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Key Messages e Subcutaneous insulin can be safely used to manage non-severe
diabetic ketoacidosis (DKA).

e Glycemic targets and management approach for all individuals
living with type 1 diabetes should be individualized using a
person- and family-centered approach to minimize the risk of
long-term complications while balancing hypoglycemia and
ketosis risk and burden of diabetes self-management.

e Automated insulin delivery (AID) systems (insulin pump and
connected continuous glucose monitor) are the preferred
treatment method for all individuals to optimize glycemia and
person-reported outcomes, provided the individual is willing
and able to wear and operate the devices.

e When AID systems are not possible or chosen, continuous
glucose monitoring (CGM) should be used in combination with
insulin pump therapy (IPT) or basal bolus injection (BBI)

Key Messages for People With Type 1 Diabetes and Their
Families

o Glycemic targets should be designed to fit into an individual’s life
and should consider the balance of long- and short-term safety,
access to technology, and life circumstances. Individuals should
have a discussion with their health-care provider and care team
to find the best available treatment options to meet their diabetes
goals in the context of their life and unique circumstances.

e Across all ages, insulin can be delivered in a variety of ways:
o Ideally by an insulin pump integrated with CGM (AID), which

therapy.

e BBI therapy with long-acting basal analogues is preferred to
conventional insulin regimens (TID or BID) using NPH because
of its variable action profile and higher risk of hypoglycemia
with NPH in both adults and children.

e Ultrarapid- and ultra-long-acting insulin analogues should be
considered in place of rapid- or long-acting insulin analogues for
BBI therapy in both adults and children to improve glycemic
outcomes and minimize hypoglycemia.

e In adults, adjunctive therapy, such as metformin, glucagon-like
peptide-1 receptor agonists (GLP-1RA), or sodium-glucose
cotransporter-2 inhibitors (SGLT2i), may be considered in
addition to insulin to meet individual treatment goals while
employing strategies to support safety, efficacy, and tolerability
of these medications.

e The dose of oral glucose used to treat hypoglycemia should be

tailored to the individual's age and the insulin treatment

regimen, with lower carbohydrate requirements in children
using AID.

Intranasal glucagon and instructions for use should be pro-

vided for adults and children.

e Newer evidence supports more aggressive fluid resuscitation is
safe when managing diabetic ketoacidosis in children.

may help keep glucose levels more stable and in range, with
the potential for less management burden and improved sleep.

o By insulin injections or insulin pump.

o CGM is recommended for people using insulin injections or
pumps.

o Newer insulins, including ultrarapid- and ultra-long-acting
insulins, may be helpful for people to reach their individual
treatment goals.

e Balancing high and low blood glucose is necessary for all
individuals living with type 1 diabetes. All individuals should
talk with their diabetes health-care team about prevention and
treatment of high or low glucose levels, including:

o Individuals should know the signs and symptoms of DKA,
and have a plan to prevent it, including a backup plan for
unexpected interruption to insulin delivery, ketone testing
supplies, and knowing when to seek medical help.

o Treatment of mild to moderate low glucose may differ
depending on the individual’s age and insulin management
plan. Individuals should always carry a source of fast-acting
carbohydrate.

o Consider having nasal glucagon available for moderate to
more severe episodes of low glucose.

o Wear diabetes identification (e.g. a Medic Alert bracelet)
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Introduction

This updated clinical practice guideline replaces the previous
chapter of Glycemic Management in Adults With Type 1 Diabetes
(2018, chapter 12) and updates the glycemic management portions
of the Management of Type 1 Diabetes in Children and Adolescents
chapter (2018, chapter 34) where new evidence impacting clinical
practice has become available. The term children is inclusive of all
individuals <18 years of age, whereas evidence specific to adoles-
cents indicates 13—18 years and toddlers <4 years. This update
includes advances in insulin formulations, delivery systems, and
adjunctive therapies. This guideline focuses on glycemic manage-
ment across all life stages and includes new evidence on treatments
for hypoglycemia in children and DKA in adults and children.
Pregnancy is excluded from this guideline as recommendations are
being updated separately. This guideline update comments on
screening and prevention of type 1 diabetes as it is timely; however,
due to the lack of current treatment availability in Canada, no
clinical practice recommendations have been included.

The goal of this guideline update is to support individuals in
living well with type 1 diabetes throughout their lifespan,
balancing optimization of glycemic management with risk of
hypoglycemia, while considering individual life context, needs,
and experiences. While insulin remains the mainstay of therapy
for type 1 diabetes across the lifespan, we advocate for universal
access to advanced insulin therapies (second-generation basal
insulin analogues) and technologies (automated insulin delivery

Table 1
Updated/current insulin delivery terminology

[AID] systems) for all individuals living with type 1 diabetes
irrespective of geography, ethnicity, or social and economic status.
For school-aged children who remain on intermediate-acting
insulins due to the lack of support for insulin administration at
school, we strongly advocate for facilitation of insulin adminis-
tration in schools and daycares throughout Canada to allow
evidence-based optimal choice of BBI, IPT, or AID for all children.
With the expanding technology advancements to insulin delivery,
the terminology has been updated to reflect language used in
clinical practice (Table 1).

Glycemic Targets

In the Diabetes Control and Complications Trial (DCCT), inten-
sive insulin therapy reduced the risk of microvascular complica-
tions in adults with type 1 diabetes [1]. Since the median glycated
hemoglobin (A1C) among participants randomized to intensive
therapy was 7.2%, an A1C target of <7.0% [1] became the standard of
care. It is important to recognize that 50% of participants in the
intensive insulin therapy arm had an A1C >7.2%; however, this
group experienced substantial reductions in microvascular com-
plications by the conclusion of the trial. Following conclusion of the
DCCT, the mean A1C remained stable at approximately 8.0% for
participants in both the conventional and intensive arms, indi-
cating the challenges of maintaining an A1C <7.0% due to the
ongoing risk of hypoglycemia [2].

Updated/Current Term: Previous & Related Tern

Three-times-a-day Injection Therapy (TID) Conventional Therapy

acting ¢ S —

> B L D bed

Basal Bolus Injection Therapy (BBI)

Multiple Daily Injections (MDI)

Description:

* subcutaneous delivery of rapid-acting* & intermediate-actingt
insulin via insulin pens or syringes

* not recommended for glycemic outcomes

* requires fixed meal & snack timing to avoid hypoglycemia

* used by some children to avoid lunch injection when no supportin
school/care settings for BBI, IPT, or AID

* subcutaneous delivery of rapid-acting* & long-acting insulin via
insulin pens or syringes

* rapid acting insulin injections delivered multiple times per day for

rapid-actiog ’/' "'\\ /’ \ carbohydrate intake and/or for correction doses
/ \
Sgemes * may be used with all forms of glucose monitoring
> B L D bed
Insulin Pump Therapy (IPT) Continuous Subcutaneous Insulin Therapy +insulin delivery using an insulin pump via subcutaneously placed
(CSll) infusion set or ‘pod’
o N\ Sensor Augmented Pump Therapy (SAP) + uses rapid-acting* insulin only, as boluses and hourly basal rates
ropic-scting \ \ [\
/,/ \_ ,/ N ,'/ \_ Open Loop Insulin Pump * no level of automated delivery or automated suspension
ooy = 5 = * may be used with all forms of glucose monitoring
> B L L bed

Insulin Pump Therapy with
Predictive Low Glucose Suspend (IPT + PLGS)
(SAP + PLGS)

rapid-acting

rapid-scting el

Hybrid Closed Loop

Advanced Hybrid Closed Loop

Closed Loop System

rapid-acting N ™\
/ \

rapid-acting -

> B

rtCGM, real-time continuous glucose monitoring.

Sensor Augmented Pump Therapy with
Predictive Low Glucose Suspend

* combined insulin pump and rtCGM system

* automated suspension of basal insulin delivery to
prevent/minimize hypoglycemia

* combined insulin pump and rtCGM system

* automated increases, decreases, and suspensions to basal
insulin delivery to prevent/minimize hypo- and hyper-glycemia

* may deliver automated correction boluses

*could include rapid-acting or ultrarapid-acting insulin
T pharmacodynamics may have intraindividual variability
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In previous guidelines, a higher A1C target for children was
recommended as lower A1C targets were considered a risk factor
for severe hypoglycemia. With the emergence of new technology
(CGM, AID) and increasing use of intensive management regimens
in children and adolescents, risk for severe hypoglycemia and
associated neurocognitive consequences is dissipating. Further,
chronic hyperglycemia and glycemic variability in young children
(ages 4 to 10 years) are associated with white matter structural
changes in the brain and poorer overall cognitive performance
[3—5]. In view of this, the new recommended A1C target for the
pediatric population is <7.0% across all age groups.

Most children and adults with type 1 diabetes globally have A1C
values above 7.0%. In an international comparison of glycemic
outcomes for over 500,000 individuals with type 1 diabetes
between 2016 and 2020, nearly all regions or countries had fewer
than 50% of children and adults attaining an A1C threshold of <7.5%
[6]. Consistently, A1C values peak in adolescence and young
adulthood [6,7], with even fewer attaining an A1C <7.0% during
these life stages.

Canadian data on A1C values among people living with type 1
diabetes is limited due to lack of robust population-based data
sources or registries; however, it appears 20%—30% of adults with
type 1 diabetes in Canada have an A1C <7.0% [8].

Individuals with type 1 diabetes and adverse social determi-
nants of health, such as marginalized populations (i.e. low income),
have higher A1C values than those who are not socially disadvan-
taged. This has been demonstrated in settings both with and
without universal health care [9,10] [7,11,12]. Individuals who
experience greater challenges to accessing diabetes technologies,
such as CGM or AID [13,14], may have more difficulty safely
attaining glycemic targets [15—17). Among adolescents and adults
with type 1 diabetes, diabetes distress, and mental health condi-
tions are associated with higher A1C [18—20].

A person- and family-centred approach to setting glycemic
targets is recommended. Where there is concern that an unat-
tainable target might have negative consequences for the individ-
ual or family, it is recommended that an interprofessional diabetes
team engage in collaborative and shared decision making with the
person and/or family when available to establish an individualized
A1C target. Cognitive behavioural techniques, such as motivational
interviewing, goal setting, stress management, and family conflict
resolution, may be effective in developing individualized care plans
that empower people with diabetes and/or their caregivers to work
towards achieving the most attainable glycemic targets for their
unique context [21—23].

Insulin Therapy

Insulin is the life-sustaining therapy for people living with type 1
diabetes. Intensive diabetes management, including insulin deliv-
ered by BBI therapy or insulin pumps, has been shown to improve
glycemic management, reduce microvascular complications in
adults and adolescents in the DCCT trial [1], and reduce cardiovas-
cular complications in the EDIC follow-up study [24]. Therefore,
identifying better ways to deliver individualized intensive insulin
therapy while avoiding hypoglycemia is an important goal for people
of all ages living with type 1 diabetes.

There have been many advances in the development of insulin
analogues with longer or shorter onset and duration of action based
on modifications of the insulin molecule and excipients with which
it is co-formulated. These changes have led to reduced postprandial
glycemic excursions, less hypoglycemia, and improved overall
glucose levels [25—28].

Rapid-acting insulin analogues have a more rapid onset and
shorter duration of action than regular insulin (see Types of Insulin
in supplementary materials). They are used as bolus insulin in

basal-bolus therapy, and to deliver both basal and bolus insulin in
insulin pumps. In both BBI and IPT, aspart and lispro have been
shown to improve A1C and reduce the risk of severe or nocturnal
hypoglycemia in adults [25—27]. Fewer trials have been done in
children, and while 1 meta-analysis showed generally neutral
effects, 1 trial in preschoolers aged 2 to 6 years showed improved
A1C with aspart versus regular insulin [28], and 2 trials in adoles-
cents showed lower post-prandial glucose and less hypoglycemia
with lispro versus regular insulin [27,29]. Health-related quality of
life was not consistently improved with rapid-acting analogues in
adults [26], but parents of preschoolers found it improved their
satisfaction with diabetes treatment [28]. Trials in adults and chil-
dren suggest glulisine has similar clinical effects to aspart and lispro
[30—32].

Ultrarapid-acting insulin analogues have an even more rapid
onset (see Types of Insulin in supplementary materials). Only 1 of
these is currently available in Canada—faster acting aspart. In
people of all ages, ultrarapid analogues taken before a meal reduce
post-prandial glycemic excursions compared to rapid analogues
[33] [34—37], but this did not translate to an overall improvement
in A1C except in 1 trial of children and adolescents [34]. Adults
[35,37,38] but not children [39] using IPT or AID also spent more
time in glycemic target range (TIR) and less time below range (TBR)
using ultrarapid compared to rapid analogue insulins; however,
this came at the expense of more unplanned infusion set changes
due to catheter occlusions [37].

Even with rapid and ultrarapid analogues, timing of insulin
boluses in relation to food intake is important. In adults and chil-
dren using BBI therapy or any insulin pumps, post-prandial glucose
and A1C is improved by taking mealtime insulin 10—20 minutes
before eating as opposed to 0—20 minutes after the first bite
[34,40—42]. One trial in children and adolescents found that a
rapid-acting analogue taken before meals was better than an
ultrarapid-acting analogue taken after meals for reducing post-
prandial glucose and hypoglycemia [34].

For people on BBI therapy, modifications to the insulin
molecule have resulted in basal insulin with more protracted
action with less of a peak, allowing for more consistent basal
insulin action over 24 hours (see Types of Insulin in supple-
mentary materials). In all ages, long-acting insulin analogues
improve A1C and reduce the risk of nocturnal hypoglycemia
[43,44] compared to NPH insulin, and in adults and older ado-
lescents, long-acting analogues also reduce the risk of severe
hypoglycemia, and have a modest benefit on body weight [43].
On the contrary, several meta-analyses have shown less
consistent results when individually comparing glargine 100 u/
mL alone to NPH [27,45,46], possibly due to heterogeneity of
effect on either A1C lowering or hypoglycemia reduction
between trials. One trial in toddlers and preschoolers aged 2—6
years showed benefits on rates of DKA, TIR, and glucose vari-
ability when comparing glargine 100 u/mL to NPH [47].

Though still administered daily, ultralong second-generation
basal insulin analogues have an even longer and flatter action
profile than long-acting analogues (see Types of Insulin in sup-
plementary materials). Degludec insulin comes in 2 concentrations
(100 u/mL and 200 u/mL), with similar pharmacokinetics and
pharmacodynamics. Glargine 300 u/mL has different pharmacoki-
netics and pharmacodynamics than glargine 100 u/mL that make it
an ultralong analogue. Several trials and meta-analyses in adults
[48—52] and children [50,53] show reductions in nocturnal or
severe hypoglycemia with ultralong- versus long-acting analogues,
while others do not [43,46,47,54,55]. Beneficial effects on hypo-
glycemia risk are more clearly shown in adults prone to nocturnal
severe hypoglycemia [52]. Ultra-long-acting insulins also reduce
glycemic variability [51,52] and, in children and adolescents, they
reduce the risk of hyperglycemia with ketosis [55].
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A once-weekly basal insulin analogue has recently been
approved for use in adults with type 1 diabetes in Canada. Icodec
insulin binds to albumin in circulation allowing for its very pro-
tracted profile. In adults with type 1 diabetes, it was noninferior to
daily basal insulin for A1C reduction, but significantly increased the
rate of hypoglycemia almost 2-fold [56]. Therefore, for most adults
with type 1 diabetes, the added risk of hypoglycemia outweighs the
benefit of weekly basal dosing. Furthermore, treatment satisfaction
was lower with weekly than daily basal insulin among adults with
type 1 diabetes [56].

As patents end on biologic (protein) medications, including
insulin, other manufacturers have brought biosimilars to the
market, often at lower cost to consumers and payers than the
originator brands. Several biosimilar insulins are now available in
Canada. Rapid-acting analogue biosimilars currently include
aspart insulin (Kirsty, Trurapi) and lispro insulin (Admelog), and
long-acting analogue glargine 100 u/mL (Basaglar, Semglee).
Evidence from randomized trials in adults indicates that bio-
similar insulins are no different in their average effects on A1C or
nocturnal or severe hypoglycemia than their originator brand
counterparts [57]. Data are not available in subgroups and other
populations, and in case of interindividual differences in response,
frequent monitoring during a switch between insulin brands
would be prudent. Diabetes Canada has published a position
paper on biosimilar drugs which highlights that individual and
contextual factors should be prioritized in any decision to switch
brands.

Insulin Delivery

There has been substantial growth in evidence around
advancements in insulin delivery choices for individuals with type
1 diabetes. Historically, the DCCT/EDIC studies demonstrated that
intensification of insulin therapy in type 1 diabetes resulted in
improved A1C and reduced risk of complications, but with sub-
stantially increased risk of hypoglycemia [1,24]. Today, advance-
ments in insulin delivery technology have demonstrated the
potential for unmatched improvements in glycemia, without the
added risks of increased hypoglycemia. Beyond glycemia, we
recognize the complex interplay of burdens that accompany type 1
diabetes self-management; therefore, these recommendations also
factor in impacts on person-reported outcomes among insulin
delivery options.

With advancing diabetes technology, particularly insulin deliv-
ery systems that work in conjunction with CGM, there has been an
increasing shift in research to assess the glycemic impact of inter-
ventions using CGM-derived glycemic metrics, such as TIR. These
metrics correspond with Diabetes Canada’s recommended sensor
glucose targets and international consensus recommendations
[58]. Use of CGM metrics allows for a comprehensive assessment of
the time spent within, below, and above the target range of
3.9—10.0 mmol/L, with additional insights on glycemia by time of
day from the 24-hour glucose profile. It has been recognized that
there are clinically significant benefits associated with each 5%
improvement to TIR [58]; therefore, this important metric has
guided some key recommendations in this section.

AID

AID systems use algorithms to combine the technology from IPT
and real-time continuous glucose monitoring (rtCGM) to automate
various aspects of insulin delivery. Currently available systems aim
to prevent and minimize hypo- and hyperglycemia via increasing,
decreasing, and stopping basal insulin delivery; and, in some sys-
tems, delivering automated correction boluses.

There is ample high quality evidence to support the use of AID
systems in all individuals living with type 1 diabetes [59—61]. The
recommendation for all individuals to be offered AID is based on
findings from large meta-analyses of studies done in both pediatric
[60] and adult populations [59]. Key findings confirm the safety and
efficacy of AID systems in children and adults with type 1 diabetes,
with primary outcomes including significant improvements to TIR
[59,60] and mean glucose [59]. In addition, there were favorable
effects on measures of hyperglycemia, hypoglycemia, glycemic
variability, and adverse events [59,60]. Randomized controlled trial
data demonstrates that glycemic benefits occur immediately after
initiation of AID, with the greatest glycemic benefits in the over-
night period [62—65].

To validate the benefits of AID systems in clinical practice among
diverse populations and over longer time periods, a recent sys-
tematic review of real-world evidence was conducted, representing
171,209 individuals with type 1 diabetes [61]. Findings demon-
strated significant improvements to TIR, with a majority of studies
showing >10% improvement, and stable or reduced levels of
hypoglycemia [61].

Beyond glycemic benefits, evidence is evolving around positive
impacts on quality of life and person-reported outcomes (PROs). A
current systematic review and meta-analysis was conducted to
clarify the complex evidence on PROs with AID use [66]. They
included 62 studies, using 45 different questionnaires in pediatric
and adult populations (mean ages from 3.3—67 years). Meta-
analysis of the randomized controlled trials demonstrated sig-
nificant effects of AID use on PROs in children, adolescents, and
adults, including reduced diabetes distress, reduced fear of
hypoglycemia, improved hypoglycemia awareness, and improved
quality of life. The authors emphasized the importance of
reducing fear of hypoglycemia, with significant improvements to
both the worry and behavior subscales. They suggested that these
positive psychological and behavioral effects were likely con-
tributors to the improved diabetes distress and quality of life.
There were similar findings in the meta-analysis of observational
studies, with additional evidence for improved quality of sleep for
parents. Qualitative findings highlighted that individuals with
type 1 diabetes using AID felt less diabetes-related burden and
improved well-being [66]. As newer generations of AID systems
continue to be refined, the effects on PROs may strengthen, hence
ongoing research is needed.

There has been a paradigm shift from previous guidelines
which outlined prerequisites and characteristics of ideal candi-
dates for IPT. AID systems have shown potential for success among
diverse groups of individuals to improve glycemic and/or quality
of life outcomes regardless of baseline glycemia, age, socio-
economic status, race/ethnicity, and/or previous experience with
diabetes technology [67,68]. Individuals with elevated baseline
glycemia have demonstrated the greatest improvements in TIR
and A1C, and have been able to use AID systems safely [64,67].
Glycemic improvements have even been reported among indi-
viduals who routinely omit mealtime bolus doses, where the
automated correction boluses help to minimize resulting hyper-
glycemia [69]. Alternatively, individuals who have met glycemic
goals using other therapies may benefit from AID to maintain
glycemia while relieving self-management burden; given the
mental toll required to meet targets without automation, this
cannot be understated. Therefore, this updated recommendation
is for AID to be offered to all individuals living with type 1 diabetes
provided they are willing to wear the device, able to operate it
independently or with assistance (children), and require the
minimum insulin dose per day for the given system.

In practice, clinicians should openly discuss individual treat-
ment goals, desires, and expectations to ultimately empower



1J. Halperin et al. / Can ] Diabetes 49 (2025) 518 9

people with diabetes to determine if AID is a suitable choice, and
which system they prefer to use. Clinicians should inform people
with diabetes about all commercially available and do-it-yourself
options, as the various systems available use different algorithms,
each with their own unique features and benefits [70]. Training,
education, and ongoing support for people with diabetes are critical
components for successful long-term use of all insulin delivery
systems, including AID. In the current landscape of rapidly
advancing technology options, it is imperative that health-care
providers are supported in educational opportunities to increase
experience with AID.

Insulin pump therapy (IPT)

The use of AID is growing considerably, however, individuals
may continue to choose IPT without automation for a variety of
reasons, including availability, access, or personal preference. It
continues to be a safe and effective method of intensive insulin
delivery and demonstrates benefits to people with type 1 dia-
betes. IPT alone has been shown to modestly improve A1C and
may reduce nocturnal hypoglycemia [71] without affecting the
incidence of severe hypoglycemia [71—73] over daily insulin
injection regimens. It allows for more fine-tuned insulin titration
than BBI therapy, particularly for those with very low insulin
requirements, or with significantly different basal requirements
across the day (e.g. “dawn phenomenon”).

The addition of integrated rtCGM with IPT systems allows for
the use of predictive low glucose suspend (PLGS) features, which
aim to minimize pending hypoglycemia based on rtCGM informa-
tion by automatically suspending basal delivery. IPT+PLGS has
been shown to reduce daytime and nocturnal hypoglycemia in

children and adolescents with type 1 diabetes [74], as well as
reduce hypoglycemia and severe hypoglycemia in adults with type
1 diabetes [75,76].

BBI therapy

BBI therapy continues to be used widely by individuals with
type 1 diabetes. In addition to options for different formulations
of insulin (see Types of Insulin in supplementary materials), the
use of technology, specifically smartphone apps, is increasing in
the landscape of diabetes. Auxiliary-style apps with insulin dose
calculators can be used to assist in mealtime and correction
insulin dose decision making. An improvement in A1C has been
demonstrated for children and adolescents on basal-bolus therapy
using these auxillary-style apps [77]. While there may be differ-
ences in functionality and benefits between various insulin dose
calculation apps, it is promising that individuals of all ages may
benefit from them to aid in the daily tasks of mealtime and
correction insulin dose decisions.

Adjunctive Therapy

There has been substantial interest in the potential use of non-
insulin antihyperglycemic agents in type 1 diabetes to improve
glycemia without increasing insulin dose requirements. Many
individuals with type 1 diabetes express frustration with a vicious
cycle of increasing insulin doses driving weight gain which
requires further increased insulin dose requirements. Most
interest has focused on agents that improve insulin sensitivity or
work independently of insulin to reduce weight and total daily
dose of insulin. Although some earlier studies explored the utility

Insulin Delivery Device Choice Recommendations by Outcome:

Insulin Delivery Insulin Pump Therapy
Device Choice: (IPT)

Insulin Pump Therapy +
Predictive Low Glucose Automated Insulin Delivery

Suspend (AID)
(IPT + PLGS)

Should be used* to: * Improve A1C * Improve A1C &TIR
* Reduce hypoglycemia
* Reduce fear of hypoglycemia
--- * Improve unawareness of hypoglycemia
* Reduce diabetes distress
* Improve quality of life
* Notincrease risk of DKA
May be used* to: * Allow for flexible bolus and basal * Reduce frequency of hypoglycemia
dosing and severe hypoglycemia, in those
who are hypoglycemia prone
¥ = TR T =N
( olescents
Should be used* to: * Improve A1C * Reduce daytime and nocturnal * Improve A1C &TIR
hypoglycemia * Reduce hypoglycemia
* Reduce fear of hypoglycemia
* Improve unawareness of hypoglycemia
* Reduce diabetes distress
* Improve quality of life
* Notincrease risk of DKA
May be used* to: * Allow for flexible bolus and basal * Improve quality of sleep for youth and

dosing

A1C, glycated hemoglobin; TIR, time in range (3.9-10.0 mmoU/L); DKA, diabetic ketoacidosis.

their parents/caregivers

*for those willing to wear and operate the device(s)

Figure 1. Insulin delivery choice recommendations by outcome.
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of pramlintide [78], an analogue of amylin which is co-secreted
with insulin, it is not available in Canada and is not discussed in
this chapter. Some clinical trials tested the effectiveness of GLP-
1RA, either alone or in combination with immune-modulating
drugs, to slow beta cell loss in new onset type 1 diabetes (i.e.
prolong the honeymoon period) but are not included in these
recommendations [79,80]. Our focus is on the effectiveness of
non-insulin antihyperglycemic agents for glycemic and other
metabolic outcomes in combination with insulin in individuals
with established type 1 diabetes.

There is substantial literature examining the safety and effec-
tiveness of several classes of non-insulin antihyperglycemic agents
in type 1 diabetes, including studies conducted in children as young
as 8 years, although most pediatric participants were adolescents.

A systematic review and meta-analysis of 57 studies of 7 classes
of non-insulin antihyperglycemic agents, when considered
together, concluded that compared with placebo adjunctive ther-
apies resulted in significant reductions in A1C, body weight, and
insulin dose, but also identified potential risks of hypoglycemia
(risk ratio [RR], 1.04), gastrointestinal side effects (RR, 1.99), and
ketoacidosis (RR, 3.44) [81]. Subgroup analysis of participants
under 18 years versus adults did not identify any between-group
variance in any of the effects of adjunct therapies although
underpowered to show differences versus placebo in participants
under 18 years who represented only 5% of subjects. Clinically,
however, it is much more helpful to consider the safety and effec-
tiveness of individual classes of non-insulin antihyperglycemic
agents. These are summarized in Table 2, below.

Three classes of non-insulin antihyperglycemic agents (metfor-
min, GLP-1RA, SGLT2i) can reduce A1C, weight, and insulin dose
when added to insulin in type 1 diabetes and were considered for
inclusion in this updated guideline. The evidence for these 3 classes
was assessed as Grade A, Level 1A for adults [81—84]; and, in
adolescents, the evidence for metformin was assessed as Grade B,
Level 1A [85,86]. Thiazolidinediones and dipeptidyl peptidase 4
(DPP4) inhibitors were not considered for recommendation
because they did not reduce A1C. Although alpha glucosidase
inhibitors reduced A1C, they did not reduce weight or total daily
insulin dose, and were associated with significant gastrointestinal
side effects, being 5 times more likely to be discontinued due to
adverse effects than placebo [81].

Metformin

As described above, meta-analyses of trials using metformin in
adults have shown reductions in A1C, weight, and insulin dose
without increased risks for hypoglycemia or ketoacidosis but with
higher risk for gastrointestinal side effects. Several meta-analyses
of trials of metformin in more than 500 children with type 1 dia-
betes have been published. Although children as young as 8 years
were eligible for these clinical trials, the majority of participants

Table 2
Safety and effectiveness of non-insulin antihyperglycemic agents

were adolescents. Some, but not all, pediatric trials recruited par-
ticipants with overweight or obesity and were conducted over 12
weeks to 1 year using doses ranging from 500 mg to 2 g/day. An
earlier meta-analysis showed reductions in weight and insulin
dose, but were not able to show a difference in A1C [86]. A similar
finding was seen in a more recent meta-analysis which was not
able to show a reduction in A1C in short-term studies in children
[85]. It did report a higher risk of hypoglycemia (RR, 3.13 [1.05,
9.32], 5.5% vs 1.4%) with metformin although only 3 studies had
more than 1 event [85].

Short-term clinical trials provide limited information about the
durability of benefits in clinical practice. The Removal Trial ran-
domized adults over 40 years (mean diabetes duration over 30 years)
with type 1 diabetes and cardiovascular risk factors to metformin (1
g bid) or placebo for 3 years. Metformin did not reduce progression
of intima-medial thickness, the primary end point. A1C (—0.13%,
95% CI —0.22 to —0.037; p=0.0060), body weight (—1.17 kg, 95% CI
—1.66 to —0.69; p<0.0001), and LDL cholesterol (—0.13 mmol/L,
—0.24 to —0.03; p=0.0117) were reduced with metformin, and eGFR
was increased (4.0 mL/min per 1.73 m? 2.19 to 5.82; p<0.0001).
Early reductions in A1C may have attenuated over time since there
was a significant visit-by-treatment interaction. A similar interaction
was seen for insulin dose but no reduction was seen on average over
3 years [87]. These data are an important reminder that short-term
improvements may not be sustained over time.

It might be anticipated that individuals with weight gain, high
insulin doses, and/or suboptimal glycemia may benefit most from
metformin. Insulin dose reductions may be required to mitigate risk
for hypoglycemia. The gastrointestinal side effects of metformin in
type 1 diabetes are expected and appear similar to those observed in
type 2 diabetes. It is anticipated that risk mitigating strategies,
starting at low dose and titrating slowly can be usefully applied in
type 1 diabetes as can education around sick day management (see
Appendix 8: Sick-Day Medication; guidelines.diabetes.ca) and rec-
ommendations for dose reductions in people with reduced GFR.

GLP-1RA

The beneficial effects of GLP-1RA outlined above were
confirmed in a 2024 meta-analysis of 24 studies of 3,377 adults
with type 1 diabetes which included new onset and established
cases [84]. Insulin pump users were well represented and
approximately 20% of participants had residual C-peptide secretion.
Most studies examined liraglutide (with doses from 0.6 to 1.8 mg/
day) or exenatide. Fewer than 100 participants combined were in
either of the single studies of lixisenatide and albiglutide. Overall
A1C(-0.21[-0.26, —0.17] %), weight (—3.78 [-4.39, —3.17] kg), and
insulin dose (—5.84 [-7.51, —4.16]) were reduced, but adverse
events leading to withdrawal (3.70 [2.63—5.18]) and gastrointes-
tinal side effects (nausea: 4.71 [4.02—5.52]; vomiting: 3.79
[2.61-5.50]; and diarrhea: 1.55 [1.12—2.13]) were more common, as

Beneficial effects (weighted mean difference)

Adverse effects (risk ratio)

Hypoglycemia Severe hypo Gl side effects Ketoacidosis

A1C (%) Weight (kg) Insulin dose (units/day)
Metformin —0.29 (—0.50 to —0.08) —2.1(-28to -1.3) —4.8(—7.1to —2.6)
GLP-1RA —0.19 (—0.29 to —0.1) —4.8 (—5.0to —4.6) —5.5(—7.8to —3.3)
SGLT2i —042 (—047 to —037) —2.7(—3.2to—-23) —6.0(—8.4to —3.5)
AGI —0.58 (—0.82 to —0.33) 0.9 (—0.7 to 2.5) —0.6 (—5.1to 4.1)
TZD 0.05 (—0.33 to 0.42) 0.99 (—1.1 to 3.1) —0.2 (—3.4 to 3.0)
DPP4i —0.15 (—0.34 to 0.04) 0.1(—09to 1.1) —2.8(—5.8t00.3)

1.18 (0.48—2.86)
1.03 (0.99—1.07)
1.01 (0.99—1.04)
1.60 (0.89—2.86)
1.24 (0.83—1.83)
2.00 (0.2—19.6)

1.99 (0.95-4.17)
0.80 (0.58—1.1)
0.94 (0.71-1.23)

1.69 (1.11-2.56)
252 (152-42) 244 (0.29-20.5)
141 (0.83-2.39)  4.76 (2.67—8.49)
3.10 (0.13—-74.6) 2.83(2.01-3.97) NJA
0.65(0.11-3.8)  0.20(0.01—-3.89) NJA
0.33(0.01-79)  NJA N/A

1.16 (0.38—3.48)

A1C, glycated hemoglobin; AGI, alpha glucosidase inhibitors; DPP4i, dipeptidyl peptidase 4 inhibitors; GI, gastrointestinal; GLP-1RA, glucagon-like peptide-1 receptor agonists;

SGLT2i, sodium-glucose cotransporter-2 inhibitors; TZD, thiazolidinedione.

Adapted from Cai et al (81). Data are presented as mean weighted difference or risk ratio (95% CI). Data in bold text indicates a statistically significant difference compared with

placebo at an alpha of 0.05, while italicized text indicates no significant difference.

= Up to one-third of cases of ketoacidosis in trials were associated with glucose levels <13.9 mmol/L (i.e. euglycemic ketoacidosis).
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was ketosis (1.34 [1.04—1.79]). The risk of any hypoglycemia was
increased (1.43 [1.13—1.80)], but the risk for symptomatic (1.08
[0.87—1.33]) or severe (0.80 [0.63—1.03]) hypoglycemia were not.
Few studies evaluated quality of life and/or treatment satisfaction.
Liraglutide was associated with greater increase in treatment
satisfaction (treatment-related impact measures-diabetes) but no
difference in the generic short-form 36 (SF-36) score [88,89].

The evidence was strongest for liraglutide which showed a dose
response for A1C reduction (—0.09%/mg), weight (—2.2 kg/mg), and
insulin dose (—4.32 IU/mg), but the highest liraglutide dose was
associated with higher odds of nausea (OR 6.5) and ketosis (OR 1.8).
The efficacy for A1C lowering was greater in c-peptide—positive
individuals, while weight loss and insulin dose reduction was similar.

Our search did not identify any randomized trials of semaglutide
although retrospective cohort studies have been published sug-
gesting similar effects [90]. A small study conducted in users of
sensor-augmented pumps suggested semaglutide doses as low as
0.5 mg/week were effective for weight loss [90] with no change in
TIR or increase in TBR. Neither did we identify any randomized
trials of GLP-1RA in pediatric participants with type 1 diabetes.
Although liraglutide is approved to treat type 2 diabetes in children
10 years and older, and both liraglutide and semaglutide are
licensed for pediatric obesity in adolescents over 12 years, there are
no data to inform a recommendation for GLP-1RA use as an add on
to insulin in pediatric type 1 diabetes. No trials using dual or triple
incretin agonists in type 1 diabetes have been completed yet. To
reduce the risk of hypoglycemia, clinical trial protocols required or
recommended insulin dose reductions when GLP-1RA were started
and then titrated based on capillary blood glucose values. In trials of
liraglutide, total daily insulin dose was reduced by 25% at
randomization [88,89].

As discussed earlier for metformin, strategies from type 2
diabetes to mitigate the expected gastrointestinal side effects of
GLP-1RA can be used. Individuals with longstanding type 1 diabetes
may have some degree of underlying autonomic neuropathy which
may increase susceptibility for gastrointestinal side effects and
lower doses may be preferable. Prescribers should counsel indi-
viduals on the risk of nausea and delayed gastric emptying. Very
slow titration (e.g. 1 click per day) may facilitate tolerability since
much lower adverse events were seen in trials of IDegLira in type 2
diabetes where the starting dose of liraglutide was 0.36 mg and
increased in 0.072 mg steps [91]. Avoiding adverse gastrointestinal
effects may be an important strategy to mitigate risks for hypo-
glycemia. Delayed gastric emptying might slow recovery from
hypoglycemia if rapid-acting carbohydrates are not used to treat.
This class of drug may not be suitable for those with known
gastroparesis.

SGLT2i

A 2020 meta-analysis of 7,962 participants in 13 randomized
trials of SGLT2i, including canagliflozin, dapagliflozin, empagli-
flozin, ipragliflozin, and sotagliflozin versus placebo added to
insulin in adults with type 1 diabetes showed reductions in A1C
(—0.39[-0.43, —0.34] %), glycemic variability (—18.7 [-23.3, —14.2]
mg/dL), and insulin dose (—5.4 [-7.2, —3.9]) [83]. Similar findings
were reported in an earlier meta-analysis which also showed
reductions in weight (—3.47 [-3.78, —3.16] kg) [82]. Neither found
an increase in rates of hypoglycemia or severe hypoglycemia
[82,83]. Clinical trials included individuals with body mass index as
low as 18.5 and eGFR as low as 30 mL/min/1.73 m?.

Reductions in glucose variability may contribute to individual
well-being. Sotagliflozin was shown to increase treatment satis-
faction and reduce diabetes distress [92,93].

There was an increased risk of genital infections (RR 3.57 [2.97,
4.29]) with both higher and lower doses [82]. The risk for

ketoacidosis was increased (3.67 [1.94, 6.94] [82] and 5.04 [3.2,
8.0]) [83]. The Empagliflozin as Adjunctive to inSulin thErapy
(EASE) trials explored dose response in terms of benefits and risks.
Very low doses of empagliflozin (2.5 mg daily) did not increase the
risk of diabetic ketoacidosis compared to placebo but resulted in
less A1C lowering than higher doses [94].

One case of fatal DKA was reported with 25 mg empagliflozin
[94]. No deaths were reported in those randomized to dapagliflozin
in DEPICT-1 or DEPICT-2 [95,96] or sotagliflozin in InTandem-1 or
InTandem-2 [92,93]. In the placebo arms of InTandem-1 and
InTandem-2, there were 3 deaths [92,93].

Although there have been a number of mechanistic studies of
SGLT2i in adolescents with type 1 diabetes, and a randomized
controlled trial presented as an abstract, there is insufficient data
to make any recommendations for adolescents or children.

The risks of genital infection and ketoacidosis with SGLT2i is
known from their use in type 2 diabetes where insulin defi-
ciency was identified as a risk factor. A concerning feature of
ketoacidosis with SGLT2i is the uncoupling of ketogenesis from
hyperglycemia (because of insulin independent glucose disposal
in the urine), which can lead to euglycemic DKA (ketoacidosis
presenting with a plasma glucose <13.9 mmol/L), which could
delay recognition and treatment by people with diabetes and
health-care providers.

Most phase 3 trials recommended a reduction in insulin doses
when the new treatment was started, and adjusted subsequently
based on blood glucose monitoring. In trials with dapagliflozin, it
was recommended that the total daily dose be reduced by up to
20% [96,97]; for trials with sotagliflozin, meal-time insulin was
reduced by 30%, with no change to basal insulin dose [92,93].
These trials provided urine ketone strips and blood ketone
monitors along with education about signs and symptoms of
ketoacidosis (including euglycemic DKA). Participants were
instructed to check for ketones if they had GI symptoms or
intercurrent illness and to contact the research team if beta-
hydroxybutyrate levels were >0.6 mmol/L [92,93,95,96] or to
seek medical attention if the levels were >1.5 mmol/L [94]. Only
the EASE trials (empagliflozin) performed fasting ketone testing:
daily during run-in and the first 4 weeks of treatment, and 2—3
times per week subsequently. Trial protocols provided investi-
gators with suggestions for treatment of ketones which generally
consisted of additional rapid insulin given by injection (i.e. not
via pump).

Risk mitigation strategies to reduce ketoacidosis are required
(Textbox 1). These strategies have been previously documented in
the STOP DKA protocol [98] (link to protocol can be accessed at:

Textbox 1. Mitigation strategies for preventing DKA with
sodium-glucose cotransporter-2 inhibitors

Explain and check understanding of the potential for ketosis to

develop in the absence of hyperglycemia.

Review situations when ketosis could develop (e.g. intercurrent

illness, infections, stress, surgery, pump or infusion set failures).

Prescribe or provide a meter and strips to check blood ketones.

o Recommend fasting well-day ketones 1 to 2 times/week before
and after starting SGLT2i (if 0.8 mmol/L or higher, recommend
adjustments to diet or insulin).

o After first month, monitor ketones when unwell or during high-
risk situations (as above).

Provide written guidance for management if ketone levels exceed

1.0 mmol/L (e.g. STOP DKA protocol).

Review these directions at follow-up appointments.

DKA, diabetic ketoacidosis.
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http://www.innovativetherapeutics.org/wp-content/uploads/2016/
01/STOP-DKA-Card-Innovative-Therapeutics.pdf).

Diabetes Canada has previously recommended caution about
combining SGLT2i with low-carbohydrate eating patterns
(https://www.canadianjournalofdiabetes.com/article/S1499-2671(20)
30097-6/fulltext). Individuals who are not able to understand or
follow these directions may not be suitable recipients for SGLT2i
therapy.

Balance of benefits and harms

It is clear that there is robust evidence demonstrating the
effectiveness of adjunctive therapies added to insulin to reduce A1C,
weight, and insulin doses. While greatest weight loss may be seen
with GLP-1RA, with modest A1C reductions, this comes with risks of
gastrointestinal side effects and relatively high discontinuation
rates. SGLT2i may have more A1C lowering (especially if eGFR is
>60 mL/min/1.73 m?) and less weight loss, but is associated with
increased risks for ketoacidosis. Metformin has more modest effects
for A1C and weight loss, but with milder gastrointestinal side
effects. All seem to have similar effects to reduce insulin dose. PROs
have not been studied extensively, but are improved with adjunc-
tive therapies. Except for metformin, adjunctive therapy should not
be used in pregnancy or in those planning to conceive.

Balancing the strong evidence for both benefit and harm is
challenging. A further consideration is the need to discuss pref-
erences of persons living with diabetes. It is therefore not
possible to make a strong treatment recommendation. However,
recognizing individual autonomy of individuals living with type 1
diabetes was important to the working group, which included
several persons with lived experience with diverging personal
perspectives on the value of adjunctive therapies. We have made
a conditional recommendation that adjunctive therapies may be
used in addition to insulin based on shared decision making.
Recognizing that type 1 diabetes is a chronic condition and the
data is derived from short-term studies with high discontinuation
rates for GLP-1RA and SGLT2i, we include in our recommendation
that the safety and efficacy of adjunctive therapy be reviewed
regularly.

We recognize that there is a risk that the use of adjunctive
therapies in addition to insulin may lead to confusion and
mis-identification of individuals as living with type 2 diabetes. Indi-
viduals should carry identification (e.g. medicalert) indicating that
they have type 1 diabetes and that insulin should not be discontinued.

Increased glucose monitoring is recommended when adjunctive
therapies are initiated to assist appropriate adjustments to insulin
doses to reduce risk of hypoglycemia without increasing risk for
ketoacidosis.

Table 3
Treatment of acute hypoglycemia in children and adolescents

Diabetes Canada makes evidence-based recommendations for
drugs which are licensed in Canada, even if the drug is not licensed
for the indication. This off-label prescribing aligns with medical
ethics and recommendations of Canada’s Drug Agency (CDA-AMC).
It may be of interest to note that dapagliflozin and sotagliflozin
were both previously approved for use in type 1 diabetes in Europe.
More long-term data and clinical trials in adolescents will help
clarify the risks and benefits of these agents and help more people
with diabetes reach optimal glycemic targets to prevent micro-
vascular complications.

Prevention and delay of type 1 diabetes

Various immune therapies have been or are being studied with
the goal to delay or prevent the onset of stage 3 (clinical) type 1
diabetes in individuals at risk, or to slow the decline in beta-cell
function in those with stage 3. Review of these studies is beyond the
scope of this chapter. At the time of writing, there are no therapies
available in Canada that can be recommended to delay or prevent
the onset of type 1 diabetes. Teplizumab is approved in the United
States for stage 2 type 1 diabetes in individuals aged 8 years and
older [99,100], and has been found in a systematic review to slow
progression of C-peptide loss in recently diagnosed stage 3 type 1
diabetes [101]. Baricitinib has been shown in one randomized
controlled trial to slow C-peptide loss in recently diagnosed stage 3
type 1 diabetes and is also not available in Canada [102]. Verapamil
has been studied in 2 small randomized controlled trials and may
preserve C-peptide, but cannot be recommended due to small
sample sizes and concerns about adverse cardiac events [103].

Treatment of hypoglycemia in children and adolescents

This section provides an update on acute hypoglycemia
management in children and adolescents as the 2023 update did
not address pediatric populations. For management of hypoglyce-
mia in adults, see the chapter Hypoglycemia in Adults
(guidelines.diabetes.ca).

Hypoglycemia is a significant challenge for children and families
living with type 1 diabetes, with respect to the balance of meeting
glycemic targets and fear of hypoglycemia [104]. Fear of hypogly-
cemia significantly impacts quality of life for children and their
caregivers and can influence diabetes management decisions [97].
As outlined in the hypoglycemia update for adults, risk for severe
hypoglycemia includes prior episodes of hypoglycemia, adolescent
age group, and preschool children unable to detect and/or treat
mild to moderate hypoglycemia on their own. The effects of
hypoglycemia are broad, impacting school performance, partici-
pation in school, sports or other physical activity, and sleep
schedules (for both children and their caregivers). A complete

Hypoglycemia Level 1 hypoglycemia (mild or alert)

Level 2 hypoglycemia (moderate)

Level 3 hypoglycemia (severe)

category
Description Glucose 3.0—3.9 mmol/L Glucose <3.0 mmol/L Glucose <3.9 mmol/L
Autonomic symptoms only Neuroglycopenic symptoms, without ~ Neuroglycopenic symptoms with significant cognitive impairment
significant impact on mental status
Management For BBI or IPT: Same as for level 1 hypoglycemia If able to swallow:

Oral carbohydrates (0.3 g/kg)
Age <5years:5¢g
Age 5—10years: 10 g
Age >10years: 15 g

For AID:

Age <5years:5¢g

Age 5—10years:5¢g

Age >10 years: 5-10 g

Oral carbohydrate (20 g)
If unable or unsafe to swallow:
Age >4 years: Intranasal or injectable glucagon
Age <4 years: Glucagon subq/IM, 0.5 mg if <20 kg; 1 mg >20 kg)

AID, automated insulin delivery; BBI, basal bolus injection therapy; IPT, insulin pump therapy.
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review of the nutritional and exercise guidelines to prevent hypo-
glycemia are beyond the scope of this update focused on acute
management; however, prevention of hypoglycemia should be the
priority in the education and management of type 1 diabetes.
Recommendations for prevention of hypoglycemia with exercise
can be found in an existing clinical practice guideline (see Physical
Activity and Diabetes chapter [guidelines.diabetes.ca]).

For acute management of mild to moderate hypoglycemia, also
referred to as level 1 and 2 hypoglycemia, required treatment with
oral rapidly absorbed carbohydrate varies in amount based on the
child’s weight and/or mode of therapy (Table 3).

In children and adolescents with severe hypoglycemia, also
referred to as level 3, which results in altered level of consciousness
and impaired oral/enteral glucose intake, glucagon is the standard
of care. In conscious individuals aged 4 years and older, intranasal
glucagon is as effective as subcutaneous glucagon to resolve hypo-
glycemia [105]. Caregivers report that intranasal glucagon is easier
to use and to teach than injectable glucagon [106]. Intranasal
glucagon has not been studied in children under age 4 years, but
may be the only alternative if injectable glucagon is unavailable,
since availability is limited in Canada (https://jdrf.ca/changes-to-
glucagon-availability-in-canada/). In conscious children aged 6
years and older, subcutaneous dasiglucagon, which does not require
reconstitution, may be used to treat hypoglycemia; however, at the
time of this publication, it is not available in Canada [107].

DKA

This section provides an update on clinical practice recom-
mendations for management of DKA since 2018 (see Hyperglyce-
mic Emergencies in Adults chapter and Type 1 Diabetes in Children
and Adolescents chapter [guidelines.diabetes.ca]). Recommenda-
tions focus only on areas where new evidence has emerged.

DKA is an emergency caused by relative insulin deficiency and
increased counterregulatory hormones. This results in hypergly-
cemia, decreased extracellular fluid volume, and fatty acid oxida-
tion resulting in a metabolic acidosis. Clinically, this can present as a
combination of the signs and symptoms of hyperglycemia, acidosis,
and any underlying precipitant. DKA can be graded in terms of
severity depending on the mental status and degree of metabolic
changes. There are no absolute clinical criteria, but a commonly
applied classification is presented in Table 4.

Table 4

Severity of diabetic ketoacidosis
Capillary blood gas Mild Moderate Severe
pH 7.25-7.35 7-7.24 <7
Bicarbonate (mmol/L) 15-18 10-15 <10
Anion gap (mmol/L) >10 >12 >12-15
Mental status Alert Alert/drowsy Stupor/coma

Intravenous fluids

Since 2018, a number of studies in the pediatric population have
assessed the question of optimal intravenous fluid composition and
administration to improve outcomes, in particular with respect to
speed of resolution of DKA and risks of cerebral edema.

Five studies have compared a balanced crystalloid (Plasmalyte,
Ringer's Lactate, Hartman’'s Solution) to 0.9% normal saline
[108—112]. In mild to moderate DKA, these studies have found no
difference in measured outcomes, including length of stay and
cerebral edema. In addition, multiple clinical trials have assessed
hypotonic compared against isotonic fluid administration in DKA.

The largest trial, PECARN DKA FLUID, randomized 1,389 episodes of
pediatric DKA in a 2-by-2 design of either fast (20 ml/kg bolus) or
slow (10 ml/kg bolus) administration of either hypotonic or isotonic
fluid [113]. Ultimately, there was no clear benefit of any particular
strategy in terms of the primary outcome of cerebral injury or the
secondary outcomes of neurocognitive function and recovery.
While this was an apparent null finding, the trial has led to a change
in clinical practice as fluid resuscitation in children has traditionally
been conservative due to concerns around cerebral edema. Never-
theless, this study did not capture sufficient episodes of severe DKA
to make a definitive fluid recommendation in this specific subset of
individuals. Useful algorithms and order sets for management of
pediatric DKA, which align with the present recommendations,
have been published by TREKK (Translating Emergency Knowledge
for Kids) (link to https://trekk.ca/topic/dka).

Subcutaneous insulin

Resolution of DKA requires administration of insulin to stop
lipolysis and ketoacid production. Intravenous insulin is rapid in
onset of action, can be titrated frequently or discontinued quickly,
and has long been the standard of care for DKA management.
However, this means of insulin delivery requires intensive super-
vision and monitoring, often in a critical care setting, as it carries a
risk of hypokalemia and hypoglycemia. Subcutaneous insulin does
not require intensive care admission, and may be preferential in
some presentations and clinical settings.

In pediatrics, 1 randomized controlled trial has evaluated the
safety and efficacy of using subcutaneous insulin (0.15 U/kg every
2 hours) instead of intravenous insulin infusion for mild or mod-
erate DKA [114]. In this trial, frequent subcutaneous insulin injec-
tion resulted in lower cumulative insulin dose, lower length of stay
in moderate DKA, and there was no increase in adverse event rates.

In 2016, a Cochrane Review of 5 randomized controlled trials in
adults, including 201 episodes of DKA, showed no increase in harm
when using subcutaneous insulin [115]. However, because the
included studies were small, and judged to be of low quality, no
recommendation was made in the 2018 Diabetes Canada guide-
lines. Since then, a large interventional cohort study involving 7,989
DKA hospitalizations showed a decrease in ICU length of stay,
without increase in harm, with the use of a subcutaneous insulin
protocol. Given the increased pressures on the health-care system,
management of mild to moderate DKA with subcutaneous insulin is
a reasonable option.

Limitations and future directions

This expert author group acknowledges that glycemic man-
agement of type 1 diabetes is influenced by factors beyond thera-
peutic options and choice of insulin delivery system. Daily life with
type 1 diabetes requires careful navigation of strategies around
nutrition, physical activity, and exercise. Previous Diabetes Canada
guidelines have addressed prevention of hypoglycemia during
exercise in adults but not in children. Nutrition also has been
addressed in previous chapters. The approach to management of
physical activity and nutrition in the setting of AID has changed
considerably [116] since these guidelines have been published.
Updated Canadian recommendations are needed for management
of nutrition and exercise in type 1 diabetes but were outside the
scope of this guideline. Given the mental toll and countless burdens
associated with type 1 diabetes self-management, it is critical to
routinely address mental health and the well-being of each indi-
vidual and their family/caretakers. All of these elements should be
carefully balanced while working collaboratively with people living
with type 1 diabetes to optimize care and to help them achieve
their individualized health goals.
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Recommendations
Glycemic targets

1) For adults and children living with type 1 diabetes, a person-
and family-centered approach to setting individualized glyce-
mic targets is recommended.

(a) For adults, recommended targets for capillary blood glucose
(CBG), A1C, and sensor glucose are reviewed in chapters 8
and 9 and are unchanged.

(b) For children, recommended targets are the same for CBG,
A1C, and sensor glucose as for adults, and in alignment with
the International Society for Pediatric and Adolescent Dia-
betes Consensus Guidelines [117] [Grade D, Consensus].

2) While attainment of an A1C <7% is associated with a reduction
in microvascular complications [Grade A Level 1A] [1], indi-
vidualized glycemic targets may consider individual and care-
giver context across multiple domains, including access to care
and technology, risk of and fear of hypoglycemia, mental health
co-morbidities, and other factors as determined by the person,
family, and care team [Grade D, Consensus].

Insulin

1. BBI therapy or IPT should be used as part of an intensive dia-
betes management regimen in adults and adolescents to:

e Achieve glycemic targets [Grade A, Level 1A] [1]

e Reduce the risk of retinopathy, nephropathy, and neuropa-
thy [Grade A, Level 1A] [1]

2. BBI therapy or IPT may be used as part of an intensive diabetes
management regimen in children to:

e Achieve glycemic targets [Grade D, Consensus]

e Reduce the risk of retinopathy, nephropathy, and neuropa-
thy [Grade D, Consensus]

3. BBI therapy or IPT may be used as part of an intensive diabetes
management regimen to:

e Reduce the risk of cardiovascular outcomes in adults and
adolescents [Grade B, Level 2] [24]; and in younger children
|Grade D, Consensus]

4. Rapid-acting insulin analogues should be used in place of
regular insulin in BBI therapy and IPT to:

e Improve A1C [Grade 1, Level 1A] [25—27] and minimize risk
of nocturnal hypoglycemia in adults [Grade A, Level 1A] [27]

5. Rapid-acting insulin analogues may be used in place of regular
insulin in BBI therapy and IPT to:

e Improve A1C and minimize hypoglycemia in preschoolers
(aged 2—6) [Grade C, Level 3] [28]; and in other children and
adolescents [Grade D, Consensus]

e Lower postprandial glucose in adolescents using BBI therapy
[Grade A, Level 2] [27,29]

e Minimize the risk of severe hypoglycemia in adults [Grade B,
Level 1A [26,27] and nocturnal hypoglycemia in adolescents
using BBI therapy [Grade B, Level 2][27,29]; and in children
[Grade D, Consensus]

e Improve treatment satisfaction in parents of preschoolers
[Grade C, Level 3] [28]

6. Ultrarapid-acting insulin analogues should be considered in
place of rapid insulin analogues:

a. In individuals on BBI therapy not at target to:

o Improve A1C in children and adolescents [Grade A, Level 1A]
[34]

e Lower post-prandial glucose in adults [Grade A, Level 1A]
(33]

e And may be used in place of rapid-acting analogues to lower
post-prandial glucose in children and adolescents [Grade B,
Level 2 [34]

b. Inindividuals on IPT* not at target, ultrarapid-acting insulin
analogues should be considered to:

e Improve TIR and TBR in adults [Grade A, Level 1A] [37]

e Lower post-prandial glucose in adults [Grade A, Level 1A]
[33,35,36,118—120]

c. In AID systems*, ultrarapid-acting insulin analogues may be
considered to:

e Improve TIR in adults [Grade C, Level 3] [35,38] and
decrease TBR in adults [Grade C, Level 3] [35,38]

e Decrease post-prandial glucose in adults [Grade C, Level 3]
[35]

*Some insulin pumps are not compatible with ultrarapid-acting
insulin and there is an increased risk of occlusions and pump-site
failures.

7. Meal time rapid- or ultrarapid-acting insulin boluses may be
delivered 10—20 minutes prior to meals as opposed to imme-
diately prior or after meals to:

e Improve A1C [Grade C, Level 3] [40,41] in adults; and in
children and adolescents [Grade C, Level 3] [42]

e Decrease post-prandial glucose [Grade C, Level 3] [40,41]
in adults; and in children and adolescents [Grade B,
Level 2] [34]

e Minimize the risk of hypoglycemia [Grade C, Level 3]
[40,41] in adults; and in children and adolescents [Grade C,
Level 3] [42]

8. Long-acting daily basal insulin analogues may be used in place
of NPH insulin to:

e Improve A1C [Grade B, Level 2] [44] in all ages

e Minimize the risk of hypoglycemia [Grade B, Level 1A]
[43,44] in all ages

e Minimize the risk of severe hypoglycemia in adults [Grade B,
Level 1A] [27,45,46] and severe or nocturnal hypoglycemia
in children and adolescents [Grade B, Level 1A] [27,46]

e Reduce the risk of DKA [Grade B, Level 2] [47] in children

o Improve TIR and glycemic variability [Grade B, Level 2] [47]
in children

9. Ultralong-acting basal insulin analogues may be used in place
of long-acting insulin analogues to:

e Minimize the risk of hypoglycemia:

o Severe hypoglycemia in all ages [Grade C, Level 2] [46,50]

o Nocturnal hypoglycemia in adults [Grade C, Level 3]
[46,48,49] and in children and adolescents [Grade C,
Level 3] [53]

o Severe and nocturnal hypoglycemia in adults prone to
nocturnal severe hypoglycemia [Grade C, Level 3] [52]
Reduce the risk of hyperglycemia with ketosis in children

and adolescents [Grade B, Level 2] [55]

Reduce glycemic variability in adults prone to severe

nocturnal hypoglycemia [Grade C, Level 3] [51,52] and in

toddlers and preschool aged children [Grade B, Level 2] [47]

10. Ultralong-acting daily basal insulin analogues may be preferred

over weekly basal insulin to:

e Minimize the risk of hypoglycemia in adults [Grade B, Level 2]
[56]; and in children and adolescents [Grade D, Consensus].

o Improve diabetes treatment satisfaction in adults [Grade B,
Level 2] [56].

AID

1. AID should be used* in all individuals with type 1 diabetes to
improve A1C, TIR, hypoglycemia, fear of hypoglycemia,
unawareness of hypoglycemia, diabetes distress, and quality of
life without increasing the risk of DKA [Grade A, Level 1A]
[59,60,66,121].
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2. AID may be used* to improve quality of sleep for youth and
their parents/caregivers [Grade C, Level 3] [66,122].

3. Individuals of all ages using AID systems may treat non-severe
hypoglycemia events with less fast-acting carbohydrate (i.e.
5—10 g) compared with the standard recommendations [123]
[Grade D Consensus].

IPT+PLGS

1. When not able to use AID, sensor-augmented IPT with pre-
dictive low glucose suspend (IPT+PLGS) should be used* in
children and adolescents with type 1 diabetes to reduce day-
time and nocturnal hypoglycemia [Grade A, Level 1A] [74].

2. When not able to use AID, sensor-augmented IPT with pre-
dictive low glucose suspend (IPT+PLGS) may be used* in
adults who are hypoglycemia prone to reduce frequency of
hypoglycemic events and severe hypoglycemia [Grade B,
Level 2] [75].

IPT

1. When not able to use AID, IPT should be used* over BBI to
improve A1C [Grade A, Level 1A] [71,73]

i. Without affecting incidence of severe hypoglycemia in all

ages [Grade A, Level 1A] [71-73).
ii. Without affecting incidence of DKA in children and ado-
lescents [Grade A, Level 1A] [72,73].

2. IPT may be used in individuals with type 1 diabetes over BBI to
allow for flexible bolus and basal dosing, especially for indi-
viduals who have low insulin requirements, gastroparesis,
require temporary basal adjustments for physical activity, and/
or females planning pregnancy [Grade D, Consensus].

3. For individuals of all ages using insulin delivery via insulin
pump (IPT+PLGS or AID), it is important to receive regular
counselling on:

o Infusion site management, including frequency of site
changes, site rotation, appropriateness of infusion set type,
and skin care solutions [Grade D, Consensus].

o Sick-day management and troubleshooting in the face of pump
failure and development of ketones [Grade D, Consensus].

*For those willing to wear the device
BBI therapy with bolus calculator

1. Bolus dose calculator smartphone applications may be used by
individuals with type 1 diabetes using BBI to improve A1C, in
children and adolescents [Grade B, Level 2] [77] and assist with
insulin dose decisions, to all individuals [Grade D, Consensus].

Adjunctive Therapy: In adults with type 1 diabetes, non-insulin
antihyperglycemics may be used in addition to insulin to help
individuals achieve outcomes which are important to them using
the principles of shared decision making, where the balance of
risks, benefits, and side effects is acceptable and strategies to
mitigate risks are employed. The safety, efficacy, and tolerability
of the agent should be reviewed at 3 months and annually to
determine if the therapy should continue [Grade D, Consensus].

The evidence for adjunctive therapy shows:

1. Metformin in addition to insulin reduces A1C, weight, and
insulin dose in adults [Grade A, Level 1A] [81].

2. Metformin in addition to insulin reduces weight and insulin
doses in adolescents [Grade B, Level 1A] [85,86].

3. GLP-1RA in addition to insulin in adults reduces A1C, weight,
and insulin dose but with an increased risk of gastrointestinal
side effects [Grade A, Level 1A] [84].

4, SGLT2i in addition to insulin in adults reduces A1C, glucose
variability, and weight, and improves treatment satisfaction
but with an increased risk of euglycemic ketoacidosis and
genital infections [Grade A, Level 1A] [81—-83].

Hypoglycemia in children

1. In conscious children and adolescents using basal bolus or non-
AID IPT, hypoglycemia should be treated with 0.3 g/kg oral
carbohydrates, preferably in the form of glucose or sucrose (see
Table 3) [Grade A, Level 2] [124,125].

2. In conscious children using AID systems, a lower dose of car-
bohydrate may be used to treat hypoglycemia [Grade D,
Consensus].

3. In unconscious children 4 years and older, intranasal or
injectable glucagon may be used [Grade B, Level 2] [105] to
treat hypoglycemia.

4. In unconscious children <4 years of age, injectable glucagon
should be used. If injectable glucagon is not available, intra-
nasal glucagon may be used in children <4 years of age [Grade
D, Consensus].

5. Glucose should be rechecked after 15 minutes and retreated
with 5—15¢g of carbohydrate if able to swallow and blood
glucose remains <3.9 mmol/L or retreat with glucagon if
unconscious [Grade D, Consensus].

DKA

1. In people with type 1 diabetes with DKA, intravenous fluid
resuscitation should be undertaken with either balanced
crystalloid or normal saline, depending on local availability
[Grade A, Level 1] [108—112].

2. Children and adolescents with type 1 diabetes presenting in mild
to moderate DKA may be treated with either isotonic or hypotonic
fluid based on their hydration status and degrees of electrolyte
derangement at presentation [Grade B, Level 2][108,113,126].

3. In children and adolescents with type 1 diabetes presenting in
mild to moderate DKA, an intravenous isotonic fluid bolus of
10—20 mL/kg may be considered initially, and repeated 15—20
minutes after completion if clinical signs of moderate to severe
dehydration or shock persist without a risk of negative neuro-
logic outcomes [Grade B, Level 2] [113,126]. There is insufficient
evidence to make a recommendation for severe DKA.

4. In children and adolescents with type 1 diabetes, when access
to intravenous insulin is unavailable, frequent subcutaneous
insulin injections may be used as an alternative to manage mild
to moderate DKA [Grade B, Level 2] [114].

5. In adults with type 1 diabetes and DKA who do not require ICU
admission for another reason, implementation of a subcu-
taneous protocol for management of DKA may be considered as
an alternative to intravenous insulin to reduce ICU admission
[Grade B, Level 1] [115]; [Grade B, Level 3] [115].
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