Recognition and Management

of Hypoglycemia

Jay H Shubrook, DO, FAAFP, FACOFP

“Hypoglycemia is the major limiting factor in the
glycemic management of type 1 and type 2 diabetes.”

—American Diabetes Association'

(ADA) comes as no surprise to family physicians.
People with diabetes, their families, and physicians
all regularly share concerns about hypoglycemia. These
concerns are well founded. More than 30% of patients with
type 1 diabetes mellitus (T1D) annually experience 1 to 3
episodes of severe hypoglycemia, ie, low blood glucose char-
acterized by altered mental and/or physical status requiring
assistance.? For people with type 2 diabetes mellitus (T2D),
approximately 50% experience hypoglycemia, and 20% have
>1 episode of severe hypoglycemia per year.* In 2016, hypo-
glycemia was the reported cause for 235,000 emergency
department (ED) visits.* Of these, 22.3% were admitted to
the hospital and <0.1% died. Another study found that, in
patients with T1D since childhood who died over 24 years of
follow-up, hypoglycemia was the cause in 10%.5
Wider use of continuous glucose monitoring (CGM)
provides for a more accurate assessment compared with
relying on symptom recognition or self-monitored blood
glucose and has resulted in greater insight into the true fre-
quency of hypoglycemia.®” A recent analysis of 2 trials involv-
ing 307 adults with T1D treated with multiple insulin injec-
tions per day, and with glycated hemoglobin (A1C) <9% to
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10%, showed that patients were hypoglycemic >1 hour per
day.? Patients spent a median of 22 minutes/day with a
blood glucose <54 mg/dL, and 72 minutes/day with a blood
glucose <70 mg/dL. In patients with T2D (N=108) treated
with insulin and/or oral medications, a prospective evalu-
ation showed that 49% experienced >1 hypoglycemic epi-
sode (mean 1.74 episodes) over a 5-day period.® Of these
patients, 75% experienced >1 asymptomatic hypoglycemic
episode.

Hypoglycemia may not be recognized if it occurs during
the night or in patients with hypoglycemic unawareness.
Similarly, episodes are likely to be missed despite periodic
daily monitoring using finger sticks, especially in persons
with wide glycemic variability. Moreover, the risk of severe
hypoglycemia occurs similarly, across the range of A1C
levels, although the reason for this is unclear. The Diabe-
tes and Aging Study showed that the prevalence of severe
hypoglycemia was 12% in persons with A1C <6%, 11% in
persons with A1C 7% to 7.9%, and 14% in persons with A1C
29%.10

A wide variety of patient factors contribute to an
increased risk of hypoglycemia. These include longer dura-
tion of diabetes, older age, history of recent severe hypogly-
cemia, chronic kidney disease, and tight glycemic control.'***
Medications such as sulfonylurea, meglitinide, and basal
insulin, particularly at doses >0.5 units/kg per day, are com-
mon causes of hypoglycemia.* Lifestyle factors such as a
variable eating, administering insulin after meals, drinking
alcohol, and vigorous or unexpected exercise also increase
the risk of hypoglycemia.'"**

The consequences of hypoglycemia extend well beyond
ED visits and increased health care resource utilization. Peo-
ple feel bad when they are hypoglycemic and these spells
may lead to suboptimal treatment adherence, resistance to
intensifying treatment, diabetes distress and reduced quality
of life among patients and families/caregivers, higher mor-
tality rate, diminished academic performance, and possibly
diminished cognition.>'**® A key consequence of suboptimal
treatment or scheduled adherence, as well as resistance to
intensifying treatment, is that patients remain on subopti-
mal glucose-lowering therapy. Thus, patients are exposed
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TABLE 1. Physiologic responses to hypoglycemia'=°

Plasma glucose (mg/dL) | Physiologic response Function in hypoglycemia
Primary: Decreased insulin secretion First physiologic defense against hypoglycemia. Primary
80-85 Secondary: Increased glucose production; glucose regulatory factor
decreased glucose uptake by insulin-sensitive
tissues
Primary: Increased glucagon secretion Second physiologic defense against hypoglycemia. Primary
Secondary: Increased glucose production glucose counterregulatory factor
Primary: Increased epinephrine secretion Third physiologic defense against hypoglycemia. Critical
Secondary: Increased glucose production; when glucagon is deficient
increased renal gluconeogenesis; decreased
65-70 insulin secretion; decreased glucose uptake by
insulin-sensitive tissues
Primary: Increased cortisol, growth hormone Not critical, slower counterregulatory factor
secretion
Secondary: decreased glucose uptake by
insulin-sensitive tissues
50-55 Neurogenic symptoms Prompt behavioral defense of food intake
<50 Neuroglycopenic symptoms Compromised behavioral defense

to frequent postprandial hyperglycemia, prolonged basal
hyperglycemia, reduced blood glucose time-in-range, and
increased glucose variability that may further accelerate the
dire clinical consequences of diabetes.

DEFINITIONS & SYMPTOMS

CASE SCENARIO

KT is a 64-year-old woman diagnosed with T2D 7 years ago.
She presents today with her husband after having experienced
an episode of severe hypoglycemia during the night 2 days ago
that awakened her husband. She was making unusual sounds
and when her husband tried to wake her, she was incoherent; her
blood glucose was 50 mg/dL. She was transported to the local
ED where she was treated, held for observation, then released.
Her husband is worried that this may be happening more often
and wonders if he should be checking her blood glucose during
the night.

Hypoglycemia criteria were reclassified in 2017 by a
panel of medical, patient, and charitable organizations.”
Level 1 hypoglycemia is a blood glucose level < 70 mg/dL,
and is a threshold generally recognized for the activation of
neuroendocrine responses to decreasing blood glucose lev-
els (TABLE 1).% If blood glucose levels <70 mg/dL recur, some
patients with diabetes mellitus begin to experience hypogly-
cemia unawareness around this level. Level 2 hypoglycemia
is a blood glucose <54 mg/dL, and is a threshold when neu-
rogenic (autonomic) and neuroglycopenic symptoms may
increase in severity and at which immediate treatment is
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required. Level 3 hypoglycemia is a severe event character-
ized by altered mental and/or physical functioning requiring
assistance from another person, or who are unable to take
fast-acting oral carbohydrate during hypoglycemia."* It is
important to note that level 3 hypoglycemia is not defined by
a specific blood glucose level, and it should be considered a
life-threatening event that requires both prompt and defini-
tive intervention.

Signs and symptoms of hypoglycemia are categorized
as neurogenic or neuroglycopenic (TABLE 2).123! Neurogenic
symptoms, which largely manifest as increased sympathetic
neural activity, trigger increased serum epinephrine levels
and exhibit symptoms such as palpitations, anxiety, tremors,
tachycardia, and behavioral defense mechanisms for hunger
and immediate food ingestion. As the blood glucose further
declines, neuroglycopenic symptoms such as drowsiness
and cognitive dysfunction appear, which can impair behav-
ioral defenses.

The presentations of hypoglycemia symptoms are het-
erogeneous and individual to patients, and are correlated
only loosely with the blood glucose level. For example, older
adults and patients with long-term diabetes may exhibit
fewer neurogenic symptoms and instead manifest more neu-
roglycopenic manifestations of hypoglycemia. Longstanding
diabetes and recent episodes of any hypoglycemia may atten-
uate the neurogenic response, which can further contribute
to hypoglycemia unawareness*?; in these patients the first
actual sign of hypoglycemia may be the clinical presentation
of severe hypoglycemia. However, hypoglycemia unaware-
ness is generally reversible if hypoglycemia can be avoided
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TABLE 2. Signs and symptoms of
hypoglycemia’?%3

Neurogenic (autonomic)

Neuroglycopenic

Sweating Confusion

Palpitations Drowsiness / Lethargy

Tachycardia Slurred speech / Difficulty speaking

Tremors Unable to follow commands /
Anxiety Unresponsive
Hunger Inappropriate behavior
Irritability Headache
Tingling Blurred vision

Cool skin

Unconsciousness

Seizures

Coma

for 2 to 3 weeks, as this time allows inborn mechanisms to
become active again.

SELF-MANAGEMENT

Diabetes mellitus is a chronic disease, the management of
which is determined by numerous decisions the patient
makes daily. It is critical, therefore, that patients with T1D or
T2D are educated and supported so that they are able to opti-
mally self-manage their diabetes mellitus. In this regard, a key
role for the family physician is to individualize therapy over
the course of the disease to best meet the patient’s health and
other needs. This strategy includes balancing the benefits of
glucose control while minimizing the risk of hypoglycemia.

Identifying and addressing patient concerns and barriers
to treatment, including hypoglycemia, is especially impor-
tant. Among the various strategies that can be employed,
perhaps those most important may be to build on the estab-
lished and trusting relationship with the patient and to pro-
vide ongoing education and support to both the patient and
the family/caregiver, eg, shared decision-making and using
open-ended questions. Establishing good rapport combined
with open patient provider communication, regular screen-
ing, education, and training should help ease patient (and
family/caregiver) concerns and help to build the confidence
needed to manage the everyday risks of hyperglycemia and
hypoglycemia.

At every visit, patients should be assessed for the occur-
rence of symptomatic and asymptomatic hypoglycemia. In
addition to asking the patient about such episodes, a review
of the patient’s blood glucose log is helpful—but often inad-
equate because episodes of hypoglycemia, particularly those
occurring during sleep, may not be captured through routine
blood glucose monitoring. This is especially important to
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consider in patients treated with daily doses of basal insulin
> 0.5 units/kg (particularly when given with sulfonylureas),"
and in patients who use continuous glucose monitoring and/
or insulin pumps® regardless of their A1C levels.

HYPOGLYCEMIA MANAGEMENT IN CLINICAL
PRACTICE

CASE SCENARIO

A 23-year-old man with T1D is being seen for a routine visit. His
family physician notes that his A1C has increased over the past
11 months, rising from 6.8% to 7.2%. Upon questioning, the
patient admits that he is no longer increasing his insulin dose
based on his blood glucose monitoring because a friend of his
was recently hospitalized after a severe hypoglycemic episode.
The patient notes that he has frequently experienced symptom-
atic hypoglycemia through the years and is now especially fearful
of a severe hypoglycemic episode. He finds hypoglycemia to be
untimely and embarrassing.

The patient’s growing concern about hypoglycemia
emphasizes the importance of routinely assessing concerns
and barriers to treatment. Partners and family members are
routinely more distressed and concerned about hypoglyce-
mia and severe hypoglycemia than the person with diabe-
tes.*® This emphasizes the importance of providing ongoing
patient and family education and training, and the critical
role for a written and executable action plan for patient self-
management. A key part of the action plan is how to identify
and acutely respond to adverse events such as hypoglycemia
in any situation (eg, exercise, work, school, home, travel). The
action plan also should include how patients can prevent
hypoglycemia by adjusting medications, meals, and exercise
based on blood glucose monitoring. Patient understanding
and ability to follow the action plan should be assessed, par-
ticularly when changes are made.

A patient resource related to the recognition and self-
management of hypoglycemia has been developed by the
ADA (see https://professional.diabetes.org/sites/profes-
sional.diabetes.org/files/pel/source/sci-advisor_2018_low_
blood_glucose_hypoglycemia-newb-final.pdf). For hypo-
glycemia that can be self-managed, the ADA recommends
implementing the “15-15 rule”*” To raise the blood glucose,
15 g of fast-acting oral carbohydrate should be ingested and
the blood glucose level checked 15 minutes later. If the blood
glucose remains <70 mg/dL, another 15 g of fast-acting oral
carbohydrate should be ingested. These steps are repeated
as necessary until the blood glucose is 270 mg/dL, at which
time a meal or snack is to be eaten to ensure the blood glu-
cose level does not decrease again. Carbohydrate options
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TABLE 3. Selected glucagon products for outpatient use

Bagsimi* GlucaGen*'#2 Gvoke*
Approved age group >4 years Children, adults >2 years
Route of administration Intranasal IM, IV, SC SC

Dosage form, strength Intranasal device containing

glucagon powder 3 mg

Single-dose vial containing
glucagon 1 mg with 1

Single-dose prefilled autoinjector
or prefilled syringe containing
disposable syringe or vial glucagon 0.5 mg/1 mL or
containing 1 mL SWFR 1 mg/0.2 mL

Reconstitution needed? No

Yes No

Contraindications

Pheochromocytoma, insulinoma, known hypersensitivity to glucagon/excipients

Adverse reactions

2Nausea, headache, vomiting, URTI

Nausea, vomiting 2Nausea, vomiting, injection site

edema raised >1 mm, headache

Adults: 15 minutes
Children: 15-20 minutes

Mean time to peak plasma
glucagon level

Adults: 50 minutes
Children: 34-51 minutes

12.5 minutesP

Onset of rise of plasma <10 minutes <10 minutes (IM) <10 minutes
glucose level
Mean time to peak plasma NR ~30 minutes (IM) NR

glucose level

30-45 minutes (SC)

Mean maximum glucose
increase from baseline

Adults: 140 mg/dL
Children: 102-138 mg/dL

- Adults: 176 mg/dL
Children: 123-145 mg/dL

Abbreviations: IM, intramuscular; IV, intravenous; NR, not reported; SC, subcutaneous; SWFR, sterile water for reconstitution; URTI, upper respiratory tract irritation.

ancidence >2%
®Median

include glucose tablets, gel tube, hard candies, jellybeans,
or gumdrops in the amount needed to provide 15 g carbohy-
drate. Other options include 4 ounces of juice or regular (not
diet) soda; 1 tablespoonful of sugar, honey, or corn syrup; or
8 ounces of nonfat or 1% milk.

Glucagon

When a hypoglycemia episode occurs and (1) the patient is
unable to take oral carbohydrate, (2) the blood glucose level
has not recovered to normal levels despite using the 15-15
rule and the patient’s status is deteriorating, or (3) the blood
glucose level is very low (ie, <54 mg/dL), then the prompt
administration of glucagon is required.

Glucagon is a hormone normally secreted by the pan-
creas that stimulates glycogenolysis and the release of glu-
cose from the liver. Recent ADA guidelines recommend that
glucagon should be prescribed for all individuals atincreased
risk of level 2 hypoglycemia, ie, blood glucose <54 mg/dL, so
the medication is available should it be needed.' However,
despite these guidelines, few patients who are eligible for a
glucagon prescription, including persons who have experi-
enced level 3 hypoglycemia, receive such a prescription.®*

More than 60 glucagon products are available in the
United States; several products are shown in TABLE 3.%** His-
torically, glucagon products required reconstitution immedi-
ately prior to use, contributing to frequent dosing and admin-
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istration errors. Now there are 2 exceptions. One is a prefilled
syringe or autoinjector (Gvoke) and the other an intranasal
formulation (Bagsimi).

All glucagon products provide an onset of rise of the
plasma glucose level in <10 minutes. If there has been no
response 15 minutes after administration, a second dose may
be administered while waiting for emergency assistance.
When the patient responds to glucagon treatment, oral car-
bohydrate should be given to restore liver glycogen and pre-
vent the recurrence of hypoglycemia.

Glucagon administration is not limited to health care
professionals; the formulation is generally administered
by an individual other than the person experiencing severe
hypoglycemia. Because the complexity of standard powder
glucagon kits can be intimidating if the person administer-
ing them is not properly trained,? it is essential to educate
family members, friends, and coworkers of patients at risk of
hypoglycemia about the importance of glucagon, when and
how to administer the glucagon product, and what to do after
glucagon administration.* Fortunately, the newer intranasal
and stable soluble glucagon formulations available in autoin-
jector pens make this task simpler.!

Gvoke PFS and Gvoke HypoPen (glucagon injection)
Gvoke is a concentrated, liquid stable glucagon for subcuta-
neous injection, indicated for the treatment of severe hypo-
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glycemia in pediatric and adult patients with diabetes age >2
years. It is provided in a premixed, premeasured, and prefilled
device in both adult (1 mg) and pediatric (0.5 mg) dosages.

Two phase 3, randomized, blinded, 2-way crossover
trials compared a powder glucagon product available as a
Glucagon Emergency Kit (GEK) requiring manual reconsti-
tution with the liquid stable glucagon product available as
a prefilled premeasured autoinjector (Gvoke HypoPen).*
Adults with T1D (N=161) were subjected to induced level 2
hypoglycemia by intravenous administration of regular insu-
lin, followed by treatment with a single dose of 1 of the 2 glu-
cagon products. After a 7- to 28-day washout period, patients
were crossed over to the other glucagon product. The pri-
mary outcome, increase in the plasma glucose concentration
from <50 mg/dL to >70 mg/dL or 220 mg/dL rise in plasma
glucose within 30 minutes of glucagon administration, was
achieved by 99% of patients when treated with Gvoke and
100% of patients when treated with GEK.* The mean time to
successful plasma glucose recovery was 13.8 minutes in the
Gvoke group and 10 minutes in the GEK group. Comparing
common adverse events between Gvoke and GEK, nausea
occurred in 29.8% and 22.9% of patients, respectively, and
vomiting in 16.1% and 9.6%, respectively.**

The safety and efficacy of the concentrated, liquid stable
glucagon product has been evaluated in a phase 3 single-
arm, open-label trial in children with T1D, ages 2 to <18 years
(N=31).%3

Bagsimi (glucagon nasal powder)

Bagsimi is an intranasal glucagon powder indicated for the
treatment of severe hypoglycemia in patients with diabetes
age >4 years. It is provided in a premeasured and prefilled
device in a 3 mg dosage, for both adults and children.

The safety and efficacy of the intranasal glucagon product
(Bagsimi) was compared with intramuscular (IM) administra-
tion of glucagon in a randomized, crossover, non-inferiority
study involving adults with T1D (N=75)."® Hypoglycemia was
induced by intravenous insulin, followed by treatment with a
single dose of 1 of the 2 glucagon products. After a 7- to 28-day
washout period, patients were crossed over to the other glu-
cagon product. The primary outcome, increase in the plasma
glucose concentration from the nadir (mean 48-49 mg/dL)
to >70 mg/dL within 30 minutes of glucagon administration,
was achieved by 100% of patients when treated with the IM
product and 98.7% of patients when treated with the intrana-
sal product. The mean time to success was 13 minutes and 16
minutes for the IM and intranasal products, respectively. Nau-
sea with or without vomiting occurred during 38% and 35% of
visits, respectively. Head/facial discomfort was reported dur-
ing 9% and 25% of IM and intranasal visits, respectively.
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The safety and efficacy of the intranasal glucagon prod-
uct have been shown to be similar to an IM product in chil-
dren with T1D, ages 4 to <17 years (N=48).

SUMMARY

Hypoglycemia is serious and a common experience among
patients with diabetes mellitus, yet the condition is often
underscreened, unrecognized, and underreported. Although
hypoglycemia serves as a common barrier to optimal diabe-
tes treatment, particularly in patients who use insulin, most
patients do not receive the regular ongoing screening, educa-
tion, and training support needed to prevent and self-man-
age hypoglycemia when it occurs.

The ADA recommends that all patients with diabetes
who are at increased risk of clinically important hypoglyce-
mia should have glucagon prescribed. To support this prac-
tice, family physicians should provide applicable screening,
education, and training for both patients and caregivers on
aregular basis. While most glucagon products are in powder
form and require manual reconstitution immediately prior
to injection, 2 exceptions improve the simplicity of glucagon
administration. One is a prefilled syringe or autoinjector and
the other is an intranasal product. The safety and efficacy of
these 2 glucagon products are similar to products requiring
manual reconstitution. @
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