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The Management of Type 1
Diabetes in Adults. A Consensus
Report by the American Diabetes
Association (ADA) and the
European Association for the
Study of Diabetes (EASD)

https://doi.org/10.2337/dci21-0043

The American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD) convened a writing group to develop a consensus state-
ment on the management of type 1 diabetes in adults. The writing group has con-
sidered the rapid development of new treatments and technologies and
addressed the following topics: diagnosis, aims of management, schedule of
care, diabetes self-management education and support, glucose monitoring,
insulin therapy, hypoglycemia, behavioral considerations, psychosocial care, dia-
betic ketoacidosis, pancreas and islet transplantation, adjunctive therapies, spe-
cial populations, inpatient management, and future perspectives. Although we
discuss the schedule for follow-up examinations and testing, we have not
included the evaluation and treatment of the chronic microvascular and macro-
vascular complications of diabetes as these are well-reviewed and discussed else-
where. The writing group was aware of both national and international guidance
on type 1 diabetes and did not seek to replicate this but rather aimed to highlight
the major areas that health care professionals should consider when managing
adults with type 1 diabetes. Though evidence-based where possible, the recom-
mendations in the report represent the consensus opinion of the authors.

SECTION 1: INTRODUCTION AND RATIONALE FOR THE CONSENSUS
REPORT

Type 1 diabetes is a condition caused by autoimmune damage of the insulin-
producing B-cells of the pancreatic islets, usually leading to severe endoge-
nous insulin deficiency. Type 1 diabetes accounts for approximately 5-10% of
all cases of diabetes. Although the incidence peaks in puberty and early adult-
hood, new-onset type 1 diabetes occurs in all age-groups and people with
type 1 diabetes live for many decades after onset of the disease, such that
the overall prevalence of type 1 diabetes is higher in adults than in children,
justifying our focus on type 1 diabetes in adults (1). The global prevalence of
type 1 diabetes is 5.9 per 10,000 people, while the incidence has risen rapidly
over the last 50 years and is currently estimated to be 15 per 100,000 people
per year (2).
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Prior to the discovery of insulin a
century ago, type 1 diabetes was associ-
ated with a life expectancy as short as a
few months. Beginning in 1922, rela-
tively crude extracts of exogenous insu-
lin, derived from animal pancreases,
were used to treat people with type 1
diabetes. Over the ensuing decades,
insulin concentrations were standard-
ized, insulin solutions became more
pure, resulting in reduced immunoge-
nicity, and additives, such as zinc and
protamine, were incorporated into insu-
lin solutions to increase the duration of
action. In the 1980s, semisynthetic and
recombinant human insulins were dev-
eloped, and in the mid 1990s, insulin
analogs became available. Basal insulin
analogs were designed with prolonged
duration of action and reduced pharma-
codynamic variability compared with
protamine-based (NPH) human insulin,
while rapid-acting analogs were intro-
duced with quicker onset and shorter
duration than short-acting (“regular”)
human insulin, resulting in reduced
early postprandial hyperglycemia and
less later hypoglycemia several hours
after the meal (3).

The discovery of insulin transformed
the lives of many people, but it soon
became apparent that type 1 diabetes is
associated with the development of
long-term complications and shortened
life expectancy. Over the last 100 years,
developments in insulin, its delivery, and
technologies to measure glycemic indi-
ces have markedly changed the manage-
ment of type 1 diabetes. Despite these
advances, many people with type 1 dia-
betes do not reach the glycemic targets
necessary to prevent or slow the progres-
sion of diabetes complications, which
continue to exert a high clinical and emo-
tional burden.

Recognizing the ongoing challenge of
type 1 diabetes and the rapid develop-
ment of new treatments and technolo-

gies, the European Association for the
Study of Diabetes (EASD) and the Amer-
ican Diabetes Association (ADA) con-
vened a writing group to develop a
consensus report on the management
of type 1 diabetes in adults, aged 18
years and over. The writing group was
aware of both national and interna-
tional guidance on type 1 diabetes and
did not seek to replicate this, but rather
aimed to highlight the major areas of
care that health care professionals
should consider when managing adults
with type 1 diabetes. The consensus
report has focused predominantly on
current and future glycemic manage-
ment strategies and metabolic emergen-
cies. Recent advances in the diagnosis of
type 1 diabetes have been considered.
Unlike many other chronic conditions,
type 1 diabetes places a unique burden
of management on the individual with
the condition. In addition to complex
medication regimens, other behavioral
modification is also needed; all of this
requires considerable knowledge and
skill to navigate between hyper- and
hypoglycemia. The importance of diabe-
tes self-management education and sup-
port (DSMES) and psychosocial care are
rightly documented in the report. While
acknowledging the major significance
and cost of screening, diagnosing, and
managing the chronic microvascular and
macrovascular complications of diabetes,
a detailed description of the manage-
ment of these complications is beyond
the scope of this report.

Two members of the writing group,
one from the ADA and one from the
EASD, were assigned to be the primary
authors of each section. The chosen indi-
viduals had specific knowledge of the
area and were tasked with reviewing
and summarizing the available literature.
Each section, in turn, was reviewed and
approved by the entire writing group.
The draft consensus report was peer

reviewed (see the Acknowledgments
section) and suggestions were incorpo-
rated as deemed appropriate by the
authors. The revised draft report was
presented at the virtual ADA Scientific
Sessions in 2021, after which public
comments were invited. The report was
further revised in light of this consulta-
tion. Large areas of clinical practice in
type 1 diabetes are based on expert
opinion and cohort studies rather than
RCTs and so the writing group consid-
ered both observational and clinical trial
findings, rather than relying solely on
unbiased RCTs and meta-analyses. The
report represents the consensus opinion
of the authors, given that the available
evidence is incomplete.

SECTION 2: DIAGNOSIS OF TYPE 1
DIABETES

Adults with new-onset type 1 diabetes
can present with a short duration of ill-
ness of 1-4 weeks or a more slowly
evolving process that can be mistaken
for type 2 diabetes. Several other types
of diabetes, for example monogenic dia-
betes, can be misdiagnosed as type 1
diabetes. In older adults, pancreatic
cancer may present with diabetes and
weight loss. A new and emerging issue
is the development of profound insulin
deficiency associated with the use of
immune check-point inhibitors, which
may present with hyperglycemia and
diabetic ketoacidosis (DKA) (4).

Most of the available data discussed
below are derived from White European
populations and may not be representa-
tive of other ethnic groups. The clinical
presentation may differ, but the classical
triad of thirst and polydipsia, polyuria,
and weight loss are common symptoms
of type 1 diabetes. Accurate classification
of the type of diabetes has implications
beyond the use of insulin treatment;
education, insulin regimen, use of

This Consensus Report is jointly published in
Diabetologia, published by Springer-Verlag,
GmbH, on behalf of the European Association for
the Study of Diabetes, https://doi.org/10.1007/
s00125-021-05568-3; and Diabetes Care, published
by the American Diabetes Association, https.//doi.
0rg/10.2337/dci21-0043.

A consensus report of a particular topic contains a
comprehensive examination and is authored by an
expert panel (i.e, consensus panel) and represents
the panels collective analysis, evaluation, and

opinion. The need for a consensus report arises
when clinicians, scientists, regulators, and/or policy
makers desire guidance andj/or clarity on a medical
or scientific issue related to diabetes for which the
evidence is contradictory, emerging, or incomplete.
Consensus reports may also highlight gaps in
evidence and propose areas of future research to
address these gaps. A consensus report is not an
American Diabetes Association (ADA) position but
represents expert opinion only and is produced
under the auspices of the ADA by invited experts. A

consensus report may be developed after an ADA
Clinical Conference or Research Symposium.
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adjuvant therapies, access to newer tech-
nologies, need for psychosocial support
to address the profound psychological
impact of the diagnosis of diabetes,
and concurrent disease screening may
all depend on the diagnosis an individual
receives. Furthermore, accurate diagnosis
allows an assessment of the risk of diabe-
tes in first-degree relatives and appropri-
ate counseling. Although profound insulin
deficiency is the hallmark of type 1 diabe-
tes, some adults with type 1 diabetes
maintain some insulin secretion for years
after diagnosis and may not require insu-
lin treatment at diagnosis (5), leading to
diagnostic uncertainty about the type of
diabetes and its management.

Differentiating Type 1 Diabetes From
Type 2 Diabetes

Identifying whether an adult with newly
diagnosed diabetes has type 1 diabetes
may be challenging where the individual
has features pointing toward both type 1
diabetes and type 2 diabetes, such as an
older adult with a low or normal BMI or
young adult with an elevated BMI. Ketoa-
cidosis, once considered pathognomonic
of type 1 diabetes, may occur in ketosis-
prone type 2 diabetes. Misclassification
of type 1 diabetes in adults is common,
and over 40% of those developing type 1
diabetes after age 30 years are initially
treated as having type 2 diabetes (6-8).
From a patient perspective, a misdiagno-
sis of type 2 diabetes can cause confusion
and misunderstanding, especially for
those with type 1 diabetes who have
overweight or obesity. This can impair the
acceptance of the diagnosis and future
management plans. No single clinical fea-
ture confirms type 1 diabetes in isolation
(9,10). The most discriminative feature is
younger age at diagnosis (<35 years),
with lower BMI (<25 kg/m?), uninten-
tional weight loss, ketoacidosis, and glu-
cose >20 mmol/L (>360 mg/dL) at
presentation also being informative.
Other features classically associated with
type 1 diabetes, such as ketosis without
acidosis, osmotic symptoms, family his-
tory, or a history of autoimmune diseases
are weak discriminators (8-10).

The very strong relationship between
type 2 diabetes incidence and age
means that even “classical” features of
type 1 diabetes may have a limited pre-
dictive value in older adults, as type 2
diabetes in this age-group is so common
(11). The majority of older adults with

low BMI will have type 2 diabetes
(9,12,13), even more so when a per-
son’s ethnicity is associated with high
type 2 diabetes risk (14). Rapid progres-
sion to insulin treatment (<3 years) is
strongly suggestive of type 1 diabetes
at any age (6,8,15). The diagnosis of
type 1 diabetes can be more difficult in
adults who progress to insulin therapy
more slowly. Controversy remains as to
whether latent autoimmune diabetes of
adulthood (LADA) is a discrete subtype,
a milder form of type 1 diabetes, or a
mixture of some individuals with type 1
diabetes and others with type 2 diabe-
tes (16,17).

Differentiating Type 1 Diabetes From

Monogenic Diabetes

Monogenic diabetes is found in approxi-
mately 4% of those diagnosed with dia-
betes before the age of 30 years; the
likelihood of monogenic diabetes rises
to 20% where islet antibodies are nega-
tive and C-peptide secretion is maintained
(18). Monogenic diabetes is commonly
mistaken for type 1 diabetes because of
the young age at onset. A diagnosis of
monogenic diabetes allows specific treat-
ment with discontinuation of insulin in
many cases and has implications for fam-
ily members and screening for concurrent
conditions (19,20).

Investigation of an Adult With
Suspected Type 1 Diabetes

An algorithm for the investigation of
adults with suspected type 1 diabetes is
shown in Fig. 1.

Islet Autoantibodies

An assessment of islet autoantibodies
at diagnosis is recommended as the pri-
mary investigation of an adult with sus-
pected type 1 diabetes. GAD should be
the primary antibody measured and, if
negative, should be followed by islet
tyrosine phosphatase 2 (IA2) and/or
zinc transporter 8 (ZNT8) where these
tests are available. Islet cell antibody
(ICA) measurement is no longer recom-
mended because it is an imprecise bio-
logical assay that has been superseded
by the direct measurement of single
antibodies (21,22).

In people with clinical features sug-
gesting type 1 diabetes, the presence of
one or more positive islet autoantibod-
ies is highly predictive of rapid progres-
sion and severe insulin deficiency and

these individuals should be considered
to have type 1 diabetes, even if they
did not require insulin at diagnosis
(23,24). As positive GAD antibodies may
be found at a low level in adults with-
out autoimmune diabetes and false
positive results may occur, GAD should
only be measured in those suspected to
have type 1 diabetes (24).

The absence of autoantibodies does
not exclude type 1 diabetes, since approx-
imately 5-10% of White European people
with new-onset type 1 diabetes have neg-
ative islet antibodies (8,9,25), and further
consideration of the diagnosis is neces-
sary. Furthermore, antibodies may disap-
pear over time (26). In those diagnosed
below the age of 35 years, type 1 diabe-
tes is still the most likely diagnosis, partic-
ularly if there are no clinical features of
type 2 diabetes or monogenic diabetes.
In those aged over 35 years, type 2 dia-
betes becomes increasingly likely with
absent islet autoantibodies and older age.
However, it can be hard to differentiate
between type 1 diabetes and type 2 dia-
betes based on age and clinical features
in non-White European populations.

It is important to make a clinical deci-
sion about how to treat the person with
diabetes. Regardless of any features of
type 2 diabetes or absence of islet anti-
bodies, if there is a clinical suspicion
of type 1 diabetes, the individual
should be treated with insulin. How-
ever, in some individuals, where the
clinical course is more suggestive of
type 2 diabetes, a trial of noninsulin
therapy may be appropriate. Those
whose diabetes is treated without
insulin will require careful monitoring and
education so that insulin can be rapidly
initiated in the event of glycemic deterio-
ration. Type 2 diabetes and other types
of diabetes should be considered in all
age-groups, but in those aged under 35
years, negative islet antibodies should
raise the suspicion of monogenic dia-
betes.

C-Peptide Measurement

Beyond 3 years after diagnosis where
there is uncertainty about diabetes type,
a random C-peptide measurement (with
concurrent glucose) within 5 h of eating
is recommended. Where a person is
treated with insulin, this test should
always be performed prior to insulin dis-
continuation to exclude severe insulin
deficiency.
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Flow chart for investigation of suspected type 1 diabetes in newly
diagnosed adults, based on data from White European populations

[ Adult with suspected type 1 diabetes’ ]
[ Test islet autoantibodies? ]
4 N
Islet autoantibody negative
Islet autoantibody positive dy neg
(5-10% of adult-onset type 1 diabetes)
" S
a N
Type 1 diabetes Age
\ J
( D
[ <35 years ] >35 years
\ J
4 )
™) Unclear classification’
[ Are there features of monogenic diabetes?* Make clinical decision as to
» how person with diabetes
should be treated
( D Trial of non-insulin therapy may
Yes No Yes be appropriate®
. v . J
o N a '
. Are there features of Consider C-peptide* test after
- 4
Test C-peptide type 2 diabetes?® >3 years duration
\ g \ J
>200 pmol/L <200 pmol/L <200 pmol/L 200-600 pmol/L >600 pmol/L

Type 1 Type 2

diabetes diabetes

Figure 1—Flowchart for investigation of suspected type 1 diabetes in newly diagnosed adults, based on data from White European populations.
INo single clinical feature confirms type 1 diabetes in isolation. The most discriminative feature is younger age at diagnosis (<35 years), with
lower BMI (<25 kg/m?), unintentional weight loss, ketoacidosis, and glucose >20 mmol/L (>360 mg/dL) at presentation also being informative.
Other features classically associated with type 1 diabetes, such as ketosis without acidosis, osmotic symptoms, family history, or a history of
autoimmune diseases are weak discriminators. 2GAD should be the primary antibody measured and, if negative, should be followed by islet
tyrosine phosphatase 2 (IA2) and/or zinc transporter 8 (ZNT8) where these tests are available. In those diagnosed below the age of 35 years
who have no clinical features of type 2 diabetes or monogenic diabetes, a negative result does not change the diagnosis of type 1 diabetes since
5-10% of people with type 1 diabetes do not have antibodies. >Monogenic diabetes is suggested by the presence of one or more of the follow-
ing features: HbA;. <58 mmol/mol (7.5%) at diagnosis, one parent with diabetes, features of specific monogenic cause (e.g., renal cysts, partial
lipodystrophy, maternally inherited deafness, severe insulin resistance in the absence of obesity), and monogenic diabetes prediction model
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Persistent C-peptide >600 pmol/L (non-
fasting) is strongly suggestive of type 2 dia-
betes, and people with C-peptide in this
range are often able to replace insulin
with other agents (27-30). Routine C-pep-
tide testing in those with clinically diag-
nosed type 1 diabetes of at least 3 years
duration has led to reclassification in 11%
of those with adult-onset diabetes (31).
By contrast, low or absent C-peptide con-
firms the diagnosis of type 1 diabetes.
Although low C-peptide concentrations
may occur in some types of secondary
diabetes and very long-standing type 2
diabetes, these situations are unlikely to
be confused for type 1 diabetes; however,
in some cases, investigation of other types
of diabetes may be appropriate.

Plasma C-peptide is the recommended
test where available, with modestly
higher performance than urine measure-
ment. The latter may be confounded by
impaired renal function. If urinary C-pep-
tide:creatinine ratio is used, a value <0.2
nmol/mol can be used to define severe
insulin deficiency.

Genetic Testing
As monogenic diabetes was less likely
to have been considered in the past,
molecular genetic testing for neonatal
diabetes should be considered for all
people with type 1 diabetes, regardless
of current age, who were diagnosed
under 6 months of age as more than
80% have monogenic neonatal diabetes,
and the 30-50% with ATP-sensitive
potassium (Katp) channel mutations can
replace insulin with sulfonylureas (32,33).
Monogenic diabetes should be consid-
ered in those with one or more of the
following features: age at diagnosis of
less than 35 years, HbA;. <58 mmol/
mol (7.5%) at diagnosis, one parent with
diabetes, and features of specific mono-
genic cause (e.g., renal cysts, partial

lipodystrophy, maternally inherited deaf-
ness, severe insulin resistance in the
absence of obesity) (34). A monogenic
diabetes prediction model risk calculator
(www.diabetesgenes.org/mody-proba
bility-calculator; accessed 20 August
2021) may also be used to identify
which individuals diagnosed between 6
months and 35 years are at increased risk
of monogenic diabetes (35). Those at
increased risk should have islet autoanti-
body and C-peptide testing. Molecular
genetic testing should only be considered
if the antibodies are negative and non-
fasting C-peptide is >200 pmol/L (36—
38). Molecular genetic testing is not uni-
versally available.

SECTION 3: AIMS AND GOALS OF
MANAGEMENT OF TYPE 1
DIABETES

The aim of diabetes care and manage-
ment is to support people with type 1
diabetes to live a long and healthy life.
The management strategies to achieve
this aim broadly include:

¢ Effectively delivering exogenous insu-
lin to maintain glucose levels as close
to the individual’s target range as is
safely possible to prevent the devel-
opment and progression of diabetes
complications while:

° Minimizing episodes of hypoglyce-
mia, of all levels, including level 1
(<39 to =3.0 mmol/L [<70 to
=54 mg/dL]) but, in particular, level
2 (<3.0 mmol/L [<54 mg/dL]) and
level 3 (severe event characterized
by altered mental and/or physical
functioning that requires assistance
from another person for recovery)
hypoglycemia, and preventing epi-
sodes of DKA, while treating these
appropriately should they occur.

¢ Effectively managing cardiovascular
risk factors.

e Providing approaches, treatments,
and devices that minimize the psy-
chosocial burden of living with type 1
diabetes and, consequently, diabe-
tes-related distress, while promot-
ing psychological well-being.

Management strategies should adapt to
new therapies and technologies as they
become available, according to the wishes
and desires of the person with diabetes.

The importance of glycemic manage-
ment was demonstrated convincingly by
the DCCT (39) and the Epidemiology of
Diabetes Interventions and Complica-
tions (EDIC) follow-up study (40). With
the use of intensive insulin therapy that
aimed to achieve blood glucose levels
close to the nondiabetes range, HbA,.
was lowered by ~2% (22 mmol/mol) to
a mean HbA;. of ~7.0% (53 mmol/mol)
over a mean of 6.5 years, compared
with standard care (mean HbA;. ~9.0%
[75 mmol/mol]) (39). The risk of primary
development of retinopathy was reduced
by 75%, and progression of retinopathy
slowed by 54%. The development of
microalbuminuria was reduced by 39%
and clinical neuropathy by 60% in those
assigned to intensive therapy. These bene-
fits persisted beyond the end of the trial
despite equivalent glucose levels in the
two groups (HbA;. ~8% [64 mmol/mol])
in the posttrial period; furthermore,
reductions in incident cardiovascular dis-
ease and mortality in the intensively
treated group emerged with time
(40). This seminal study has been the
basis for glycemic target recommen-
dations for type 1 diabetes world-
wide. The cost of intensive manage-
ment was, however, a 2-3-fold increase
in the rates of severe hypoglycemia, as
well as weight gain.

probability >5% (www.diabetesgenes.org/exeter-diabetes-app/ModyCalculator; accessed 20 August 2021). *A C-peptide test is only indicated
in people receiving insulin treatment. A random sample (with concurrent glucose) within 5 h of eating can replace a formal C-peptide stimula-
tion test in the context of classification. If the result is =600 pmol/L, the circumstances of testing do not matter. If the result is <600 pmol/L
and the concurrent glucose is <4 mmol/L (<72 mg/dL) or the person may have been fasting, consider repeating the test. Results showing very
low levels (<80 pmol/L) do not need to be repeated. Where a person is insulin-treated, C-peptide must be measured prior to insulin discontinu-
ation to exclude severe insulin deficiency. Do not test C-peptide within 2 weeks of a hyperglycemic emergency. *Features of type 2 diabetes
include increased BMI (=25 kg/m?), absence of weight loss, absence of ketoacidosis, and less marked hyperglycemia. Less discriminatory fea-
tures include non-White ethnicity, family history, longer duration and milder severity of symptoms prior to presentation, features of the meta-
bolic syndrome, and absence of a family history of autoimmunity. °If genetic testing does not confirm monogenic diabetes, the classification is
unclear and a clinical decision should be made about treatment. “Type 2 diabetes should be strongly considered in older individuals. In some
cases, investigation for pancreatic or other types of diabetes may be appropriate. A person with possible type 1 diabetes who is not treated
with insulin will require careful monitoring and education so that insulin can be rapidly initiated in the event of glycemic deterioration. 9C-pep-
tide values 200-600 pmol/L are usually consistent with type 1 diabetes or maturity-onset diabetes of the young (MODY) but may occur in insu-
lin-treated type 2 diabetes, particularly in people with normal or low BMI or after long duration.
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The main results of the DCCT were
published in 1993, before any of the cur-
rent insulin analogs and diabetes tech-
nologies, except for insulin pumps, were
available. Increasingly, achieving and
maintaining glucose levels in the target
range have become possible with fewer
episodes of hypoglycemia (41-44).
Although the evidence of HbA; . reduction
remains the most robust measure associ-
ated with chronic diabetes complications
and is the only measure that is prospec-
tively validated, more recent studies have
begun to examine the relationship
between time that glucose is within the
target range and long-term complications
and have provided the basis for glycemic
targets with newer glucose monitoring
technologies (45,46).

The glycemic target should be individu-
alized considering factors that include
duration of diabetes, age and life expec-
tancy, comorbid conditions, known
cardiovascular disease or advanced micro-
vascular complications, impaired aware-
ness of hypoglycemia (IAH), and other
individual considerations, and it may
change over time. Goals should be

achieved in conjunction with an under-
standing of the person’s psychosocial
needs and a reduction in diabetes distress
if elevated. An HbA,. goal for most adults
of <53 mmol/mol (<7.0%) without signif-
icant hypoglycemia is appropriate. Follow-
ing discussion between the person with
diabetes and their health care team,
achievement of lower HbA,. levels than
the goal of 53 mmol/mol (7%) may be
acceptable, and even beneficial, if these
can be achieved safely without adverse
effects of treatment. Less-stringent HbA;.
goals (such as <64 mmol/mol [<8.0%])
may be appropriate for individuals with
limited life expectancy or where the
harms of treatment are greater than the
benefits. It should be recognized that any
reduction in HbA;. from high initial levels
has significant benefit even if the “goal” is
not reached.

Capillary blood glucose monitoring
(BGM) can help people with type 1 diabe-
tes achieve these HbA,. goals. A prepran-
dial capillary plasma glucose target of
4.4-7.2 mmol/L (80-130 mg/dL) is appro-
priate for many people. Postprandial glu-
cose may be targeted if HbA,. goals are

Table 1—Glycemic targets for most adults with type 1 diabetes

not met despite reaching preprandial glu-
cose targets. Postprandial glucose meas-
urements should be made 1-2 h after the
beginning of the meal, which generally
corresponds to peak levels in people with
diabetes. A peak postprandial capillary
plasma glucose of <10.0 mmol/L (<180
mg/dL) is appropriate for most people
with diabetes, although an ideal target for
normoglycemia is <7.8 mmol/L (<140
mg/dL). Higher goals in those with limited
life expectancy or where the harms of
treatment are greater than the benefits
are recommended (Table 1).

Further measurements that comple-
ment HbA;. and BGM are assessments of
the glucose management indicator (GMI)
and time in range (TIR) from continuous
glucose monitoring (CGM) data. GMI is
calculated based on the average sensor
glucose over the last 14 days and provides
an approximation of a laboratory-mea-
sured HbA;. in some individuals, but it
may be higher or lower than actual HbA;.
in others (45). GMI and TIR may be more
useful than HbA, for clinical management
because they reflect more recent blood
glucose levels and provide more detailed
clinical information. A typical GMI goal is
<53 mmol/mol (<7.0%). TIR is often
taken as 3.9-10 mmol/L (70-180 mg/dL)

Variable Target value X

for most adults and time below range
HbA, <53 mmol/mol (<7.0%) (TBR) as below 3.9 mmol/L (70 mg/dL)
GMI <53 mmol/mol (<7.0%) (risk alert level), as well as less than 3.0

Preprandial glucose

1-2 h postprandial glucose®

4.4-7.2 mmol/L (80-130 mg/dL)
<10.0 mmol/L (<180 mg/dL)

mmol/L (54 mg/dL) (clinically significant).
Other metrics are also defined (Fig. 2). TIR
is associated with microvascular complica-

TIR >70% tions (45,46), and a TIR of 70% roughly
TBR corresponds to an HbA;. of 53 mmol/mol
Readings and time <3.9 mmol/L (<72 mg/dL; <4% (7.0%). An international consensus confer-
level 1 and level 2 hypoglycemia) ence reported that for most adults with
Re:h:lgszahnd :Ti:nijg)g\molﬂ (<54 mg/dL; <1% type 1 diabetes, a target TIR should
Vi I .
) YROEY, be above 70%, with TBR less than 4%
LR £ 25 R and less than 1% for clinically signifi-
Readings and time >10.0 mmol/L (>180 mg/dL; <25% . .
e cant hypoglycemia. The primary target
level 1 and level 2 hyperglycemia) f Id | ith a | d N
Readings and time >13.9 mmol/L (>250 mg/dL; <5% or 0_ er people with a long duration
level 2 hyperglycemia)® of diabetes should be TBR less than
Glycemic variability (%CV)? <36% 1% (47).

All glycemic targets should be individualized and agreed with the person with diabetes.
Lower or higher targets may be appropriate according to individual characteristics. *A post-
prandial glucose target of <7.8 mmol/L (<140 mg/dL) may be recommended if this can be
achieved safely. Higher targets in those with limited life expectancy or where the harms of
treatment are greater than the benefits are recommended. In some individuals at notably
higher risk for level 3 hypoglycemia, it may be necessary to increase the glucose target
range to decrease the TBR. bLevel 1 hypoglycemia is defined as blood glucose levels <3.9 to
>3.0 mmol/L (<70 to 254 mg/dL); level 2 hypoglycemia is defined as blood glucose levels
<3.0 mmol/L (<54 mg/dL). ‘Level 1 hyperglycemia is defined as blood glucose levels >10.0
to <13.9 mmol/L (>180 to <250 mg/dL); level 2 hyperglycemia is defined as blood glucose
levels >13.9 mmol/L (>250 mg/dL). “Some studies suggest that lower %CV targets (<33%)
provide additional protection against hypoglycemia. GMI, glucose management indicator.

The cornerstone of type 1 diabetes
therapy is insulin replacement. This is
challenging because insulin demands vary
widely according to meals, exercise, and
many other factors. Furthermore, the
insulin doses needed to prevent hypergly-
cemia are associated with a high risk of
hypoglycemia, leaving people with type 1
diabetes walking a tightrope between
high and low glucose levels. Insulin man-
agement must be supported by adequate
monitoring of glucose and education and

https://care.diabetesjournals.org/sites/all/libraries/pdfjs/web/viewer.html?file=/content/diacare/early/2021/09/27/dci21-0043.full.pdf
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AGP Report: Continuous Glucose Monitoring

Time in Ranges Goals for Type 1 and Type 2 Diabetes

Test Patient DOB: Jan 1, 1970

Goal: <5% . -
Very High  20% 14 Days: August 8-August 21, 2021
o Time CGM Active: 100%
44A) Goal: <25%
250
High 24% Glucose Metrics
180 Average GIUCOSE....................ccoowvvvrrrrrreernnnn. 175 mg/dL
Goal: <154 mg/dL
0/ . 5709
el Target 46 /?/ Goal: >?O/° . . Glucose Management Indicator (GMI) ............... 7.5%
Each 5% increase is clinically beneficial Goal: <7%
70 Low 5%
[ ]
54— 10% ocoal: <a% Glucose Variability
(. Very Low 5% geﬁﬁej;‘ssu/percent coefficient of variation
Goal: <1% Each 1% time in range = ~15 minutes oak °

Ambulatory Glucose Profile (AGP)

AGP is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if they occurred in a single day.
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e
0
12am 3am 6am 9am 12pm 3pm 6pm 9pm 12am
Daily Glucose Profiles
Each daily profile represents a midnight-to-midnight period.
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Figure 2—CGM visualization in an ambulatory glucose profile (AGP) report. Figure courtesy of R.M. Bergenstal and the International Diabetes Cen-
ter, Minneapolis, MN. To convert glucose values to mmol/L, values in mg/dL should be divided by 18. DOB, date of birth.

training to allow the individual with type
1 diabetes to make the most of their
treatment regimen.

The prevention of long-term complica-
tions of diabetes, particularly cardiovas-
cular disease, extends beyond glycemic

management to include the optimal man-
agement of blood pressure and use of
lipid-lowering medication. There is an
absence of high-quality data to guide
blood pressure targets in type 1 diabetes,
but RCTs in other populations have

demonstrated that treatment of hyper-
tension to a blood pressure <140/90
mmHg reduces cardiovascular events and
microvascular complications. Blood pres-
sure targets should be individualized, but
a target of <140/90 mmHg is appropriate

https://care.diabetesjournals.org/sites/all/libraries/pdfjs/web/viewer.html?file=/content/diacare/early/2021/09/27/dci21-0043.full.pdf
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