of Pediatric Endocrinology | Associate Chair of 
Academic Affairs, Department of Pediatrics | Associate 
Director, Stanford Diabetes Research Center | Associate 
Dean of Academic Affairs | Stanford University School of 
Medicine | Stanford, CA

Dual Glucose-Ketone 
Monitoring: A New 
Approach to Pediatric 
Diabetes
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Why?

Do we need this?

57

Dual Glucose Ketone MonitoringDual Glucose Ketone Monitoring

NON-DIABETES

57
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From Bittersweet, Feudtner

How are we doing in type 1 diabetes?
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DCCT/EDIC: 40+ Years of Follow-Up of the 
1441 DCCT Participants with T1D
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Cumulative mean HbA1c
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BraffettBH…Nathan D et al. 
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DKA remains
a clinical 
problem

Will an innovation  
in technology help 
reduce DKA risk?

DGK?

488 episodes of DKA 

Bapat P…Perkins B et al. 
Diabetes Care 2025; 48 (4): 614–622

Innovations in technology helped optimize glycemic management 
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Despite Technological Advances, A1Cs Are Still High

Increased use of 
diabetes technology: 

CGM, Pumps, 
Automated Insulin 
Delivery in parallel to 
HbA1c decreases and 
reduction in SH

T1DX
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2026 Can we lower the 

slope with DGK?Figure 4: Aggregate event rate of diabetic ketoacidosis across all registries over the 
study period (2013-22)
Error bars show 95% CIs

► Authors assessed DKA-related hospitalizations in children 
with type 1 (T1D) or type 2 diabetes (T2D), and estimated 
differences in mortality, and cost of hospitalizations.

► After adjusting to national estimates, authors tracked 
incidence, length of stay (LOS), mortality, and 
hospitalization costs. 

► Results: In 2022, among 38,874 pediatric hospitalizations 
in youth with T1D or T2D, 23,983 (59.1%) hospitalizations 
associated with a DKA diagnosis code [T1D, N=22,577 
(58.1%); T2D, N=1,406 (3.6%)].  

► 49 deaths associated with DKA hospitalizations, LOS 
range (2.4-7.3 days), costs ($9,461-38,074)

Burden of Diabetic Ketoacidosis Among Youth With Diabetes
A Hospital Claims Analysis 

Sherr J, et al. ADA 2026

Conclusion
DKA is commonly coded  
during hospitalizations of 
youth with diabetes.  
While the present 
analysis could not 
address if DKA occurred 
at disease onset, our 
findings highlight the 
substantial burden of 
DKA in terms of 
incidence, cost, and 
duration of admission.  
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► A 6 y/o with type 1 diabetes on an automated insulin delivery system

► Overnight she began having episodes of vomiting and her parents 
were worried she had developed a viral gastroenteritis

► As glucose was in range, they had been administering small amounts 
of honey to keep glucose levels stable

► After hours of doing this, they contact our team at 6:30a.m. for guidance

► We recommend checking ketones…

What Happens in the Real World?

It wasn’t a stomach bug; it was an infusion set failure

Slide courtesy, J Sherr

Issues with Insulin Infusion Sets are Common

3.4%

19.5%

35.6%

23.1%

13.9%

3.4%

1.1%

41.4%

0% 10% 20% 30% 40% 50%

≥ 1 per month

Always (every infusion set/pod)

Very often (6 or more 
times a month)

Often (2–5 times a month)

Sometimes (once a month)

Rarely (once every 2–6 months)

Extremely rate (once every 
7–12 months)

Never

≥ 1 infusion set 
failures per 
month

Hughes M et al, Frequency and Detection of Insulin Infusion Site Failure in the 
Type 1 Diabetes Exchange Online community, Diabetes Techn Ther (2023): 25:426–
30. Image on file at Abbott.

Insulin infusions sets are 
the “Achilles heel” of any 

subcutaneous insulin 
delivery device

70
Slide courtesy, J Sherr
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Rates of Glucose and Ketone Changes 
Do Not Consistently Correlate

Investigational technology. 
Sherr JL. ISPAD 51st Annual Conference 2025. Highlights HL-01.

Glucose and Ketones Rise Together at Similar RateGlucose Rises Faster Than Ketones Ketones Rise Faster Than Glucose

Glucose Rises, Ketones stay Flat Ketones Rise, Glucose stays Flat

Individual Profiles From Adult Pump Interruption Study

Slide courtesy, J Sherr

Pediatric DKA 
ISPAD 2026 Guidelines: Evidence and Updates

Nicole Glaser

University of California, Davis

School of Medicine

ISPAD DKA 2026 co-authors: Yeray Nóvoa Medina, G. Todd Alonso, 
Douglas Fraser, Brynn E. Marks, Vit Neuman, Thereza Piloya-Were, 
Jannet Svensson, Mariana Zoron, Leena Priyambada

71

72



6/3/2026

37

Figure adapted from: Dhataryia K, et al.  International expert recommendations on the application and utility of continuous ketone 
monitoring for people with diabetes.  Lancet Diabetes and Endocrinology. 2026; 14:1, P82-92.
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Ketones 
>3.0mmol/L

Urgent high 
ketonemia

Discharge
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Figure adapted from: Dhataryia K, et al.  International expert recommendations on the application and utility of continuous ketone 
monitoring for people with diabetes.  Lancet Diabetes and Endocrinology. 2026; 14:1, P82-92.
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Elevated ketones

Ketone 
(Β-hydroxybutyrate)

ranges 

Watch for symptoms* AcƟon to be taken by person with diabetes†

• Deep breathing
• Dry lips
• Fruity breath
• Confusion or 

difficulty paying 
attention

• Deep breathing
• Fruity breath
• Confusion or 

difficulty paying 
attention

• Nausea
• Vomiting
• Abdominal pain
• Fatigue

• Nausea
• Vomiting
• Abdominal pain
• Fatigue

• Nausea
• Vomiting
• Abdominal pain
• Excess thirst
• Frequent 

urination

No action necessaryNormal ketones

Follow your health-care professional’s guidance (including changes in 
medication) and:
• Monitor glucose levels frequently 
• Check insulin pump is working as expected or confirm insulin injections 

have not been missed
• Take fluids, carbohydrates, and insulin as recommended by your health-

care professional

Seek immediate medical attention at a hospital or 
emergency care facility and:
• Monitor glucose levels frequently 
• Check insulin pump is working as expected or confirm insulin injections 

have not been missed
• Take fluids, carbohydrates, and insulin as recommended by your health-

care professional

Follow your health-care professional guidance (including changes in 
medication) and: 
• Monitor glucose levels frequently 
• Check insulin pump is working as expected or confirm insulin injections 

have not been missed
• Take fluids, carbohydrates, and insulin as recommended by your 

health-care professional
• Contact your health-care professional

Figure 2: Template schema for developing practical recommendations on continuous ketone monitoring thresholds
* If conƟnuous ketone monitoring readings do not match symptoms then perform a capillary blood ketone test. †See appendix (p 5) for 
possible action-based recommendations for health-care professionals to consider as part of possible clinical decision support functionality.
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Ketone Monitoring and 
Elevated Ketone 
Management

Paper in review 
Diabetes Care

Connected for 
Life.

Expert Panel Kick-Off
April 17, 2025

78Adapted from Shah, V et al.  Submitted

Clinical Algorithm for the Identification, Monitoring And Management of 
Elevated Ketones In Ambulatory Settings: An ADA Evidence Synthesis Project
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Clinical Algorithm for the Identification, Monitoring And Management of 
Elevated Ketones In Ambulatory Settings: An ADA Evidence Synthesis Project

Adapted from Shah, V et al.  Submitted

CE Mark for Libre Duo 10 Day for Pediatric Use

 The sensors are designed to help 
pediatric users  with diabetes 
monitor glucose levels while also 
alerting them to rising ketones 
so they can act sooner and 
potentially avoid a serious DKA 
emergency

 Libre Duo 10 Day offers up to 10 
days of wear and is intended for 
people ages 2 and older.

 The sensors are designed to help 
pediatric users  with diabetes 
monitor glucose levels while also 
alerting them to rising ketones 
so they can act sooner and 
potentially avoid a serious DKA 
emergency

 Libre Duo 10 Day offers up to 10 
days of wear and is intended for 
people ages 2 and older.
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Thank You

Stanford Pediatric Endocrinology
www.stanfordchildrens.org/en/service/endocrinology

http://med.stanford.edu/pedsendo.html

Lalantha Leelarathna PhD, FRCP 
Clinical Associate Professor in Diabetes
Imperial College London
London, UK

CGM for T2D in the Setting of
Basal Insulin and SGLT2/GLP-1: 
The FreeDM2 Study
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Disclosures

► Dr Lalantha Leelarathna has received fees and/or honoraria from 
Abbott Diabetes Care, Insulet, Medtronic, Dexcom, Sanofi, and 
Vertex.

► The FreeDM2 study was sponsored by Abbott Diabetes Care.

Type 2 diabetes for 12 yearsMedical 
history

• BMI 29kg/m2
• HbA1c 9.6% (chronically elevated)
• Only checks blood glucose for a few days before 

diabetes clinic

Profile

• Humulin I 19u BD (Isophane, intermediate-acting)
• Empagliflozin 25mg OD
• Gliclazide 160 mg BD

Declined statin, Intolerant of metformin and GLP-1

Management

Clinical Case Study

55 year old female
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Glucose Data

Pre-bedPre-dinnerPre-lunchPre-breakfast

4.9Sunday

5.2Monday

Tuesday

6.3Wednesday

5.1Thursday

Question: How will you alter the insulin dosing (Humulin i 19 units BD)?

a) Increase the morning dose

b) Increase the evening dose

c) Add in prandial insulin

d) Wait for more blood glucose data first

e) Wait and give a trial of real-time-CGM first

MOBILE Study

9.1%

8.0%

9.0%

8.4%

60

65

70

75

80

7.4%

7.8%

8.2%

8.6%

9.0%

9.4%

Baseline 8-mo primary outcome

A1c level (m
m

ol/m
ol)

A1
c 

le
ve

l (
%

)

A1c over 8 months

► To determine the effectiveness of CGM in adults 
with T2DM treated with basal insulin (no prandial)

► Dexcom G6 device vs. SMBG

► HbA1c 7.8 % to 11.5% (62 to 102 mmol/mol)

► 15 Endocrinology practices in the USA, participants 
under primary care physician for diabetes care

► Between July 30, 2018, and October 30, 2019; use 
of SGLT2 at baseline was 9%

% TIR 3.9 to 10 mmol/L (70–180 mg/dL)
• 59% CGM vs. 43% BGM (adjusted difference, 15%, P<0.001)

% TBR < 3.9 mmol/L (< 70 mg/dL)
• 0.2% CGM vs. 0.5% BGM (adjusted difference, -0.24%, P=0.02)

Martens et al, JAMA (2021); 325 (22): 2262–2272.

Adjusted difference in mean change in A1C = 
−0.4% 

(–0.8, −0.1), [−4 mmol/mol], P=0.02

CGM Benefits for Non-Intensive Insulin Therapy
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Rationale for FreeDM2

Individuals treated with basal insulin, SGLT2i and GLP-1 RA therapy represent 
a significant proportion of those living with T2DM.

Despite combination therapy, many do not achieve glycaemic targets.  

There is a lack of high quality RCT evidence supporting the use of CGM in people 
with T2DM treated with basal insulin combined with modern therapies.

Our understanding of behavioral changes associated with CGM use are limited.

Aim
To determine whether use of FreeStyle Libre 3 CGM system improves HbA1c over 

32 weeks compared to SMBG in adults with suboptimal glycaemia

FreeDM2 Study Design

UK study: recruitment from 24 secondary and primary care centres and  nationally via self-referral. 

Key inclusion criteria
• Adults with T2DM 
• Basal-only insulin plus SGLT2i and/or GLP-1 or GIP/GLP-1 RA
• HbA1c ≥59 and ≤97 mmol/mol (≥7.5 and ≤11.0%)

Wilmot EG et al. BMJ Open 2025;15:e090154 │ NCT05944432

CGM

SMBG / Usual Care CGM (optional)

S B R

Phase 1
Self-management

Phase 2
Clinician-supported

Optional phase endpoint
12 months (48 weeks)

Optional Phase

2:
1

Ra
nd

om
is

at
io

n

Ba
se

lin
e

Sc
re

en
in

g

Masked CGM Phase 1 endpoint
4 months (16 weeks)

Phase 2 endpoint
8 months (32 

weeks)
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Analysis Endpoints

Between group 
difference in HbA1c 
change at 16 weeks

Primary endpoint 

Other Secondary 
endpoints 

Between group 
difference in HbA1c 
change at 32 weeks

Accelerometer 
data

PROMs (including 
GMSS, UKDDQ, HCS, 
HFS-II)

Safety

CGM metrics

Qualitative interviews
Changes to insulin 
doses and non-insulin 
medications

CGM

SMBG / Usual Care CGM (optional)

S B R

Phase 1
Self-management

Phase 2
Clinician-supported

Optional phase endpoint
12 months (48 weeks)

Optional Phase

2:
1

Ra
nd

om
is

at
io

n

Ba
se

lin
e

Sc
re

en
in

g

Masked CGM

Key secondary endpoint

Phase 1 endpoint
4 months (16 weeks)

Phase 2 endpoint
8 months (32 weeks)

Participant Flow

Screened
(n = 469)

Baseline phase 
(n = 329)

Randomized 
(n = 303)

Inclusion criteria not met (n = 140)

Allocated to CGM 
intervention (n = 198)

Allocated to SMBG control 
(n = 105)

Excluded (n = 26)

<70% data capture (n = 8)

Withdrew (n = 18)
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Baseline Data
Demographics and Medical History

CGM  
(n=198)

SMBG 
Control
(n=105)

All
(n=303)Demographic

61.2 ± 10.259.8 ± 9.160.7 ± 9.8Age, years

66.768.667.3Male sex, %

31.0 ± 5.631.3 ± 5.731.1 ± 5.6BMI, kg/m2

17.1 ± 6.615.9 ± 7.416.7 ± 6.9Diabetes duration, 
years

Diabetes related complications at baseline

Ocular

Cardiovascular

Renal

Foot

20%

4%

53%

18%
mean± SD unless stated otherwise

Baseline Data
Medication History

mean± SD unless stated otherwise
^includes GLP-1- based therapies plus gliptins

CGM 
(n=198)

SMBG 
Control
(n=105)

All
(n=303)Drug class

Insulin

Total daily insulin dose

33.3 ± 20.435.5 ± 32.834.1 ± 25.4Units

0.36 ± 0.210.37 ± 0.270.36 ± 0.23Units/kg

Non-insulin medications prescribed at baseline 

888687SGLT-2 inhibitors, 
%

888286Metformin, %

333333Sulphonylureas, %

363737Incretins^, %

SGLT-2i combined with GLP-1- based therapy

SGLT-2i 

87%

GLP-1 or GIP/GLP-1 RA

26%

SGLT-2i and GLP-1 or 
GIP/GLP-1 RA

19%

Combinations of non-insulin medications
Number of agents
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Baseline Data
Glycaemia

CGM 
(n=198)

SMBG
Control
(n=105)

All
(n=303)Parameter

73 ± 1173 ± 1173 ± 11HbA1c, mmol/mol

8.8 ± 1.08.8 ± 1.18.8 ± 1.0HbA1c, %

1.9 ± 1.82.1 ± 2.02.0 ± 1.9Daily fingerstick 
frequency 

25.2%24.3%

34.6%33.3%

39.7%41.9%

0.5%0.6%

CGM
SMBG 

Control

Mean % time in glucose ranges at baseline

All

24.9%

34.1%

40.4%

0.5%

>250 mg/dL
180-250 mg/dL
70-180 mg/dL
<70 mg/dL

mean± SD unless stated otherwise

>13.9 mmol/L
10.0-13.9 mmol/L
3.9-10.0 mmol/L
<3.9 mmol/L

C H A N G E  I N  H b A 1c
P R I M A R Y  A N D  K E Y  S E C O N D A R Y  O U T C O M E

CGM in Type 2 Diabetes
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Change in HbA1c
Primary and Key Secondary Outcome

Treatment groups compared using a 
linear mixed model with baseline 
HbA1c as a fixed effect and site as a 
random effect.

8.8%
73 mmol/mol

8.6%

8.1%
65 mmol/mol

71 mmol/mol

8.3%
67 mmol/mol

7.8%
62 mmol/mol

Adjusted mean difference 
(95%CI)

-0.6% (-0.77, -0.34) [-6mmol/mol]
p<0.0001

4 
months

-0.5% (-0.71, -0.24) [-5mmol/mol]
p<0.0001

8 
months

HbA1c Analysis
Magnitude of Improvements

p<0.0001

p<0.0001

19%

41%

27%

65%

p=0.0002

31%

68%

33%

49%

49%

70%

p=0.0086

53%

73%

p=0.0006

p=0.0013

SMBG Control 
CGM

4 months 8 months
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S E N S O R - BA S E D  M E T R I C S

CGM in Type 2 Diabetes

Sensor-Based Metrics
Time in Range 3.9-10.0 mmol/L (70-180 mg/dL)

*

M
ea

n
 T

im
e 

in
 R

an
ge

 3
.9

-1
0

.0
 m

m
o

l/L
 (

%
)

*

*: p<0.05

SMBG Control 
CGM

Adjusted mean difference (95%CI)

+10.4% (5.4, 15.4) [+2.5h/day]
p<0.0001*

4 
months

+10.6% (4.8, 16.3) [+2.5h/day]
p=0.0004*

8 
months

CGM CGM CGM
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Sensor-Based Metrics
Speed of Improvements in Time in Range

Phase 1
Self-management

Phase 2
Clinician-supported

V1 V2 V3 V4 V5 V6Study Visit

Sensor-Based Metrics
Time Above Range

100

%Time >13.9 mmol/L (>250 mg/dL)%Time >10.0 mmol/L (>180 mg/dL)

8 months4 months8 months4 months

-9.2 % (-13.4, -5.1) 
[-2.2h/day]
p<0.0001*

-9.7 % (-13.7, -
5.8) [-2.3h/day]

p<0.0001*

-10.3% (-16.1, -
4.5) [-2.5h/day]

p=0.0006*

-10.2% (-15.3, -5.1) 
[-2.4h/day]
p=0.0001*

Adjusted 
mean 

difference 
(95%CI)

*: p<0.05

SMBG Control 
CGM

*

M
ea

n 
Ti

m
e 

>1
0.

0 
m

m
ol

/L
 (%

)

M
ea

n 
Ti

m
e 

>1
3.

9 
m

m
ol

/L
 (%

)*
*

*

CGM CGM CGM CGM CGM CGM
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Sensor-Based Metrics
Time Below Range

Data shown as mean

SMBG Control 
CGM

M
ea

n 
Ti

m
e 

<3
.9

 m
m

ol
/L

 (%
)

M
ea

n 
Ti

m
e 

<3
.0

 m
m

ol
/L

 (%
)

% Time <3.0 mmol/L (<54 mg/dL) % Time <3.9 mmol/L (<70 mg/dL)

CGM CGM CGM CGM CGM CGM

Consensus target

Sensor-Based Metrics
Improvements in GMI, Mean and SD Glucose

P value
Adjusted mean 

difference (95%CI)
CGM 

(N=198*)
Control 
(N=105)

Mont
h

Outcome

——8.3 8.2 0Glucose 
management 
indicator, %

<0.0001*−0.5 (−0.7, −0.3)7.78.24

0.0001*−0.5 (−0.7, −0.2)7.57.9 8

——11.511.40
Mean glucose, 
mmol/L

<0.0001*−1.1 (−1.6, −0.6)10.211.34

0.0001*−1.1 (−1.6, −0.5)9.7 10.78

——3.303.290
SD glucose, 
mmol/L

<0.0001*−0.42 (−0.59, −0.24)2.933.354

0.0032*−0.29 (−0.48, −0.10)2.743.078

——29.0 29.10

CV glucose, % 0.061−1.0 (−2.1, 0.0)28.629.94

0.92−0.1 (−1.3, 1.2)28.328.68
Data shown as mean. *: p<0.05
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Sensor-Based Metrics
Day and Night Analysis

Data shown as mean. *: p<0.05

8 months4 months

p value
Adjusted mean 

difference
(95% CI)

p value
Adjusted mean 

difference
(95% CI)

Parameter

0.0064*8.2 (2.3, 14.0)0.0009*8.7 (3.6, 13.7)
Time in Range (3.9-10 mmol/L), %

<0.0001*17.7 (11.3, 24.1)<0.0001*15.7 (10.0, 21.3)☾
0.0091*-7.9 (-13.8, -2.0)0.0014*-8.5 (-13.6, -3.3)

Time above range (> 10 mmol/L), %
<0.0001*-17.5 (-24.0, -11.0)<0.0001*-15.6 (-21.4, -9.9)☾
<0.0001*-9.0 (-13.3, -4.7)<0.0001*-9.6 (-13.7, -5.4)

Time above range (> 13.9 mmol/L), %
<0.0001*-10.1 (-14.4, -5.9)<0.0001*-10.2 (-14.4, -6.1)☾

0.16—0.74—
Time below range (< 3.9 mmol/L)†, %

0.60—0.62—☾
0.0009*-0.9 (-1.5, -0.4)0.0002*-1.0 (-1.5, -0.5)

Mean glucose (mmol/L)
<0.0001*-1.5 (-2.1, -0.9)<0.0001*-1.5 (-2.1, -1.0)☾

: 6am → midnight. ☾: midnight → 6am.
*: p<0.05, † Proportion of participants with zero TBR assessed using mixed logistic regression.   

Sensor-Based Metrics
24-Hour Glucose Profile at Four Months

SMBG Control CGM
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Sensor-Based Metrics
24-Hour Glucose Profile at Eight Months

SMBG Control CGM

Sensor Usage (Intervention) and
SMBG Frequency (Control Arm)

Median 
(IQR)RangeMeanN

97.6 
(93.4, 98.7)8.6–99.293.4198Percentage of expected glucose readings 

collected during weeks 1–16

98.2 
(94.8, 98.8)0.0–99.692.0198Percentage of expected glucose readings 

collected during weeks 17–32

Visit
Baseline
(N=104)

32 weeks
(n=92)

24 weeks
(n=93)

20 weeks
(n=92)

16 weeks
(n=94)

4 weeks
(n=98)

2.2 ± 1.12.7 ± 2.12.4 ± 1.62.2 ± 1.42.4 ± 1.92.1 ± 2.0
Mean ± SD number of 
finger-stick glucose tests 
per day

105

106



6/3/2026

54

M E D I C AT I O N  C H A N G E S

CGM in Type 2 Diabetes

ns: p≥0.05

ns ns

SMBG Control 
CGM

ns

Total daily insulin dose†, units/kgTotal daily insulin dose†, units

8 months4 months8 months4 months

0.00 units/kg 
(-0.04, 0.04)

p=0.95

-0.01 units/kg 
(-0.03, 0.02)

p=0.69

1.0 units 
(-2.6, 4.7)

p=0.58

-0.1 units 
(-2.7, 2.5)

p=0.92

Adjusted mean 
difference 

(95%CI)

ns

†: Includes basal and 
bolus doses

Medication Changes
Changes to Total Daily Insulin Dose†
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Medication Changes
Changes to Total Daily Insulin Dose†

SMBG Control CGM

4 months

8 months

SMBG Control 
CGM

†: Includes basal and 
bolus doses

Medication Changes
% of Participants Starting Bolus Insulin

0% 3%^

3% 13%

^5 participants started
bolus insulin in Phase 1
(for participant safety
[n=2] and due to protocol
deviations [n=3])p=0.25

p=0.015

SMBG Control CGM

4 months

8 months
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Medication Changes
% of Participants Initiating New Non-Insulin Glucose Lowering Medications

SMBG Control CGM

3%

16%

3%

17%

p=0.79

p=0.90

4 months

8 months

Medication Changes
No Significant Between-Group Changes in Each Non-Insulin Medication Class

SGLT-2i

Metformin

Sulphonylurea

DPP4i

TZDs

GLP-1 or dual 
GIP/GLP-1 RA

Used Started Stopped Not used

ns / ns
ns / ns

ns / ns
ns / ns

ns / ns
ns / ns

ns / ns
ns / ns

ns / ns
ns / ns

ns / ns
ns / ns

SMBG Control CGM

ns/ns: : p≥0.05 for difference in proportion of 
participants stopping/starting.
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Changes to Diet
UK Diabetes and Diet questionnaire (UKDDQ)1

36.7

34.8
33.9

SMBG Control 
CGM

36.6

34.3

1: England CY et al. Public Health Nutr 2017;20(2):191–9 

Score range: 0 – 105
Lower score = better dietary habits. 
*:p<0.05

21-item tool to assess dietary habits important 
in T2DM.
• Assesses frequency and type of food consumption 

(e.g. cakes, fruits/ vegetables, processed foods, 
alcohol etc).

Adjusted mean difference (95%CI)

-2.3 (-3.9, -0.7) 
p=0.0047*

4 
months

-1.0 (-2.8, 0.9) 
p=0.30

8 
months

*

UKDDQ Score

Wilmot EG et al, ATTD 2026

Physical Activity
Overall Daily Activity

21.6

20.5

21.6

21.4
21.4

mg: milligravitational units
*: p<0.05

*

CGM

Overall daily physical activity

P value
Adjusted mean 

difference (95% CI)
MonthOutcome

0.037*1.1 (0.1, 2.1)4Overall daily 
activity, mg 0.69-0.2 (-1.3, 0.8) 8

0.541.4 (-3.2, 6.0)4Moderate-
vigorous 
activity, min/day 0.14-3.5 (-8.3, 1.2)8

0.045*12.1 (0.3, 23.9)4Light-intensity 
activity, min/day 0.375.5 (−6.5, 17.6)8

0.96-0.4 (-16.8, 16.0)4Inactive, 
min/day 0.881.4 (-17.3, 20.2)8

Wilmot EG et al, ATTD 2026
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Patient Reported Outcome Measures
Glucose Monitoring Satisfaction Survey (GMSS)1

Score range: 1 – 5.
^: Higher score indicates greater satisfaction, openness or 
worthwhileness.†: Lower score indicates less burden.
*: p<0.05

15 item questionnaire assessing satisfaction with 
glucose monitoring devices

* *
P value

Adjusted mean 
difference 

(95% CI)
MonthOutcome

——0
Total scale^ <0.0001*0.75 (0.60, 0.91)4

<0.0001*0.69 (0.53, 0.86)8
——0

Openness^ <0.0001*0.72 (0.52, 0.92)4
<0.0001*0.89 (0.68, 1.10)8

——0
Emotional burden† <0.0001*−0.55 (−0.76, −0.34)4

0.0003*−0.39 (−0.60, −0.18)8
——0

Behavioural burden† <0.0001*−0.95 (−1.15, −0.74)4
<0.0001*−0.79 (−1.02, −0.57)8

——0
Worthwhileness^ <0.0001*0.81 (0.61, 1.00)4

<0.0001*0.70 (0.50, 0.89)8

GMSS total scale

1: Polonsky WH et al. Diabetes Technol Ther 2015;17:657–63

3.2 3.2 3.3

4.0

3.5

4.2

CGM CGM CGM

Wilmot EG et al, ATTD 2026

Patient Reported Outcome Measures
Hypoglycaemia-Related

P value
Adjusted mean 

difference (95%CI)
CGM 

(N=198*)
Control 
(N=105)

MonthOutcome

——3.073.050Hypoglycaemia 
confidence 
scale, mean 
score

0.0006*0.24 (0.10, 0.37)3.413.194

0.018*0.17 (0.03, 0.31)3.413.238

-16.221.20Hypoglycaemia 
Fear Survey-II, 
mean score

0.23-1.9 (-5.0 1.2)14.0 17.94

0.27-2.0 (-5.4, 1.5)14.919.48
- HCS: 9 item questionnaire with score range 1 – 4. Higher score = increased hypoglycemia confidence. 
- HFS-II, worry: 18 item questionnaire with score range: 0 – 72. Lower score = less fear
- Data shown as mean. *: p<0.05

1: Polonsky WH et al. Diabetes Technol Ther 2017;19(2):131–6
2: Gonder-Frederick. Diabetes Care. 2011;34(4):801-6

Wilmot EG et al, ATTD 2026
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Qualitative Interviews
Excerpts

Semi-structured 1:1 interviews with representative subgroups 
(n=40) at baseline and 8 months.

It’s very hard to manage, 
I don’t know what’s right 

and what’s wrong

I’m always tired, 
lethargic and out of 

energy. It’s tough

I really struggle with 
finger pricking … I’m a 

part-time musician and 
finger pricking was 
making my fingers 

sore…

I’m anxious about 
the study ending 
and not having 

access anymore…

I’ve changed how I eat, 
I was snacking a lot 
between meals but I 
learned a lot about 

food, what food does to 
blood sugars …

It makes life more 
manageable, more 

normal … it definitely 
impacts my quality of 

life

Baseline CGM group at 8 months

Prof. Katharine Barnard-Kelly
Health Psychologist
Barnard Health, UK

Wilmot EG et al, ATTD 2026

Safety

- Cause of death: ischaemic heart disease, unrelated to study procedures or study device.
- Severe hypoglycaemia: requiring assistance of another person to actively administer carbohydrates, glucagon, or take other corrective actions.
- HHS: hyperosmolar hyperglycaemic state
- Significant ketosis: blood ketones ≥3 mmol/L, or urinary ketones ≥++.

CGM 
(N=199)

SMBG Control
(N=104)

Number of events during randomised period

10Number of events
Death

0.5%0Rate

02Number of events
Severe hypoglycaemia

01.0%Rate

00Number of events
HHS/ Significant ketosis events

00Rate

00Number of events
Unanticipated device-related adverse events

00Rate
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FreeDM2 and MOBILE Studies

FreeDM23MOBILE1,2

UK: Primary and secondary care. 
Baseline A1c 8.8% (July 2023 to January 2025 )

USA: Participants under primary care. 
Baseline A1c 9.1% (July 2018 to October 2019)Population

No minimum testing criteriaSMBG at least 3 times / weekSelf-monitoring criteria

Smartphone provided if neededCompatible smartphoneSmartphone requirement

CGM= 198, Control=105CGM= 116, Control=59Number randomised

Freestyle Libre 3Dexcom G6Intervention

87%9%% using SGLT2 at baseline

25%20%% using GLP-1 at baseline

Yes – first 4 monthsNoneParticipant-driven phase 
without new medications

4M: -0.6% (-0.8, -0.3) 
8M: -0.5% (-0.7, -0.2) 

3M: −0.6% (–0.9, −0.3)
8M: −0.4% (−0.8, −0.1)

HbA1c (%) difference between 
groups (mean and 95% CI)

119

1. Martens T et al, JAMA (2021);325 (22): 2262–2272.  2. Martens TW et al, BMJ Open Diab Res and Care (2025); 13(6):e005469.  3. Data on file Abbott Diabetes 
Care.

120Lancet Diabetes & Endocrinology 23 April 2026
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Type 2 diabetes for 12 yearsMedical 
history

• BMI 29kg/m2
• HbA1c 9.6% (chronically elevated)
• Only checks blood glucose for a few days before 

diabetes clinic

Profile

• Humulin I 19u BD (Isophane, intermediate-acting)
• Empagliflozin 25mg OD
• Gliclazide 160 mg BD

Declined statin, Intolerant of metformin and GLP-1

Management

Back to the Clinical Case Study

55 year old female

Glucose Data

Pre-bedPre-dinnerPre-lunchPre-breakfast

4.9Sunday

5.2Monday

Tuesday

6.3Wednesday

5.1Thursday

Question: How will you alter the insulin dosing (Humulin i 19 units BD)?

a) Increase the morning dose
b) Increase the evening dose
c) Add in prandial insulin
d) Wait for more blood glucose data first
e) Wait and give a trial of real-time-CGM first

121

122



6/3/2026

62

CGM Insights…First Two Weeks

123

Pre-bedPre-dinnerPre-lunchPre-breakfast

4.9Sunday

5.2Monday

Tuesday

6.3Wednesday

5.1Thursday

After Four Months 

► Patient used Freestyle Libre 3 for 4 months

► Gained insight into the impact of foods on her glucose 
levels

► Made changes to her diet: avoiding chocolates, sweets 
and eating less bread

► By 4 months she had reduced her insulin dose from 19u 
BD to 14u BD

► Time in Range improved from 41 to 85%

► HbA1c improved from 9.6% to 6.9%
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CGM Insights - After Four Months

HbA1c 9.6%
TIR 41%

HbA1c 6.9%
TIR 85%

After 8 Months of Freestyle Libre 3

► By 8 months she had further reduced her insulin dose to 

 10 units morning

 12 units at night

► Sustained improvements in dietary intake

► Time in Range 85%

► HbA1c improved 
 9.6% at start
 6.9% at 4 months 
 6.5% at 8 months
 6.6% at 12 months

► Weight reduced 96 to 87kg
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FreeDM2 Conclusions

► Significant improvements in sensor-measured glycaemia and 
participant reported outcomes were also observed.

► Improvements were achieved without increased hypoglycaemia.

► Improvements were observed with self-management and sustained
following clinician intervention.

The use of real-time CGM by people living with T2DM on basal insulin 
led to a clinically and statistically significant improvement in HbA1c 

vs control at 4 and 8 months

The use of real-time CGM by people living with T2DM on basal insulin 
led to a clinically and statistically significant improvement in HbA1c 

vs control at 4 and 8 months

The sensor housing, FreeStyle, Libre, and related brand marks are marks of Abbott. 
Proprietary and confidential — do not distribute. 
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Thank You
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