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Continuous glucose monitoring (CGM) is now central to diabetes management, yet

ison between CGM systems. Three barriers currently constrain reliable interpretation
of glucose-derived measures. The first is limited transparency: in several regulatory
settings, particularly those using Conformité Européenne marking, clinical-study
reports, reference-method information and analytical documentation required for
market authorisation are not publicly accessible. The second barrier is heterogeneity
in study procedures. Existing evaluations use different reference-glucose methods,
sampling strategies, glucose-manipulation protocols and participant characteristics,
leading to accuracy estimates that cannot be interpreted consistently across systems.
The third barrier is calibration alignment. Even with full transparency and aligned pro-
cedures, CGM systems may differ because their calibration algorithms are trained on
distinct reference-glucose datasets, influencing reported glucose ranges, automated

insulin-delivery behaviour and interpretation during device transitions. A modified

Delphi process involving clinicians, laboratory scientists, and researchers identified

Abbreviation: A-P-B, Model for CGM calibration alignment: (A) above capillary blood glucose, (P) physiological blood glucose (between capillary and venous), and (B) below venous blood
glucose.; AID, Automated insulin delivery; BG, Blood glucose; CE, Conformité Européenne (European conformity marking); CGM, Continuous glucose monitoring; DGR/DGRs, Dynamic glucose
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1 | INTRODUCTION

Continuous glucose monitoring (CGM) has become foundational to
diabetes management. It enables user-directed insulin adjustment,
supports automated insulin delivery (AID), and is now recommended
as first-line technology for adults, adolescents, and children with type
1 diabetes, with expanding use in insulin-treated people with type
2 diabetes.)™ CGM-derived metrics—including time in range (TIR;
3.9-10.0 mmol/L; 70-180 mg/dL) and time in tight range (TITR; 3.9-
7.8 mmol/L; 70-140 mg/dL)—are strongly associated with glycated
haemoglobin (HbA1c) and long-term complications.>® These relation-
ships underpin contemporary therapeutic targets, including the widely
adopted 70% TIR benchmark.?

As the number and diversity of CGM systems increase, three bar-
riers now limit meaningful clinical and scientific comparison across dif-
ferent systems.

The first is transparency. Outside the United States (US), clinical-
study reports, comparator methodology and analytical dossiers
required for market authorisation are rarely openly accessible, making
it difficult to verify whether performance data reflect intended user
populations.1°-13

The second issue is heterogeneity in study procedures. Current
performance evaluations of CGM systems use different reference
methods, sampling densities, glucose-manipulation protocols, CGM-
comparator pairing methodology, and participant characteristics.'®
These variations influence accuracy estimates and mean that ostensi-
bly identical CGM metrics may represent different physiological glu-
cose exposures.

The third issue is the absence of a clinical interpretive language
that connects technical performance to real-world therapeutic
decision-making. Even if study procedures were fully harmonised, cli-
nicians would still lack a standardised way to understand how differ-
ent CGM systems map glucose levels in interstitial fluid to blood
glucose (BG), how these mappings influence time spent within differ-
ent glucose ranges, and how to interpret systematic differences
between CGM systems in day-to-day care. Without such a frame-
work, glucose results from different CGM systems remain difficult to

compare for users and clinicians.

these issues as the principal determinants of comparability. During this process, the
International Federation of Clinical Chemistry and Laboratory Medicine released a
validated framework for performance evaluation of CGM systems, providing a unified
approach to reference-method selection, dynamic in-clinic testing, and structured
reporting. Adoption would reduce procedural variability but does not resolve
calibration-alignment differences. This international clinical opinion proposes a path-
way towards internationally interpretable CGM evaluation: immediate transparency
of clinical evidence, routine declaration of calibration alignment, and progressive
adoption of validated standardised procedures. These steps provide a foundation for

reliable interpretation and globally comparable assessment of CGM technologies.

This international clinical opinion evaluates these three issues
from a clinical perspective. It explains why transparency is essential,
how procedural consistency can strengthen comparability, and why a
coherent interpretive framework is required to place technical perfor-
mance in a clinical context. The aim is to provide clinicians,
researchers, and health-system leaders with a clear pathway towards

interpretable CGM evaluation and communication.

2 | METHODS

This international clinical opinion was developed using a modified Del-
phi approach.'* The objective was to determine, from a clinical stand-
point, which features of current CGM evaluation procedures most
affect comparability between CGM systems. Iterative written
exchanges were conducted within a multidisciplinary author group
comprising clinicians, laboratory scientists, and researchers with
expertise in CGM performance assessment and national implementa-
tion of CGM technologies.

During drafting, the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) Working Group on CGM published
the first scientifically validated framework for standardising CGM per-
formance evaluation.'® The group incorporated this framework where
it enhanced clinical clarity across the domains identified by the writing
group: (i) the transparency of underlying performance data, (ii) the
impact of heterogeneous study procedures, and (iii) the need for con-

sistent language describing accuracy, bias and calibration alignment.

3 | TRANSPARENCY

CGM systems are authorised for non-adjunctive use (which enables
insulin dosing, driving, hypoglycaemia treatment) from the age of
two.19"2 Given this reach, performance-evaluation data must be
accessible in a form that supports meaningful clinical appraisal. Clini-
cians, reimbursement organisations, and people with diabetes require
evidence that allows fair comparison of accuracy, bias, and reliability

across CGM systems.
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3.1 | Regulatory access to evidence

Table 1 summarises CGM systems authorised in the EU through Con-
formité Européenne (CE) marking and the US Food and Drug Adminis-
tration (FDA), including indicated age range, adjunctive status and
availability of clinical data. Comparison of these characteristics with
publicly accessible evidence demonstrates substantial asymmetry.
Several CGM systems hold CE marking for non-adjunctive use in chil-
dren despite the absence of publicly available paediatric accuracy
data. This persists even though the European Database on Medical
Devices (EUDAMED), launched in 2017 with an intended public-
access deadline of 2021, is not expected to become fully accessible
before 2030.% In contrast, FDA 510(k) iCGM submissions (three
generic study design and 11 performance requirements) and Class IlI
pre-market approvals for CGM systems provide detailed, publicly
accessible clinical documentation, including age-specific accuracy

data, and comparator methodology.'”

3.2 | Clinical implications of limited transparency
From a clinical standpoint, market authorisation without corre-
sponding clinical data availability creates a situation in which the
perceived risk-benefit balance cannot be independently verified.
This has direct consequences. In Italy, a CGM system won a
national tender despite the absence of publicly accessible perfor-
mance data needed to determine whether it had been evaluated
across the intended user groups.'! In the United Kingdom (UK), an
AID system is listed on the national pricing framework that under-
pins the mandated provision of AID therapy for all children with
type 1 diabetes, pregnant women and eligible adults.'® The AID
system has incorporated different generations of its own CGM
technology authorised as non-adjunctive from 2 years of age,
despite no published accuracy data in relevant paediatric popula-
tions.° No pivotal-trial evidence is available for the safety or effec-
tiveness of the AID system in any age group, which resulted in
clinical organisations in the UK advising against its use pending
robust, publicly accessible accuracy and safety data.'?2°

When data is unavailable, clinical risk is unknown, yet authorisa-
tion and procurement decisions may imply that evaluation has
occurred. In practice, only national regulators, such as the Medicines
and Healthcare products Regulatory Agency (MHRA) in the UK, have
the authority to obtain these data under CE marking.1®?* A formal
request for the MHRA to obtain accuracy data for the CGM system
and safety/effectiveness data for the AID system from 2 years of age
was declined, with the agency stating that its data-access mechanisms
would be activated if needed for post-market surveillance (correspon-
dence submitted to the editor).

This places the clinical community in a difficult position when
reimbursement frameworks adopt technologies without the evidence
required to judge safety or appropriateness, and when the underlying

data cannot be obtained for independent assessment.

3.3 | Impact on interpretation and comparability

Limited transparency not only constrains safety evaluation but also
prevents meaningful comparison between CGM systems. Differences
in study procedures and comparator methods influence accuracy

metrics,13'15'22'23

yet without access to protocols and reference-
method data it is not possible to determine whether between-device
differences reflect methodological artifacts or genuine physiological
differences. Full documentation of study procedures is therefore
essential for interpreting device performance and applying it appropri-

ately in clinical practice.

34 |
deficit

Practical steps to resolve the transparency

The transparency deficit can be addressed within existing regulatory
structures. Publication of core performance information, reference
method, sample size, glucose-range distribution, wear-time stability
and age-specific accuracy would allow a meaningful interpretation of
CGM performance.13'15'22’23 Therefore, full clinical data should be
publicly accessible upon market authorisation.

In Europe, EUDAMED is designed to host such material'®; in the
US, FDA databases already enable near-complete access'’; and similar
mechanisms could be adopted by other international regulators, such
as the Therapeutic Goods Administration (TGA) in Australia.?* Even in
the absence of full procedural standardisation, access to this informa-
tion would allow independent verification of comparator choice, study
design, and bias direction across glucose ranges. These steps are

essential, feasible, and commensurate with clinical stakes.

4 | LACKOFSTUDY-PROCEDURE
STANDARDISATION

Differences between iCGM-approved CGM systems will always exist,
and their apparent performance can vary substantially across physio-
logical contexts, including those associated with nocturnal
compression-related artefact and rapid glucose dynamics during
exercise.?’ However, comparability is undermined by substantial het-
erogeneity in study design, particularly in reference methods, glucose-
manipulation protocols, physiological challenge conditions, and
reporting.’®> The heterogeneity makes it difficult to distinguish true
device-level differences from artefacts of experimental design.*®

Until recently, attempts to standardise CGM performance evalua-
tion relied mainly on expert consensus rather than validated method-
ology. International clinical groups recommended adopting and
extending the FDA iCGM special controls,*'*? and a 2020 multina-
tional technical consensus outlined detailed proposals for harmonising
CGM performance assessment.2® However, neither approach under-
went prospective validation. In contrast, the recently published IFCC

Working Group on CGM guideline provides the first scientifically
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(Continued)

TABLE 1

Data available to
assess bias to

Reference method:

reference method
by glucose target

ranges
No

Capillary (C), Venous

(V), Arterialised-

FDA non- CE non-

Published age
range (yrs)

CGM system

Venous (A-V)

adjunctive

No

CE age (yrs)

adjunctive

No

FDA age (yrs)

(clinical data source)
CT-100/CT-100B?

Syai Tag?

Manufacturer
POCTech

>18
>18
>14

>18
>18
>18

No

No

No

Syai Health
Urathon

No

No

No

Yuwell CT3?

2Data on file or in the information for use guide.

validated framework for CGM performance evaluation.*> A full discus-
sion of the guideline is beyond the scope of this statement, but sev-

eral elements have direct clinical relevance.

41 | Comparator choice

The IFCC recommends measuring BG in capillary samples collected
every 15 min, using a measurement method with imprecision <2.4%
and residual bias <2.1% after correction to higher-order metrological
standards.’® Arterialised sampling is excluded as non-physiological.*®
A unified reference standard is crucial to ensure that accuracy metrics
reflect sensor performance rather than reference-method variability.
Capillary glucose has practical and physiological advantages, but the
potential use of venous glucose may need to be considered if regula-
tory jurisdictions do not converge on a single reference. A consensus
reference accepted across regulators is preferable, and the optimal
choice will become clearer as standardisation efforts advance.

4.2 | Study-participant requirements

The IFCC recommends enrolling at least 100 adults, with 280% living
with type 1 diabetes, to ensure both adequate sample size and testing
under physiologically demanding conditions.® People with type 1 dia-
betes exhibit rapid post-prandial rises, insulin-mediated declines, and
wide rate-of-change variability, providing a natural stress test for
CGM systems. This requirement does not imply that CGM systems
are intended solely for people living with type 1 diabetes; rather, dem-
onstrating performance under the most challenging physiological con-
ditions increases confidence that accuracy will be adequate across

broader user groups.

43 |
testing

Dynamic glucose regions and unified in-clinic

The IFCC recommends that all dynamic glucose challenges occur
within a session, beginning with a meal to induce a steep rise, fol-
lowed by an insulin correction at peak glucose to generate a rapid
fall.'> This produces a mean absolute rate of change (MaRoC)
>0.06-0.07 mmol/L/min (1.0-1.2 mg/dL/min).?” This contrasts
with most pivotal studies that used slower protocols (e.g., MaRoC
~0.04 mmol/L/min [0.8 mg/dL/min]), which may underestimate
dynamic error.*®

Dynamic Glucose Regions (DGRs) require 27.5% of paired data in
each key region (BG low, Alert low, Alert high, BG high), ensuring that
physiologically important transitions are adequately represented.'®
The clinical question is straightforward: can a CGM system maintain
performance during the rapid transitions that most influence thera-
peutic decisions? Slow-rise or slow-fall protocols [MaRoC
<0.04 mmol/L/min (0.8 mg/dL/min)] do not adequately simulate

these conditions.*®?”
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4.4 | Structured reporting

The IFCC recommends reporting accuracy by reference-defined
DGRs, not by CGM-derived values, to ensure meaningful comparabil-
ity.1> Accuracy is recommended to be summarised by rate-of-change
bin, sensor day and wear site.>®> Minimum acceptance criteria include,
but are not limited to agreement-rate thresholds (AR20 and AR40)
calculated within the DGR zones, reflecting accuracy at moments
when critical therapeutic decisions occur.!®> These minimum accep-
tance thresholds correspond to the performance achieved by current
market-leading CGM systems that have been used safely for some
years in stand-alone and interoperable AID configurations.?® Further-
more, standardised dynamic testing protocols also provide a founda-
tion for the structured assessment of CGM trend arrows, ensuring
that displayed direction and rate of change accurately reflect physio-
logical glucose dynamics. A proposal for the evaluation of trend arrow
accuracy exists within the IFCC recommendations.'® Although stan-
dardised evaluation frameworks are initially recommended in adults,*®
assessment in specific populations such as children and pregnancy
remains necessary. As underlying glucose physiology is broadly con-
served, the same analytical performance principles are expected to
apply, although population-specific validation requirements remain
to be determined.

Although Mean Absolute Relative Difference (MARD) is com-
monly reported and understood, global MARD metrics or even glu-
cose range specific MARD's obscure region-specific and dynamic
errors that are most relevant to clinical risk?® MARD values lack
clearly defined clinical acceptability thresholds that are made explicit
by agreement rate measures. As a result, MARD provides insufficient
information to distinguish clinically acceptable from potentially unsafe
error profiles for insulin dosing decisions.?

From a clinical standpoint, the change of reporting is important
to assess performance for real-life CGM use. However, because
IFCC methodology is more rigorous than the iCGM's three generic
study design requirements, some of the 11 performance metrics
will not be met??; this does not indicate declining device perfor-
mance but reflects standardised methodological precision. Once a
CGM system meets the IFCC's analytical standards for non-
adjunctive use, clinicians need not scrutinise the technical detail.
Clinicians, people living with diabetes, and reimbursement organi-
sations can trust that the CGM system meets a rigorously defined,
internationally recognised accuracy standard. A comparable
approach already operates effectively for self-monitoring blood-
glucose systems (SMBG), where International Organisation for
Standardisation (ISO) standard compliance and transparent accu-
racy data form the basis for national reimbursement and tender
qualification.3° Therefore, international adoption of standardised
performance-evaluation protocols and agreed minimum criteria for
insulin dosing,'® implemented through a well-recognised frame-
work such as an ISO standard, supports international convergence
towards a single, transparent standard for CGM-based insulin dos-
ing, rather than the current landscape of fragmented, heteroge-

neous, and often opaque regulatory requirements.'*?

At present, some reimbursement decisions still appear to treat CE
marking as sufficient clinical justification, enabling a heavy focus on
cost because performance is implicitly assumed to be comparable
across CGM systems. 21820 |n response, clinical groups have begun
producing comparison charts®® that show whether performance-
evaluation data are publicly accessible and how each device performs
against the core criteria recommended since 2020.2° These charts
clarify which CGM systems meet selected 2020 study design recom-
mendations, which have been assessed under less robust study condi-
tions, and where no clinical data are publicly available. This level of
transparency is basic, but it offers a practical map of where the risks
of using a given CGM system are well characterised and where they
are not.

4.5 | Why procedural standardisation alone cannot
achieve CGM comparability

Even universal adoption of IFCC requirements'® cannot eliminate all
between-system differences. Two CGM systems may satisfy minimum
performance criteria yet still diverge systematically because their cali-
bration algorithms are trained differently. These calibration alignment
differences influence time in different glucose ranges, insulin dosing,
and AID behaviour. Even with full transparency and rigorous proce-
dural standardisation, a further interpretive layer is required to under-
stand and communicate the systematic differences that remain, by

design, between CGM systems.

5 | CALIBRATION ALIGNMENT AND
CLINICALINTERPRETATION

Calibration alignment describes where a CGM system's estimated glu-
cose values sit relative to the BG compartment used during develop-
ment and performance evaluation. Although CGM systems measure
glucose in interstitial fluid, their outputs aim to represent BG exposure
through calibration algorithms trained on historical reference glucose
datasets. The structure of these datasets and the modelling used to
translate in-vitro sensor sensitivity into in-vivo glucose behaviour dif-
fer between manufacturers of CGM systems.>? Consequently, CGM
systems that satisfy accepted accuracy criteria may still diverge sys-
tematically in absolute BG estimates. This effect is evident in clinical
studies demonstrating reproducible positive- and negative-bias pro-
files to venous glucose values measured with a laboratory method

across commonly used factory-calibrated CGM systems.3334

5.1 | Calibration alignment across physiological
blood-glucose compartments

Capillary and venous BG differ systematically because of physiological
gradients in skin tissue perfusion, nutrient delivery and glucose extrac-

tion. In people living with type 1 diabetes, capillary-venous glucose
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differences average around 10%, ranging from ~5% at rest to ~30%
during rapid post-prandial transitions.?” During rapid declines from
hyperglycaemia, the gradient can reverse, with capillary glucose falling
below venous glucose.?” This capillary-venous gap defines a physio-
logical exposure corridor within peripheral tissues, with venous glu-
cose generally forming the lower bound and capillary glucose the
upper bound.

Factory-calibrated CGM systems trained on different reference-
glucose datasets (capillary, venous or arterialised-venous) will there-
fore position their glucose estimates at different points within this
physiological corridor.3?> An independent study comparing three
widely used factory-calibrated CGM systems head-to-head, using
venous glucose and reference-defined glucose ranges, demonstrated
reproducible alignment patterns: some CGM systems read above
venous glucose (positive bias), while others read below it (negative
bias).?” These directional patterns are also evident, though less pro-
nounced, in pivotal venous-glucose datasets submitted for regulatory
authorisation for the same systems.>> %’ The attenuation likely
reflects the lower MaRoC in pivotal trials [~0.04 mmol/L/min
(0.8 mg/dL/min)]*>~3” when compared with the more dynamic condi-
tions of the head-to-head study [0.07 mmol/L/min (1.2 mg/dL/
min)],?” where faster glucose transitions reveal calibration-alignment
differences more clearly, particularly during rising glucose levels
exceeding 10.0 mmol/L (180 mg/dL) (Figure 1).

These findings indicate that calibration alignment reflects three
manufacturer-defined factors®?: (i) the reference dataset used for
algorithm training, (i) the mapping of in-vitro sensor sensitivity to in-
vivo glucose behaviour, and (jii) the adaptive filtering applied on-body.
These are systematic properties of each CGM system, not random
sensor variability, and they create predictable patterns of over- or
under-reading relative to venous glucose. To support clinical interpre-
tation, these patterns require a simple heuristic or model that trans-

lates alignment behaviour into therapeutic understanding.

5.2 | Calibration alignment model for clinical
interpretation

For clinical communication, alignment patterns can be summarised
using the A-P-B model (Figure 2 and Table 2):

e Zone A (Above): CGM BG estimates above the physiological
corridor.

e Zone P (Physiological corridor): CGM BG estimates within the
venous-capillary glucose corridor.

e Zone B (Below): CGM BG estimates consistently below the physio-
logical corridor.

In a head-to-head study, when compared with venous glucose refer-
ence measurements, all three evaluated CGM systems fell within Zone P
for TBR but diverged in TIR and TAR?” Two systems remained within
Zone P across most TIR and TAR, whereas one system predominantly

occupied Zone B for TIR and TAR.? This explains why the same three

CGM systems still differ by up to 10% in TIR or TITR for the same indi-

vidual, despite exposure to the same physiological conditions.®

5.3 | Transparency requirements for calibration
alignment

Only a minority of CGM systems have publicly accessible venous-
glucose datasets with glucose ranges defined by reference values
rather than CGM values, and these are the only datasets sufficient to
characterise A-P-B alignment (Table 1). Without declaration of calibra-
tion alignment alongside accuracy metrics, it remains difficult to inter-
pret cross-system differences in TIR, TITR, or AID performance, even

under standardised analytical conditions.

6 | CLINICALIMPLICATIONS OF
COMPARABILITY GAPS

Without transparency, without standardised study procedures and
without a clear language to describe calibration alignment, CGM-
derived metrics risk being interpreted in ways that do not reflect true
physiological glucose exposure. Across clinical domains, these gaps
can lead to misclassification of glycaemic control, inappropriate treat-
ment adjustments, misleading optimisation of automated insulin deliv-
ery and incorrect assumptions about physiological change when users
transition between systems. The following sections outline the clinical
settings in which these issues are most relevant and illustrate why a
coherent interpretive layer is needed alongside robust analytical

standards.

6.1 | Automated insulin delivery

Systematic reviews AID studies show end of trial TIR and mean sensor
glucose values can differ by up to approximately 13% and 1.5 mmol/L
(27 mg/dL), respectively, despite corresponding HbA1c differences of no
more than 1 mmol/mol (0.1%).3~#! Algorithmic variation may explain
part of the observed divergence in TIR; however, AID algorithms adapt
to the glucose values they receive and cannot identify or correct for sys-
tematic CGM calibration bias. Consequently, algorithmic differences
alone cannot explain persistent discrepancies between CGM-derived TIR
or mean sensor glucose and HbAlc. Evidence that identical individuals
can exhibit differences exceeding 10% in TIR when wearing different
market-leading CGM systems under standardised laboratory

2742 a5 well as during real-world use,*® further supports cali-

conditions,
bration alignment is likely an important contributor.

Taken together, these data suggest that differences in calibration
alignment may translate into clinically meaningful differences in
HbAlc. A clinical example illustrates this limitation. An individual
switching an interoperable AID system from a CGM calibrated in Zone
B to one calibrated in Zone P may achieve a very similar TIR if the

algorithm successfully adapts to the more rapidly changing Zone P
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glucose values, particularly during hyperglycaemia. If achieved, given
the data discussed, this could plausibly result in an apparent HbAlc
reduction of approximately 5 mmol/mol (0.5%), despite little change
in CGM derived TIR and mean sensor glucose values.

This example highlights the limitations of interpreting CGM-derived
metrics in isolation, without matched HbA1c values derived from at least
28 days of CGM data®® and underscores the importance of calibration
alignment when comparing outcomes across systems. For future AID

comparisons, standardised CGM performance evaluation will be

essential; however, understanding calibration alignment will remain criti-
cal for interpreting residual disparities between CGM metrics (TIR and

mean sensor glucose) and HbA1c across systems.>~#*

6.2 | Pregnancy

Pregnancy requires tighter glycaemic targets and features rapid,

hormonally driven changes in glucose dynamics. Higher CGM
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FIGURE 2 Conceptual model of physiological blood-glucose zones. Capillary glucose rises earlier and peaks higher after meals, while venous
glucose sits lower and lags during rapid glycaemic transitions. The shaded grey region between the capillary and venous traces represents the
physiologically plausible interval within which true blood glucose lies. CGM systems sense interstitial glucose but report an estimate of blood
glucose; this interval therefore provides a reference for understanding potential calibration alignment. A-P-B interpretive zones: Zone A
(overestimation) lies above capillary blood glucose; Zone P (physiological zone) represents the interval between capillary and venous blood
glucose; Zone B (underestimation) lies below venous blood glucose. Colour-coded glucose domains: Orange (TAR Level 2): >13.9 mmol/L

(>250 mg/dL); Yellow (TAR Level 1): 10.0-13.9 mmol/L (180-249 mg/dL); Green (TIR): 3.9-10.0 mmol/L (70-180 mg/dL); Dark green (TITR):
3.9-7.8 mmol/L (70-140 mg/dL); Light red (TBR Level 1): 3.0-3.9 mmol/L (54-70 mg/dL); Red (TBR Level 2): <3.0 mmol/L (<54 mg/dL).

TABLE 2 Clinical interpretive model for calibration alignment
relative to physiological blood-glucose compartments.

Average bias of CGM
values relative to

Zone Clinical interpretation reference glucose

Above capillary blood
glucose

Zone A Estimated glucose consistently
above physiological blood
glucose may prompt earlier or
more frequent correction doses
and may reduce the apparent
exposure to hypoglycaemia.

Between capillary and
venous blood glucose

Zone P Estimated glucose within the
physiological corridor reflects
alignment with typical
peripheral blood-glucose
behaviour and corresponds to
the range underpinning legacy
outcome evidence for CGM
devices.

Below venous blood
glucose

Zone B Estimated glucose consistently
below physiological blood
glucose may generate more
conservative insulin-dosing
signals and may under-report
hyperglycaemia.

glucose readings are associated with adverse perinatal outcomes,
and AID systems show improved maternal and neonatal outcomes
compared to standard care with CGM and insulin pumps and
pens.***> Achieving 270% time within pregnancy-specific targets
(3.5-7.8 mmol/L; 63-140 mg/dL)*® may be compromised if mean
glucose is underestimated because of calibration alignment rather

than true physiology.

Evidence for AID use in pregnancy remains limited to a small num-
ber of devices, with no controlled, head-to-head comparisons.***” Early
real-world data suggest device-specific outcome differences,*® but these
require confirmation. Calibration alignment may therefore carry particular
significance in pregnancy, where small changes in mean glucose can

influence clinical insulin delivery and clinical decisions.**-4¢

6.3 | Early-stage type 1 diabetes, screening and
use beyond diabetes

49,50

CGM is increasingly used in early-stage type 1 diabetes, pre-

diabetes,®® and in exploratory applications beyond diabetes.>? In
these settings, absolute glucose values hold more interpretive weight
than in established insulin therapy. Small deviations from normogly-
caemia may prompt diagnostic pathways, risk stratification or beha-
vioural interventions.

Differences in calibration alignment, dynamic behaviour, and ref-
erence method can therefore alter whether glycaemic excursions
cross clinically important thresholds. Standardised performance evalu-
ation and transparent reporting of alignment help separate genuine

physiological patterns from artefact.

6.4 | Research, clinical trials and data science

Usage of CGM is now integral to clinical trials, real-world evidence
studies, and machine-learning applications. Many studies pool
CGM data across devices or compare interventions using glucose
sensors with distinct analytical characteristics.>’~*' Without stan-

dardised procedures and clarity about alignment, CGM system-
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TABLE 3

Phase

1. Transparency

2. Calibration alignment

3. Procedural
standardisation (from
IFCC
recommendations®®)

PEMBERTON ET AL.

Action

Publish full clinical-study reports for all CGM systems, including

age ranges, diabetes type, comparator method, sampling density,
glucose distributions and analytical procedures, through existing
regulatory databases (EUDAMED, FDA, TGA, MHRA).

Disclose full performance-study design: reference method,
pairing strategy, dynamic-testing procedures.

Make publicly available all performance-evaluation data
comparing CGM estimates with the reference glucose across
TBR, TIR and TAR, using reference-defined bins. Report
calibration alignment relative to blood-glucose compartments
(Zone A, Zone P, Zone B) in regulatory submissions and
instructions for use.

Adopt a single traceable comparator meeting international bias
and precision criteria, using retrospective calibration when
required.

Conduct unified in-clinic glucose-challenge sessions achieving
physiologically representative rates of change, e.g., MaRoC
>0.06-0.07 mmol/L/min (1.0-1.2 mg/dL/min).

Report performance using IFCC analytical domains (glucose
ranges, rate-of-change bins, sensor day, wear site, agreement
and precision metrics).

Recommended actions to improve the transparency, interpretability and comparability of CGM performance.

Clinical impact

Enables verification that evidence reflects approved
indications (e.g., paediatrics, non-adjunctive use).
Supports informed clinical choice, fair procurement
and identification of evidence gaps.

Allows interpretation of accuracy metrics and
separates methodological artefact from true device
behaviour.

Provides necessary context for interpreting glycaemic
metrics and supports safe transitions between CGM
systems and AID platforms.

Ensures accuracy metrics reflect sensor performance
rather than reference-method variability. Improves
comparability across studies and devices.

Tests CGM function under conditions most relevant
to therapeutic risk, including rapid postprandial rises
and insulin-driven declines.

Enables like-for-like comparison and strengthens
clinical interpretation of CGM metrics in relation to
established outcome evidence.

Abbreviations: AID, automated insulin delivery; CGM, continuous glucose monitoring; EUDAMED, European Database on Medical Devices; FDA, Food

and Drug Administration; IFCC, International Federation of Clinical Chemistry and Laboratory Medicine; MaRoC, mean absolute rate of change; TGA,

Therapeutic Goods Administration.

specific biases can both obscure and inflate apparent treatment

effects.

6.5 | Device transitions and longitudinal care

People may change CGM systems because of procurement decisions,
formulary shifts, device upgrades or personal preference. Comparative
studies show that different CGM systems can produce different mean
glucose and TIR values within the same individual, even when all meet
FDA regulatory requirements.>® Without transparency about align-
ment and dynamic performance, such changes may be misinterpreted
as physiological improvement or deterioration. In clinical practice, indi-
viduals using different CGM systems may present with similar
CGM-derived metrics yet materially different HbAl1c values. While
biological variation contributes to this discordance,? systematic CGM
calibration alignment may also influence estimated mean glucose and
warrants consideration.

Standardised evaluation and clear alignment characterisation
would allow these transitions to be interpreted with confidence. In
the absence of these elements, clinicians and users are left to navigate
differences without the information required to judge whether
observed changes reflect physiology or device characteristics. This
underscores the need for a coherent framework that supports consis-

tent interpretation across CGM systems.

7 | RECOMMENDATIONS

CGM comparability requires three coordinated actions (Table 3). First,
full transparency of pivotal-study data; second, declaration of calibra-
tion alignment; and third, adoption of IFCC-standardised procedures.
Transparency enables independent clinical appraisal and can be imple-
mented immediately through existing regulatory mechanisms.
Calibration-alignment declaration provides the interpretive context
needed to understand systematic differences between systems, even
when accuracy criteria are met. IFCC-standardised procedures estab-
lish the validated analytical framework required for future evaluations
and harmonised international reporting. Together, these measures
provide a practical pathway towards globally interpretable CGM
performance data.

8 | CONCLUSION

A coherent pathway is required to achieve comparability of CGM sys-
tems and clinically reliable interpretation of CGM data. Immediate trans-
parency allows independent scrutiny; calibration-alignment declaration
provides the interpretive context for understanding systematic differ-
ences between systems; and adoption of IFCC-standardised procedures
will strengthen analytical comparability over time (Figure 3). Together,

these steps support meaningful clinical interpretation, improve
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FIGURE 3 The three phases towards global standardisation of accuracy evaluation of CGM systems. Three sequential phases, transparency,
calibration alignment, and procedural standardisation, outline a pragmatic pathway towards global comparability of accuracy data obtained with
different CGM systems. Calibration alignment is defined using the A-P-B model: Zone A represents glucose estimates above capillary

(red = oxygenated) blood glucose; Zone P represents the physiological corridor between capillary and venous blood glucose; and Zone B
represents glucose estimates below venous (blue = less oxygenated) blood glucose. The Zone P needle represents a CGM system reading within
physiological blood glucose exposure, whereas the Zone B needle represents a CGM system reading below physiological exposure.

therapeutic decision-making for people living with diabetes, and enable

internationally comparable evaluation of CGM systems.
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