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YPOGLYCEMIA poses a major barrier to
diabetes treatment. On one hand, we

want to maintain tight glycemic control to
prevent the vascular complications of diabetes,
but we also have to ensure the safety and com-
fort of the patient by avoiding hypoglycemia—
and by recognizing and treating it if it occurs.

Hypoglycemic events are probably com-
mon, especially in patients with type 1 diabetes.
And when patients with type 2 diabetes receive
insulin, they may become more prone to hypo-
glycemic episodes. Unfortunately, the more
episodes of hypoglycemia a patient has, the
more the body’s response is blunted, decreasing
the patient’s awareness of an episode.

Thus, we need to be vigilant in monitor-
ing patients for increasing episodes of hypo-
glycemia, and for events that a patient may not
realize were caused by hypoglycemia.

■ CONSEQUENCES OF HYPOGLYCEMIA

Hypoglycemia can cause severe morbidity and
sometimes death, usually depending on its
severity or duration.Thus, it may be associated
with a spectrum of symptoms progressing from
autonomic activation to behavioral changes to
altered cognitive function to seizures or coma
(the latter observed only when blood glucose
levels are < 30 mg/dL or with prolonged hypo-
glycemia).

Furthermore, owing to patients’ (and
sometimes physicians’) fear of hypoglycemia,
intensive diabetes treatment may be relaxed,
which ultimately results in inferior glycemic
control. Other immediate and long-term con-
sequences of hypoglycemia are its impact on
various activities of daily living such as driv-
ing, employment, and even home life.
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■ ABSTRACT

Hypoglycemic episodes in patients with diabetes often go
unrecognized, and over time, patients may lose the ability
to sense hypoglycemia, increasing their risk. Intensive
diabetes control is beneficial for patients with diabetes,
but it increases their risk of hypoglycemia, underscoring
the complexity of diabetes management.

■ KEY POINTS

Epinephrine release during hypoglycemia becomes
progressively defective in type 1 diabetes. This decrease in
epinephrine response is accompanied by an attenuated
autonomic neural response, which results in the clinical
syndrome of impaired awareness of hypoglycemia (ie,
lack of the warning symptoms of prevailing
hypoglycemia).

At every visit, one should probe for details of episodes
that the patient recognized as being caused by
hypoglycemia, but also assess whether the patient has
experienced events that went unrecognized.

Although most episodes of nocturnal hypoglycemia are
asymptomatic, some patients complain of sleep
disturbances (vivid dreams or nightmares), morning
headache (feeling hungover), chronic fatigue, or mood
changes (mainly depression).
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■ INSULIN EXCESS, OTHER FACTORS

Insulin excess—due either to endogenous
secretion or to exogenous doses—appears to
be the most consistent cause of hypoglycemia,
and iatrogenic hypoglycemia is the most com-
mon scenario.1 However, other factors such as
dietary intake, physical activity, alcohol use,
and drug interactions also may increase the
risk of hypoglycemia.2–4

In addition, studies over the last 2 decades
strongly suggest that deficits in glucose coun-
terregulation are important—and perhaps
dominant—factors in the development of
severe hypoglycemia.5

■ HOW COMMON IS HYPOGLYCEMIA?

Recent clinical trials have better quantified
the risk of hypoglycemia—in particular, severe
hypoglycemia—in both type 1 and type 2 dia-
betes.6–8

Severe hypoglycemia is operationally
defined as an episode that the patient cannot
self-treat, so that external help is required,
regardless of the blood glucose concentration
or whether the patient experiences seizures or
loss of consciousness.

Mild or moderate hypoglycemia refers to
episodes that the patient can self-treat, regard-
less of the severity of symptoms, or when
blood glucose levels are noted to be lower
than 60 mg/dL.

The incidence of mild or moderate hypo-
glycemic episodes is difficult to determine
accurately because they are rarely reported,
although they are common in insulin-treated
patients. Furthermore, diabetic patients with
hypoglycemia-associated autonomic failure
(see below) might not be aware of such events.

Episodes of severe hypoglycemia are better
documented, although the incidence was dif-
ferent in different studies, likely owing to dif-
ferences in the populations studied (eg, levels
of glycemic control, intensity of insulin treat-
ment, diabetes education).

In type 1 diabetes, the Diabetes Control
and Complications Trial (DCCT) reported 62
severe hypoglycemic episodes per 100 patient-
years.6 The true risk may be higher in clinical
practice, however, because patients at high
risk for severe hypoglycemia were excluded

from this study. And indeed, population-based
studies in northern Europe reported 100 to
160 episodes of severe hypoglycemia per 100
patient-years,7,8 even though glycemic control
may not have been as close to normal in these
studies as in the DCCT.

In type 2 diabetes, severe hypoglycemia
appears to be much less common, but when
patients with type 2 diabetes receive insulin
they may become as susceptible to hypo-
glycemia as patients with type 1 diabetes.
Leese et al8 reported the following incidence
rates of severe hypoglycemia (episodes per 100
patient-years):
• In patients with type 1 diabetes—11.5
• In patients with type 2 diabetes treated

with insulin—11.8
• In patients with type 2 diabetes treated

with oral hypoglycemic drugs—0.05.
Since recent studies also demonstrated

that improved glycemic control prevents or
delays microvascular complications (neuropa-
thy, retinopathy, and nephropathy) and per-
haps macrovascular complications (heart
attacks, peripheral vascular disease, strokes) in
both type 1 and type 2 diabetes, the clinical
decision to pursue such treatment goals in the
face of possible iatrogenic hypoglycemia must
be made on a case-by-case basis.

■ THE NORMAL RESPONSE

Counterregulatory responses to hypoglycemia
have been studied extensively in experiments
in humans by infusing insulin to reduce the
plasma glucose concentration.9

A decrease in plasma glucose normally
triggers a cascade of reactions, mostly hor-
monal, that rapidly return the glucose concen-
tration to baseline levels. Ultimately there is
an increase in glucose production in the liver
and kidneys and a decrease in peripheral glu-
cose utilization (mainly in muscle and fat tis-
sue). Both mechanisms act in opposition to
the effects of insulin and, hence, result in the
reversal of hypoglycemia.9–11

Different counterregulatory mechanisms
are activated at different threshold levels of
glucose concentration.9

A decrease in endogenous insulin secre-
tion is the first defense against a falling plasma
glucose concentration. This mechanism is
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critical in patients with residual endogenous
insulin secretion. In normal beta cells, insulin
secretion is suppressed at a plasma glucose
threshold of about 83 mg/dL.12

Of the other hormones, epinephrine and
glucagon appear to be the most potent coun-
terregulatory factors. These hormones are
secreted promptly after plasma glucose levels
fall, and both induce a rapid increase in
endogenous glucose production. The glycemic
thresholds for secretion of these hormones is
normally about 68 mg/dL.

Epinephrine and glucagon appear to have
similar quantitative effects on endogenous
glucose production; hence, a deficient
response of either hormone alone does not
impair glucose counterregulation.12–14 For
example, most patients with recent-onset type
1 diabetes secrete less glucagon during hypo-
glycemia than people without diabetes, but
they can still secrete enough epinephrine to
mount an appropriate response.

Other major counterregulatory hormones
seem to be less critical in the initial 30 to 60
minutes of a hypoglycemic episode but are
important in the later stage of glucose stabi-
lization.12 Cortisol and growth hormone both
help the liver to sustain glucose output in the
face of hyperinsulinemia. In addition, these
hormones reduce peripheral glucose use dur-
ing recovery from hypoglycemia, an action
shared by epinephrine.11

■ SYMPTOMS VARY GREATLY

Symptoms of hypoglycemia vary greatly
among patients and depend on the individ-
ual’s sensitivity.

In mild hypoglycemia, symptoms result
from an autonomic nervous system response
in concert with the hormonal counterregula-
tory responses.15 These symptoms include
tremor, perspiration, palpitations, irritability,
nervousness, headache, hunger, tachycardia,
and pallor,13,15 and they subside once plasma
glucose is restored to normal levels.

A further decrease in plasma glucose
induces neuroglycopenic symptoms (ie, due to
depletion of glucose in the central nervous
system) such as difficulty in concentration,
slurred speech, blurred vision, drop in body
temperature, and behavioral changes.15

■ HOW DO PATIENTS KNOW
WHEN GLUCOSE IS LOW?

Most patients recognize the early warning
signs of hypoglycemia in time to take counter-
measures. The lack of such symptoms despite
hypoglycemia is termed impaired awareness of
hypoglycemia, a syndrome linked to defective
counterregulation in patients with diabetes.

Role of the brain
Accumulating evidence suggests that the
brain—in particular, the ventromedial hypo-
thalamus (VMH)—plays an important role in
glucose sensing.

In dogs, the counterregulatory response to
peripheral hypoglycemia can be abolished by
infusing glucose directly into the brain.16 In
rats, the counterregulatory response can also
be abolished by selectively destroying the
VMH or infusing concentrated glucose solu-
tions into the ventromedial nuclei.17,18

Conversely, selective glycopenia in the cells
within the VMH activates counterregulation,
even if the peripheral blood glucose concen-
tration is normal.19

Role of the liver
In parallel, various lines of evidence suggest that
the liver—in particular, the portohepatic vascu-
lar system—may play a role in sensing blood
glucose concentrations and activating the
counterregulatory response to hypoglycemia.20

Experimentally, if the glucose concentra-
tion in the portal vein is normalized during
systemic hypoglycemia, the sympathoadrenal
response is markedly suppressed. In addition,
destruction of afferent nerves in the portal
vein in dogs blunts the catecholamine
response during hypoglycemia.21

Together, these studies suggest that
glycemic sensors for hypoglycemia may be
localized both in the central nervous system
and in the portal vein.

■ COUNTERREGULATION IS IMPAIRED
IN TYPE 1 DIABETES

Secretion of the three main counterregulatory
hormones normally responsible for rapid
reversal of hypoglycemia is severely disrupted
in type 1 diabetes.
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• Insulin secretion is either insignificant or
absent.
• Glucagon release during hypoglycemia is
also impaired soon after the onset of diabetes,
and the plasma glucagon concentration does
not increase as it should during hypo-
glycemia.22 Of interest, however: glucagon is
still secreted in response to other glucagon
secretagogues, suggesting an acquired signal-
ing defect.23

• Epinephrine release during hypoglycemia
becomes progressively defective in type 1 dia-
betes; it is not triggered until the plasma glu-
cose level is lower, and the maximal concen-
tration of epinephrine released is significantly
reduced.24,25 This decrease in epinephrine
response during hypoglycemia is accompanied
by an attenuated autonomic neural response,
which results in the clinical syndrome of
impaired awareness of hypoglycemia.26

Without autonomic symptoms, mild
hypoglycemia may proceed unnoticed to more
advanced and dangerous phases. Patients with
impaired awareness of hypoglycemia in addi-
tion to defective counterregulation may be at
the greatest risk of developing severe hypo-
glycemia.26,27

Hypoglycemia-associated autonomic failure
Hypoglycemia-associated autonomic failure in
type 1 diabetes apparently results from
antecedent episodes of mild hypoglycemia
that further degrade the counterregulatory
response.28

In experiments in people without dia-
betes, recurrent or recent episodes of hypo-
glycemia are associated with reduced auto-
nomic (epinephrine and norepinephrine),
symptomatic, and cognitive functional
responses to subsequent episodes of hypo-
glycemia, impairing the endogenous defense
mechanisms and the clinical signs required
for hypoglycemia detection.29 Since patients
with type 1 diabetes already have a reduced
counterregulatory response (as mentioned
above), hypoglycemia-associated autonomic
failure may play a role in the vicious circle of
hypoglycemia begetting hypoglycemia.

Meticulous avoidance of hypoglycemia in
type 1 diabetes can improve the epinephrine
response and reverse impaired awareness of
hypoglycemia.30,31

■ HYPOGLYCEMIA IN TYPE 2 DIABETES

Compared with type 1 diabetes, type 2 dia-
betes poses a much lower risk of hypo-
glycemia.32 However, given the much larger
number of patients with type 2 diabetes and
the same clinical rationale for maintaining
tight glycemic control, hypoglycemia is a
major clinical problem in this population.

Episodes of severe hypoglycemia are much
less frequent in patients with intensively treated
type 2 diabetes than with type 1 diabetes.32,33

However, hypoglycemia becomes progressively
more common in patients with type 2 diabetes
as they approach the insulin-deficient stage of
the disease, when beta cells fail.

Hypoglycemia and oral drugs
Oral antidiabetic medications can be a source
of iatrogenic hypoglycemia in patients with
type 2 diabetes.

The sulfonylureas account for a substan-
tial proportion of cases of drug-induced hypo-
glycemia.34,35 Because these drugs are widely
used, it is difficult to assess the true incidence
of hypoglycemia that they cause. Most report-
ed cases of severe hypoglycemia were in
patients taking chlorpropamide or gly-
buride.36,37 However, severe episodes charac-
terized by coma have been reported with all
the agents in common use.

In part, the hypoglycemic potential of an
agent is related to its potency, its plasma and
biological half-lives, its metabolism, and the
concomitant use of other drugs. For example,
liver disease prolongs the hypoglycemic
actions of glyburide and glipizide, since these
drugs are partially metabolized in the liver.
Similarly, kidney disease may prolong the
action of insulin (due to impaired clearance)
or potentiate the effects of these drugs by
other mechanisms.

Sulfonylurea drugs lower plasma glucose
by themselves, and they can interact with
other agents to cause severe hypoglycemia.
The additive (or possibly synergistic) effects
during combined insulin and sulfonylurea
therapy account for an increasing number of
such episodes. Drugs that interfere with sul-
fonylurea metabolism or compete for circulat-
ing plasma protein binding with sulfonylureas
can also potentiate these effects.

On insulin,
the risk of
severe
hypoglycemia
is as high in
type 2 diabetes
as in type 1
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Recently, several new classes of oral
agents have been introduced in the United
States for the treatment of type 2 diabetes.
There is limited experience with most of these
agents regarding the risk of hypoglycemia.

Metformin has been available worldwide
for 40 years, though its association with hypo-
glycemia has only recently been quantified. In
the United Kingdom Prospective Diabetes
Study (UKPDS),38 the frequency of severe
hypoglycemia was lower with metformin than
with sulfonylureas or insulin, suggesting that
when hypoglycemia occurs in patients taking
this agent it may be due to other factors or to
type 2 diabetes per se, perhaps secondary to
hyperinsulinemia.

Nonsulfonylurea insulin secretagogues
also can cause hypoglycemia; repaglinide and
nateglinide are approved in the United
States.39

Thiazolidinediones such as pioglitazone
and rosiglitazone sensitize peripheral tissues to
insulin and hence may cause hypoglycemia
when insulin is used concomitantly, though
hypoglycemia can also occur with monother-
apy or when these drugs are used in combina-
tion with other oral agents, particularly sul-
fonylureas.40

Alpha-glucosidase inhibitors (acarbose
and miglitol) are not associated with hypo-
glycemia, though in theory their use in a
patient with hypoglycemia (eg, due to con-
comitant use of a sulfonylurea) may prevent
ingested carbohydrate from being metabolized
to glucose in the gut. It is therefore recom-
mended that patients taking alpha-glucosi-
dase inhibitors use oral glucose instead of food
to treat episodes of hypoglycemia.

■ CLINICAL APPROACH TO HYPOGLYCEMIA

Patient education
One of the most important things we can do to
prevent hypoglycemia is to educate the patient.
Education may help to allay the fear of hypo-
glycemia, an ever-present concern that may
substantially impede ideal glycemic control.

Patients with diabetes need to be well
informed about:
• The symptoms of hypoglycemia
• The physiologic factors that come into

play

• The time course of the drugs they use
• How to prevent and treat episodes of

hypoglycemia
• How to monitor their blood glucose levels
• The warning symptoms of hypoglycemia,

and to anticipate that typical autonomic
symptoms may wane over years of diabetes.

Question the patient carefully
A history of recurrent hypoglycemia should be
meticulously investigated, and insulin regi-
mens should be adjusted accordingly.

Carefully question the patient at each
visit: probe for details of episodes that the
patient recognized as being caused by hypo-
glycemia, but also assess whether the patient
has experienced events that went unrecog-
nized—in particular, neurologic symptoms
that required the assistance of a family mem-
ber but were not identified as severe hypo-
glycemia. For example, reports of unexplained
night sweats or a clouded mental state upon
arising in the morning should be diligently
evaluated.

It is essential to pay close attention to the
history provided by the patient and to the
patient’s home blood glucose measurements,
in part because we lack definitive laboratory
measures that can be used to suggest a propen-
sity to severe hypoglycemia.

Patients should be encouraged to docu-
ment episodes of hypoglycemia and to contact
the care team if they have unexpected or
more-frequent episodes.

Adjust the insulin regimen
Insulin preparations have different onsets of
action, times to peak effect, and effective
durations of action—factors that must be con-
sidered when adjusting the treatment. This
variability affects both glycemic control and
hypoglycemic episodes.41

For example, for preprandial doses, substi-
tuting a rapid-acting insulin analogue such as
insulin lispro or insulin aspart for regular
insulin may reduce the risk of nocturnal hypo-
glycemia. Similarly, substituting a long-acting
insulin analogue such as insulin glargine or
insulin detemir for an intermediate-acting
insulin such as neutral protamine Hagedorn
(NPH) may also reduce the frequency of noc-
turnal hypoglycemia.42,43
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Adjust the oral regimen
Patients on oral antidiabetic drugs are also at
risk for developing hypoglycemia. The follow-
ing factors should be considered:
• Biguanides (metformin), thiazolidine-
diones (pioglitazone or rosiglitazone) and
alpha glucosidase inhibitors (acarbose, migli-
tol) do not normally cause hypoglycemia.
Nonetheless, when combined with insulin or
with sulfonylureas, these drugs may potentiate
the development of hypoglycemia.
• The insulin secretagogues—sulfonylureas,
repaglinide, and nateglinide—are known to
induce hypoglycemia in patients with type 2
diabetes. In the case of sulfonylureas, the risk
may be greater in the elderly and in patients
with altered hepatic or renal function. Among
the sulfonylurea drugs, chlorpropamide and
glyburide have been reported to be more fre-
quently associated with hypoglycemia.

TABLE 1 lists several risk factors for severe
hypoglycemia. Patients in these categories
need greater vigilance, both in planning the
antidiabetic regimen and in the acute treat-
ment of hypoglycemia.

Acute treatment: Fast-acting carbohydrates
Most mild or moderate episodes of hypo-
glycemia can be self-treated relatively easily by
ingesting fast-acting carbohydrates such as
glucose tablets, glucose gels, or food (juices,
soft drinks, or a meal).

The suggested amount of carbohydrate to

be ingested is about 15 grams; as a rule of
thumb, 5 grams of carbohydrate will increase
the plasma glucose concentration by about 15
mg/dL. Importantly, foods that are rich in fat
delay glucose absorption, and are thus less
effective. If after 15 minutes plasma glucose
levels are still below 70 mg/dL and if symp-
toms have not abated, the patient should take
an additional 15 grams of carbohydrate.

Since the glycemic response to oral glu-
cose is relatively transient, ingestion of a snack
or a meal shortly after correction of hypo-
glycemia is recommended.

Parenteral treatment
Parenteral treatment of hypoglycemia is gen-
erally recommended if:
• A patient is unwilling or unable to ingest

carbohydrates (eg, due to severe hypo-
glycemia), or

• A patient with type 2 diabetes has sul-
fonylurea-induced hypoglycemia (which
may be prolonged).
Intravenous glucose (25 g) is the preferred

treatment for hypoglycemia. Parenteral
glucagon (1 mg subcutaneously) is an alterna-
tive, especially in patients with type 1 diabetes
who may have to be treated by family mem-
bers for severe hypoglycemia.

Since glucagon stimulates secretion of
insulin and also promotes glucose production,
it is less effective in patients with type 2 dia-
betes.

■ NOCTURNAL HYPOGLYCEMIA

A particularly important condition observed
mainly in type 1 diabetes is nocturnal hypo-
glycemia.44 It may be asymptomatic and fre-
quently is neither suspected nor identified.
Plasma glucose is rarely measured during the
night, and nocturnal hypoglycemia may there-
fore not be confirmed.

Factors that contribute to the develop-
ment of nocturnal hypoglycemia include
increased physical activity in the last 24 hours,
imbalance between the antidiabetic regimen
and the amount and timing of meals, content
of meals (eg, the amount of fat), and alcohol
consumption.45 In addition, sleep per se is
associated with a decrease in the autonomic
response to hypoglycemia.46

5 grams of
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will increase
plasma glucose
by about
15 mg/dL
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Risk factors for severe hypoglycemia
in diabetes mellitus

Youth (children)

Elderly taking sulfonylurea drugs

Altered consciousness

Ethanol use

Strenuous exercise in the previous 24 hours

Antecedent hypoglycemia

Use of pentamidine, quinine, or nonselective beta-blocker drugs

Critical illnesses such as sepsis, or hepatic, renal, or cardiac failure

Type 1 diabetes with history of recurrent severe hypoglycemia
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Although most episodes of nocturnal
hypoglycemia are asymptomatic, some patients
have sleep disturbances (vivid dreams or night-
mares), morning headache (feeling hungover),
chronic fatigue, or mood changes (mainly
depression). Children in particular may present
with convulsions or enuresis.47

As noted above, recurrent episodes of
hypoglycemia cause further deterioration of
the counterregulatory response to subsequent
hypoglycemia. Thus, nocturnal (and asympto-
matic) hypoglycemia may be an important
factor in precipitating daily hypoglycemic
episodes and exacerbating hypoglycemia-asso-
ciated autonomic failure.

Strategies to prevent nocturnal hypo-
glycemia include fine-tuning the insulin regi-
men, eating “long-acting” bedtime snacks,
and regular monitoring of blood glucose at
bedtime and before breakfast.48 Uncooked
starch as a bedtime snack may be particularly
effective in preventing nocturnal hypo-
glycemia due to its slower absorption, but its
lack of palatability has limited its widespread
use. The bedtime glucose level has been
reported to be highly predictive of subsequent
hypoglycemia developing during sleep.

Nocturnal glucose monitoring
New, noninvasive glucose monitors are
promising.49 Not only can such devices pro-
vide a continuous profile of blood glucose lev-
els so that treatment can be better adjusted,
but some also have audible alarms that can
warn the patient of impending hypoglycemia.

A recently approved device for intermit-

tent glucose testing uses iontophoresis to
measure interstitial levels of glucose through
the skin, without needles (GlucoWatch
Biographer; www.glucowatch.com).50 The
device looks like a large digital watch and
has an alarm that can waken the patient if
the glucose concentration drops below a pre-
determined level. However, since the acqui-
sition time required for sample collection
using this device is relatively long, and since
a lag time may exist between changes in glu-
cose concentrations between the blood and
interstitial fluid, the device has limitations as
a real-time glucose monitoring device for
detection of hypoglycemia.

Further improvements in interstitial fluid
glucose monitoring systems are needed,
though one such device (the Continuous
Glucose Monitoring System or CGMS) is cur-
rently approved to provide a retrospective pro-
file of interstitial fluid glucose.51 Another
device currently in late-stage development is a
continuous glucose sensor that can report real-
time information to the patient.52 Ultimately,
perfected insulin replacement must be coupled
to more precise and frequent determination of
glucose concentrations to “close the loop” and
avoid the excess insulin that is a factor in caus-
ing hypoglycemia.

Other experimental approaches to dia-
betes treatment (eg, islet cell or pancreatic
transplantation), while not applicable to most
patients, also carry the promise of reduced like-
lihood of hypoglycemia, underscoring the cen-
tral importance of regulated insulin delivery to
the maintenance of glucose homeostasis.53

CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 71 •  NUMBER 4       APRIL   2004 341

Nocturnal
hypoglycemia
is often
undetected

■ REFERENCES
1. Cryer PE. Iatrogenic hypoglycemia as a cause of hypoglycemia-

associated autonomic failure in IDDM. A vicious cycle. Diabetes
1992; 41:255–260.

2. Chipkin SR, Klugh SA, Chasan-Taber L. Exercise and diabetes.
Cardiol Clin 2001; 19:489–505.

3. Williams HE. Alcoholic hypoglycemia and ketoacidosis. Med Clin
North Am 1984; 68(1):33–38.

4. Raptis SA, Dimitriadis GD. Oral hypoglycemic agents: insulin secre-
tagogues, alpha-glucosidase inhibitors and insulin sensitizers.
Diabetes 2001; 109(suppl 2):S265–S267.

5. Bolli GB, Fanelli CG. Physiology of glucose counterregulation to
hypoglycemia. Endocrinol Metab Clin North Am 1999;
28(3):467–493.

6. The DCCT Research Group. The effect of intensive treatment of
diabetes on the development and progression of long-term com-
plications in insulin-dependent diabetes mellitus. N Engl J Med
1993; 329:977–986.

7. Pramming S, Pedersen-Bjergaard U, Heller SP, et al. Severe hypo-

glycemia in unselected patients with type 1 diabetes: a cross sec-
tional multicentre survey [abstract]. Diabetologia 2000; 43:(suppl
1):A194.

8. Leese GP, Wang J, Broomhall J, et al. Frequency of severe hypo-
glycemia requiring emergency treatment in type 1 and type 2 dia-
betes: a population-based study of health service resource use.
Diabetes Care 2003; 26:1176–1180.

9. Schwartz NS, Clutter WE, Shah SD, et al. The glycemic thresholds
for activation of glucose counterregulatory systems are higher
than the thresholds for symptoms. J Clin Invest 1987; 79:777–781.

10. Cryer PE. Glucose counterregulation in man. Diabetes 1981;
30:261–264.

11. Rizza R, Cryer P, Haymond M, Gerich JF. Adrenergic mechanisms
for the effects of epinephrine on glucose production and clear-
ance in man. J Clin Invest 1980; 65:682–689.

12. Cryer PE. The prevention and correction of hypoglycemia. In:
Jefferson LS, Cherrington AD, editors. The Endocrine System.
Volume 2, The Endocrine Pancreas and Regulation of Metabolism.

 on May 17, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


New York: Oxford University Press, 2001:1057–1092.
13. Mitrakou A, Ryan C, Veneman T, et al. Hierarchy of glycemic

thresholds for counterregulatory hormone secretion, symptoms
and cerebral dysfunction. Am J Physiol 1991; 260:E67–E74.

14. Fanelli C, Pampanelli S, Epifano L, et al. Relative roles of insulin
and hypoglycemia on induction of neuroendocrine responses to,
symptoms of, and deterioration of cognitive function in hypo-
glycemia in male and female humans. Diabetologia 1994;
37:797–807.

15. Boyle PJ, Schwartz NS, Shah SD, Clutter WE, Cryer PE. Plasma glu-
cose concentrations at the onset of hypoglycemic symptoms in
patients with poorly controlled diabetes and in nondiabetics. N
Engl J Med 1988; 318:1487–1492.

16. Biggers DW, Myers SR, Neal D, et al. Role of brain in counterregu-
lation of insulin-induced hypoglycemia in dogs. Diabetes 1989;
38:7–16.

17. Borg MA, Sherwin RS, Borg WP, Tamborlane WV, Shulman GI.
Local ventromedial hypothalamus glucose perfusion blocks coun-
terregulation during systemic hypoglycemia in awake rats. J Clin
Invest 1997; 99:361–365.

18. Borg WP, During MJ, Sherwin RS, Borg MA, Brines ML, Shulman
GI. Ventromedial hypothalamic lesions in rats suppress counter-
regulatory responses to hypoglycemia. J Clin Invest 1994;
93:1677–1682.

19. Borg WP, Sherwin RS, During MJ, Borg MA, Shulman GI. Local
ventromedial hypothalamus glucopenia triggers counterregulato-
ry hormone release. Diabetes 1995; 44:180–184.

20. Hevener AL, Bergman RN, Donovan CM. Novel glucosensor for
hypoglycemic detection localized to the portal vein. Diabetes
1997; 46:1521–1525.

21. Donovan CM, Halter JB, Bergman RN. Importance of hepatic glu-
coreceptors in sympathoadrenal response to hypoglycemia.
Diabetes 1991; 40:155–158.

22. Gerich JE, Langlois M, Noacco C, Karam JH, Forsham PH. Lack
of glucagon response to hypoglycemia in diabetes: evidence
for an intrinsic pancreatic alpha cell defect. Science 1973;
182:171–173.

23. Fukuda M, Tanaka A, Tahara Y, et al. Correlation between minimal
secretory capacity of pancreatic beta-cells and stability of diabetic
control. Diabetes 1988; 37:81–88.

24. Bolli G, de Feo P, Compagnucci P, et al. Abnormal glucose counter-
regulation in insulin-dependent diabetes mellitus: interaction of
anti-insulin antibodies and impaired glucagon and epinephrine
secretion. Diabetes 1983; 32:134–141.

25. Amiel SA, Sherwin RS, Simonson DC, Tamborlane WV. Effect of
intensive insulin therapy on glycemic thresholds for counterregu-
latory hormone release. Diabetes 1988; 37:901–907.

26. Gold AE, MacLeod KM, Frier BM. Frequency of severe hypo-
glycemia in patients with type 1 diabetes with impaired aware-
ness of hypoglycemia. Diabetes Care 1994; 17:697–703.

27. Fanelli CG, Pampanelli S, Porcellati F, Bolli GB. Shift of glycaemic
thresholds for cognitive function in hypoglycaemia unawareness
in humans. Diabetologia 1998; 41:720–723.

28. Dagogo-Jack SE, Craft S, Cryer PE. Hypoglycemia-associated auto-
nomic failure in insulin dependent diabetes mellitus. J Clin Invest
1993; 91:819–828.

29. Mellman MJ, Davis MR, Brisman M, Shamoon H. Effect of
antecedent hypoglycemia on cognitive function and on glycemic
thresholds for counterregulatory hormone secretion in healthy
humans. Diabetes Care 1994; 17:183–188.

30. Fanelli CG, Pampanelli S, Epifano L, et al. Long-term recovery
from unawareness, deficient counterregulation and lack of cogni-
tive dysfunction during hypoglycemia following institution of
rational intensive therapy in IDDM. Diabetologia 1994;
37:1265–1276.

31. Cranston I, Lomas J, Maran A, Macdonald I, Amiel SA.
Restoration of hypoglycemia unawareness in patients with long-
duration insulin-dependent diabetes mellitus. Lancet 1994;
344:283–287.

32. Abaira C, Colwell JA, Nuttall FQ, et al. Veterans Affairs coopera-
tive study on glycemic control and complications in type II dia-
betes: results of the feasibility trial. Diabetes Care 1995;
18:1113–1123.

33. MacLeod KM, Hepburn DA, Frier BM. Frequency and morbidity of
severe hypoglycemia in insulin-treated diabetic patients. Diabetes
Med 1993; 10:238–245.

34. van Staa T, Abenhaim L, Monette J. Rates of hypoglycemia in
users of sulfonylureas. J Clin Epidemiol 1997; 50:735–741.

35. Shorr RI, Ray WA, Daugherty JR, Griffin MR. Incidence and risk
factors for serious hypoglycemia in older persons using insulin or
sulfonylureas. Arch Intern Med 1997; 157:1681–1686.

36. Gordon MR, Flockhart D, Zawadzki JK, Taylor T, Ramey JN,
Eastman RC. Hypoglycemia due to inadvertent dispensing of
chlorpropamide. Am J Med 1988; 85:271–272.

37. Burge MR, Schmitz-Fiorentino K, Fischette C, Qualls CR, Schade
DS. A prospective trial of risk factors for sulfonylurea-induced
hypoglycemia in type 2 diabetes mellitus. JAMA 1998;
279:137–143.

38. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet 1998; 352:837–853.

39. Goldberg RB, Einhorn D, Lucas CP, et al. A randomized placebo-
controlled trial of repaglinide in the treatment of type 2 diabetes.
Diabetes Care 1998; 21:1897–1903.

40. Buse JB, Gumbiner B, Mathias NP, Nelson DM, Faja BW, Whitcomb
RW. Troglitazone use in insulin-treated type 2 diabetic patients.
Diabetes Care 1998; 21:1455–1461.

41. Vaaler S. Optimal glycemic control in type 2 diabetic patients.
Does including insulin treatment mean a better outcome?
Diabetes Care 2000; 23(suppl 2):B30–B34.

42. Gerich JE. Novel insulins: expanding options in diabetes manage-
ment. Am J Med 2002; 113:308–316.

43. Levien TL, Baker DE, White JR Jr, Campbell RK. Insulin glargine: a
new basal insulin. Ann Pharmacother 2002; 36:1019–1027.

44. Fanelli CG, Paramore DS, Hershey T, et al. Impact of nocturnal
hypoglycemia on hypoglycemic cognitive dysfunction in type 1
diabetes. Diabetes 1998; 47:1920–1927.

45. Amiel SA. Hypoglycaemia avoidance, technology and knowledge.
Lancet 1998; 352:502–503.

46. Bolli GB, Perriello G, Fanelli CG, De Feo P. Nocturnal blood glucose
control in type I diabetes mellitus. Diabetes Care 1993; 16(suppl
3):71–89.

47. Santiago JV. Nocturnal hypoglycemia in children with diabetes: an
important problem revisited. J Pediatr 1997; 131:2–4.

48. Beaser RS. Fine-tuning insulin therapy. Postgrad Med 1992;
91:323–330.

49. Klonoff DC. Noninvasive blood glucose monitoring. Diabetes Care
1997; 20:433–437.

50. Tamada JA, Garg S, Jovanovic L, Pitzer KR, Fermi S, Potts RO.
Noninvasive glucose monitoring: comprehensive clinical results.
Cygnus Research Team. JAMA 1999; 282:1839–1844.

51. Schiaffini R, Ciampalini P, Fierabracci A, et al. The Continuous
Glucose Monitoring System (CGMS) in type 1 diabetic children is
the way to reduce hypoglycemic risk. Diabetes Metab Res Rev
2002; 18:324–329.

52. Feldman B, Brazq R, Schwartz S, Weinstein R. A continuous glu-
cose sensor based on wired enzyme technology – results from a 3-
day trial in patients with type 1 diabetes. Diabetes Technol Ther
2003; 5:769–779.

53. Shapiro AM, Lakey JR, Ryan EA, et al. Islet transplantation in
seven patients with type 1 diabetes mellitus using a glucocorti-
coid-free immunosuppressive regimen. N Engl J Med 2000;
343:230–238.

ADDRESS: Harry Shamoon, MD, Professor of Medicine, Diabetes Research
Center, Albert Einstein College of Medicine, Belfer Building 706, 1300
Morris Park Avenue, Bronx, NY 10461; e-mail shamoon@aecom.yu.edu.

342 CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 71 •  NUMBER 4      APRIL   2004

HYPOGLYCEMIA GABRIELY AND SHAMOON

 on May 17, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

