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Focus on Hypoglycemia

Patient Education, Disease Management, and Prevention
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Hypoglycemia can present significant physical and psycho-
logical challenges to achieving glycemic goals, for both
patients with diabetes and healthcare providers. It is impor-
tant to understand how diabetes disease management
strategies can affect risk of hypoglycemia. The objectives of
this overview are to provide a summary of the incidence of
hypoglycemia and special populations at risk, identify hypo-
glycemia risk factors, and discuss both the prevention and pro-
per treatment of hypoglycemia. Nutr Today. 2015;50(6):277—281

iabetes mellitus is a disorder of insulin produc-
D tion, utilization, or both resulting in abnormally

elevated blood glucose levels." In the United States,
29.1 million people (9.3% of the population) are estimated
to have diabetes. This includes 21 million who have been
diagnosed with the condition and 8.1 million who are un-
diagnosed." The total direct and indirect cost of diabetes in
the United States was estimated to be $245 billion in 2012."
Type 1 diabetes mellitus (T1DM; previously known as
insulin-dependent diabetes mellitus or juvenile-onset di-
abetes) is caused by an autoimmune condition that destroys
pancreatic B cells responsible for producing insulin. This
type of diabetes accounts for approximately 5% to 10% of
all cases. Peak onset for diagnosis is in the midteens, and the
condition requires exogenous insulin and is not currently
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preventable. Type 2 diabetes mellitus (T2DM; previously
known as non—insulin-dependent diabetes mellitus or adult-
onset diabetes) develops as insulin resistance when cells
are not able to use insulin effectively. Eventually, the need
for endogenous insulin production increases as the pancreas
loses its ability to produce it in sufficient quantities. This type
of diabetes accounts for 90% to 95% of all diagnosed cases.
It is managed through administration of exogenous insulin,
oral medications, and via lifestyle modification strategies.
Hypoglycemia is a condition defined technically as when
a patient with diabetes blood glucose level declines to less
than 70 mg/dL (3.9 mmol/L). Patients may present with an
array of clinical symptoms including confusion, weakness,
seizures/tremors, difficulty speaking, loss of consciousness,
sweating, palpitations, hunger, and paresthesias.” It is con-
sidered severe when the assistance of another person is
required to provide treatment.” Hypoglycemia is a par-
ticular concern in vulnerable populations such as children
and the elderly as these patients may be unable to rec-
ognize episodes as adverse events, effectively communi-
cate their needs, or self-administer treatment. These events
can lead to complications placing patients at increased risk
of harm, injury, or death.

Hypoglycemia can be an alarming situation for patients
and caregivers to experience. The resulting fear of subse-
quent episodes may increase antihyperglycemic medica-
tion noncompliance, limiting therapeutic goals for optimal
patient management. Severe hypoglycemia can result in
acute harm to the patient, impact physical and cognitive out-
comes, and adversely affect long-term mortality.® In 2011,
approximately 282 000 emergency room visits were recorded
with hypoglycemia listed as a primary diagnosis in a diabetic
population. Fortunately, the incidence of hypoglycemia can
be mitigated through education on interrelated factors
including proper medication use, optimization of dietary
management, physical fitness, and disease prevention.

INCIDENCE OF HYPOGLYCEMIA AND
SPECIAL POPULATIONS AT RISK

Hypoglycemia occurs much more frequently in patients
with T1DM than in patients with T2DM.* One observa-
tional study found the median rate of self-reported mild
hypoglycemia to be 22.3 times higher in patients with
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T1DM than in those with T2DM using insulin.* However,
the number of patients with T2DM at risk is larger be-
cause of the greater prevalence of T2DM. Children and
the elderly are special populations at risk of encoun-
tering hypoglycemia, especially when receiving therapy
with insulin.® These populations may have difficulty rec-
ognizing signs and symptoms of hypoglycemia and com-
municating their needs to caregivers. Because of their
variable caloric intake during meals, unpredictable snacking
between meals, and fluctuating levels of physical activity,
appropriate dosing of prandial insulin for children can be
challenging. Designing an acceptable daily schedule of ac-
tivities and feedings for children in concert with caregivers
may enhance maintenance of blood glucose within the target
range. In patients 65 years or greater, an epidemiological
study found hypoglycemia to be the most commonly oc-
curring metabolic problem.” Hypoglycemic events place
elderly patients at increased risk of impaired conscious-
ness, cognition, or dementia, interfering with daily living
and blood glucose self-management activities.> Compli-
cations of hypoglycemia in the elderly include accidents
(ie, motor vehicle), falls, and fractures, increasing morbidity
and mortality. Other special populations at risk include
patients who are taking therapies that can mask the signs
and symptoms of hypoglycemia. For example, B-blockers
modulate pulse rate and blood pressure, which otherwise
signal the onset of acute hypoglycemia, precipitating hy-
poglycemia unawareness.” Therefore, it is important to re-
view the signs and symptoms of hypoglycemia to facilitate
recognition and strategies for prevention and resolution.

HYPOGLYCEMIA RISK FACTORS:
PHARMACOTHERAPY, ALCOHOL,
AND DIET

Pharmacotherapy

Antidiabetic agents used for the treatment of diabetes
have varying risks of induction of hypoglycemia. Some agents
have a significantly lower risk than others. Blood glucose—
lowering agents with the lowest risk of hypoglycemia out
of 12 commonly used drug classes include a-glucosidase
inhibitors, bile acid sequestrants, dipeptidyl peptidase 4
(DPP-4) inhibitors, dopamine 2 agonists, glucagon-like
peptide 1 agonists, metformin, sodium-glucose cotransporter
2 inhibitors, and thiazolidinediones.”® Estimated risks of
hypoglycemia for antidiabetic therapies used in T1 and
T2DM are listed in Table 1. When the low-risk agents are
used in combination with other antidiabetic therapies, the
risk of hypoglycemia increases.® Sulfonylureas, short-acting
human insulins, and basal human insulins are at the other
end of the spectrum, with the highest risk of hypoglycemia.
Pharmacologic therapy for individuals with T1DM requires
insulin, whereas patients with T2DM may begin treatment
with insulin or oral pharmacologic therapy to improve their
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.:JT3R] Estimated Relative Hypoglycemia
Risk for Antidiabetic Therapies
Used in Types 1 and 2 Diabetes
Mellitus’~

a-Glucosidase inhibitors Lowest

Bile acid sequestrant Lowest

Dopamine 2 agonists Lowest

Dipeptidyl peptidase 4 inhibitors Lowest

Glucagon-like peptide 1 agonists Lowest

Metformin Lowest

Sodium-glucose cotransporter Lowest

2 inhibitors

Thiazolidinediones Lowest

Amylin mimetics Moderate

Medglitinides Moderate

Second-generation sulfonylureas Moderate

Basal insulin analogs High

First-generation sulfonylureas High

Human insulin inhalation powder High

Short-acting insulin analogs High

Basal human insulins Highest

Short-acting human insulins Highest

Adapted from Oyer.®

glycemic control. Where insulin therapy is indicated, rapid-
and long-acting insulin analogs are recommended. These
products were observed to result in less hypoglycemia
than conventional injectable physiologic human insulin with
equivalent HbA, -lowering results.'*"!

a-Glucosidase inhibitors, bile acid sequestrant, dopamine
2 agonists, DPP-4 inhibitors, glucagon-like peptide 1 ag-
onists, metformin, sodium-glucose cotransporter 2 inhibitors,
and thiazolidinediones have a relatively low risk of causing
hypoglycemia. Other oral therapies, such as sulfonylureas
and meglitinides, have a higher risk of hypoglycemia.® A
review to evaluate the comparative effectiveness and safety
of monotherapy and 2-drug combinations for treatment of
T2DM was conducted.'? The results showed sulfonylureas
compared with metformin alone had a greater than 4-fold
higher risk of mild to moderate hypoglycemia, whereas
metformin plus a sulfonylurea compared with metformin
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plus a thiazolidinedione had almost a 6-fold higher risk. The
DPP-4 inhibitors had a lower risk of mild to moderate hy-
poglycemia than sulfonylureas, similar to metformin mono-
therapy. Another assessment of patients with T2DM was
a network meta-analysis conducted on agents added to
metformin. The results showed that compared with placebo
the risk of hypoglycemia was increased in the sulfonylureas,
glinides, basal insulin, and biphasic insulin groups.*®

Alcohol

Alcohol intake without food should be avoided. Use of
alcohol reduces endogenous glucose production, which
can increase the risk of delayed hypoglycemia in patients
with T2DM, especially when combined with glucose-
lowering therapies.'® Compensating for ingestion of alcohol
through administration of extra insulin can also increase a
patient’s risk of hypoglycemia. Therefore, adults with di-
abetes are advised to limit their intake of alcohol to no
more than 1 drink (12 oz of beer, 5 oz of wine, or 1% oz of
distilled spirits) for females or 2 drinks for males.® In ad-
dition, it is recommended that patients with diabetes who
use alcohol should be educated to recognize and manage
the signs and symptoms of delayed hypoglycemia.

Diet

The American Diabetes Association recommends patients
with diabetes should receive individualized medical nu-
trition therapy, preferably by a registered dietitian.> Opti-
mization of dietary intake involves proper food selection,
including the quality and quantity of carbohydrates, pro-
teins, and fats, which are appropriate for the patient. Meal
planning strategies incorporating carbohydrate counting can
ensure consistent dietary intake and meal management,
which has been shown to improve glycemic control in pa-
tients with T1DM.? Portion control and healthy food choice
planning, including reduction of caloric intake to promote
weight loss, are helpful tools for the improvement of gly-
cemic control for patients with T2DM. Weight loss is es-
pecially important for overweight or obese adults with
T2DM and those at risk of diabetes because it can provide
health benefits for these individuals. Limiting intake of
sucrose-containing foods and drinks can also reduce the
risk of weight gain in patients with or at risk of diabetes.
Diets incorporating low glycemic index (GD foods, such as
lentils, beans, and oats, may contribute to improved glycemic
control by providing a gradual release of glucose into the
bloodstream compared with high-GI foods such as white
bread. A low-GI diet can stimulate lower insulin release,
minimize fluctuations in blood glucose levels, and increase
insulin sensitivity. A Cochrane review conducted to assess
the effects of low GI, or low glycemic load, diets on glycemic
control in patients with diabetes found episodes of hypo-
glycemia were significantly fewer with a low-GI diet com-
pared with a high-GI diet in 1 trial (difference of —0.8 episodes
per patient per month, P < 0.01)." The proportion of par-
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ticipants reporting more than 15 hyperglycemic episodes
per month was lower in the low-GI-diet group compared
with the measured carbohydrate exchange diet group in
another study (35% vs 66%, respectively; P = .006). Poor
dietary habits such as skipping or delaying meals are an-
other factor that has been shown to result in the occur-
rence of hypoglycemia. In an observational study of safety
net patients with T2DM, patients who were food insecure
(had issues with access to sufficient, consistent, and nutri-
tious supply of food) were twice as likely to report 4
or more episodes of severe hypoglycemia.'” Therefore,
dietary management is 1 essential modality of the diabetes
treatment paradigm that can help enhance glycemic control.

PREVENTION OF HYPOGLYCEMIA

Hypoglycemia prevention involves identification of pa-
tients who are at risk, dietary planning for optimization of
nutritional intake, proper medication selection, education
on proper diabetes medication use, and appropriate blood
glucose monitoring. Patients who are identified to be at risk
of hypoglycemia should be instructed on how to recognize
the symptoms and how to manage them when they occur.
Review of previous hypoglycemic episodes, including de-
tails regarding when, why, and how often they occurred,
can be useful for identification of factors contributing to
the events. Two methods available for assessment of blood
glucose control include self-monitoring of blood glucose
(SMBG), a measure of immediate blood glucose levels, and
glycosylated hemoglobin (HbA,.), a measure of average
plasma glucose concentration over approximately 3 months.
Technologies available for immediate measurement of out-
patient blood glucose include capillary measurement using
test strips with glucose meters and interstitial measurement
with continuous glucose monitoring (CGM).'® Appropri-
ate SMBG testing is essential to assist in maintenance of
euglycemia, especially for patients receiving multiple dose
insulin or insulin pump infusion.®> Testing should be
performed routinely before meals and snacks.” It may also
be performed after meals, before exercise or bedtime, prior
to important activities requiring concentration without
lapses in cognition such as driving a motor vehicle, when
hypoglycemia is suspected, or following a hypoglycemic
episode until a return to euglycemia is achieved.”

For most healthy patients using insulin, preprandial SMBG
targets can be 80 to 130 mg/dL (4.4—7.2 mmol/L), whereas
postprandial glucose measurements made 1 to 2 hours
after starting a meal may have a target of less than 180 mg/dL
(<10.0 mmol/L).® Targets for HbA;. may be less than 7%
(correlating to a mean plasma glucose of 154 mg/dL or
8.6 mmol/L) in healthy adults with diabetes. In patients
with longer life expectancies and without significant hy-
poglycemia or adverse treatment effects, HbA;. targets
may be reduced to less than 6.5% (correlating to a mean
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plasma glucose of 140 mg/dL or 7.8 mmol/L). However,
for patients with a history of severe hypoglycemia, ad-
vanced complications, or who are encountering difficulty
with control of their HbA, ., the target may be raised to less
than 8% (correlating to a mean plasma glucose of 183 mg/dL
or 10.2 mmol/L). One meta-analysis concluded setting in-
tensive glycemic control targets did not show significant
differences for all-cause and cardiovascular mortality com-
pared with conventional glycemic control while increasing
the risk of hypoglycemia and serious adverse events, pro-
viding evidence that tight glycemic control does not equally
benefit all patients."” Proper blood glucose monitoring is
essential as it can identify instances of asymptomatic hy-
poglycemic episodes. A review of SMBG patient techniques
can help identify deficiencies in the testing process and
provide an opportunity to suggest recommendations for
improvement, such as use of results to adjust insulin dosing.
Patient-specific goals should be determined for those who
suffer from issues with hypoglycemia unawareness or
frequent hypoglycemia episodes. Patients may also ben-
efit from enrollment in blood glucose awareness training
programs to help them recognize early signs and symp-
toms of hypoglycemia and manage them before they be-
come serious and require external intervention. '® Patients
with TIDM or T2DM 25 years or older may benefit from
the use of CGM as an assistive tool to lower HbA,..>®
Individuals suffering from nocturnal hypoglycemia or
issues with hypoglycemia awareness may consider use
of insulin pumps using CGM combined with automatic
shutoff when a set glucose threshold level is breached. Tt is
recommended patients with TIDM receive instructions on
matching carbohydrate intake with caloric needs based on
planned physical activities and adjust prandial insulin cal-
culation accordingly. When exercise is anticipated (and
authorized by a healthcare provider), supplemental car-
bohydrates can be consumed by patients using insulin if
glucose levels are less than 100mg/dL (5.6 mmol/L).°

TREATMENT OF HYPOGLYCEMIA

Because episodes of hypoglycemia are unpredictable,
patients should be instructed to carry carbohydrates such
as glucose tablets or gel on them at all times, and consid-
eration should be given to provide a prescription for glu-
cagon to patients who are prone to severe cases.'® Glucose
is indicated as the first-line treatment for patients with
diabetes who experience hypoglycemia, are conscious,
and are able to orally ingest 15 to 20 g of the simple sugar
in the form of tablets (3—4 tablets) or gel (1 serving per man-
ufacturer’s instructions).” These and alternate sources of
simple carbohydrates providing approximately 15 g of simple
carbohydrates are listed in Table 2.%'*

Rebound hyperglycemia can occur with overtreatment of
a hypoglycemic episode; therefore, a stepwise approach
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patients can follow is known as the “rule of 15.” This
approach advises consumption of 15 g of simple carbo-
hydrates when a patient’s blood glucose becomes hy-
poglycemic.'! Patients should retest their blood glucose
every 15 minutes and if still hypoglycemic repeat the rule
of 15 until blood glucose returns to normal. When SMBG
returns to normal, a meal or snack should be consumed to
prevent recurrence of hypoglycemia.’ In severe cases,
such as when a patient loses consciousness, a glucagon
injection may be required. Family members and caregivers
should be instructed on the dosage and administration of
the emergency injection. Following manufacturer recon-
stitution instructions, administration of 0.5 mg (0.5 mL) for
children weighing less than 55 1b or 1 mg (1 mL) for children
and adults weighing greater than 55 Ib is recommended.*!
After patients respond to treatment, oral carbohydrates
should be provided to restore liver glycogen and prevent
recurrence of hypoglycemia. If episodes of hypoglycemia
recur and become problematic, patients may be instructed
by their healthcare provider to raise blood glucose level
targets in order to diminish the risk of subsequent episodes.
In some cases, adjustments to pharmacologic therapy may
be warranted. These adjustments may be composed of dose
reduction, interchange of 1 antidiabetic agent for another with
a lower relative risk of hypoglycemia (as listed in Table 1),
or a combination of the two.

CONCLUSION

Expansion of knowledge regarding diabetes pathophysi-
ology and biochemical glycemic control processes has
enabled advancements in diabetes management to benefit
patient care. With an ever-expanding array of therapeutic
options, there is an abundance of choices for patients to
select based on individualized treatment goals. It is im-
portant for patients to understand how diabetes disease
management strategies can affect their risk of hypogly-
cemia. With a basic understanding of these principles, a

.:]¥3] Oral Hypoglycemia
Treatments3:16.17

Glucose tablets (34 tablets per manufacturer’s instructions)

Glucose gel (1 serving per manufacturer’s instructions)

Sugar, honey, or corn syrup, approximately 3 teaspoons
(1 tablespoon)

Juice or regular soda with caloric sweetener (not diet),
approximately 4 oz (Y4 cup)

Nonfat or 1% milk, approximately 8 oz (1 cup)

Hard candies, jellybeans, or gumdrops, 5-6 (quantity based on
carbohydrate content per serving listed on package)
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collaborative foundation can be built to institute strate-
gies for hypoglycemia risk minimization between patients,
caregivers, and healthcare providers.
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