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Introduction

Immune checkpoint receptors are expressed
by cells of the immune system and lead to reduced
or absent function, which physiologically limits
autoimmunity. These receptors are also exploited by
malignant cells to maintain immune tolerance and
evade destruction. Monoclonal antibodies targeting
immune checkpoints have revolutionized oncology,
with potential long-lasting clinical response, even in
the setting of metastatic solid tumors. For example, in
the past, metastatic melanoma signalled certain death;
now, remission is possible.’

The primary targets of current pharmacotherapy
are cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and the programmed cell death protein 1
(PD-1) and its ligand (PD-L1). Today, half of all patients
with metastatic disease are eligible to receive immune
checkpoint inhibitor (ICl) therapy. As of December
2021, there were eight approved agents available for
17 malignancies, and more than 1,000 clinical trials
have been conducted to explore these agents in
adjuvant and maintenance settings."?

The immune activation that underlies ICI therapy
and the persistence of clinical response beyond the
pharmacologic half-life also explain the toxicities that
have been observed.! Immune-related adverse events
(irAEs) from ICI therapy have been shown to occur in
virtually every organ system. They manifest at varying

times during treatment, sometimes occurring after its
discontinuation. Interestingly, the presence of these
adverse events (AEs) is related to the immune system'’s
degree of self-tolerance and predicts patient response
to this treatment modality.®

Endocrinopathies are some of the most common
irAEs, occurring in 15-40% of patients; however, they
have posed challenges for clinicians as they are difficult
to diagnose due to diverse and non-specific manifesta-
tions."™ In contrast to other irAEs, endocrinopathies do
not respond to high-dose glucocorticoids and they are
permanent. Steroid treatment has been shown to have
no effect on the disease severity or the likelihood of
resolution.>® Fortunately, when diagnosed appropri-
ately, ICl-associated endocrinopathies are easy to treat,
do not necessitate treatment discontinuation, and have
an excellent prognosis.’

ICl-Associated Hypophysitis

Hypophysitis is one of the more common and most
life-threatening irAEs and can affect any, and often
multiple, anterior pituitary cell lineages (Figure 1).
ICl-associated diabetes insipidus (DI) resulting from
antidiuretic hormone deficiency has been noted only
in case reports. Hypophysitis is noted most frequently
with CTLA-4 therapy (either alone or in combination with
programmed cell death protein 1/ligand 1 [PD-1/L1]),
seen in up to 10% of treated patients. It has also
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Figure 1: Percentage of patients presenting with deficiency in specific
cell axes in ICl-associated hypophysitis. Data adapted from Faje and Druce.®?

been shown to occur with PD-1/L1
monotherapy, although more rarely,
with a reported incidence of 1-3%
(Table 1). The clinical presentation
differs based on the causative
agent.

CTLA-4-associated hypophysitis
occurs early in the treatment course,
typically within 9-12 weeks, and
most commonly causes concurrent
central hypoadrenalism and central
hypothyroidism. The underlying
mechanism has been proposed to
be a hypersensitivity type Il reaction
with lymphocytic infiltration into the
pituitary gland noted on pathology.
This is very similar to autoimmune
hypophysitis which was a known,
albeit rare, entity prior to the
ICl-era.

Hypophysitis due to PD-1/L1
therapy occurs later in the treat-
ment course, generally following
20 weeks, and almost univer-
sally affects adrenocorticotropic
hormone (ACTH) secretion leading
to hypoadrenalism; it rarely
affects other cell lineages.*®? The
mechanism for PD-1/L1-associated
hypophysitis is not yet elucidated.

There is no consensus on
asymptomatic  screening for
hypophysitis, more specifically

ACTH deficiency, in ICl-treated

patients. This may be due to the
complexity of obtaining morning
serum cortisol measurements, as
well as correct interpretation while
accounting for confounding by the
frequent use of glucocorticoids
in this population.® Some practi-
tioners support routine screening
in at least CTLA-4-containing
regimens, based on the increased
incidence; however, there are no
clear guidelines concerning how
to measure and interpret cortisol
values. Debate exists, even among
endocrinologists, regarding what
cut-off values should be used for
interpretation of serum cortisol.’
Measuring ACTH is not practical
due to the long turn-around time
for this assay in most institutions.
ACTH deficiency is acutely
life-threatening and its manifesta-
tions, namely malaise, nausea and
hypotension are, unfortunately,
common in patients receiving
systemic therapy for cancer. Late
diagnosis is a realistic possibility
and it can have a profound impact
on patient morbidity and mortality,
supporting the implementation
of asymptomatic screening.*?
Clinicians are encouraged to have a
high index of suspicion for pituitary
dysfunction, and should be aware
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of the need for this condition
to be assessed and treated by
oncologists and endocrinologists
collaboratively.

In addition, imaging the
pituitary gland in ICl-associated
hypophysitis is not standard, as the
presence of inflammation and stalk
thickening on magnetic resonance
imaging (MRI) does not predict the
severity or course of the condition.
Imaging should be considered if
pituitary metastases are on the
differential.*”

ICl-associated hypophysitis
is treated by replacing the target
hormones, as with any other etiol-
ogy of hypopituitarism. Priority
should be given to replacing
the adrenal and thyroid axes.
Sex hormone replacement can
be considered if the underlying
disease has a reasonable prognosis,
and growth hormone replacement
therapy (GHRT) is contraindicated in
the setting of active malignancy.*’10

ICI-Associated
Thyroid Disease

Primary thyroid dysfunction is
the most common endocrinopathy
noted with ICl therapy and typically
presents within six weeks of treat-
ment. It can, however, occur at
any time during therapy and these
factors have led to screening serum
thyroid stimulating hormone (TSH)
as routine practice.* The incidence
varies by treatment; the clinical data
has shown 5% in CTLA-4 monother-
apy, 10% in PD-1/L1 monotherapy,
and up to 20% for patients treated
with combination therapy.*"

The most common presentation
is destructive, painless thyroiditis,
where transient hyperthyroidism
leads to permanent hypothyroid-
ism in virtually 70% of cases within
approximately six weeks. This time
course is more rapid than that of
non-ICl-associated thyroiditis and
is unaffected by the use of gluco-
corticoids. It is possible that the



Endocrinopathy
CTLA-4
Hypophysitis 9%
Primary thyroid
Thyroiditis 1-5%
Hypothyroidism 2-5%
Graves disease -
Autoimmune diabetes -
Primary adrenal 0.3-2%

Incidence (%)

Onset (Median Weeks)

PD-1/L1 Combo CTLA-4 PD-1/L1 Combo
1-3% 10.5% 9-12 26 9-12
5-10% 2-10% 6+ 6+ 6+
3-10% 5-23% 6+ 6+ 6+
0.2-5% 0.6% Within 15 -
0.3-4% 1-3% - -

Table 1: Summary of incidence and timing of onset of ICl-associated endocrinopathies based on treatment
regimen. Data adapted from Wright and Barroso-Sousa.*!!

incidence of self-limited thyroid-
itis is much higher as it is largely
subclinical. Graves disease is rare
and has been noted in case reports
due to the presence of orbitopathy.

There is no clinical utility in
measuring  thyroid-stimulating
hormone (TSH)-receptor antibodies.
Other anti-thyroid antibodies,
such as anti-thyroid peroxidase
and anti-thyroglobulin, are often
absent in patients manifesting with
ICl-associated thyroid dysfunc-
tion. In patients with pre-existing
anti-thyroid antibodies, there is
a higher risk to develop irAEs;
however, there is no correlation
with disease severity.*'? The patho-
physiology of this endocrinopathy
remains under study; however,
the PD-1/L1 pathway is integral in
T-cell function, which is linked to
the pathophysiology of Hashimoto
thyroiditis.™

Recommendations for monitor-
ing and treatment of ICl-associated
primary thyroid dysfunction
are unanimous and clear: Free
hormones should be measured
where an abnormal TSH is noted,
and levothyroxine therapy should
be initiated when the TSH is
>10mlU/mL at a standard dosing
of 1.6 mcg/kg (less in the elderly
and frail), followed by biochemical
reassessment in six weeks.*’

ICl-Associated
Diabetes Mellitus

The next most notable
ICl-associated endocrinopathy is
autoimmune diabetes (ICI-DM).
Its incidence is rare; it occurs
in less than 0.2-5% of patients;
however, its presentation can be
dramatic with rapid autoimmune
destruction of B-cells and up to
70% of patients presenting with
fulminant ketoacidosis.* Due to
its rapid presentation, screening
with Alc may not be useful and
random plasma or capillary blood
glucose monitoring should be used
for routine screening.” In a clinical
trial, the majority of patients, over
70%, presented in the first three
months of initiating ICl therapy;
however, the latest presentation
reported was 15 months.’™ Fewer
than 50% of patients were noted
to have islet-antibodies; however,
the patients who had positive
antibodies developed ICI-DM at
an earlier point. More than 97% of
cases of ICI-DM have been noted
in patients on PD-1/L1 therapy and
this pathway has been observed to
be important to the development of
diabetes mellitus in mouse models.*
In addition, genetic factors are likely
to contribute to the development of
ICI-DM, with classic HLA haplotypes
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linked with classic type 1 diabetes
(DR3-DQ2 and DR4-DQ8) being
over-represented in ICI-DM, along
with a strong association with
ICI-DM and HLA-DR4.%

The administration of high-dose
glucocorticoids has not been
shown to provide any benefit in
ICI-DM; this condition should be
treated with subcutaneous insulin.’
It should also be noted that the
patient population requiring ICl
therapy is at higher risk of develop-
ing pre-existing type 2 diabetes and
the frequent use of glucocorticoids
in this population may exacerbate
glycemic control. Patients should be
screened for pre-existing diabetes
prior to initiating treatment.

Additional ICI-Associated
Endocrinopathies

Other endocrinopathies are
rare. Primary adrenal insufficiency
has been noted to occur with
an incidence of 0.2-0.5% and is
rarely associated with the presence
of anti-adrenal antibodies.™
Hypoparathyroidism, DI and
ACTH-dependent Cushing disease
have been noted in case reports;
however, the link to ICI therapy is
questioned.* In these instances,
causality is unimportant as, ultim-
ately, the treatment is unaffected.



Where ICI therapy is making the biggest impact on
endocrinologists is with the increased incidence of
hypophysitis and autoimmune diabetes, which require
expert diagnosis and treatment.

Summary

ICls have ushered in a new era in cancer treatment,
but they are still in their infancy. Most notably, the
first IClI was FDA approved in recent years, in 2011.
Extensive research is needed to elucidate the mechan-
isms that underly the irAEs so that patients can be
properly diagnosed and treated. Future research may
also allow the identification of high-risk patients requir-
ing closer surveillance.

With regard to ICl-associated endocrinopathies, at
this time, clinicians must rely on their clinical acumen
and routine screening. A basic screening algorithm is
proposed in Figure 2 and could be adapted to individ-
ual institutional needs. Asymptomatic screening should
be most intense during treatment when the incidence
of onset is highest. It is important to note that irAEs
can occur after treatment discontinuation and clinical
vigilance must persist. Patients with any prior exposure
to ICl therapy should be identified in their medical
record and should have biannual clinical review with
targeted endocrine testing as indicated.

With ICI therapy, patients could potentially be
cured of their malignancy, and the possibility exists that
they could be discharged to their primary care provid-
ers (PCPs), who would then assume the responsibility
for ongoing surveillance. Knowledge dissemination, a
multidisciplinary approach and collaboration between
specialists will be key on the path forward.

Serum/capillary glucose
Prior to treatment

TSH

TSH
During
treatment Serum/capillary glucose
Q1-2 cycles

Morning serum cortisol*

After treatment
discontinuation

Clinical assessment every 6 months,
investigations as clinically indicated

* Consider for all patients but at minimum
those exposed to CTLA-4 agents.

Figure 2: Basic algorithm for screening of
ICl-associated endocrinopathies.
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Introduction

In contrast to current approaches to Type 2
diabetes (T2DM), the management of Type 1 diabetes
(T1DM) continues to be glucocentric. This is under-
standable considering the substantial lifetime risk of
potentially devastating microvascular complications
associated with the disease. Consequently, advances
in the management of T1DM have largely focused on
enhanced insulin preparations, technologies for insulin
delivery and blood glucose monitoring. However,
despite the use of these therapeutic approaches, only
21% of adults (and fewer children) reach glycemic
targets associated with a lower risk of microvascular
complications' and life expectancy in patients with
T1DM is 12 years shorter than that of the general
population.? Cardiovascular and kidney disease,
together with hypoglycemia, are the major causes of
mortality in patients with TIDM.?

Significant morbidity and mortality are associated
with T1DM, but also with its treatment. The adverse
effects of insulin, causing hypoglycemia (which is often
a key barrier to achieving glycemic targets) and body

weight gain are well known to clinicians. Insufficient
attention has been paid to the burden of diabetes
self-management and the negative impact of the
disease and its treatment on patients’ quality of life.

Should practitioners consider a broader perspective
on T1DM management with the objective of reducing
microvascular and macrovascular risk, while simultan-
eously reducing the burden of T1DM and the adverse
effects of therapy? Could using non-insulin antihyper-
glycemic agents (NIAHAs) as adjuncts to insulin assist
practitioners in achieving this objective? (Figure 1).
The potential utility of NIAHAs in the management of
T1DM is discussed in this paper.

Metformin

Based on long experience and its effect as an insulin
sensitizer, metformin has been used by many physicians
in the management of T1DM, particularly in individ-
uals with obesity and/or high insulin requirements.
Treatment-associated gastrointestinal (Gl) side effects
have been common and persistence with therapy has
been variable. A small number of randomized clinical

Vol. 1, Iss. 2, June 2023



10

Diabetes Burden

5

Hypoglycemia

Weight Gain

Inadequate insulin
Intensive insulin

Insulin + NIAHA

Microvascular Risk

CV Risk

Figure 1: Hypothetical illustration of various approaches to T1DM management and their relative impact on
microvascular and macrovascular systems; hypoglycemia risk; body weight gain; and diabetes burden. Inadequate
insulin therapy with high A1c would be associated with high risk for microvascular and macrovascular complica-
tions, but low risk for body weight gain and hypoglycemia. Intensification of insulin therapy could reduce the risk
of microvascular and macrovascular complications, but might be associated with increased disease burden, body
weight gain, and risk for hypoglycemia. Adjunctive therapies (e.g., NIAHAs) which could help achieve glycemic
targets without body weight gain, hypoglycemia or diabetes burden would be desirable.

Courtesy of Dr. Peter A. Senior.

trials investigating the utility of metformin in T1DM
have demonstrated that metformin is associated with
small, but statistically significant improvements in Ac,
with lower insulin requirements, and body weight loss
(Table 1).* The REMOVAL trial was a large, double
blind, placebo-controlled clinical trial of metformin
1,000 mg bid administered to adults with T1DM
>40 years of age for three years to evaluate whether
or not it would slow the progression of carotid intima-
media thickening (IMT).®> Although no difference was
seen in the primary outcome, maximal carotid IMT was
lower with metformin. There were, however, significant
reductions in body weight and low-density lipoprotein
(LDL) cholesterol. Glomerular filtration rate (GFR) was
stable with metformin vs a decline of 4 mL/min/1.73m?
with placebo. There was no sustained difference in Alc
or the insulin dose over three years.

GLP-1 Receptor Agonists (GLP-1RAs)

Although some of the glucose-lowering effects of
incretin therapies in T2DM, mediated by enhancing
glucose-dependent insulin secretion, should not
apply in C-peptide negative individuals with Type 1
diabetes, other effects mediated by alteration in food
intake, satiety and suppression of post-prandial gluca-
gon levels have the potential to benefit individuals
with TIDM. Furthermore, pre-clinical data suggesting
an anti-apoptic effect of glucagon-like peptide
(GLP) on beta cells has suggested the potential for
glucagon-like peptide-1 receptor agonists (GLP-1RAs)
to preserve beta cells in new-onset TIDM. However,
two Phase 2 clinical trials of GLP-1RAs in new-onset
T1DM showed no effect on beta cell preservation on
their own but may have been helpful when combined
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Agent/Class Metformin*> GLP-1RA%1°
Alc 0.28% (ns) -0.35-0.15%
_ Insulin -6.6 units 5.5 to -1.2 units
Requirements
Body Weight -1.2 kg -3.6 kg to -4.9 kg
Blood Pressure Short-term lowering
H | - _ Additional symptomatic events
ypoglycemia B Severe hypoglycemia
LDL -0.13
i ?
CV Risk Lower max cIMT ’
Renal + 4 mL/min No change'
Improved TRIM-D score
(Qol, V. %tfte; No difference in SF367°
O, Vanabiity. More TIR in pump trial"
DKA No increase ?Slight increase

11

SGLT2i'314

0.37%

-6.23 units

-2.54 kg

-2 to -4 mmHg

?lower LDL, triglycerides

To be tested

Increased TIR, less
variability

Increases

Table 1: Impact of adjunct NIAHAs added to insulin vs placebo in clinical trials or meta-analyses on metabolic

and other outcomes. CV, cardiovascular; DKA, diabetic ketoacidosis; TRIM-D, Treatment-Related Impact Measures-Diabetes;
Qol, quality of life; LDL, low-density lipoprotein; TIR, time-in-range.

Courtesy of Dr. Peter A. Senior.

with anti-interleukin-21.%" These studies were not
designed to examine potential benefits for Alc or
metabolic factors.

Subsequent to small, mechanistic studies of
short-acting GLP-1RAs in T1DM,® two large clinical
studies of liraglutide (0.6, 1.2, 1.8 mg/day) were
conducted. One study had a treat-to-target design
while the insulin dose was capped in the other study.”™
In both studies, liraglutide was associated with
reductions in Alc, body weight and insulin dose; the
effect was greater with the 1.2 mg and 1.8 mg doses
(Table 1). In both studies, there were increased rates
of symptomatic hypoglycemia with liraglutide, and
higher rates of hyperglycemia with ketosis in subjects
randomised to the 1.8 mg dose. There was no increase

in nocturnal or severe hypoglycemia.”® Sub-group
analyses suggested that greater benefits may be seen
in subjects with residual c-peptide.

Greater differences in Alc (-0.7%), body weight
(-6.3 kg) and insulin dose (-8 units) were demon-
strated in a smaller 26-week randomized, controlled
clinical trial of liraglutide 1.8 mg in obese T1DM
subjects using insulin pumps.” In this study, there
was an increase in time-in-range and no increase in
hypoglycemia. Treatment satisfaction as recorded in
the Diabetes Treatment Satisfaction Questionnaire
(DTSQc) increased to a greater extent with liraglutide
than with placebo. No cases of diabetic ketoacid-
osis (DKA) were reported, nor any effect on GFR or
albumin-to-creatinine ratio (ACR).
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Sodium Glucose Transporter
Inhibitors (SGLT2is)

Several SGLT2is have been evaluated in T1DM,
including canagliflozin, dapagliflozin, empagliflozin
and sotagliflozin. On the basis of Phase 3 clinical
trials, dapagliflozin was licensed for use in T1DM in
Europe, before its manufacturer voluntarily removed
the indication late in 2021."2 The U.S. Food and Drug
Administration (FDA) did not approve an application
for sotagliflozin to be licensed for use in TIDM.

A meta-analysis of randomized clinical trials of
SGLT2is used as adjuncts to insulin in T1IDM showed
similar reductions in Alc and insulin dose to those
with metformin and GLP-1RAs, with intermediate-level
reductions in body weight (Table 1)."® Reductions
in blood pressure, LDL and triglyceride levels were
also reported. Even in relatively small clinical studies,
SGLT2is were clearly associated with an increased risk
for DKA (2.5-5% in 26-week studies), albeit they were
invariably associated with a precipitating factor, as well
as with genital tract infections.'® The EASE trials were
able to reduce the risk of DKA by including a low-dose
arm using empagliflozin at 2.5 mg daily. This resulted
in lower efficacy for reductions in Alc and insulin
dose, with no significant reduction in body weight
versus 10 mg or 25 mg dosing.™ SGLT2i use was also
associated with more time in range and less glucose
variability."

Summary and Interpretation

There is clear evidence that the addition of
NIAHAs can have beneficial effects for glycemic
control, without the adverse effects of body weight
gain and/or hypoglycemia, which would be expected
with insulin. Their adverse effects (AEs) are generally
predictable and manageable (Gl AEs with metformin
and GLP-1RAs; and genital infections with SGLT2is).
The risks of DKA with SGLT2is are finite but significant
and should prompt a pause, particularly because of
the dissociation between hyperglycemia and ketosis.
However, the question of why these agents have not
been licensed for use in T1IDM in Canada remains.

This may be due, in part, because of the current
glucocentric focus, such that the reductions in HbAlc
are perceived to be marginal and of limited clinical
significance. However, a key oversight is to view the
“small, incremental” reductions in body weight, insulin
dose and Alc as independent parameters. Clearly,
they are interdependent; however, the changes seen
with the addition of NIAHAs run counter to what would
normally be expected. An intervention that lowers Alc
while reducing both body weight and insulin dose is

surprising, but highly valued by patients. This may be
reflected in the improvements in patient quality of life
and treatment satisfaction observed in several clinical
studies but has been most striking in terms of the
strong preference of clinical trial participants to remain
on active drug at the conclusion of clinical trials of
NIAHAs—note that this is a personal observation.

Overall, there appears to be little or no increase in
hypoglycemia with these NIAHAs. Given the nature of
blinded trials, which may have included a treat-to-target
design, it may be easier to avoid hypoglycemia with
NIAHAs in clinical practice as there is no placebo, and
proactive adjustments to insulin doses can be made.

Apart from the treatment effects on Alc is the
desire to avoid complications and mortality. It is striking
that metformin seems to have some cardiometabolic
benefits that may be relevant to atherosclerosis. The
trials of GLP-1RAs and SGLT2is have not been of
sufficient duration to provide any clear information
about their benefits. An extremely important question,
however, is whether SGLT2i may have renal benefits in
T1DM subjects with diabetic nephropathy. A Canadian-
led study (SUGARNSALT) has been designed to answer
that question.™

Conclusion

Patients with T1DM desire and deserve more than
simply improved Alc. Mean blood glucose does not
adequately reflect how people feel. Blood glucose
variability, within and between days, is a major frustra-
tion and impediment which is better captured by
continuous glucose monitoring (CGM). Therefore, it
is intriguing that both GLP-1RAs and SGLT2is appear
to be associated with more time in range and less
glucose variability. Greater attention should be paid
to evaluating patient preferences and quality of life in
future studies of NIAHAs in T1DM, using more specific
instruments and/or qualitative methods.

Practical Next Steps

Clinical trials provide important information about
the safety and efficacy of new agents. Often, they
are designed to be broadly generalizable, but this
may overlook the fact that not all patients will benefit
equally. Therefore, an individualized, patient-centred
approach seems optimal from both an intellectual and
inter-personal perspective. Selective use of NIAHAs
in individuals struggling with weight gain, insulin
resistance and/or difficulty reaching glycemic targets
would be an obvious place to begin. Weighing the
risks of DKA in individuals and providing education
and tools for sick day management is important prior

Vol. 1, Iss. 2, June 2023



to initiating an SGLT2i. Adopting these agents for a
therapeutic trial, perhaps sequentially, could usefully
inform shared decision-making, while access, coverage
and side effects may limit therapeutic choices. While
T1DM patients do not have a choice about whether or
not to continue taking insulin, they can make choices
about whether or not continuing to take an NIAHA is
worth it to them, assuming that their physician admin-
istered it as a trial. While the Canadian Agency for
Drugs and Technologies in Health (CADTH) states that
“Marketing of off-label uses is prohibited,” it also notes
that “Off-label prescribing is allowed, and necessary
in some cases.”"” NIAHAs are not licenced for use in
T1DM; however, there is clear evidence from multiple
clinical trials that they can deliver meaningful results.
This supports careful and judicious off-label prescribing
with the objective of delivering optimal care to individ-
uals with T1DM.
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Introduction

Type 2 Diabetes Mellitus (T2DM) can no longer be
considered an adult chronic disease. The diagnosis of
pediatric T2DM is based on the laboratory criteria of
fasting plasma glucose =7.0 mmol/L; 2-hour plasma
glucose on a 75 g oral glucose tolerance test (OGTT)
=211.1 mmol/L; random plasma glucose =211.1 mmol/L;
or Alc 26.5% per Diabetes Canada.! It is important
to note that these criteria are based on extrapolations
from adult data, and have not been specifically valid-
ated in youth. The International Society for Pediatric
and Adolescent Diabetes (ISPAD) adds that the diagno-
sis should not be made on these laboratory criteria
alone, but should include symptoms of hyperglycemia
and negative islet auto-antibodies.?

A Canadian national surveillance study of pediat-
ric T2DM completed in 2010, has demonstrated a
minimum incidence of youth-onset T2DM of 1.54 per
100,000 children per year with significant regional
variation; the highest incidence was 12.45 per 100,000
children per year in Manitoba.? Youth-onset T2DM

disproportionately affected Canadian children from
high-risk ethnic groups, with 44% of new diagno-
ses occurring in the Indigenous, Asian, African and
Caribbean populations.?

Over the past twenty years, youth-onset diabetes
has been rising. In the United States, according to the
SEARCH for Diabetes in Youth Study, there has been
an annual increase of 7.1% observed across all age,
sex, race and ethnic groups.* The COVID-19 pandemic
has added further escalation in the incidence of youth-
onset worsening disease severity at presentation.’
New cases in the United States rose by 77.3% in the
initial year following the COVID-19 pandemic, vs in the
two years pre-pandemic. Furthermore, 21% of youth
presented with diabetic ketoacidosis or hyperosmolar
hyperglycemic syndrome vs previous estimates of 9%
pre-pandemic.® The SEARCH for Diabetes in Youth
Group projects that the number of youths with T2DM
will increase from 28,000 to 48,000 youth today, to
220,000 youth by 2060, with widening racial and ethnic
disparities among youth with T2DM.*
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Navigating the Heavy Burden
of Youth-Onset T2DM

Several pivotal studies show that youth-onset
T2DM has a more aggressive clinical course than adult-
onset T2DM.

Pancreatic B-cell failure
progresses more rapidly in youth than in adults
despite early treatment with metformin and/
or glargine.” Glycemic worsening occurred in
17.8% of youth vs 7.5% of adults within 12 months
(P=0.008) and in 36% of youth vs 20% of adults
within 21 months (P=0.002).

Youth with T2DM
develop microvascular and macrovascular
complications with shorter disease duration
than youth with T1DM and adults with T2DM.8
With a mean diagnosis at age 13.3 = 1.8 years,
the cumulative incidence of any microvascular
complication was 50% by 9 years and 80% by
15 years of disease duration. The cumulative
incidence of hypertension was 67.5%; dyslipidemia
was 51.6%,; diabetic kidney disease was 54.8%;
and peripheral neuropathy was 32.4%.% The
prevalence of retinopathy increased from 13.7%
to 51.0% between 5 years to 12 years of disease
duration.? Risk factors for the development of
complications included minority race or ethnic
group, hyperglycemia, hypertension, and
dyslipidemia.?

Microvascular and
macrovascular complications are statistically
higher in youth with T2DM versus those with
T1DM: diabetic kidney disease (absolute
difference [AD]: 14.0%); retinopathy (AD: 3.5%);
peripheral neuropathy (AD: 9.2%); arterial stiffness
(AD: 35.9%); and hypertension (AD: 11.5%)."°

There remains high all-cause
mortality among youth and young adults with
T2DM beyond that which occurs in youth with
T1DM, and the general population.™

Lessons from these studies suggest an urgent need
for improvements in our approach to managing youth-
onset T2DM.

Navigating Disease Management

Current pharmacologic management strategies are
centered around a limited number of clinical studies:
metformin,'? glimepiride,’ the Treatment Options for
Type 2 Diabetes in Adolescents and Youth (TODAY)
Study,' the ELLIPSE trial of liraglutide,’™ meta-analysis

of GLP-1RAs, ' DINAMO," and the pediatric arm of the
Restoring Insulin SEcretion (RISE) Study."®

There are a number of challenges in procuring
evidence-based data for the treatment of youth-onset
T2DM, including the high cost of operating random-
ized, placebo-controlled trials; lack of inclusive patient
engagement of ethnic minority groups; barriers in
access to clinical trial sites; strict study entry criteria;
and the high prevalence of psychosocial challenges
that impact patient participation. Advocates in the
field urge for the consideration and early adoption of
off-label antidiabetic agents."

Current guidelines from Diabetes Canada (2018),’
ISPAD (2022)? and the American Diabetes Association
(ADA) (2023)° have been developed based on the
current literature and clinical expertise. The objective of
youth-onset T2DM glycemic control is to achieve target
Alc of <7%.22° Lower Alc (<6.5%) can be targeted for
select populations: (a) recently diagnosed patients to
preserve their beta function; (b) youth who are able to
achieve significant weight loss by lifestyle changes; and
(c) youth managed on metformin only.?2°

Culturally sensitive, family-based lifestyle modifica-
tion in a safe healthcare setting free of stigma, shame
and blame is first-line treatment for T2DM. In selecting
pharmacotherapy, it is critical to balance achieving
optimal glycemic control (A1c <7%) and the prevention
of complications with avoidance of over-insulinization
and the prevention of weight gain.

Navigating Diabetes Education

Youth-onset T2DM is best managed by a multidisci-
plinary pediatric team with expertise in this cohort’s
unique dietary, exercise and psychological needs.
The treatment team should ideally include a pediatric
endocrinologist, certified diabetes educator, dietitian,
psychologist, and/or social worker, and an exercise
physiologist if resources permit.? Important considera-
tions for diabetes education delivery include:

A family-centered approach that focuses on the

family’s involvement; sharing responsibility and

self-management with family monitoring and
support using nonjudgmental, motivational and
supportive conversations;

Education using culturally appropriate material in
the patient’s/family’s first language;

Interpreter services and workforce diversity to
optimize communication;

Encouragement of self-management guided

by the patient’s/family’s level of confidence and
motivation;
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Consideration of group education to assist with
motivation and social networking;?
Consideration of hybrid in-person and virtual
models of care to improve access to care for
patients living in remote communities;?*?*
Education content should also extend to schools
to optimize support of diabetes management
among youth.2

Pharmacotherapy

Initial management: metformin and insulin

Metformin is used as the first-line drug of choice in
youth with ATc <8.5%, with minimal symptoms, and no
ketosis or acidosis, at a starting dose of 500 mg/day,
gradually increasing to 2,000 mg/day over four weeks
in order to minimize potential gastrointestinal (GI)
side effects. In youth with ketosis, A1c =28.5%, and no
signs of acidosis, metformin paired with long-acting
basal insulin (a starting dose of 0.25-0.5 units/kg) is
often effective in attaining metabolic control, while
minimizing excessive weight gain. The use of prandial
fast-acting insulin is now reserved for youth with T2DM
presenting in diabetic ketoacidosis (DKA) or hyperos-
molar hyperglycemic state (HHS) upon transition off
intravenous (IV) continuous insulin infusion.

Data emerging from the TODAY study indicates
that 90% of youth presenting with T2DM can be
successfully weaned off insulin and treated with
metformin alone.® Transition off insulin can usually be
achieved over two-to-six weeks by reducing the insulin
dose in 30-50% increments as the metformin dose is
increased.??

Subsequent therapy

If the Alc target of <7.0% is not achieved within
three-to-four months on metformin monotherapy,
additional second-line agents should be considered
(Table 1). While polypharmacy may not appear to be
the optimal treatment approach in youth who struggle
with compliance, it is the experience of many pediatric
endocrinologists that patients and their families are
motivated by the possibility of avoiding insulin."

Glucagon-Like Peptide-1 Receptor
Agonists (GLP-1RA)

The most recent ADA and ISPAD guidelines
recommend the consideration of GLP-1RAs if glycemic
targets are not met with metformin monotherapy (with
or without insulin) in children =10 years of age.?®
Diabetes Canada has not yet made this recommenda-
tion." There was clear benefit in A1c reduction reported
in the ELLIPSE trial assessing the safety and efficacy of
liraglutide.' This was corroborated in a meta-analysis
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of seven studies of GLP-1RAs™ and the AWARDS-PEDS
study of dulaglutide.?* Semaglutide was assessed
for the treatment of obesity in the STEP TEENS trial;
however no data was collected in those with youth-
onset T2DM.?® In adults with T2DM, GLP-1RAs have
been demonstrated to be both cardio- and reno-pro-
tective, while such impact has yet to be assessed in
youth. Given the previously stated data regarding
severe complications in youth-onset T2DM, it is vital to
consider early adoption of GLP-1RAs.

Health Canada has approved liraglutide for use in
youth age >12 years, whereas semaglutide has not yet
received this approval.

Sodium-glucose cotransporter-2
inhibitors (SGLT2is)

SGLT2is (dapagliflozin, empagliflozin and canagli-
flozin) are not yet Health Canada approved for
youth-onset T2DM. Phase 3 results of a clinical trial of
dapagliflozin in children and young adults with T2DM
determined that dapagliflozin safely lowers glucose in
this population (decreased Alc by 0.62% vs placebo).?
Empagliflozin also showed clinically significant reduc-
tions in Alc of 0.84% vs placebo at 26 weeks of treat-
ment; however, hypoglycemia was noted as an adverse
event in 77% of participants.” These agents represent
a potential treatment option for youth-onset T2DM.

Dipeptidyl peptidase 4 inhibitors (DPP4is)

DPP4is are not yet Health Canada approved for
youth-onset T2DM. Systematic reviews and recent
clinical trials of linagliptin do not show any advantage

of DPP4is for glycemic improvement in youth-onset
T2DM. 1727

Thiazolidinediones (TZDs)

TZDs are not yet Health Canada approved for
youth-onset T2DM. The addition of TZD (rosiglitazone)
to metformin decreased the risk for progression to
insulin requirement by 23% in youth in the TODAY
study.™ This class of medication has been associated
with a high risk of weight gain; this has limited its
widespread off-label adoption in the pediatric popula-
tion. Some experts report that it can be considered
viable for patients who cannot tolerate metformin or
for those for whom the cost of the newer agents is
prohibitive."

Combination medications

Tirzepatide is a dual GLP-1RA and glucose-depend-
ent insulinotropic peptide (GIP) receptor agonist that
has been shown to cause substantial weight loss in
adults, with improvement in Alc of 1.07%.%¢ An ongoing
clinical trial is being conducted to demonstrate the
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Class Mechanism of action ya“.“es and
osing
GLP-1RA Increasing insulin Liraglutide
secretion (1.8 mg SC daily)
Suppressing glucagon
Prolonging gastric
emptying and
promoting satiety
Semaglutide
(1.0 mg SC daily)
Dulaglutide
(0.75 or 1.5 mg SC
weekly)
Exenatide
(2 mg SC weekly)
SGLT2i Inhibits renal tubular Canaglifozin
reabsorption of glucose, (100-300 mg/day)
leading to increased Dapagliflozin
urinary glucose loss, (10 mg/day)
relduction indseru.mh | Empagliflozin
glucose, and weight loss | (10 o5 mg/day )
Ertugliflozin
(15 mg/day)
DPP4i Inhibits the enzyme that Linagliptin
breaks down GLP-1, (5 mg/day)
resulting in higher
concentrations of GLP-1
TZD Binds to nuclear PPAR Pioglitazone
gamma, ubiquitous (15 mg/day;
orphan steroid receptors can increase to
abundant in adipocytes 30 mg/day)
Increases insulin 45 mg/day dose
sensitivity in muscle, available

adipose, and liver tissue

Impact on weight

HbA1c impact Cost
management
ELLIPSE trial: ELLIPSE trial: High; variable
reduction of 0.64% | mean difference of coverage
in HbA1c; 1.3 kg after 26 weeks in Canada
63.7% of patients depending on
in liraglutide group province
achieved HbA1c
values <7.0%
No pediatric data STEP-TEENS trial:
available BMI from baseline to
week 68 was -16.7%
estimated difference;
73% had weight loss of
5% or more
AWARDS-PEDS: No significant change
reduced HbA1c by | in body weight noted at
0.9% 26 weeks of treatment
Reduced HbA1c by | No significant change
0.85% in body weight noted at
24 weeks of treatment
Dapapgliflozin: DINAMO trial: Moderate
Reduced HbA1c by | No impact on weight
0.5% at 24 weeks
Empagliflozin:
Reduced HbA1c by
0.85%
DINAMO trial: DINAMO trial: Moderate
No impact on No impact on weight
HbA1c
0.5-1.3% HbA1c Weight gain noted Low to
reduction Moderate

Table 1: Summary of current pediatric literature in use of off-label second-line anti-hyperglycemic agents.

Adapted from ISPAD 2022 guidelines.

metabolic and weight reduction effects of tirzepatide
in adolescents (National Library of Medicine, NCT
number: NCT05260021).

Bariatric Surgery

Bariatric Surgery in the post-pubertal adolescent
population can be an effective tool for the remission of
T2DM.22 Five years after bariatric surgery, adolescents
were 1.27 times more likely to have remission of T2DM
vs adults five years post-surgery.?

Vol. 1, Iss.

Nutrition

The involvement of a dietitian for initial T2DM
education and subsequent management is key to
achieving target glycemic control and working toward
remission. Nutritional therapy should be aimed at youth
and their family including all those involved in creating
the child’s food environment. A balanced approach
is recommended; there are no data to support very
low calorie, low carbohydrate or ketogenic diets, nor

2, June 2023



intermittent fasting, in youth with T2DM. Diet modifi-
cation should incorporate:’?2°

Eliminating sugar-sweetened soft drinks and juices

Reducing the intake of foods made from refined,
simple sugars and high-fructose corn syrup
Limiting intake of high-fat and/or calorie dense
foods

Reducing the intake of processed, prepackaged
and “convenience” foods

Understanding healthy portions sizes

Reducing meals eaten away from home and in fast
food restaurants

Increasing vegetable and fruit intake

Replacing enriched white rice and white flour with
brown rice and whole grains with a lower glycemic
index to promote the gradual absorption of
glucose with meals

Healthy parenting practices and promoting
parental modelling of healthy eating habits, while
avoiding an overly restrictive food intake

Encouraging healthy meal practices such as eating
on schedule, in one place, preferably as a family
unit, and with no other activity (use of computers
or studying)

Use of educational materials on nutrition; healthy
plate models that include ethnically diverse foods

Ongoing patient assessment for unhealthy eating
habits is recommended given the increased risk for
eating disorders in youth with T2DM.* It is advisable
to incorporate the use of regular screening questions
for all youth regardless of gender and BMI, in particu-
lar, in youth reporting body dissatisfaction; history of
dieting; history of depression; poor glycemic control;
missed clinical appointments; recurrent episodes of
DKA; recurrent hypoglycemia secondary to intentional
medication overdose; and dietary manipulation.?'

Nutritional recommendations should also be
provided under the practical lens of household food
security, housing stability, access to fresh water, barriers
to accessing fruits and vegetables due to climate
change, and family financial resources.

Physical Activity

Regular daily physical activity is an integral part of
all diabetes management plans for improving glycemic
control, reducing cardiovascular (CV) risk factors,
contributing to weight loss, and improving mental
health. Youth are encouraged to target 60 minutes
of moderate to vigorous physical activity daily, with
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strength training at least three days per week.? Key
considerations for youth with T2DM include:
Promote physical activity as a family event,
including daily efforts to increase body movement,
such as using stairs instead of elevators, walking
or cycling to school and shopping outings, and
doing house and yard work

Encourage physical activity with positive
reinforcement and avoid the use a punitive
measure as a means to address the intake of high-
fat and/or calorie dense foods

Reduce sedentary on-screen time to less than two
hours per day

Physical activity targets should be specific, negoti-
ated, enjoyable, and sensitive to family resources.?
Clinical assessment of physical activity should include
an understanding of the youth’s community, physical
environment and neighborhood walkability scores.
There is also emerging data to suggest that technol-
ogy-based interventions such as active video games
can improve dyslipidemia and result in weight loss.*
Effort should also be made to draw on cultural traditions
when trying to promote physical fitness.* Recent publi-
cations have supported the use of Bhangra dancing, for
example, to improve cardiovascular respiratory profiles,
dyslipidemia and insulin resistance.?

Psychosocial Considerations

Psychosocial factors constitute a major challenge
in implementing pharmacotherapy and lifestyle behav-
iour change in youth with T2DM.* Youth-onset T2DM
disproportionately affects visible ethnic minorities living
in poverty,® individuals in food insecure households,*
and those exposed to structural racism.*” Treatment
recommendations should be individualized to consider
the cultural, social, geographic and economic barriers
to implementing behavioural change.

Youth with T2DM should be screened for psych-
ological comorbidities including depression, anxiety,
weight stigma, diabetes distress, and disordered
eating at diagnosis and at regular follow-up inter-
vals.23® These factors can create a barrier to lifestyle
modifications leading to sedentary lifestyles, disturbed
sleep patterns, poor medication adherence, and
excessive snacking. The selection of weight-neutral
antidepressant medications is recommended when
treating depression or other mental health conditions
in adolescents with T2DM.2

This highlights the importance of the early inclusion
of social worker support, the creation of pathways for
accessing support groups, and psychologists.
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Complications/
Comorbidities

Hypertension

Dyslipidemia
(high plasma
triglycerides,
low HDL-C, and
high LDL-C)

Nephropathy

Retinopathy

Neuropathy

NAFLD

OSA

PCOS

Psychosocial
Health

Screening Test

Blood pressure using
appropriately sized cuff

Fasting lipid profile

Urine albumin to creatinine
ratio (ACR)

Comprehensive eye
examination with dilated
pupils or retinal photography
by optometrist or
ophthalmologist

Clinical history of symptoms
(numbness, pain, cramps,
and paresthesia); tests of
vibration sense, light touch,
and ankle reflexes

ALT, AST

Clinical history of snoring,
sleep quality, apnea,
morning headaches, daytime
sleepiness

Clinical history of
menstrual cycle irregularity
and evidence of
hyperandrogenism

Clinical history of depression,
disordered eating, food
security, smoking, vaping,
drugs, alcohol use, sexual
activity, school support and
family financial concerns

Screening
Interval

At every visit

Yearly, starting
at 3 months
after diagnosis

Yearly, starting
at diagnosis

Yearly, starting
at diagnosis

Yearly, starting
at diagnosis

Yearly, starting
at diagnosis

Yearly, starting
at diagnosis

Yearly at
diagnosis in
post-pubertal
girls

At every visit

Initial Treatment

Aim for weight loss

Diet: limitation of dietary salt to <2300 mg/day, initiate
DASH diet

Increase physical activity to 1 hour daily

Start ACE inhibitor or ARB if no improvement within

6 months

Referral to pediatric nephrology as required

Optimize HbA1c <7%

Diet: limit saturated fats, avoid trans fats, improve fiber
intake, lower intake of simple sugars and sugar sweetened
beverages, increase intake of omega-3

Increase physical activity to 1 hour daily

Monitor lipid levels every 3—6 months

Start statins to lower LDL-C if no improvement after

6 months of dietary modification

Start fibrates to lower triglycerides if no improvement after
6 months of dietary modification

Elevated spot value occur secondary to contamination,
exercise, smoking, menstruation, infection and orthostasis.
Document 2-3 a.m. urine ACR immediately after rising
Consultation with pediatric nephrology if persistently
elevated ACR >30 mg/mmol

Optimize HbATc <7%

Ensure treatment of dyslipidemia and hypertension if
present

Ongoing close follow-up with ophthalmologist

Optimize HbA1c <7%

Ensure treatment of dyslipidemia, optimize HDL-C
Counsel on avoidance of smoking and smoking cessation
(if applicable)

Referral to pediatric neurologist if symptomatic

Optimize HbA1c <7%

Consider optimizing diabetes medications; glitazones and
GLP-1RA can improve liver enzymes

Consider need for liver ultrasound

Consult pediatric gastroenterologist if ALT and AST

>3 times normal reference range over 6 months to exclude
other causes of liver enzyme elevation via imaging and/or
liver biopsy

Confirm diagnosis with referral to a sleep specialist for
sleep study; nocturnal pulse oximetry can be an initial useful
evaluation if there is limited access for a sleep study

Optimize HbATc <7%

Diet: engage in dietary changes towards weight loss
Increase physical activity to 1 hour daily

Start OCP to assist with menstrual irregularity and
symptoms of hyperandrogenism as adjunctive therapy

Engage regular follow-up and monitoring with social worker
and mental health resources

Table 2: Navigating complications and comborbidities associated with youth onset T2D. Courtesy of Dr. Sanjukta Basak.
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Navigating Additional Barriers
to Management

Other factors unique to youth include pubertal
insulin resistance, which often leads to prescribing
large doses of insulin; this, in turn, promotes weight
gain. In addition, the development of the adolescent
brain is associated with compliance challenges. Often,
youth with T2DM have multiple family members with
T2DM and diabetes-related complications, creating
additional logistical barriers as they manage multiple
family appointments, and the added costs of diabetes
medications and supplies. Youth may face additional
challenges of caring for family members while trying
to manage their own diabetes. Youth with diabetes
may also present with additional comorbidities such
as polycystic ovary syndrome (PCOS), non-alcoholic
fatty liver disease (NAFLD), hypertension, obstructive
sleep apnea (OSA), and dyslipidemia, which can lead
to further setbacks in coping with disease and quality
of life burdens. From a financial perspective, there is
a scarcity of Health Canada-approved medications for
use in pediatric T2DM, leading to barriers in coverage
by provincial healthcare plans and extended health
care benefits.

Navigating Co-Morbidities Associated
with Youth-Onset T2DM

Centralizing the care of T2DM patients and
diabetes-related complications is the optimal approach
for successful patient engagement and outcomes. As
pediatric education centres evolve toward specialized
pediatric T2DM clinics, it is critical to ensure that
pathways for screening and investigation, as well as
for the management of hypertension, dyslipidemia,
nephropathy, retinopathy, NAFLD, OSA, PCOS, and
referrals, are developed for efficient patient care
(Table 2).

Conclusion

Youth-onset T2DM is clinically complex and aggres-
sive, with a high burden of disease. Poor glycemic
control and high rates of complications in youth-onset
T2DM persist despite management with metformin
and insulin. It is important to balance achieving optimal
glycemic control (Alc <7%) with the prevention of
complications from over-insulinization, and the preven-
tion of weight gain. Limited Health Canada-approved
tools exist for the treatment of pediatric T2DM. We
need to consider safe, early adoption of off-label
medications for this patient population.
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Introduction

Exercise and physical activity are associated with
many benefits for individuals with type 1 diabetes (T1D),
including increased longevity and a decrease in the
incidence/severity of diabetes-related complications.'?
Unfortunately, these activities (and aerobic exercise
in particular) also increase the risk of hypoglycemia
and glycemic variability, both of which act as barriers
to being more active in this population.? Resistance
exercise is an often-overlooked activity, as historically it
has been seen in training reserved for elite athletes. For
individuals with T1D, it is associated with a multitude
of benefits including a reduced risk of hypoglycemia
during activity.*> With improved insulin formulations
and rapid increases in technology to manage T1D,
people with this condition are living longer, healthier
lives. This article describes the many reasons why
resistance exercise should be a part of this longevity.

Benefits of Longer-Term Resistance Training

Resistance exercise is generally described as
using muscular contraction against an external force.
This force can be provided by body weight, resist-
ance bands, weight-lifting machines or free weights.
The benefits of resistance exercise in people without
diabetes include increases in skeletal muscle mass,

strength and endurance, improvements in insulin
sensitivity, decreases in visceral fat, an enhancement of
cardiovascular health (in particular through reductions in
blood pressure), increases in bone mineral density, and
an ameliorated lipid profile.® Most of these benefits are
also seen in people with T1D, although recent evidence
may suggest that performing resistance exercise may
not lead to improvements in average blood glucose
levels as measured by HbA1c.*’

Acute Glycemic Effects of Resistance Exercise

Due to its reliance on blood glucose as a fuel
source, aerobic exercise (activities involving repeated
contractions of large muscle groups over extended
periods of time, e.g. walking, swimming, cycling, etc.)
relies on lipids and blood glucose to fuel activity. This
selection of fuels produces large declines in blood
glucose during aerobic activity in individuals with
T1D, leading to a greater risk of hypoglycemia during
activity. In contrast, higher intensity (anaerobic) activ-
ities, have a greater reliance on hepatic and muscular
glycogen stores.®> As a result, there is a tendency for
smaller blood glucose declines during anaerobic
activity, albeit with the potential for more post-exercise
hypoglycemia.>®

The acute glycemic effects of resistance exercise
in people with T1D have only recently been examined.
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In 2013, using a repeated measures design, Yardley
et al showed that late afternoon resistance exercise
produced a smaller decline in blood glucose levels
than a comparable duration of moderate aerobic
exercise performed at the same time of day in physic-
ally active individuals with T1D.* To the extent possible,
the authors controlled for food intake (self-selected
but repeated over three days of monitoring for each
exercise session), insulin adjustments (self-reported)
and background physical activity (measured by pedom-
eter). While blood glucose decreased less during
exercise, post-exercise continuous glucose monitoring
revealed a greater amount of hypoglycemia overnight
after resistance exercise, likely due to the replenish-
ment of glycogen stores.®

Not long after this initial publication, Turner et al
found an increase in blood glucose levels in individ-
uals with T1D performing a similar resistance exercise
protocol.” It has recently been shown that this differ-
ence can be attributed to the fact that participants in
the Turner study were exercising after an overnight fast.
Using a repeated measures design, Toghi-Eshghi and
Yardley (2019) compared the response of a group of
participants with T1D to an identical resistance exercise
protocol performed once in the fed state (around
5 p.m.) and once in the fasted state (around 7 a.m.)
to replicate the scenarios from the previous studies.
They found that intra-individual blood glucose was
more likely to increase during fasted morning resist-
ance exercise, while it decreased when the same
protocol was performed later in the day.”® As such,
performing resistance exercise while fasted can be
advised for individuals with T1D for whom the fear of
hypoglycemia is a major barrier to being active. The
physiology behind these blood glucose responses to
fasted exercise are described in detail elsewhere."

An additional glycemic benefit to performing
resistance exercise is that it may slow or prevent large
blood glucose declines during subsequent aerobic
exercise. In a crossover study of afternoon exercise
(protocols performed at 5 p.m.), participants with
T1D experienced a delayed, and slower, decline in
blood glucose levels during 45 minutes of aerobic
exercise when it was performed after 45 minutes of
resistance exercise.' Conversely, large blood glucose
declines were immediately evident when aerobic
exercise was performed first. As a result, if individuals
with T1D approach a combined exercise session with
blood glucose levels in a higher than desired range,
performing aerobic exercise first may be beneficial.
Conversely, if blood glucose levels are lower and there
is a concern that hypoglycemia may occur, performing
resistance exercise first may be the safest option.

It is also important to note that there may be
sex-related differences in blood glucose responses to
resistance exercise in people with T1D. A secondary
analysis by Brockman et al showed that male partici-
pants had both a greater blood glucose decline during
resistance exercise, and developed more hypogly-
cemia in the six hours following exercise.'® However,
the authors note that these differences may be due
simply to differences in body composition (males
tend to have more muscle mass than females) and the
amount of work performed (males lifted more weight
than females, even if it was of similar intensity relative
to the participants’ maximum lifting ability). A recent
cross-sectional study also indicated that gender-related
(behavioural) differences in glycemic management
strategies around exercise are likely to exist for those
with T1D and, as such, it is possible that the differences
in blood glucose responses (in particular post-exercise),
may be the result of different management strategies in
women and men.

Frailty Prevention

Due to recent improvements in insulin agents
and diabetes technology, people with T1D are living
longer, healthier lives. However, recent studies show
that as they age, individuals with T1D lose muscle
mass and quality faster than matched controls without
diabetes.” There is also evidence to indicate that
bone strength (whether due to bone density or bone
quality) also decreases faster, thereby increasing the
risk of fractures.’ These two factors combined elevate
the risk of frailty in older individuals with T1D. As
such, it is essential for individuals with T1D to perform
weight-bearing and resistance exercise throughout
their lifespan to offset diabetes-related declines in
strength, bone health and functional mobility.

While data from individuals with T1D are currently
lacking, early adoption of these activities in those
without diabetes, even in small doses, can lead to
higher peak muscle strength/mass and higher bone
density/quality, from which the eventual age-related
declines will occur.”'® In people without diabetes,
those who perform resistance exercise and high-im-
pact activities tend to have a slower loss of muscle
and bone with aging.'® Studies of older adults show
that it is still possible to gain strength by performing
resistance exercise."”” Further research is necessary
to determine if these benefits are as pronounced in
individuals with T1D.
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Gaps in the Research

It is important to note that the research to date
on the acute glycemic effects of resistance exercise
in people with T1D has involved only one type of
resistance exercise protocol—one that is designed to
build muscle mass (performing 3 sets of 8 repetitions).
Several types of resistance exercise protocols exist,
each stimulating different physiological adaptations.
High-volume, low-resistance protocols are designed to
increase muscular endurance and are likely to have a
greater contribution of aerobic metabolism. As such,
they may be associated with greater blood glucose
declines, but less post-exercise hypoglycemia. Very
low-volume, high-resistance protocols favour neuro-
logical adaptations to produce more powerful muscular
contractions. These activities may, therefore, be reliant
to an even greater degree on glycogen as a fuel source.
At this stage, however, potential glycemic responses
are purely speculative.

There is also very little known about how differ-
ences in age, sex and physical fitness may affect blood
glucose responses to resistance exercise. Research in
individuals without T1D show that these physiological
factors can affect fuel selection during different types of
exercise.?® Whether or not their effect is potent enough
to influence blood glucose responses to resistance
exercise in T1D (where synthetic insulin also plays a
very dominant role) has not been fully elucidated.

Conclusion

Resistance exercise is associated with many health
benefits for people with and without diabetes. With more
predictable and smaller blood glucose changes during
exercise, there is often less need for insulin adjustments
prior to exercise and a lower need for carbohydrate
supplementation when it is being practiced by those with
T1D. The former is important for overcoming a barrier to
exercise in those with unpredictable schedules, while the
latter is important to those who are exercising for the
purpose of weight maintenance or weight loss. Overall,
for individuals with T1D, performing regular resistance
exercise should be seen as a means to maintain overall
health and physical function, thereby creating a higher
quality of life with aging.
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The Challenge of Patient Access
to Specialty Healthcare

Access to specialty healthcare care remains a
major issue for many Canadians.” Not only are wait
times long, but other barriers contribute to inequitable
access. These include the patient’s ability to attend
appointments (e.g. related to transportation difficulties
and/or cost), and the ability of some patients to partici-
pate in an appointment (e.g. due to cognitive impair-
ment, mobility challenges, loss of wages, or degree of
comfort with a new provider).

Informal consultations between healthcare provid-
ers have always played a role in healthcare access. The
“call a colleague” approach works well when a practi-
tioner is able to contact a colleague by telephone and
an established network of specialists exists; however,
it is inefficient, does not facilitate record-keeping for
medico-legal purposes and follow-up, and is not
remunerated. One way to help address these obstacles
is through inter-provider electronic consultations
(eConsults).

Dr. Erin Keely is an Endocrinologist at the Ottawa Hospital and a Full
Professor at the University of Ottawa’s Department of Medicine. She is
the co-founder of the Champlain BASE eConsult service and Co-Executive
Director (specialist lead) of the Ontario eConsult Centre of Excellence.

Dr. Clare Liddy is the Chair and a Full Professor at the University of
Ottawa’s Department of Family Medicine with a University of Ottawa
Research Chair in eConsult and Primary Health Care Delivery. She is the
co-founder of the Champlain BASE eConsult service and Co-Executive
Director (primary care lead) of the Ontario eConsult Centre of Excellence.

The Ottawa Hospital; University of Ottawa

Definition of an eConsult

An eConsult is a process whereby a physician or
nurse practitioner engages in a secure, asynchronous,
electronic dialogue with a specialist to manage non-ur-
gent patient care, often without the need for a patient
consultation with a specialist. There is no patient
interaction, distinguishing it from a virtual patient
visit in which the clinician would either have a call or
a video session with a patient. The referring provider
supplies the relevant clinical information which may
include lab test results, images and medication history,
and asks a specific clinical question. The responding
clinician provides appropriate guidance in response to
the information provided. As a general rule, specialists
should decline to provide advice through an eConsult
if they feel that the available information is inadequate
or outside their scope of practice, or if an in-person
patient consultation is needed to provide the appro-
priate advice.

eConsult services frequently allow back-and-forth
dialogue allowing the specialist to gather additional
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information from the requesting provider, and enable
the requesting provider to seek clarification from
the specialist. It is the responsibility of the request-
ing provider to decide if they will act on the advice
provided by the specialist and to share the advice
received with the patient. The information exchange
between providers is documented and retrievable
unlike telephone consultations.

Currently, there are two funded eConsult platforms
available in Ontario (www.econsultontario.ca): The
Champlain eConsult Building Access to Specialists
through eConsultation (BASE™) service on the
SharePoint platform, and the eConsult service on
the Ontario Telemedicine Network (OTN) hub. More
than 100,000 eConsults were responded to in the
past year, by more than 120 different specialty servi-
ces. Approximately 6% of these were directed to
endocrinology.

eConsults are now recognized as a standard
of practice by the Royal College of Physicians and
Surgeons of Canada and the Canadian College of
Family Practice. All of the Canadian provinces, with the
exception of Saskatchewan and PEI, have developed
and implemented multispecialty eConsult programs to
some degree.

The Benefits of an eConsult

The utilization and impact of eConsults encom-
passing the four objectives of the Quadruple Aim
outlined in Table 1 have been documented in multiple
publications.?

In addition to shortening the time required to
obtain specialist advice from several months in some
situations to less than a week, the direct interaction
between primary care providers and specialists has
been shown to carry other benefits:

* Enhanced professional respect and collaboration;

* Prompted learning for primary care providers and
specialists;

* Improved efficiency by avoiding “telephone tag”;

* Improved documentation compared to that of
other types of informal consultations.

Surveys of patients who have waited for an
endocrinology referral and those who have had an
eConsult conducted on their behalf also support the
eConsult option.?*

Primary care providers are generally appreciative
of being able to access specialist advice through
eConsults. However, some primary care providers
have raised the issue of increased workload as the
follow-up required transfers the responsibility from the
specialist to the referring provider.® It is important to

Better Population Health

eConsult cuts response times from months to days
(0.9 days median)

Two-thirds of cases did not require a face-to-face
specialist referral

Exploration of specific populations (e.g. chronic pain
patients, pharmacists) reveal high value of service

Improved Patient Experience

eConsult responds to previously articulated patient
dissatisfaction with wait times

Interviews with patients reveal high satisfaction
with eConsult’s impact on access, care quality, and
continuity of care

Lower Costs
Across specialty groups, the service cost is a
weighted average of $47.35/case vs. $133.60/case

for traditional referrals

Costs drop dramatically after the startup period,
reaching ~$6.45/case by year 3

Further savings that account for societal costs are
estimated at ~$11 per eConsult

Improved Provider Experience

PCPs rank eConsult as high/very high value in over
90% of cases

94% of specialists report eConsult improves
communication with PCPs

eConsult provides a powerful teaching tool for PCPs
Exploring Policy/Implementation Issues

eConsult services remain relatively uncommon in
Canada

Implementation of a successful service requires
adherence to key steps

A number of legal and policy challenges must
be addresses to support the full and effective
implementation of eConsult services

Table 1: The evidence base for Champlain BASE.?
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Subject area of clinical questions

Thyroid 36%

Bone 15%
Diabetes 12%
Reproduction 9%
Adrenal 6%
Other 12%

Table 2: Clinical questions asked through eConsult.

note that eConsult is designed to support primary care
and that eConsult services can be integrated into the
referral-consultation pathways.

Expectations of Specialists
Participating in eConsult Services

Specialists who chose to participate in eConsult
services must be committed to providing timely,
high-quality responses to primary care provider
inquiries.”®

The key factors of a high-quality response include:

* Recommendations specific to the individual
patient (when possible)

* Recommendations that are actionable/within the
scope of the referring provider

* Details enabling the primary care provider to
easily follow suggestions (e.g., medication dose/
titration, resources for medical investigations)

* Educational clinical pearls (e.g., the rationale for
the recommendations)

* Anticipatory guidance (e.g., next steps if recom-
mendations are not effective, when to re-refer
patients)

* Resources available in the community
* A professional/supportive communication style

Types of Questions Addressed to
Endocrinologists through eConsult

Several clinical studies in various medical special-
ties have demonstrated that endocrinology is one of
the specialties most commonly requested through
eConsult services.”"" One retrospective study reviewing
faxed referrals to an endocrinology tertiary care centre,
suggested that 25% to 27% of referrals were potentially
amenable to being answered through eConsult.'

Three clinical studies have investigated the types of
clinical questions asked through eConsult (Table 2).731

Tran et al. (n=464)

29

Anderson et al. (n=x) Wasfy et al. (n=92)

44% 30%
2% 29%
10% -

11% 14%
7% 18%
13% 8%

In one study, the type of clinical question was also
assessed; the results revealed these as drug treatment
(33%), diagnosis (28%), more than one question (18%),
and non-pharmacological management (14%)."

Two additional clinical studies have investigated the
specific endocrine conditions of thyroid biopsies and
osteoporosis.”'® A retrospective study of 302 thyroid
fine needle biopsies where endocrinologists’ input was
received through eConsult showed that the biopsies
with an eConsult had faster work-up times and similar
concordance with clinical guidelines compared to
patients seen in person.’” In another study of veterans
with a recent fracture, an eConsult note by a metabolic
bone specialist sent to the primary care provider with
specific recommendations for management showed a
modest increase in prescribing rates of bisphosphon-
ate, bone density studies, calcium/vitamin D."

The Impact of Endocrinology
eConsults on Requesting Primary
Care Providers and Specialists

As part of the Champlain BASE eConsult service,
before closing a case, requesting primary care provid-
ers complete a mandatory survey containing four
questions (impact on need for referral; impact on
course of action for the patient; educational value;
and whether this topic should be included in a future
Continuing Professional Development [CPD] event).
These surveys have revealed that in Ontario, for cases
directed to endocrinology, the referring PCP origin-
ally contemplated a referral but no longer felt it was
needed in 44% of cases (i.e. referral was avoided).
In 22% of cases, a referral was contemplated and was
still needed; and in 31% of cases, a referral was not
contemplated and was still not needed. In 3% of cases,
a referral was originally not contemplated and will now
be sent, thereby avoiding a delay in patient referral.
This impact on the need for referrals was shown to
be consistent with that in other medical specialties.
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. PCP makes referral

Thyroid
(n=97)

Bone
(n=41)

Reproduction
(n=36)

Diabetes
(n=31)

Adrenal
(n=19)

0%

20%

40%

. Other

. Referral avoided

60% 80% 100%

Figure 1: Referral rates according to medical specialty.

Referrals were avoided most frequently for thyroid and
adrenal cases (Figure 1).

In 60% of cases, the requesting provider received
a recommendation for a new or additional course of
action, which confirms that the patient’s treatment was
directly affected by the eConsult advice received.’
Requesting primary care providers ranked 93% of
cases as having high educational value and suggested
that 66% of cases were an important clinical problem
to include in future CPD initiatives. For the Ontario
eConsult services, the specialist provides a self-re-
ported billing time record. In 48% of cases, the time
billed was <10 minutes; in 34% it was 10-15 minutes;
and in 16% it was >15 minutes. The time billed was
lowest for thyroid, bone and diabetes questions.™

Summary

In light of the challenges involved in accessing
specialty healthcare, as well as burnout within the
primary care sector, it is important that specialists find
innovative ways to support primary care by building
their capacity and confidence in managing less complex
conditions. Provider to-provider eConsults initiated by
primary care have been shown to be highly accept-
able and impactful in improving the care of patients
with endocrinological problems in Ontario. eConsults
provide support and education to requesting primary
care providers, and empower them to confidently
address clinical issues.
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