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Need for Regulatory Change to
Incorporate Beyond A1C Glycemic

Metrics
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SCOPE OF PROBLEM

Hemoglobin Alc (A1C) is currently the
“gold standard” in measuring diabetes
outcomes. Substantial evidence, how-
ever, demonstrates the limitations of
A1C in characterizing daily glycemic fluc-
tuations and quality of life (1) or in ac-
curately reflecting mean blood glucose
levels (2). Data derived from continuous
glucose monitoring (CGM) systems pres-
ent a more comprehensive glycemic pic-
ture than A1C alone and are decidedly
valuable as clinicians and patients seek
to individualize therapy and make treat-
ment changes accordingly. Concern about
inconsistent reporting of CGM-measured
outcomes has hampered progress in the
field, as thresholds for these metrics often
differ among trials. As a result, the dia-
betes community has developed consen-
sus on key glycemic metrics to measure
outcomes beyond A1C, which can be used
in research, therapy development, and
regulatory review (3,4). This report seeks
to contribute broader engagement of the
diabetes community and a specific focus on
regulatory implications of achieving con-
sensus on glycemic outcomes beyond A1C.

CONVENING BROAD
REPRESENTATION OF THE DIABETES
COMMUNITY

To continue the push for consensus, The
diaTribe Foundation convened a meeting,
titled “Glycemic Outcomes Beyond A1C:
Standardization and Implementation”

(5), with leaders from nine organizations
(American Association of Clinical Endocri-
nologists, American Diabetes Association
[ADA], Advanced Technologies & Treat-
ments for Diabetes, European Foundation
for the Study of Diabetes, European Med-
icines Agency, Endocrine Society, U.S. Food
and Drug Administration [FDA], Inter-
national Hypoglycaemia Study Group,
and JDRF). This meeting took place in
Bethesda, MD, on 21 July 2017 and at-
tracted key stakeholders, including repre-
sentatives from about 25 companies,
15 medical and academic institutions,
and 5 patient groups. This diverse group,
in turn, engaged the dozen FDA delegates
in a robust discussion and presented a
unified case for the need to incorporate
outcomes beyond A1C into regulatory de-
cisions and clinical care. The Beyond A1C
movement has gathered significant mo-
mentum, captured most recently by liter-
ature featured in Diabetes Care (3,4,6,7).

During the meeting, participants high-
lighted the consensus on glycemic mea-
surement ranges for research purposes
(first agreed upon during a symposium at
the 2017 ADA Scientific Sessions), specif-
ically definitions of hypoglycemia, time
in range, and hyperglycemia. Attendees
also agreed on the following: measuring
mean glucose to characterize overall gly-
cemia, using coefficient of variation to
measure glycemic variability; defining
nocturnal events as those occurring between
midnight and 6 a.m. for large clinical trials;
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requiring 2 weeks of CGM data and at
least 70% of possible CGM readings during
that time for clinical analysis; and using
the Ambulatory Glucose Profile (AGP) as a
standard to visualize CGM profiles or pat-
terns (Table 1).

CLINICAL GAPS AND NEXT STEPS

Thus, the diabetes research commu-
nity has made considerable progress in
agreeing upon core glycemic outcomes
beyond A1C. Nonetheless, several chal-
lenges remain: 1) using CGM metrics
and benchmarks in regulatory deci-
sion making; 2) standardizing methods
for using CGM in clinical trials; 3) identi-
fying scientifically and clinically appropri-
ate descriptive terminology, specifically
in characterizing hypoglycemia; and 4)
investigating patient-reported outcomes
(PROs) in a standard, validated manner.
Next steps must focus on advancing agree-
ment on these outstanding issues within
the Beyond A1C movement and propel-
ling regulatory adoption of the interna-
tionally accepted CGM-related metrics for
use in research and clinical settings.

Using CGM Metrics and Benchmarks
in Regulatory Decision Making

Since the publication of the FDA guidance
on artificial pancreas systems, the FDA's
Center for Devices and Radiological Health
has accepted the use of glycemic outcomes
based upon CGM readings, including time
in range and hypo- and hyperglycemia
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Table 1—Proposed recommendations for regulatory considerations

Component

Value/measure

Low blood glucose (i.e., hypoglycemia)*

Time in range*t

High blood glucose (i.e., hyperglycemia)*

Overall
Glycemic variability
CGM data report standard

Individual episode of hyperglycemia/
hypoglycemia (a separate metric from
time spent in hyperglycemia/
hypoglycemia)

Sleep-wake time blocks

Recommended CGM data sufficiency

<70 mg/dL; <3.9 mmol/L

<54 mg/dL; <3.0 mmol/L

Severe hypoglycemia = clinical diagnosis: event
characterized by altered mental and/or
physical status requiring external assistance

70-180 mg/dL; 3.9-10.0 mmol/L

>180 mg/dL; >10.0 mmol/L

>250 mg/dL; >13.9 mmol/L

Diabetic ketoacidosis = clinical diagnosis:
presence of ketosis and acidosis

Mean glucose

Coefficient of variation

Ambulatory Glucose Profile

15 min

Midnight-6 Am. (night)

6 Am—midnight (day)

2 weeks of collection

70-80% of possible CGM readings (minimum)

*CGM-based measures of hypoglycemia, time in range, and hyperglycemia should be reported as
the percentage of readings per unit of time. For example: 2% of readings <70 mg/dL over 24 h.
tMany note concerns about using 180 mg/dL (10.0 mmol/L) as an upper limit for time in range and
advocate for a lower upper threshold in the future. In other circumstances, 140 mg/dL (7.8 mmol/L)

has already been used as an upper limit (10).

exposure and events (8). The diabetes com-
munity strives to incorporate CGM data
in regulatory decisions, beyond diabetes
devices, to consider non-A1C glycemic out-
comes in calculating benefit-risk analyses,
comparing clinical trials, and developing
drug-label indications. Further, these out-
comes should be used for future innovative
treatment options (e.g., cellular therapies).

Standardizing Methods for Using CGM
in Clinical Trials

A paradox of CGM use in clinical trials
remains: given the well-documented clinical
benefit of real-time CGM, it may become
difficult to distinguish the relative contribu-
tions of the tested diabetes therapy and the
use of CGM if both are initiated at the same
time. As the prevalence of CGM use in-
creases, study designs will need to accom-
modate the inclusion of both CGM users and
nonusers. The question of CGM use in trials
will need to be addressed in conjunction with
manufacturers and regulatory bodies.

Identifying Scientifically and Clinically
Appropriate Descriptive Terminology

The diabetes community has achieved
consensus on the hypoglycemic thresh-
olds (ie, <54 mg/dL, <3.0 mmol/L; <70
mg/dL, <3.9 mmol/L) (Table 1). However,
descriptive terminology (e.g., “severe”
surrounding these thresholds is subject

to considerable debate. Further discussion
will be required to reach a consensus on
hypoglycemia terminology.

Investigating PROs

Although glycemic outcomes rather than
PROs were the focus of the consensus
conference, several attendees expressed
enthusiasm about future validation and
incorporation of PROs. The diabetes com-
munity must strive to achieve standardization
and consensus on PRO measurement instru-
ments, as many next-generation therapies
could meaningfully improve quality of life
in tandem with glycemic benefits. To include
PROs in regulatory decisions, the diabetes
community must work to standardize and
validate outcomes, especially by identifying
the impact of PROs on clinical outcomes.

Incorporating Outcomes That Matter
to People With Diabetes

Empirical and anecdotal evidence affirms
the importance of outcomes beyond A1C
for those living with diabetes and for
assessing the benefits of different therapies.
For example, a recent conjoint analysis sur-
vey (n = 4,268) asked participants with
diabetes to choose between various the-
oretical pairs of therapies based on their
attributes (e.g., share of time in the ideal
glucose range, hypoglycemia, weight loss,
dosing frequency, and dose timing) and

varying levels within those attributes. Ulti-
mately, share of time in the ideal glucose
range “most of the day” had the largest
share of first choices among people with
type 1 diabetes (i.e., it was the strongest
driver of choosing one therapy over an-
other) and the third largest share in peo-
ple with type 2 diabetes. “Weight loss of
10%” obtained the greatest share of first
choices in people with type 2 diabetes.
However, preferences varied widely based
on the outcomes included in these hypo-
thetical side-by-side labels. As a result, in-
dividuals with diabetes may weigh the
attributes of a given diabetes therapy quite
differently, and their preferences may
change considerably based on inclusion of
outcomes beyond A1C in product labels (9).

CALL TO ACTION

Current A1C-focused regulatory decisions
do not accurately reflect the recent ad-
vances in diabetes technology, namely
CGM systems, and cannot capture the daily
reality of living with diabetes. As Riddle
et al. recently declared, “Periodically, a
new idea, method, or tool leads to a turn-
ing point in the management of diabetes.
We believe such a moment is now upon us,
brought by development of reliable devices
for continuous glucose monitoring” (6). Thus,
regulatory bodies should acknowledge ther-
apies that improve time in range, glycemic
variability, and quality of life, which is im-
possible without incorporating these agreed-
upon core glycemic metrics into regulatory
decisions. To address identified clinical gaps
and make progress on next steps, the diabetes
community needs to continue to engage regu-
latory bodies in discussions to agree on how,
when, and where these metrics should
be used for clinical trial design and risk-
benefit decisions. The diabetes commu-
nity has reached consensus and, in doing
so, aims to empower regulatory bodies to
implement outcomes beyond A1C.
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