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ADVANCING DIABETES
MANAGEMENT THROUGH
CONTINUOUS KETONE
MONITORING



EXECUTIVE
SUMMARY

Diabetic ketoacidosis (DKA) is one of the most
dangerous and costly complications of diabetes,

with an average hospital admission in the United
States exceeding $30,836 and total annual charges
surpassing $6.7 billion as of 2017. Despite advances in
glucose monitoring and insulin delivery, DKA remains
a growing clinical burden in the United States with
rates continuing to rise, particularly among younger
adults aged 18 to 44 years. Recent analyses report
approximately a 55% increase in DKA hospitalization
rates over the past decade. Severe DKA is linked

to higher hemoglobin Alc (HbAlc), greater insulin
requirements, and increased risk of subsequent DKA,
underscoring lasting clinical and developmental
consequences. Recent analyses of national mortality
data report DKA-related mortality increasing by 37%
in the most recent decade and rising further during the
COVID-19 pandemic, underscoring persistent gaps

in diabetes management and timely intervention.

Use of current ketone testing methods—including
urine strips, blood meters, and breath analyzers—
remains episodic and reactive. Surveys indicate
that nearly one-third of people with type 1 diabetes
(T1D) do not have ketone testing supplies at home,
and fewer than one in five own a blood ketone
meter. As a result, many patients and providers lack
timely visibility into ketone levels until symptoms
appear and a metabolic crisis is already underway.

Continuous ketone monitoring (CKM) offers a
transformative solution by providing real-time beta-

hydroxybutyrate (BHB) measurements, enabling
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early detection of rising ketones before full metabolic
decompensation. Early feasibility studies have shown
that CKM sensors can reliably track ketone levels

over extended periods, and development is now
progressing toward integrated devices that measure
both glucose and ketones simultaneously to streamline
workflows. These devices can connect to mobile

apps and cloud-based systems, enabling remote
monitoring and coordinated care. Recent international
expert consensus recommendations endorsed by the
International Society for Pediatric and Adolescent
Diabetes (ISPAD) and published in 2026 highlight
CKM as an emerging diabetes safety technology with
the potential to reduce the risk of diabetic ketoacidosis
through earlier detection of rising ketone levels and
structured alert thresholds for clinical action.

CKM is particularly valuable for high-risk groups,
including individuals with T1D, type 2 diabetes
(T2D) on insulin, and those taking sodium-
glucose cotransporter-2 (SGLT2) inhibitors.
Successful adoption of CKM will require clinical
validation, demonstration of cost-effectiveness,
and integration into existing care platforms.

In summary, CKM represents a paradigm shift in
diabetes care. By moving from episodic, reactive testing
to continuous prevention, CKM has the potential

to reduce emergency department visits, prevent
hospital admissions, improve outcomes, and establish

a new standard of safety in diabetes management.



INTRODUCTION

Diabetic ketoacidosis (DKA) persists as one of the most dangerous, disruptive, and costly complications across the diabetes

continuum. Even as continuous glucose monitoring (CGM), automated insulin delivery, and evidence-based care pathways have

improved glycemic control, DKA rates and DKA-related expenditures continue to rise, especially in younger adults and other

high-risk groups.' The epidemiology is shifting as well: the expansion of sodium-glucose cotransporter-2 (SGLT2) inhibitor use

into broader type 2 diabetes (T2D) populations has enlarged the cohort susceptible to ketone overproduction and euglycemic
presentations, extending risk beyond the traditional type 1 diabetes (T1D) population.?

Real-world use of ketone testing remains largely episodic and reactive, leaving predictable blind spots that delay recognition

and intervention. This enduring gap in diabetes safety underscores the need for a proactive, population-level strategy. Continuous

ketone monitoring (CKM) offers that opportunity—delivering real-time detection of metabolic risk before crisis develops.

By shifting care from reactive management to continuous prevention, CKM has the potential to transform diabetes safety

at both the individual and system levels.

This white paper examines how CKM represents a new frontier in diabetes management: one that improves patient outcomes and

reduces avoidable emergency resource utilization. Integrating CKM into care pathways provides a practical framework for earlier

intervention, fewer hospital admissions, and a redefined standard of safety for individuals living with diabetes.

THE CLINICAL TOLL OF DIABETIC
KETOACIDOSIS: WHY EARLY
DETECTION MATTERS

DKA occurs when the body produces high levels of ketones,
the acidic byproducts of fat metabolism.? The underlying

pathophysiology centers on unchecked ketone production resulting

from insulin deficiency and counter-regulatory hormone excess.
Among the ketone bodies, beta-hydroxybutyrate (BHB) is the
most clinically relevant as it accumulates in the bloodstream and
drives the anion gap metabolic acidosis that defines DKA.23 If left
untreated, the resultant acidosis can progress rapidly to altered
consciousness, cardiac collapse, coma, or death, underscoring the
imperative for earlier and more reliable detection of rising ketone

levels.® The clinical stakes are especially high in pediatrics and young

adults because any single DKA episode can impair development,
including neurocognitive functions.* In a large US claims-database
study of 455,423 patients with T1D, the overall incidence rate of
DKA was 55.5 events per 1,000 patient-years, with the highest

incidence occurring among adolescents aged 10 to 19 years.5

In the acute setting, ketone monitoring can aid in the diagnosis and
resolution of DKA. Traditional DKA diagnostic criteria that rely on

pH or bicarbonate levels may miss DKA episodes when used alone.®

These criteria may not diagnose DKA accurately in the presence
of mixed acid-base disorders, where bicarbonate or pH levels may
not meet the classic thresholds for DKA.® However, BHB levels
remain elevated in these cases. Therefore, measurement of BHB
is crucial to DKA diagnosis when acidosis is absent or masked.
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RISING INCIDENCE AND ECONOMIC
BURDEN: THE AVOIDABLE COST CURVE

Despite advances in glucose monitoring and insulin delivery, DKA
rates continue to rise, revealing a critical gap in comprehensive
metabolic monitoring. Studies show a significant increase in DKA
over the last two decades in the United States, with the highest
rates observed in adults aged 18 to 44 years.! Recent analyses
also report approximately a 55% increase in DKA hospitalization
rates over the past decade, particularly among younger adults.”
Recent analyses of national mortality data indicate that 40,770
deaths in the United States were attributed to DKA between
1999 and 2022, with DKA-related mortality increasing by 37% in
the most recent decade and rising further during the COVID-19
pandemic, underscoring persistent gaps in diabetes management
and timely intervention.®® The direct financial implications

are substantial: the estimated average cost is approximately
$30,836 per hospital admission, with total annual hospital
charges in the United States surpassing $6.7 billion as of 2017

Many DKA cases are preventable, and a significant portion

of this economic burden is considered avoidable with proper
outpatient management, patient education, and consistent access
to testing supplies.”” For managed care leaders, DKA represents
an actionable opportunity: earlier risk detection and intervention
can translate directly into reduced emergency department
utilization, fewer admissions, and meaningful budget impact.



THE CURRENT KETONE TESTING LANDSCAPE

While glucose monitoring has become standard of care in
diabetes management, particularly through CGM devices, use
of ketone monitoring remains sporadic and reactive, despite
its central role in preventing metabolic decompensation.

Current US recommendations for ketone self-monitoring remain
symptom- and hyperglycemia-triggered rather than proactive.
The American Diabetes Association (ADA) advises individuals at
risk for DKA to check urine or blood ketones when precipitating
factors are present (eg, illness, missed insulin, vomiting, weight
loss, dehydration), particularly when glucose exceeds 200 mg/dL
(1.1 mmol/L)." The Centers for Disease Control and Prevention
(CDC) recommends checking ketones when glucose is at or above
250 mg/dL, or when DKA symptoms occur, and repeating

measurements every 4 to 6 hours (Table 1)."?

However, symptoms such as nausea, vomiting, and excessive thirst
tend to appear late in the course of ketosis, and hyperglycemia is not
always present or sufficient to prompt ketone testing, particularly

in euglycemic (near-normal blood sugar) presentations associated
with SGLT2 inhibitors, pregnancy, or when there is poor oral intake.?
As such, these directives are episodic, rely on patient recognition

of symptoms, and provide limited guidance on testing cadence
outside of illness—highlighting an opportunity for earlier, trend-
based detection that continuous ketone monitoring could address.

In addition, real-world adherence to currently available
methods for ketone testing remains inconsistent and
largely reactive, with a range of limitations (Table 2).

WHY TODAY’S KETONE TESTING FALLS SHORT

In practice, ketone testing is often sporadic and delayed because
patients may not test unless prompted by severe symptoms or
explicit provider instructions. These challenges are reflected

in population-level data: a survey of 2,995 people with TID

in the United States found that 32% had no urine or blood
ketone testing materials at home, only 21% checked ketones
when nauseated or vomiting, and only 18% had a blood ketone
meter.>'® Clinically, providers often lack timely visibility into
ketone levels unless patients report them directly, which typically
occurs only after ongoing ketosis or following a DKA event,
limiting the window for outpatient course-correction.”

Storage conditions are another overlooked variable—strips are often
kept in bathrooms and may degrade or expire unnoticed, producing
unreliable results at critical times.” False negatives may occur due
to acidic urine from the ingestion of large quantities of ascorbic
acid, while sulfhydryl drugs (eg, captopril) and highly colored urine
from dehydration have been associated with false positives—both
scenarios that can mislead clinical decision-making.’”® Access barriers
exacerbate the problem. Availability of blood ketone meters and
strips may be inconsistent, particularly among underserved or high-
risk populations, and research suggests low-income populations
face significant barriers to diabetes technology access.”

Patient education and awareness around ketone monitoring remain
limited, particularly in “sick day” education, which facilitates
monitoring and insulin administration during illness or periods of
stress when DKA risk increases sharply.>™ Structured “sick day”
protocols are intended to guide patients in proactive monitoring,

Table 1. Current US Ketone Monitoring Recommendations

GLUCOSE

ORGANIZATION THRESHOLD

WHEN TO TEST

Presence of symptoms

or precipitating factors

(eg, vomiting, abdominal
pain, illness, weight loss,
missed insulin, dehydration,
fruity-smelling breath, or
Kussmaul respiration)

ADA 2200 mg/dL

Glucose is high or there

are symptoms of DKA (eg,
CDC thirst, frequent urination, 2250 mg/dL
fast breathing, fruity-

smelling breath)
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WHEN TO SEEK
FREQUENCY MODALITY MEDICAL CARE
If unable to tolerate oral
Self-monitoring hydration, blood glucose
Not specified with over-the- levels do not improve with
P counter urine or insulin administration,
blood ketone tests altered mental status, or any
signs of worsening illness
Self-monitorin If ketones are moderate or
Every 4-6 with over—the—g high, blood sugar remains
hours until . 2300 mg/dL, breath smells
counter urine or . . .
resolved fruity, persistent vomiting,

blood ketone tests .
or trouble breathing



Table 2. Strengths and Limitations of Currently Available Testing Methods for Ketone Self-Monitoring

KETONE TESTING

METHOD STRENGTHS

. . « Low cost
Urine ketone test strips o ) .
+ Minimal technical requirements

+ Directly measure BHB

Finger-prick + More accurate with higher sensitivity

blood ketone meters vs urine testing

+ Provide real-time BHB readings

« Noninvasive and more convenient

Breath analyzers than finger-prick testing

+ Allow frequent or continuous sampling

hydration, and supplemental insulin dosing when febrile or unable
to eat normally. However, these protocols may be undertaught,
inconsistently reinforced, or forgotten over time.”® For adolescents
and young adults striving for normalcy while managing T1D, every
DKA episode can serve as a pivotal touchpoint for re-engagement.
Coordinated follow-up and education at these inflection points
can reduce readmissions and alter long-term disease trajectories—
delivering both clinical and economic value across care systems.

The widespread adoption of CGMs has demonstrated how
continuous data can catalyze timely actions and prevent

costly complications through trend-based alerts and remote
oversight.? Without routine ketone tracking, the opportunity
to intervene in the early stages of DKA may be missed. Thus,
the current landscape reflects a significant monitoring gap that
undermines timely intervention and DKA prevention efforts.

CONTINUOUS KETONE MONITORING:
UTILITY AND FEASIBILITY

CKM represents a new form of ketone testing technology
designed to identify changing ketone levels and alert to significant
changes in real time.”® CKM sensor technology is based on the
continuous detection of interstitial ketone body concentrations,
namely BHB, and can utilize similar sensing platforms to

existing glucose monitoring devices, simplifying integration

for patients and providers familiar with CGM workflows."
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LIMITATIONS

« Detect acetoacetate rather than BHB

« Reflect ketones excreted since last urination, which
is a less accurate reflection of patient’s current state?

« Dehydration may delay sample collection'
« Strips are often expired or not carried by patients'

+ False positives are possible due to dehydration or presence
of certain drugs®

« Uptake limited by finger-stick burden
« Test strips and meters are costly and have a short shelf-life

+ Challenges in maintaining supplies®

+ Measure acetone, a breakdown product of acetoacetate, not BHB

« Limited validation and lack of regulatory standards

for DKA monitoring'

The feasibility of CKM technology using BHB was established in
a 2021 study in 12 healthy participants on low-carbohydrate diets,
who wore three ketone sensors on the back of their upper arms to
continuously measure ketone levels over 14 days.” The sensor was
found to be stable and capable of continuously tracking ketones
with a single calibration through the entire 14 days of wear.”

FROM CRISIS RESPONSE
TO PROACTIVE PREVENTION

CKM offers a paradigm shift from managing diabetes focused
solely on glucose, reframing risk assessment to include dynamic
ketone trajectories that better predict impending metabolic
decompensation.” By providing constant data on ketone levels,
CKM enables patients and providers to identify rising trends
before they progress into full DKA. Early recognition and alerting
can prompt self-correction via insulin titration and hydration

or trigger timely clinical intervention that averts emergency
care and hospitalization. CGM may offer a persuasive analogy:
just as continuous glucose data transformed care delivery

and reduced acute-care costs, CKM could yield comparable
system-level benefits as supporting evidence expands.?°

CKM, particularly when combined with CGM, offers another layer
of DKA risk mitigation across several high-risk scenarios. Priority
use cases include individuals with T2D using SGLT2 inhibitors;
those with a prior history of DKA or repeated episodes; people
adopting very low-carbohydrate or ketogenic diets; patients
engaging in periods of high-intensity exercise; individuals during
illness or perioperative fasting for procedures; pregnant women



with pregestational diabetes; elderly individuals; and patients who
are socially and geographically isolated, for whom prompt in-
person evaluation may be delayed.?" For patients at a high risk of
developing DKA, ketone monitoring has the potential to reduce
emergency department visits, prevent hospital admissions, and
generate meaningful cost savings at the population level.'*?

A 2022 review highlighted how CKMs could enhance care
delivery, including strengthening sick-day protocols, enabling
earlier outpatient intervention, supporting post-discharge follow-
up, and informing decisions in both inpatient and ambulatory
settings.”® In the emergency department, CKM could shorten
diagnostic delays by identifying rising ketone trends before
laboratory confirmation is available, enabling earlier initiation
of insulin therapy and fluid resuscitation.”® In the inpatient
setting, real-time BHB trajectories could help providers
distinguish true treatment failure and DKA resolution from
the misleading “paradoxical increase” in urine acetoacetate
that sometimes occurs during DKA resolution, preventing
unnecessary insulin escalation and subsequent hypoglycemia.”®

Perioperatively, CKM could allow anesthesiologists and surgical
teams to detect stress-induced ketonemia, which contributes
to elevated rates of morbidity and mortality in people with
diabetes following emergency surgery, to help guide early
intervention.”® CKM could also offer assurance during perioperative
fasting and after bariatric surgery, where postoperative DKA

is a recognized complication, particularly among patients
taking SGLT2 inhibitors or with poor preoperative glycemic
control.’® In pediatrics, where DKA is associated with high
morbidity, continuous ketone data could enhance therapeutic
precision and mitigate risks such as cerebral edema, the most
common cause of death in pediatric patients with DKA.®

Beyond acute care, CKM has important implications for transitional
and preventive medicine. Recently discharged patients with
recurrent DKA, postbariatric surgery patients, or those in long-
term care facilities could be monitored remotely, with CKM
data shared directly with providers or caregivers. This proactive
surveillance may reduce avoidable readmissions, align with value-
based care initiatives, and improve quality of life for high-risk
patients. To maximize its utility, providers should view CKM

data not only as a diagnostic adjunct, but also as a continuous
stream of actionable information—capable of guiding real-time
interventions, refining treatment algorithms, and transforming
care across the continuum of diabetes management.’™
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FROM EVIDENCE TO IMPLEMENTATION

The clinical value of blood ketone monitoring in T1D has been
well established for decades. A 2006 study in pediatric and
young adult T1D patients found that sick-day management using
BHB monitoring resulted in significantly higher ketone testing
adherence and a reduced rate of hospitalizations and emergency
assessments compared to traditional urine ketone testing,
validating BHB-based strategies as both clinically effective and
patient acceptable.?? These findings support the clinical utility
and patient acceptability of CKM as a more effective strategy for
mitigating the risk of DKA and associated healthcare utilization.??

Importantly, CKM may also play a role in expanding the use of SGLT2
inhibitors to patients with T1D. Though beneficial in TID, agents

from the SGLT2 class have failed to gain FDA approval to treat TID
due to the increased risk of DKA. 3 Continuous safety monitoring
could provide a framework for safer deployment in selected patients
under protocolized oversight, pending supportive evidence.?

The feasibility of a CKM device has been demonstrated, though
optimization is still underway, particularly regarding sensor
accuracy across physiologic ranges, calibration routines, and
wearability in diverse settings.® More studies are needed to
confirm that CKM systems deliver accurate data and that their
use improves clinical outcomes by aiding in the prediction and
prevention of metabolic decompensation in diabetes.™

Recent publications also highlight the potential value of continuous
dual glucose—ketone monitoring systems that measure both glucose
and BHB on a single platform. Such systems may enable earlier
detection of ketosis, including situations where diabetic ketoacidosis
develops without marked hyperglycemia (eg, euglycemic DKA
associated with SGLT2 inhibitors).?® Costs and physical burden

to the patient can be minimized by combining ketone sensing

with the measurement of glucose as part of a single platform and
integrating CKM data into existing care management systems,
thereby streamlining workflows and payer coverage pathways.?

Integration of continuous glucose and ketone sensing may also
enhance automated insulin delivery systems. Current algorithms
primarily rely on glucose sensor data, but incorporation of
ketone detection could enable earlier alerts and algorithm
adjustments in response to rising ketone levels, potentially
allowing earlier intervention to prevent progression to DKA.2

Because these devices should be able to predict an impending
increase in ketone levels, alerts delivered via wireless transmission
could lead to nurse-led outreach or virtual visits, enhancing

the patient-provider collaborative model and improving
outcomes through timely, protocol-driven responses.™



Figure 1. Evidence-First Roadmap for CKM Adoption

Clinical Validation &
Real-World Evidence

RCTs and real-world studies
showing CKM reduces
DKA-related ED visits,

admissions, distress, mortality

Integration With CGM

& EHR Systems

Unified glucose and
ketone dashboard to support
clinical efficiency and remote

patient monitoring

Evidence of Affordability &
Equitable Access
Affordability, both in

terms of device pricing and

insurance reimbursement

Streamlined Care
Evidence that CKM
streamlines care, integrates
with workflows, and avoids
new data silos

Cost-Effectiveness
Modeling
HEOR models showing
DKA-related cost offssets and
support for value-based care

Regulatory Clearance
& Guideline Inclusion

FDA clearance and subsequent
ADA and Endocrine Society
guideline adoption

GAPS, CHALLENGES, AND EQUITY CONSIDERATIONS

For widespread adoption of CKM systems by both providers and payers, several

elements must be addressed in a deliberate, evidence-first roadmap:

Data Privacy
& Cybersecurity
HIPAA-aligned safeguards,
device reliability, and
cybersecurity to foster patient,
provider, and payer trust

¢ Clinical validation and real-world evidence: Clinicians will
require robust randomized clinical trials and large-scale
real-world studies demonstrating that CKM reduces DKA-
related emergency visits, diabetes distress, admissions,
and mortality, similar to the trajectory by which CGM
earned guideline endorsement. Without this evidence base,
guidelines such as those from the ADA and Endocrine
Society are unlikely to recommend routine use, and
payers will be reluctant to cover the technology.

+ Cost-effectiveness analyses: Payers may seek clear evidence
of cost-effectiveness, showing that CKM use can prevent
costly acute events, including DKA readmissions, and
support value-based care initiatives. Cost modeling and
health economic analyses—similar to those performed
for CGM—will need to establish that upfront investment
in CKM devices offsets downstream utilization costs.

+ Seamless integration with existing CGM platforms and
electronic health records: The ability for providers to view
ketone and glucose data alongside other physiologic metrics
in a consolidated dashboard may simplify management of
ketone levels before the condition progresses to DKA and may
support clinical efficiency and remote patient monitoring.
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Regulatory clearance and guideline inclusion: FDA
clearance based on clinical validation is the entry point;
however, subsequent incorporation by the ADA and
Endocrine Society may catalyze clinical trust and payer
coverage, just as ADA recommendations and Centers

for Medicare & Medicaid Services (CMS) coverage
decisions helped accelerate CGM adoption.

Evidence of streamlined care: Providers may also seek evidence
that CKM streamlines care rather than creates parallel data
silos, and that it integrates with telehealth and remote patient
monitoring opportunities to strengthen reimbursable workflows.

Data privacy and cybersecurity: From a system design
perspective, CKMs should be user-friendly, durable, and
cybersecure to ensure patient trust and protect sensitive health
information. Both providers and payers may demand clear
safeguards to comply with the Health Insurance Portability

and Accountability Act (HIPAA) and maintain patient trust.

Affordability and equitable access: Finally, affordability, both
in terms of device pricing and insurance reimbursement,
will be critical to broad uptake and to avoid widening

disparities in diabetes technology access.”



ENTERING A NEW FRONTIER IN REAL-TIME DIABETES SAFETY

DKA remains associated with substantial clinical and economic
burden in people with diabetes.! CKM has been proposed as

a potential tool for diabetes management.” Improved ketone
monitoring may be particularly relevant in people with T1D
receiving SGLT2 inhibitors, which have been associated with
increased risk of DKA.?

A new consensus opinion on the use of novel CKM technologies
in the care of people with diabetes has been published in the
January 2026 issue of The Lancet Diabetes & Endocrinology

by a panel of international experts in the management of DKA.*
These recommendations have been endorsed by the International

Society for Pediatric and Adolescent Diabetes (ISPAD) and are

available online.

The expert panel notes that although ketone self-testing is
recommended during periods of increased risk, many individuals
with diabetes do not routinely measure ketones and may be
uncertain how to respond when levels rise.?* The consensus
report provides practical recommendations for the clinical
application of CKM to reduce the risk of DKA. The panel notes
that CKM could provide users with immediate feedback on rising
BHB concentrations, enabling earlier recognition of ketosis

and prompting timely intervention before progression to DKA.
To support consistent interpretation of CKM data, the group
recommends standardized ketone thresholds linked to clinical
action: normal (<0.6 mmol/L), elevated (0.6-1.5 mmol/L), high
(>1.5 to <3.0 mmol/L), and urgent high (3.0 mmol/L). These
thresholds are intended to guide patient self-management and
clinician response, with urgent high ketone levels prompting
immediate medical evaluation.?

) Abbott

The report also emphasizes the importance of clinical education,
standardized alert thresholds, and integration of CKM data into
routine diabetes management workflows to ensure safe and effective
use of this emerging technology. In addition, the report emphasizes
that CKM may help identify individuals at heightened risk of
recurrent DKA and support earlier preventive interventions across
high-risk populations, including those using insulin pump therapy

or SGLT2 inhibitors.?*

By shifting management from reactive crisis response to proactive,
real-time monitoring, CKM fosters earlier intervention, stronger
patient engagement, and long-term system sustainability. More
than an incremental innovation, CKM offers a population-level
advancement capable of reshaping outcomes and setting a new
standard for real-time diabetes safety.


https://www.thelancet.com/journals/landia/article/PIIS2213-8587(25)00331-6/abstract
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