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Continuous ketone monitoring for people with diabetes:
international expert recommendations on the application of
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The ability to reduce the risk of developing diabetic ketoacidosis (DKA) remains a major care gap for people with
diabetes, particularly those on intensive insulin therapy. The anticipated availability of continuous ketone monitoring
(CKM) has the potential to reduce the risk of developing DKA, one of the most life-threatening acute complications of
type 1 and type 2 diabetes. International clinical guidelines have established ketone thresholds for suspected and
confirmed diagnoses of DKA, based on use of point-of-care testing, as part of a triad of markers with allied thresholds
for hyperglycaemia and acidosis. The increasing occurrence of euglycemic DKA, with glucose concentrations below
established diagnostic thresholds, makes the availability and use of CKM technology an important addition to the
diabetes management toolkit. CKM data could alert the user when the risk of acute DKA is high on sick days in
addition to signalling that individuals might be predicted to be at greater overall risk of future DKA on the basis of the
distribution and degree of ketone measures in daily life. If widespread use of CKM devices is to be safe and effective
in reducing the occurrence of DKA, it is important to establish clear ketone thresholds which notify CKM users when
action on their part is required. In defining these thresholds and actions, it was important to ensure that the CKM
user is not exposed to avoidable anxiety or suffers alarm fatigue, thus adding to the burden of living with diabetes. In
the absence of substantial evidence that can identify appropriate ketone thresholds for CKM use, a panel of
international experts in the management of DKA was convened with the aim of developing a number of objective,
practical recommendations on how this novel diabetes technology could improve outcomes for individuals at risk of
DKA, the results of which we report in this Personal View. These recommendations have been endorsed by the

International Society for Pediatric and Adolescent Diabetes (ISPAD).

Introduction

Diabetic ketoacidosis (DKA) is an acute complication
associated mainly with type 1 diabetes, but can occur in
type 2 and other forms of diabetes,"” and is one of the
most preventable causes of morbidity and mortality for
individuals with diabetes.’ Episodes of DKA are
characterised by a triad of hyperglycaemia, hyper-
ketonaemia, and metabolic acidosis. The current
diagnostic criteria for DKA in children, adolescents, and
adults with diabetes are shown in table 1.** These
guidelines set an objective threshold for -hydroxybutyrate
of 3 mmol/L or higher in cases of suspected DKA. To date,
ketone concentrations are not always measured as part of
DKA diagnosis, and markers of metabolic acidosis have
been emphasised, including serum Dbicarbonate, anion
gap, and venous pH.* However, diagnosis of DKA relies
on confirmation of diabetes or the presence of
hyperglycaemia for the D, ketosis for the K, and acidosis
for the A. As part of these diagnostic criteria, a serum
B-hydroxybutyrate sample is preferable. The underlying
pathophysiology of DKA is expertly reviewed elsewhere**
and is not discussed in this Personal View.

Registry data show that annual rates of hospitalisation
for DKA among children and adolescents with type 1
diabetes range from 5-0% to 7-1% across the UK, USA,
Germany, and Austria® Emergency room visits and
hospital admissions suggest an annual rate of 28 cases per

1000 adults with diabetes in the USA,” with increased rates
from 2009 to 2015. In Denmark, incidence of DKA in
adults doubled between 1996 and 2008, although trends
from 2008 to 2020 have seen a modest decrease.® Registry
data also report annual DKA rates of 1-9-2-8% in adults
with type 1 diabetes and 0-5-0-9% for insulin-treated
type 2 diabetes in Germany, Austria, and Belgium.”” Data
from France indicate annual rates of DKA requiring
hospitalisation of 5-5% for adults with type 1 diabetes and
1-7% for adults with type 2 diabetes.” It is important to
note that admissions for DKA are much more common
than for severe hypoglycaemia in children and adults with
type 1 diabetes.""

Longitudinal data indicate that having a DKA episode
is associated with significantly increased long-term
risks for major adverse cardiovascular events, advanced
kidney disease, neuropathy, reduced cognitive function,
recurrent DKA, and all-cause mortality.”* For adults
with type 2 diabetes, DKA is associated with increased
risks for diabetic retinopathy, acute kidney injury, renal
failure, and a history of, or recurrent, DKA.">*

Current methods of ketone measurements, capillary
blood ketone monitors and urine ketone strips, for use by
people at risk of DKA each have advantages and
disadvantages (appendix p 2). However, although ketone
self-testing is recommended for people with diabetes at
times of heightened DKA risk,” surveys indicate that few
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individuals use them and do not know how to respond to
elevated ketones or whether to seek emergency medical
care.®® Despite this poor engagement with ketone
monitoring, at least one survey has shown that health-
care professionals overestimate the knowledge that
people with diabetes have regarding DKA.” Health-care
professionals themselves can also lack important
knowledge regarding the symptoms and precipitating
factors for DKA, as evidenced by the significant reductions
in DKA episodes associated with awareness campaigns
targeted at health-care professionals.”” Given the
underestimated awareness and effect of DKA for people
with diabetes and health-care professionals, the broad
implementation of continuous ketone monitoring (CKM)
technology has the potential to transform diabetes
management for considerable numbers of people at risk
of DKA by providing users with immediate feedback on
rising ketone concentrations and alerting them when
immediate action could be needed. This unmet need is
illustrated in the real-life case study in figure 1.

The introduction of CKM devices would also have
substantial implications for clinical practice in diabetes.
Given that consumers already have access to CKM
devices that do not have US Food and Drug
Administration or European Medicines Agency
regulatory approval, it is important to establish practical
recommendations on the alert thresholds and associated
actions for CKM users, health-care professionals, and
manufacturers and regulators. Other CKM sensors are
currently under regulatory review for use as medical
technologies and are supported by performance data®
that show good accuracy for ketone detection.” To date,
clinical reviews have discussed the potential value of
CKM technology,” but there has been little discussion of
issues associated with the real-world application of CKM
devices in diabetes care, particularly how existing
guidelines for DKA management'” should be interpreted
for CKM users.

In the absence of randomised controlled trials (RCTs)
or real-world studies on CKM use, a group of clinical
experts in management of DKA in diabetes was
convened for a workshop on March 18, 2025, in
Amsterdam to establish recommendations for the use of
novel CKM technologies in the care of people with
diabetes (panel). The participants—a consensus group
who also comprise the authors of this Personal View—
were drawn from academic and clinical institutions, and
from professional medical associations, globally. People
living with diabetes were also included from prominent
advocacy groups as part of the consensus group. The
consensus process followed a Nominal Group Technique
methodology, combining brainstorming, discussion,
and refinement of ideas, to reach consensus. Only at the
final in-person meeting was anonymity not available to
the consensus group. Recommendations were agreed by
the consensus group as part of manuscript drafting, and
following evidence grading according to the American
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Diabetes Association Standards of Medical Care in
Diabetes (panel).

Glycaemia in DKA and euglycaemic DKA

DKA is prevalent in at least 35% of hospital admissions
for new-onset type 1 diabetes and is common at
presentation for individuals with ketosis-prone type 2
diabetes.”” The prevalence is reflected in the
incorporation of glycaemic criteria for diagnosis of DKA
within international guidelines (table 1). Better awareness
and management of hyperglycaemia using continuous
glucose monitoring (CGM) devices is associated with
reduced hospital admissions for DKA, in type 1 diabetes
and type 2 diabetes."” However, in the observational
studies that have been used to underpin diagnostic
criteria for DKA, glucose concentrations are not correlated
with Dbicarbonate concentrations and only weakly
correlated with 3-hydroxybutyrate concentrations.®
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International consensus report*

Society.

and Adolescent Diabetes (2022)* (2024)*
Hyperglycaemia >11 mmol/L (>200 mg/dL) >11-1 mmol/L (2200 mg/dL)
Venous pH <7-30 <7-30
B-hydroxybutyrate =3 mmol/L =3 mmol/L
Serum bicarbonate <18 mmol/L <18 mmol/L

*Endorsed by the American Diabetes Association, European Association for the Study of Diabetes, American
Association of Clinical Endocrinology, Joint British Diabetes Societies for Inpatient Care, and Diabetes Technology

children and adults

Table 1: Recent International Society Guidelines of markers for diagnosis of mild diabetic ketoacidosis in
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Figure 1: Case study in continuous ketone monitoring

A 14-year-old girl with type 1 diabetes was enrolled in a study using a blinded glucose/ketone sensor. She was
advised to follow her standard method of diabetes management throughout the study. The sensor was applied on
the back of the arm. The sensor was confirmed to be functioning, and she was released from clinic. Blinded glucose
and ketone sensor data are represented in blue and green, respectively; the red stars represent capillary glucose
measurements. An urgent high ketone level (=3-0 mmol/L) was measured 20 h before hospitalisation with full
clinical symptoms of DKA. The resolution of DKA can be seen with the initiation of an insulin drip following
admission, with a slight elevation in glucose and ketones towards the end of the treatment period, which probably
reflects the transition off the drip before discharge. This case illustrates how a continuous ketone monitor can
follow ketonaemia and warn a person with diabetes to an impending episode of DKA, and conversely show
resolution of ketosis. Case provided by Bruce Bode (Atlanta Diabetes Associates; personal communication).

DKA=diabetic ketoacidosis.
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Panel: Recommendations for application of continuous ketone monitoring devices in people with diabetes

Each of the following recommendations have been assigned a
level of supporting evidence (A [clear evidence from
randomised controlled trials], B [supportive evidence from well
conducted controlled studies], C [supportive evidence from
poorly controlled or uncontrolled studies], or E [expert consus
or clinical experience]), that adheres to the evidence-grading
system of the American Diabetes Association Standards of
Medical Care in Diabetes (appendix p 6).2°

Recommendations on continuous ketone monitoring

technology for manufacturers and regulators

+ Continuous ketone monitoring devices must meet
rigorous minimum accuracy and performance standards
compliant with regulatory authorisation for use as medical
devices for consistent ketone measurement in individuals
with diabetes: B

+ These standards must include accuracy and performance of
continuous ketone monitoring sensors at differing rates of
ketone change: B

+ To have relevance in the context of changing ketone
concentrations, visible trend arrows associated with
continuous ketone monitoring functionality should reflect
rates of ketone change of 0-4 mmol/L per h, to provide
feedback of immediate value to the user (appendix p 7): E

+ Manufacturers of continuous ketone monitoring devices
used in the clinical management of people with diabetes are
expected to make data that they collect from continuous
ketone monitoring users available for health-care research: E

Recommendations on ketone monitoring threshold for

health-care professionals

+ Ketonaemia as measured by continuous ketone monitoring
devices is the same, whether used by a person with type 1
diabetes or type 2 diabetes: C

+ The recommended terminology for ketone concentrations
at which continuous ketone monitoring users are advised
to take action (figure 1) are normal, elevated, high and
urgent high: C

+ Forall continuous ketone monitoring users the ketone
concentrations associated with each threshold are: C:
+  Normal <0-6 mmol/L
+ Elevated 0-6 to 1-5 mmol/L
+ High >1.5to <3-0 mmol/L
+ Urgent High =23-0 mmol/L

Euglycaemic DKA, glucose below the 11-0 mmol/L
(200 mg/dL) diagnostic threshold, was previously
estimated to be 3% of cases in type 1 diabetes™ but is
emerging as a more-common event in special populations
at risk of DKA, including during pregnancy” and in
treatment with SGLT2 inhibitors.?** Cases of DKA,
including euglycaemic DKA, have been reported with
use of GLP-1 receptor agonists in individuals with type 1
diabetes on insulin pump therapy.”*** Euglycaemic DKA
can also lack the typical symptoms of hyperglycaemia,

+ Actions that continuous ketone monitoring users are
advised to take at elevated, high and urgent high ketone
concentrations (figure 1) are solely based on the ketone
concentration displayed on the continuous ketone
monitoring device and should be followed, irrespective of
the associated trend arrow: E

+ Advice provided by health-care professionals when
contacted by continuous ketone monitoring users (figure 2)
can consider the rate and direction of ketone trend arrows: E

« All health-care professionals involved in the care of people
with diabetes using continuous ketone monitoring devices
should be provided with clinical education and professional
development specific to understanding the implications of
changing ketone concentrations as indicated by continuous
ketone monitoring technology, and aligned with
international or national guidance on diabetic ketoacidosis
avoidance or management: B

Use of continuous ketone monitoring in daily practice for
people with diabetes
« Toavoid potential alarm fatigue, it is recommended that
continuous ketone monitoring devices have optional
ketone threshold alarms, and used at the discretion of the
user and their health-care professional: C
+ Itis recommended that an audible or vibrating alarm should
be put in place to notify continuous ketone monitoring
users if their ketone concentrations rise above the urgent
high threshold of =3-0 mmol/L: C
« To minimise the risk of anxiety as a consequence of
increased awareness of ketone concentrations, all
continuous ketone monitoring users should be provided
with education and awareness that clarifies the meaning of
elevated ketones and specific actions that can be taken in
response to ketonaemia: E
« Individuals provided access to continuous ketone
monitoring devices should also be provided with capillary-
blood ketone testing meters and test strips, along with
education on how to use effectively when necessary: A
+ If symptoms of elevated, high or urgent high
ketonaemia are not matched by continuous ketone
monitoring readings, a capillary blood fingerstick ketone
test should be done: B

such as polydipsia and polyuria, with little evidence of
volume depletion, thus increasing the need for clinical
advice in association with CKM technology that does not
reference symptoms or signs of hyperglycaemia.

Ketone concentrations in individuals with or
without diabetes, what is normal?

Guidelines for ketone monitoring in individuals
treated with SGLI2-inhibitors advise concern if
B-hydroxybutyrate concentrations are greater than

www.thelancet.com/diabetes-endocrinology Vol 14 January 2026
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Action to be taken by person with diabetest

Ketone Watch for symptoms*
(B-hydroxybutyrate)
ranges
« Deep breathing « Nausea
« Dry lips « Vomiting

« Fruity breath
« Confusion or difficulty « Excess thirst
paying attention

Urgent high ketones

« Abdominal pain

« Frequent urination

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

= 30
g Follow your health-care professional’s guidance (including changes in
E medication) and:
5 - Difficulty breathing ~ « Nausea « Monitor glucose levels frequently
® High ketones « Fruity breath « Vomiting « Check insulin pump is working as expected or confirm insulin injections have
g « Confusion or difficulty « Abdominal pain not been missed
§ paying attention « Fatigue « Take fluids, carbohydrates, and insulin as recommended by your health-care
S professional
IS « Contact your health-care professional
2 15
2 Follow your health-care professional’s guidance (including changes in
3 medication) and:
3 « Nausea « Monitor glucose levels frequently
i Elevated ketones « Vomiting « Check insulin pump is working as expected or confirm insulin injections have
« Abdominal pain not been missed
- Fatigue « Take fluids, carbohydrates, and insulin as recommended by your health-care
professional
0-6
Normal ketones No action necessary
0

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

0-6 mmol/L, despite insufficient formal evidence.”
People without diabetes have different ketone responses
in different situations (appendix p 3). Children aged
3 years or younger can have mean P-hydroxybutyrate
concentrations of 0-4 mmol/L, compared with
0-2 mmol/L in children aged 4-18 years,*® and
B-hydroxybutyrate concentrations of 1.0 mmol/L or
higher are uncommon in these age groups (detected
in 2% of individuals without diabetes). There
is little evidence in people without diabetes that shows
that older adults (>65 years) have a heightened
ketogenic response to fasting or ketogenic diets,
compared with younger adults.® In the absence of
intercurrent illness, B-hydroxybutyrate concentrations of
0-06-0-20 mmol/L are observed following an overnight
fast in adults (18 years or older) without diabetes
(appendix p 3).%# Ketogenic dieting, which includes
greatly reducing carbohydrate intake, can see
B-hydroxybutyrate concentrations rise to as high as
8.0 mmol/L in people without diabetes (appendix p 3),
and studies on prolonged 7-day fasting in individuals
with type 1diabetes (n=19) indicate that f-hydroxybutyrate
concentrations can rise to 2-8 mmol/L without adverse
effects,” if insulin therapy is maintained. Starvation
ketosis, with considerably elevated P-hydroxybutyrate
concentrations, occurs with prolonged reduced intake of
carbohydrate, typically meaning less than 500 kcal
per day* After several days of starvation,

www.thelancet.com/diabetes-endocrinology Vol 14 January 2026

B-hydroxybutyrate concentrations can reach more than
5 mmol/L, compared to less than 3-0 mmol/L in a non-
starvation state. Decreased food intake is also a
component of alcoholic ketoacidosis, in which high
consumption of alcohol combines with depletion of
glycogen stores and ethanol-induced depression of
gluconeogenesis, leading to B-hydroxybutyrate concen-
trations of 5-7-6-5 mmol/L on hospital admission.**

Applying the benefits of continuous ketone
monitoring

Among people with diabetes there are groups who have
an increased risk of DKA and in whom the symptoms,
clinical management, and outcomes of DKA can differ
from well established patient profiles (table 2).
Application of CKM technology can be emphasised in
these groups. A high priority will be in people with
recurrent DKA, which represent as many as 22% of
adults and children with diabetes who have a DKA
event,”* and is also more common in older and frail
adults with diabetes.” These individuals have a larger
burden of disease® and a disproportionate use of health-
care resources.” CKM technology is also likely to have an
immediate effect for people with diabetes on treatment
with SGLT2 inhibitors, in whom DKA risk is elevated®**
and in whom euglycaemic DKA is more common.*
Euglycaemic DKA is also more prevalent in women with
diabetes during pregnancy than in women with diabetes

Correspondence to:

Thomas P A Danne,
Breakthrough T1D,

New York 10281, NY, USA
tdanne@breakthroughT1D.org

See Online for appendix
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Risk association

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 type 1 diabetes
care access*™*®

Comorbid mental health disorders
Chronic kidney disease

History of cardiovascular disease or advanced
neuropathy associated with foot ulcers oramputation  diabetes®

Recurrent DKA >20% of all DKA hospitalisations,”* disproportionately greater use of health-care resources (eg, costs
for hospital admission and treatment)*

Elevated DKA risk compared with other glucose-lowering agents; associated with higher rates of
euglycaemic DKA***

Increased insulin resistance; associated with higher rates of euglycaemic DKA*

Increased risk of DKA due to catheter occlusion and insulin restriction®=?
Can be exacerbated with SGLT2 inhibitors®
Recurrent DKA more common®*

Transitioning from paediatric to adult care, with reduced frequency of clinical review and specialised

Rural populations Remote from major health-care services and can have socioeconomic depravation, with reduced access
to health-care services compared with urban populations, particularly specialist care®**

Lower insulin adherence and association with antipsychotic medications*
Declining renal function associated with increased risk of DKA at lower ketone concentrations®

3-fold (cardiovascular disease) and 1-5-fold (neuropathy) increased risk of DKA for people with type 1

The table lists defined groups of people with heightened risks for DKA. The list order indicates potential priorities for application once continuous ketone monitoring
technology is approved for use as a medical device. AID=automated insulin delivery. DKA=diabetic ketoacidosis.

Table 2: Subgroups of people with diabetes at heightened risk of diabetic ketoacidosis

who are not pregnant.”* Insulin pump therapy is also
associated with increased risk of DKA, including with
automated insulin delivery (AID) systems, as a
consequence of infusion-set or infusion-site failures.****%
Clinical management of people with diabetes and obesity
who are on low carbohydrate or ketogenic diets should
also be facilitated by CKM devices because of their DKA
risk, particularly if using SGLT2 inhibitors.” Longitudinal
data show that people with type 1 diabetes and a history
of cardiovascular disease, foot ulcers, or amputations are
at greater risk of DKA.” Other at-risk populations include
individuals with chronic kidney disease,” or heart
failure.®®” Risks for DKA are also higher in rural
populations,”™® in adolescents and young adults with
type 1 diabetes,”** and for adults with comorbid mental
health or psychiatric illnesses compared with individuals
in urban areas, older adults, and those with diabetes and
no comorbid mental health illnesses (table 2).<
Episodic use of CKM can be appropriate in some of
these groups, but the comparative value of episodic
versus continuous use is an evidentiary gap, requiring
data from real-world application of CKM systems. The
potential use of CKM in any high-risk population also
emphasises the need for health-care professional
education in this regard, particularly since many of these
high-risk groups can be managed in primary care (panel).

The evidence for ketone concentrations of
concern in diabetes

The level of evidence for using a ketone concentration of
3-0 mmol/L as a diagnostic threshold for DKA is
acknowledged to be low, graded as C (panel; appendix p 6)
in the 2022 International Society for Pediatric and
Adolescent Diabetes (ISPAD) guidelines,? and has been

adopted on the basis of two studies. The first, a small
study in 14 adults (mean age 41 years) with type 1 diabetes
presenting with DKA at a hospital in Oxford, UK,*
recommended a 3-0 mmol/L threshold for medical
treatment based on measured rates of change in
B-hydroxybutyrate concentrations of up to 1-8 mmol/L
per h. With this rate of change, acidosis could be detected
within 2-5 h of breaching the 3-0 mmol/L threshold. A
larger study® undertook a retrospective review of medical
records from a single hospital in the USA across 466 DKA
admissions in children (n=129) and adults (n=337), for
whom serum f-hydroxybutyrate and Dbicarbonate
concentrations were both tested on admission. The study
found that for children and adolescents aged younger
than 16 years, a cutoff of 3.0 mmol/L or higher was
appropriate to the diagnosis of DKA with bicarbonate
concentration of 18 mmol/L, as reflected in the ISPAD
guidelines, and that for individuals aged 16 years or older
(termed adults in the study) the threshold was 3-8 mmol/L
or higher, corresponding to a bicarbonate concentration
of 18 mmol/L. The age cutoff in this study was based on
an assessment that persons aged younger than 16 years
have lower extracellular buffering capacity than older
individuals.”

A 2023 study used the aforementioned outcomes to test
the correlation between ketone concentrations—as
measured by a capillary blood strip meter, and bicarbonate
concentrations—with measurable acidosis (outcomes are
shown in the appendix (p 4).” This study also reported
that reducing the diagnostic 3-hydroxybutyrate threshold
of concern to =1-6 mmol/L identified 97-4% of episodes
with bicarbonate concentrations of 18 mmol/L or less.
This cutoff also identified 39-3% of episodes with
bicarbonate concentrations of higher than 18 mmol/L.
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Importantly, these data align with international guidance
indicating that a P-hydroxybutyrate concentration of
1-6 mmol/L is the cutoff threshold for elevated concern
regarding ketosis that requires treatment.” Evidence also
indicates that diabetes type did not influence differences
in (-hydroxybutyrate concentrations and correlations
with bicarbonate or pH levels, and ketosis-prone adults
with type 2 diabetes presenting with DKA have similar
B-hydroxybutyrate concentrations as individuals with
type 1 diabetes.””

A single-centre study in 504 adults with DKA admitted
between 2006 and 2016 reported that renal function was a
factor in the levels of B-hydroxybutyrate associated with
bicarbonate and pH values in the acidotic range.
Individuals with end-stage kidney disease and eGFR
lower than 15 mL/min per 1.73 m2 had mean
B-hydroxybutyrate concentrations of 4-3 mmol/L,
associated with mean bicarbonate levels of 13-9 mmol/L
and pH of 7-2; whereas individuals with moderate renal
failure (eGFR 15-60 mL/min per 1-73 m?2) had mean
B-hydroxybutyrate 5-6 mmol/L, and individuals with
preserved renal function (eGFR >60 mL/min per 1-73 m?)
had mean B-hydroxybutyrate 5.9 mmol/L, and each had
similar bicarbonate and pH levels as those with end-stage
kidney disease. These results suggest that, for adults,
ketone concentrations of concern could be lower for
individuals with poorer renal function and lower eGFR.

Support for B-hydroxybutyrate monitoring is provided
by a 6 month, multicentre randomised controlled trial
of sick day management in 123 children and young
adults, aged 3-22 years, comparing urine versus capillary
blood ketone monitoring.” This study showed that
B-hydroxybutyrate monitoring with capillary blood test
strips was significantly better at reducing DKA risks,
compared with urine acetoacetic acid testing.

In summary, serum B-hydroxybutyrate concentrations
are correlated with bicarbonate concentrations and blood
pH in people with type 1 diabetes and are diagnostic for
DKA with high sensitivity and specificity. However, the
evidence for an equivalence of a f-hydroxybutyrate
concentration of 3-0 mmol/L with a bicarbonate
concentration of 18 mmol/L or a blood pH of lower
than 7-3 is not well supported in adults. Rather, the
equivalence could be higher, at around 4.3 mmol/L
(appendix p 4), and could vary dependent on renal
function. For children and adolescents aged younger
than 16 years with type 1 diabetes, the equivalence of a
B-hydroxybutyrate concentration of 3-0 mmol/L with a
bicarbonate concentration of 18 mmol/L is more
supportable, but the evidence is scarce and there is no
indication that age-dependent alert thresholds are safe or
necessary (panel).

Interpreting ketone concentrations in the
context of trend arrows

A key factor in the positive effect of CGM technology has
been the trend arrows,” which accompany each glucose
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reading and provide information on the direction and the
rate of glucose changes. Data show that trend arrows
provide important feedback, allowing users to make
informed choices regarding their immediate actions.””
The incorporation of trend arrows in CKM technology
has the potential to inform how ketone concentrations
and thresholds can be interpreted and what actions
might be recommended. The expert group felt that, to
have relevance for changing ketone concentrations,
visible trend arrows would need to reflect rates of change
of around 0-4 mmol/L per h to provide feedback of
immediate value to the user (panel). At this point in time,
due to lack of clinical data it is not possible to conclude
whether ketone trend arrows can have a role in
interpreting different levels of concern or modifying
associated actions (panel).

Mitigating alarm fatigue

Alarm fatigue has been reported as the most common
factor in the discontinuation of use of CGM devices.**
The same phenomenon can be anticipated for users of
CKM technology, indicating that alerting thresholds
should be set and managed to minimise potential alarm
fatigue, which could be achieved with alerts that are both
optional and customisable for each user, based on their
own experience and in agreement with their health-care
provider (panel). While acknowledging the importance of
individualisation of care using CKM devices, it is
recommended that an alarm should be set to notify users
if their ketone concentrations rise to the threshold of
3.0 mmol/L or higher (panel).

Ketone thresholds, symptom awareness, and
actions

A recommendation for ketone thresholds with
escalating levels of concern and actions, based on CKM
data, is provided in figure 2. The use of a traffic-light
progression reinforces the increasing urgency of rising
ketone concentrations and the need for action. A traffic-
light display is also accepted as part of CGM reporting,
which will help to build familiarity amongst users,
caregivers, and health-care professionals with CGM
experience, who progress to using CKM technology. The
schema shown in figure 2 makes a connection between
the concentration of CKM-reported ketones with
awareness of any symptoms of ketonaemia and then
with actions that the CKM user is advised to take. In the
absence of data on how application of CKM might
additionally inform interpretation of ketone thresholds
and actions, these proposed thresholds and actions
largely reflect current guidance” and take a cautious
approach. For example, when using a CKM sensor, the
cutoff for urgent action (red) is at a concentration of
3-0 mmol/L or higher, with alert zones of
>0-6 to 1-5 mmol/L (yellow) and >1-5 to <3-0 mmol/L
(orange) to provide information and actions that can be
important in specific situations or in specific groups of
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people with diabetes and heightened risks for DKA
(table 2).

On the basis of future clinical research and real-world
use of CKM devices, optional alerts for ketone
concentrations lower than 3-0 mmol/L, other than
1-5 mmol/L, might be justified. In this context, a real-life
case study has been published, which differs from that
described in figure 1. It described an adult with type 1
diabetes, on an AID device and using a CKM sensor as
part of a RCT investigating risk of DKA with SGLT2-
inhibitor therapy.” Elevated ketone concentrations were
detected by CKM at 1-0 mmol/L via an alert mandated by
the RCT protocol, and continued to rise, with an upward
trend arrow, despite actions aimed at ketone management
using the AID settings. After rising past 3-1 mmol/L, as
indicated by the CKM sensor, a capillary blood ketone test
confirmed a ketone concentration of 3.7 mmol/L. On
investigation, a dislodged pump cannula was replaced,
and ketonaemia was treated using insulin and resolved.
The individual remained asymptomatic throughout, but
the episode confirmed the value of CKM to provide early
awareness of ketonaemia for a person with type 1 diabetes,
ultimately aiding in timely resolution of the episode
without symptoms of DKA or hospital admission.

Research has also confirmed that routine ketone
testing, outside of illness, can identify individuals who
are at higher future risk of DKA, based on observed
maximum ketone levels of 0-8 mmol/L or higher during
regular fasting periods without illness.® These data
suggest that CKM devices, in addition to identifying
imminent risk of DKA, could also identify individuals
with ketone patterns indicating a higher risk of future
DKA, by more often reaching thresholds above the
accepted normal range. Understanding the percentage of
time with ketones in distinct ranges could help identify
individuals with risks for recurrent DKA and prompt
preventive strategies, such as more regular clinical visits,
optimised basal insulin doses, and renewed education
around precipitating factors. However, in the absence of
sufficient CKM data, the positive predictive value of
elevated ketone concentrations in the absence of
precipitating factors cannot be known.

The recommended terminology for escalating ketone
concentrations agreed by the consensus group is normal,
elevated, high, and urgent high (figure 2), to emphasise
the objective information on ketone concentrations and
to link the data to levels of action. This terminology
differs from more-functional language associated with
increasing ketone concentrations based on urine or
capillary blood tests, for example, none, trace, small,
moderate, large. CKM technology can be predicted to
provide the opportunity to understand the daily
percentages of time spent with ketones at different
concentrations, similar to the now-agreed targets for
clinical metrics of time in range for glucose as measured
by CGM devices.* The consensus group therefore
recommends that CKM device manufacturers make the

user data that they collect available for health-care
research (panel).

The greater level of detail in the clinical advice provided
in the appendix (p 5) is aimed at health-care
professionals,® who could be contacted by a CKM user,
following the visible information that accompanies a
change in alert threshold (figure 2). There is no reason to
propose that CKM use requires adjunct confirmation
with a capillary blood strip test. However, if symptoms of
elevated, high, or urgent high ketonaemia are not
matched by CKM readings (figure 1), then a capillary
blood ketone test can be done, and all CKM users should
be provided with a ketone meter and test strips for this
purpose (panel).

Education and awareness are key for continuous
ketone monitoring

Increased awareness of ketone concentrations for CKM
users should not be accompanied by increased anxiety, as
this could increase disease burden for the person with
diabetes and might prompt unnecessary calls to heath-
care professionals. Therefore, the consensus group has
recommended to provide ketone-specific education for
all individuals who initiate CKM technology, including
what elevated ketones mean and what actions to take
(figure 2), to reiterate and extend education already
provided to people with newly diagnosed type 1 diabetes
during insulin initiation, or with transition to insulin
pump therapy. This education should also be provided to
all CKM users not taking insulin, particularly those at
high risk for DKA (table 2), and for individuals in whom
episodic rather than continuous application of CKM
sensors could be recommended.

Effective application of ketone thresholds, as described,
also requires that all health-care professionals managing
people with diabetes receive appropriate clinical
education (panel). CKM devices will increase awareness
of changing ketone levels for users which might
potentially be related to daily activities and in the absence
of symptoms. This awareness is likely to increase the
number of interactions that users initiate with their
family physicians and primary care health-care
professionals (figure 1), which will require knowledgeable
advice in response, including what action to take.

Evidence gaps

The implementation of CKM technology is a pivotal
moment in the evolution of diabetes technology,
anticipated to improve outcomes for people with diabetes
and generate data that will underpin future clinical
guidelines. Currently, theres is no evidence on the natural
daily fluctuations in ketone concentrations for a person
with diabetes. CKM profiles that identify individuals at
greater future risk of DKA need to be established. Many of
the ketogenic stressors that apply to people without
diabetes also apply for people with diabetes, and CKM
data from cohorts of all individuals with diabetes across
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the spectrum of daily activities must be collected. There is
also a need for large cohort studies in which
B-hydroxybutyrate concentrations, bicarbonate concentra-
tions, and blood pH are all measured within a coincident
timeframe for individuals with suspected DKA. Large
studies will allow the equivalence between CKM-measured
B-hydroxybutyrate concentrations with bicarbonate and
pH levels to be conclusively mapped across different ages
and with different diabetes medication regimens. Data on
the lag times for appearance of P-hydroxybutyrate in
interstitial fluid are also an important unmet need for use
and interpretation of CKM data.

Fundamental to generating these data, and ensuring
user safety, is to ensure rigorous regulatory compliance
with assessment and performance standards that
preclude the approval of CKM sensors for use as medical
devices with insufficiently validated accuracy and
precision data (panel). As with CGM systems, users
could soon have a choice of CKM devices, and each of
them should meet minimum performance standards.
Meeting accuracy standards is an active issue within
European regulatory structures for CGM devices* and
must be addressed for all diabetes technologies.

Strengths and limitations

A limitation of the expert panel discussions and
recommendations is the paucity of available evidence for
use of CKM technologies in people with or without
diabetes and the scarcity of clear evidence on physiological
blood ketone profiles during daily living with or without
diabetes. There is a lack of real-world data and clinical
experience with CKM in people with diabetes outside of
research settings, which is a limitation in this Personal
View. Consequently, several recommendations are based
on limited or preliminary evidence. Another limitation
was that the selection of the expert panel was not

Search strategy and selection criteria

We searched MEDLINE, PubMed, and the Cochrane Library for
research articles pertaining to physiological ketone
concentrations and/or DKA in individuals with or without
diabetes, published at any time up to Oct 24, 2025, by nested
use of Boolean operators (AND/OR/NOT) to combine, expand
or limit results, selectively. Terms used were: “randomized
controlled trial”, “randomized clinical trial”, “real world study”,
“observational study”, “cohort study”, “continuous glucose
monitoring”, "ketone”, “ketonemia”, “ketosis”, “acidosis”,
“diabetic ketoacidosis”, “DKA”, “type 1 diabetes”, “type 2
diabetes”, “continuous glucose monitoring”, “continuous
ketone monitoring”, and “sick day rules”. Randomised clinical
trials, real world studies, observational studies, and cohort
studies were included; case studies and case series were
excluded. Studies published up to Oct 24, 2025 were
included. Articles published in languages other than English,
and studies in animals, were excluded.

[
’
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systematised or randomised, rather it reflected clinical
experience in diabetes technology and ketonaemia.
A strength of the recommendations presented herein is
that they are the outcomes of an acknowledged group
methodology, involving brainstorming, discussion, and
debate among health-care professionals with substantial
expertise in the management of DKA in people with
diabetes.

Conclusion

A crucial element in the safe and effective use of CKM
devices will be expert recommendations on alerting
thresholds and actions that are appropriate to the realities
of reducing risks for DKA, while avoiding alarm fatigue.
There is a paucity of evidence to indicate how ketone
thresholds can be best adapted to this new technology
and it is likely that the application of CKM systems will
provide the data that fill these gaps.
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