APPLIED EVIDENCE

New research findings that are changing clinical practice

Controlling hypoglycemia
in type 2 diabetes:
Which agent for which patient?

At each new stage of treatment,
choices can be made to reduce risk

Practice recommendations

W Advise patients to monitor blood glucose
levels frequently and learn to correlate
drops in glucose to symptoms, which
vary among patients.

B Ask patients at each visit about aware-
ness of hypoglycemic episodes, their
severity and timing, and how events
relate to dosing, meals, and activities.

B When using oral agents, consider
insulin sensitizers or newer sulfonylureas
or meglitinides to reduce risk of
hypoglycemia.

B If adding basal insulin to an oral
regimen, the analog glargine has
proven superior to NPH insulin in
avoiding hypoglycemia.

igns and symptoms of hypo-

glycemia vary considerably among

patients with type 2 diabetes,
making the condition easy to miss.
Moreover, the most common symptoms
are not necessarily the first symptoms.

If hypoglycemia occurs repeatedly, it
can start a vicious cycle of physiologic
reactions that mask or diminish the symp-
toms that warn patients of an impending
episode. This may lead to hypoglycemia
unawareness and hypoglycemic episodes
of increasing severity. Fear of hypo-
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glycemia, particularly of nocturnal events,
may discourage patients from more inten-
sive glycemic control, particularly using
insulin. Such fear may even lead them to
reduce their antidiabetic medication
dosage, resulting in poor glycemic control.!
Breaking this cycle and restoring nor-
mal physiologic responses is one focus of
this article, as is teaching patients how to
monitor their blood glucose levels and
how to correlate low blood glucose with
the signs and symptoms of hypoglycemia.
Other therapies and strategies that we
discuss in this article:
e Newer insulin analogs and the associ-
ated risk of hypoglycemia with each
e Appropriate combination of insulin
with oral antidiabetic medications
® The long-acting analog insulin glargine
used as basal insulin to lower the
incidence of hypoglycemia, including
nocturnal and severe hypoglycemia
® Rapid-acting insulin analogs (aspart,
glulisine, and lispro) used in basal-
prandial insulin regimens.

® First symptoms vary

among individuals
Symptoms of hypoglycemia result primarily
from a lowered glucose level in the brain
and its effects on the central and autonomic
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. Origin of hypoglycemic symptoms

Symptoms of hypoglycemia result
from the actions of hormones and
neurotransmitters in the process
of restoring blood glucose levels.
Declining glucose levels in the brain
stimulate the autonomic nervous
system, causing epinephrine

and norepinephrine to be released
from the adrenal medulla, and
norepinephrine and acetylcholine
from the sympathetic nervous
system.

Symptoms occur as these
hormones and neurotransmitters
simultaneously stimulate a-cells in
the pancreas to release glucagon,
which consequently induces new
glucose production in the liver
(reviewed in Cryer et al).

In this homeostatic mechanism,
rising blood glucose levels shut
down the autonomic nervous
system’s neoglucogenesis activities.

ILLUSTRATION BY: KEVIN SOMERVILLE
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nervous systems (FIGURE 1). A decrease in
glucose below physiologic levels has acute
consequences for brain function because
the brain has an immediate requirement
for glucose and little capacity for storage.

Two types of symptoms

Neuroglycopenia and the inhibition of
neuronal metabolism causes sensations of
warmth, weakness, fatigue, difficulty
concentrating, confusion, behavioral
changes, and in the most severe cases,
a loss of consciousness, seizures, brain
damage, and even death.**

Neurogenic symptoms are mediated by
the hormones and neurotransmitters
secreted in response to low brain glucose
levels (FIGURE 1). The gluconeogenic
actions of the autonomic nervous system
produce the classic warning symptoms—
tremulousness, pounding heart, anxiety,
sweating, hunger, and tingling sensa-
tions—that usually precede the symptoms
of hypoglycemia.”* This is particularly so

in iatrogenic hypoglycemia.

These direct symptoms of neuro-
glycopenia are the ones patients typically
identify with hypoglycemia. The most
common symptoms of hypoglycemia are
therefore not necessarily the first symp-
toms of hypoglycemia (TABLE 1).° For
example, though most patients experience
sweating as a symptom of hypoglycemia,
the first symptom might be trembling or
anxiety, depending on the individual.’

® Factors influencing frequency

and severity of hypoglycemia
Aggressive diabetes management com-
monly causes mild-to-moderate hypo-
glycemia, defined as a blood glucose value
<60 mg/dL, that can be managed by the
patient without assistance.

Severe hypoglycemia—a blood glucose
value <50 mg/dL—is relatively uncommon
in type 2 diabetes and requires the assis-
tance of another person to manage, since
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neurological impairment may render
patients unable to treat themselves.>® Severe
hypoglycemia, whether in patients with
type 1 or type 2 diabetes, can have debili-
tating consequences, including seizures or
coma or even death.’

Long-standing type 2 disease.
Hypoglycemia is more common in patients
with type 1 diabetes than in those with
type 2, but it can occur in type 2 diabetes
patients who require insulin or are treated
intensively with combinations of oral
agents.’ As type 2 diabetes progresses,® the
incidence of hypoglycemic events increases,
as endogenously produced insulin declines
and is replaced by exogenous insulin.’” In
fact, the prevalence of severe episodes (eg,
requiring assistance of another person to
administer glucose or glucagon) in patients
with type 2 diabetes was comparable to
that exhibited among patients with type 1
diabetes if they had been on insulin thera-
py for the same length of time.>"

Nocturnal hypoglycemia. This event
poses a special concern because the warn-
ing signs of hypoglycemia may be blunted
during sleep. It has been reported that as
many as 29% to 56% of all adult patients
treated with insulin have an overnight
glucose profile that indicates hypoglycemia
occurs at night." However, it is impor-
tant to note that the extent of the problem
of nocturnal hypoglycemia is difficult
to assess since overnight monitoring of
glucose levels is required.

Additional insights from the UKPDS
Hypoglycemia in type 2 diabetes has not
received rigorous attention in clinical trials.
However, the United Kingdom Prospective
Diabetes Study (UKPDS) was a large
longitudinal trial in type 2 diabetes that
included hypoglycemia as an outcome
measure and thus provides some helpful
information.

Events with insulin > sulfonylureas > diet.
The 6-year follow-up revealed that the
cumulative proportion of patients reporting
1 or more hypoglycemic events (of any type)
was 76% for those using insulin, 45%
among those taking sulfonylureas, and 3%
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TABLE 1

Signs and symptoms most commonly
associated with hypoglycemia are not

always the first to appear

SYMPTOM FREQUENCY (%)
Sweating 78
Trembling 62
Inability to concentrate 49
Confusion 40
Weakness 36
Dry mouth 35
Blurred vision 34
Hunger 33
Anxiety 26
Headache 21
Difficulty walking 21
Pounding heart 20
Tingling around mouth 20
Difficulty speaking 17
Drowsiness 15
Odd behavior 13
Nausea 13

FIRST SYMPTOM (%)

25

6

Adapted from Hepburn DA, MacLeod KM, Pell AC, et al. Diabet Med 1993;10:231-237.°

for those on diet alone. Expressed as events
per patient year, this was 37%, 17%, and
0.9%, respectively. When only “major”
events (those requiring third-party assistance
or hospital admission) were considered, the
proportion of patients per year reporting 1
or more such events, was 2.3% for insulin,
0.7% for sulfonylureas, and 0.03% for diet
alone. The cumulative proportion over 6
years was 3.3% of participants using sul-
fonylureas, 11.2% of those using insulin,
and 0.15% of those on diet therapy.®
Metformin increases risk. The cumula-
tive proportion of obese patients reporting
any hypoglycemic event was 17.6% for
those taking metformin vs 2.8% for those
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How hypoglycemia occurs

A

Plasma levels

Elapsed time

Normally, as blood glucose levels (red) rise, insulin secre-
tion increases, circulating insulin levels (blue) rise, and
hepatic glucose production is inhibited. As glucose is dis-
posed and circulating levels decrease due to insulin action,
insulin levels then drop and hepatic glucose production
begins again.

Hypoglycemia in diabetes can result from an excess of
endogenous or exogenous insulin (iatrogenic hypoglycemia).
In healthy patients, high insulin and falling glucose levels sup-
press insulin production and stimulate a hormone-mediated
burst of glucose production. In patients with diabetes, the loss
of physiologic control of insulin secretion coupled with exoge-
nous administration of insulin or insulin secretagogues can
interfere with the normal physiologic response to low blood
glucose levels, resulting in hypoglycemia.'

With intense insulin regimens, the incidence of hypo-
glycemia can be as high as 30%, in contrast to 12% for patients
treated with diet alone and 16% for those taking oral agents.®

on diet. Severe hypoglycemia (as defined
earlier) occurred in 2.4% of participants
using metformin compared with 0.4% of
those on diet therapy.®

Findings from other studies
Interestingly, in a recent systematic review
of randomized controlled trials comparing
insulin monotherapy with insulin plus oral
antidiabetic agents, 13 of 14 studies
reporting hypoglycemia demonstrated no
difference in events."

The occurrence of hypoglycemia
among patients on metformin monothera-
py in the UKPDS study is notable since,
theoretically, hypoglycemia should not
occur with agents whose mechanisms of
action do not increase insulin secretion
(biguanides, thiazolidinediones [TZDs], or
o-glucosidase inhibitors),! Since newer
classes such as TZDs, o-glucosidase

inhibitors, and meglitinides were not avail-
able when UKPDS was initiated, the trial
does not provide data on these classes.

In a small comparative study of insulin
combined with either metformin or a TZD,
it appeared that metformin combination was
associated with fewer occurrences of hypo-
glycemia; however, the small patient sample
limits generalizability of the finding."

With secretagogues, it has been sug-
gested that the incidence of hypoglycemia
is higher with the older, longer acting
sulfonylurea agents.'5'* Although popu-
lation-based data on hypoglycemic rates
associated with combination therapy with
oral antidiabetic agents are not available,
numerous clinical studies have reported
rates of 10% to 20% for any hypo-
glycemic event.**?

m Heightening patient
awareness, and yours

Because the signs of hypoglycemia vary
considerably among individuals, they can
easily be missed.’ In addition, repeated
episodes of hypoglycemia can alter the
normal regulatory responses and diminish
the most important signs of a drop in
glucose levels."*** The loss of the physio-
logic warning signs is thought to stem
from dampening and eventual loss of the
neuroadrenal response to low glucose lev-
els in the brain (FIGURE 1). A vicious cycle
is set up, whereby reduction in the neuro-
genic response attenuates hypoglycemic
symptoms, causing more episodes to occur
and become more severe as they are
repeated. This cycle can be broken, and the
normal physiologic response restored, if
hypoglycemic events can be avoided for
just a few weeks.>*

Key points for patients. The main strat-
egy for managing hypoglycemia is educat-
ing patients about the early symptoms of
hypoglycemia and how to self-treat when
they occur. Reinforce the need to time
meals consistently and to limit the amount
of carbohydrate ingested.

Advise patients to monitor blood
glucose levels frequently, and to learn to
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relate a drop in glucose levels to hypo-
glycemic symptoms.?

Counsel patients to eat a snack or,
preferably, drink fruit juice to counteract
hypoglycemia. Patients may also carry
glucose tablets, which are convenient and
less tempting than candy.”’

Glucagon is indicated for severe cases.

Whenever possible, a patient’s family
members (particularly in the case of chil-
dren) should be educated too.

Ask regularly about episodes. Finally,
act to identify problems by querying patients
and family members at every visit about
hypoglycemia episodes, probing for infor-
mation about awareness, severity and timing
of the episodes, and how these events relate
to dosing, meals, and activities.”” If hypo-
glycemia recurs, analyze the dosing regimen
and consider flexible insulin dosing.!

® Anti-hypoglycemia

strategies for each

new phase of therapy
As the course of diabetes therapy moves,
typically, from oral medications to insulin
to combination regimens, drug selections
can be made in part to reduce the risk of
hypoglycemia.

Oral agents: Insulin sensitizers,
newer agents generally better

As noted earlier, among oral agents, insulin
sensitizers are generally thought to have
lower rates of hypoglycemia.

Newer sulfonylureas such as glimepir-
ide and the rapid-acting meglitinides may
also cause fewer hypoglycemic events.

Given the progressive decline of
endogenous insulin secretion, combination
therapy with secretagogues or insulin is
eventually required for most patients.

Insulin analogs

A number of rapid-, short-, intermediate-
and long-acting insulin analogs have been
introduced, and many of them make it
possible to mimic different phases of phys-
iologic insulin secretion (FIGURE 2). One of
the newer analogs less likely to cause hypo-
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TABLE 2

Strategies for avoiding and
addressing hypoglycemia

» Set appropriate expectations regarding

likelihood of hypoglycemia

— Mild or moderate hypoglycemia can
be anticipated when trying to attain
glycemic control, but risk of severe
events is rare

— Severe hypoglycemia occurs
infrequently in type 2 diabetes

» Consistency is essential
— Timing of meals and snacks
— Carbohydrate intake
— Exercise

» Self-monitoring of blood glucose
— Tailor frequency and timing of
self-monitoring based on regimen
— Monitor prior to exercise
— Educate on possibility of unrecognized
symptoms

* Reinforce hypoglycemic symptom
recognition and self-treatment
— Educate family (encourage patient
to education friends)
— Ask patient about symptoms at each visit
— Educate on self-treatment

» Choice of therapy

— Insulin sensitizers such as metformin
and TZDs have relatively lower risk

— Shorter-acting secretagogues may
have lower risks

— New long- and rapid-acting insulin
analogues have reported lower rates
of hypoglycemia compared with
conventional insulin, and can be
combined in more flexible regimens

glycemia is glargine, a long-acting insulin
with a steady, relatively consistent action
profile over a 24-hour period, closely mim-
icking normal basal pancreatic insulin
secretion.”

Insulin mixtures helpful

when meal times guaranteed

Other insulins include mixtures of regular
insulin and long-acting insulin available in
split mixed or premixed formulations.
These mixtures are intended to cover
insulin peaks at mealtimes with twice-daily
administration.
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Plasma insulin levels
with newer analogs
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Copyright © 2000 American Diabetes Association.
From Diabetes 2000; 49:2142-2148.% Reprinted with
permission from American Diabetes Association.

Mixed insulin formulations are often
perceived as relatively convenient and
simple to use, but they require meals to be
taken within set time frames, without a
great deal of flexibility. Since the ratios of
the insulin components are fixed, and
designed to work with meals consumed on
a fixed schedule, hypoglycemia can occur
if patients miss a meal. In addition, the
time-activity profile of the insulin may not
match the postprandial glucose peak even
if the meal is consumed, and will increase
the chance of postprandial hypoglycemia.

Basal insulin plus oral regimens

For patients with type 2 diabetes, adding
basal insulin to oral regimens can signifi-
cantly improve glycemic control. Ideally,
basal insulin therapy provides a sustained
and relatively constant concentration of
insulin throughout the day. In the past,
neutral protamine Hagedorn (NPH)
insulin, a longer-acting insulin, was used
for basal insulin therapy, and regular
insulin was used to cover prandial insulin
needs. Ultralente, also used as a basal

insulin, has a relatively unpredictable time-
activity profile.?

Insulin glargine superior to NPH. In a
recent clinical trial, patients with type 2
diabetes whose glucose levels were inade-
quately controlled on oral antidiabetic
medications were given bedtime insulin
glargine or NPH insulin.”? The insulin
doses were titrated using a simple algo-
rithm targeting a fasting plasma glucose
(FPG) of <100 mg/dL to reach recom-
mended glycosylated hemoglobin (Hb A;,)
levels. Though no significant difference in
glycemic control was found between
insulin glargine and NPH insulin, signifi-
cantly fewer hypoglycemic episodes
occurred with insulin glargine therapy. The
24-hour distribution per patient-year of
hypoglycemia for glargine vs NPH is
shown in FIGURE 3.

Specifically, nearly 25% more
patients treated with insulin glargine
than with NPH insulin reached target Hb
A, levels of <7.0% without nocturnal
hypoglycemia. Moreover, the overall
incidence of any hypoglycemic event (eg,
plasma-referenced glucose <72 mg/dL)
and severe hypoglycemia (eg, patient
required assistance of another person,
and had a glucose level <56 mg/dL or
prompt recovery after glucose or
glucagons) was lower with insulin
glargine than with NPH insulin. Results
from other studies and a recent meta-
analysis have been similar.3-

Thus, using insulin glargine as basal
insulin allows patients to reach recom-
mended targets with fewer episodes of
hypoglycemia, and can help address
patients’ fear that can be a barrier to ini-
tiating insulin therapy in type 2 diabetes.
Two recent studies have reported that
dosing of insulin glargine can be flexi-
ble—morning or bedtime administration
yields comparable low rates of hypo-
glycemia !

Basal insulin plus prandial insulin

For patients who cannot otherwise reach
Hb A,. goals, basal insulin therapy may
be supplemented with prandial insulin.

CONTINUED
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Newer, rapid-acting analogs used for the
prandial component are insulin lispro,
insulin glulisine, or insulin aspart.
Although this approach is physiological-
ly more rational than regimens using
conventional insulins, data are limited
for use in type 2 diabetes.

The incidence of nocturnal hypo-
glycemia was evaluated in a study of
patients with type 1 diabetes and
impaired hypoglycemic awareness who
were treated with 1 of 2 regimens: insulin
lispro in a basal-prandial combination
with NPH insulin, or twice-daily, pre-
mixed NPH/regular insulin.*® Results
showed that the incidence of nocturnal
hypoglycemia was lower in patients
receiving the insulin lispro regimen.

Another study, comparing insulin
aspart and regular insulin as the prandial
component in a basal-prandial regimen
with NPH, showed that postprandial glu-
cose control and Hb A, levels were signif-
icantly better after 1 year of treatment in
the insulin aspart group than in the group
receiving regular insulin, without an
increased risk for hypoglycemia.* These
results suggest that treatment with rapid-
acting insulin analogs could be helpful in
avoiding hypoglycemia in patients with
type 2 diabetes when a basal-prandial
insulin regimen is indicated.

Avoiding hypoglycemia in the elderly
Elderly patients may be at increased risk
for iatrogenic hypoglycemia. A popula-
tion-based study of patients presenting to
an emergency room with severe hypo-
glycemic symptoms reported that rates of
such events among elderly patients with
type 2 diabetes and multiple comorbidities
approached the rates among patients with
type 1 diabetes.*

Creatinine clearance is often decreased
in elderly patients, slowing elimination of
oral agents and insulin and potentially
resulting in sustained pharmacological
action and creating a greater risk for hypo-
glycemia.

Furthermore, there is evidence that the
neurogenic symptoms of hypoglycemia are
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Hourly hypoglycemia rate with
glargine much less than with NPH
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Copyright © 2003 American Diabetes Association. From Diabetes Care 2003;
26:3080-3086.* Reprinted with permission from American Diabetes Association.

reduced in elderly patients, diminishing
awareness of hypoglycemia.*

In the demented elderly, malnutrition,
weight loss, and anorexia may exacerbate
the risk for hypoglycemia. For elderly
patients with tertiary disease (eg, cerebro-
vascular accident, myocardial infarction,
congestive heart failure, blindness, chron-
ic renal failure), the risk for hypoglycemia
and subsequent comorbidity may out-
weigh the benefits of strict glycemic con-
trol.>*” Elderly patients may have comor-
bid conditions that increase risk of falls
(eg, poor vision, neurologic conditions),
and hypoglycemic episodes may further
increase the risk of falls and lead to mor-
bidity (eg, fragility fracture in patients
with osteopenia or osteoporosis).

Because the elderly are at a greater
risk for hypoglycemia, a switch to a less
restrictive diet, such as a “no concentrat-
ed sweets” diet, is an option, with con-
trol of glucose levels through the admin-
istration of oral agents or insulin.* This
may also promote a better quality of life,
considering that many of these patients
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already have secondary and tertiary com-
plications of diabetes, prevention of
which is not a realistic goal. =

FAST TRACK

For elderly,
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restrictive diet
and oral agents
or insulin
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