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I atrogenic hypoglycemia causes recur-
rent morbidity in most people with
type 1 diabetes and in many with type

2 diabetes and is sometimes fatal. It also
impairs defenses against subsequent hy-
poglycemia. Furthermore, the barrier of
hypoglycemia precludes maintenance of
euglycemia over a lifetime of diabetes;
thus, full realization of the benefits of gly-
cemic control is rarely achieved. There-
fore, hypoglycemia is the critical limiting
factor in the glycemic management of di-
abetes in both the short and long term (1).

Clinicians have recognized the prob-
lem of iatrogenic hypoglycemia since the
first use of insulin in 1922 (2). The prob-
lem was underscored 70 years later by the
finding that intensive glycemic therapy
both decreased the frequency of long-
term complications and increased the fre-
quency of hypoglycemia in the Diabetes
Control and Complications Trial (DCCT)
(3,4). Despite steady improvements in the
glycemic management of diabetes, and
perhaps because of the impetus for glyce-
mic control that resulted from the DCCT
(3,4) and the U.K. Prospective Diabetes
Study (5,6), recent population-based data
indicate that hypoglycemia continues to
be a major problem for people with both
type 1 and type 2 diabetes (7–9).

The ultimate goal of the glycemic
management of diabetes is a lifetime of
euglycemia without hypoglycemia. That
will undoubtedly require glucose-
regulated insulin replacement or secre-
tion (10). Pending that, the goal of new
drugs, devices, or management strategies
to be used for the glycemic management

of diabetes is to both improve glycemic
control and reduce the frequency and
severity of hypoglycemia. How should
new drugs, devices, or strategies be eval-
uated and reported from the perspective
of hypoglycemia?

The American Diabetes Association as-
sembled a Workgroup on Hypoglycemia in
June of 2004 to discuss that issue and, in
part, to advise the U.S. Food and Drug Ad-
ministration as to how hypoglycemia
should be used as an end point in studies of
new treatments for diabetes. After reviewing
the background of hypoglycemia in diabe-
tes, the Workgroup discussed three ques-
tions: 1) How should hypoglycemia be
defined? 2) How should hypoglycemia be
reported? 3) What constitutes a meaningful
reduction in hypoglycemia?

HYPOGLYCEMIA IN
DIABETES — The topic of hypoglyce-
mia in diabetes has been reviewed in de-
tail recently (1,11). The clinical syndrome
is most convincingly documented by
Whipple’s triad (12): symptoms consis-
tent with hypoglycemia, a low plasma
glucose concentration, and relief of those
symptoms when the plasma glucose con-
centration is raised. In people with diabe-
tes, hypoglycemia has been classified as
“asymptomatic” or “biochemical,” which
is particularly common, and “symptom-
atic” or “severe,” which requires the assis-
tance of another individual. Symptoms of
hypoglycemia may be idiosyncratic, but
individuals often learn to recognize their
unique symptoms. Neurogenic (auto-
nomic) symptoms include, but are not

limited to, palpitations, tremor, hunger,
and sweating. Neuroglycopenic symp-
toms often include behavioral changes,
difficulty thinking, and/or frank confu-
sion, but neuroglycopenic manifestations
can include seizure, coma, and even
death.

In people with diabetes, hypoglyce-
mia is the result of the interplay of relative
or absolute insulin excess and compro-
mised physiological defenses against fall-
ing plasma glucose concentrations (1,11).
Insulin excess from time to time is the
result of the pharmacokinetic imperfec-
tions of all insulin preparations and insu-
lin secretagogues used to treat diabetes in
the context of an array of factors such as
food intake, exercise, drug (including al-
cohol) interactions, altered sensitivity to
insulin, and insulin clearance. Compro-
mised physiological defenses against fall-
ing plasma glucose concentrations are the
result of the pathophysiology of glucose
counterregulation—the mechanisms that
normally prevent or rapidly correct hypo-
glycemia—at least in type 1 and advanced
type 2 diabetes. That pathophysiology in-
cludes impairment of all three key de-
fenses against falling plasma glucose
levels in the endogenous insulin deficient
state: 1) insulin levels do not decrease, 2)
glucagon levels do not increase, and 3) the
increase in epinephrine levels is typically
attenuated (i.e., the glycemic threshold
for epinephrine secretion is shifted to a
lower plasma glucose concentration). In
the setting of absent insulin and glucagon
responses, the attenuated epinephrine re-
sponse causes the syndrome of defective
glucose counterregulation. The attenu-
ated sympathoadrenal (sympathetic neu-
ral as well as adrenomedullary) response
also causes the clinical syndrome of hypo-
glycemia unawareness, i.e., loss of the
warning symptoms that previously al-
lowed the patient to recognize developing
hypoglycemia and take corrective action.
While the absent insulin and glucagon re-
sponses are persistent defects, it is now
recognized that the reduced sympatho-
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adrenal response to a given level of hypo-
glycemia is a dynamic process typically
induced by recent antecedent iatrogenic
hypoglycemia (1,11). The concept of hy-
poglycemia-associated autonomic failure
in type 1 diabetes (13) and advanced type
2 diabetes (14) posits that recent anteced-
ent hypoglycemia causes both defective
glucose counterregulation (by reducing
the epinephrine response in the setting of
absent insulin and glucagon responses)
and hypoglycemia unawareness (by re-
ducing the sympathoadrenal and the re-
sulting symptomatic responses) and thus
a vicious cycle of recurrent hypoglycemia
(1,11). That concept has been extended
recently to include exercise- and sleep-
related hypoglycemia-associated auto-
nomic failure (11). Thus, hypoglycemia
unawareness is reversible in most affected
patients, and the reduced epinephrine
component of defective glucose counter-
regulation is variably improved, by as lit-
tle as 2–3 weeks of scrupulous avoidance
of iatrogenic hypoglycemia (15–19). Im-
portantly, antecedent plasma glucose lev-
els as high as 70 mg/dl (3.9 mmol/l) cause
reduced sympathoadrenal responses to
subsequent hypoglycemia (20).

Iatrogenic hypoglycemia often has a
profound impact on the lives of people
with diabetes (as well as on their physio-
logical defenses against subsequent hypo-
glycemia). The experience of an episode
can range from unrecognized to ex-
tremely uncomfortable and disrupting.
As a group, people with diabetes fear hy-
poglycemia more than they fear the long-
term complications of diabetes. The
degree of cognitive-motor dysfunction,
particularly slowing of cognitive and mo-
tor processing speed, during an episode
depends on the magnitude of hypoglyce-
mia. The psychological reactions can be
quite frightening and can extend beyond
the patient to include family, friends, and
coworkers. If neuroglycopenia occurs
while the individual is performing a crit-
ical task, such as driving, the individual
and others are placed at risk of injury and
death. The rational fear of hypoglycemia
can lead to worsening of metabolic con-
trol as well as tension with, and a restric-
t ion o f per sona l f r eedoms and
responsibilities by, anxious and over-
protective loved ones, colleagues, or
employers.

Risk factors for hypoglycemia (1,11)
include: 1) endogenous insulin defi-
ciency, which also predicts a deficient

glucagon response; 2) a history of hypo-
glycemia, hypoglycemia unawareness, or
both; 3) aggressive glycemic therapy per
se as evidenced by lower glycemic goals,
lower HbA1c levels, or both; 4) recent
moderate or intensive exercise; 5) sleep;
and 6) renal failure. However, a history of
severe hypoglycemia and lower HbA1c
levels have limited ability to predict addi-
tional episodes. These two parameters ac-
counted for �9% of future episodes of
severe hypoglycemia in the DCCT (4)
and, when combined with a specific au-
tonomic score, for 18% of future severe
hypoglycemic episodes (21).

Mild hypoglycemic episodes fre-
quently precede severe hypoglycemia
(22). Indeed, �50% of hypoglycemia can
be predicted based on risk analysis of self-
monitored plasma glucose data over time
(23). This reflects the fact, discussed ear-
lier, that recent antecedent hypoglycemia,
with prior plasma glucose concentrations
as high as 70 mg/dl (3.9 mmol/l) (20),
causes defective glucose counterregula-
tion and hypoglycemia unawareness
(1,11). Thus, episodes of hypoglycemia
not only cause recurrent physical and
psychological morbidity and risk of death
in the short term but also preclude eugly-
cemia in the long term. In addition, epi-
sodes lead to a vicious cycle of recurrent
hypoglycemia.

QUESTIONS

A) How should hypoglycemia be
defined?
The Workgroup first established a set of
guiding principles regarding the ideal def-
inition of hypoglycemia in individuals
with diabetes. First, the optimal defini-
tion should be applicable to clinical deci-
sion-making by people with diabetes and
their care providers as well as to studies of
diabetes drugs, devices, or management
strategies, although the standards for doc-
umenting and reporting hypoglycemia in
studies need to be more stringent than
those in the clinical setting. Second, the
definition should be 1) free from report-
ing biases, 2) clinically important, 3) ap-
plicable to all persons with diabetes, 4)
applicable to any time of day, 5) measur-
able by practical and widely available
methods, and 6) reportable in a standard-
ized fashion.

Given these parameters, the Work-
group’s overarching definition of hypogly-
cemia includes all episodes of an

abnormally low plasma glucose concentra-
tion that expose the individual to potential
harm. With regard to the latter issue, it is
not only the nadir glucose concentration
and the duration of hypoglycemia that may
be inherently dangerous; frequent hypogly-
cemic events interfere with daily living and,
even if asymptomatic, lead to defective glu-
cose counterregulation and hypoglycemia
unawareness (1,11,13,14,20). Since these
episodes increase the risk of subsequent hy-
poglycemia substantially, all hypoglycemic
events can harm the individual with diabe-
tes in the short or long term.

In addition to glucose counterregu-
latory systems that are triggered at an
(arterialized venous) plasma glucose con-
centration of 65–70 mg/dl (3.6 –3.9
mmol/l) in nondiabetic people (24–26),
warning symptoms of hypoglycemia are
critical to permit interventions that also
restore the plasma glucose concentration
toward normal. Thus, symptoms of a low
plasma glucose, it can be argued, may be
included in a definition of hypoglycemia.
It is acknowledged that symptoms are id-
iosyncratic and nonspecific and may ei-
ther not be recognized as such or be
absent. Alternatively, it could be argued
that hypoglycemia—literally low blood
glucose—is by definition diagnosed by a
low plasma glucose value. Thus, the ques-
tion arises as to whether symptoms asso-
ciated with hypoglycemia should ever
replace a glucose value. Although it is ap-
preciated that people with diabetes often
know when they are hypoglycemic, there is
also the very gray area that occurs when co-
morbid conditions or therapies produce
symptoms similar to those that occur dur-
ing hypoglycemia (e.g., palpitations,
tremor, hunger, or sweating) or in patients
with hypoglycemia unawareness. Clearly, it
is important for patients to measure their
glucose levels when they think they are hy-
poglycemic. The reality, however, is that a
plasma glucose level is not always obtained.

Finally, the question arises as to how a
glucose level used to define hypoglycemia
should be measured. Although a precise
laboratory-based plasma glucose mea-
surement would be ideal, monitor-based
estimates (or those with a validated glu-
cose sensor) are the only practical
method. Albeit a function of mean glyce-
mia and therefore a useful index of overall
glycemic control and generally inversely
related to the frequency of hypoglycemia,
the HbA1c level is not an alternative to
plasma glucose values. Given that they
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likely have periods of hyperglycemia, pa-
tients with near-normal HbA1c levels
likely have periods of hypoglycemia (e.g.,
during the night) whether they are de-
tected or not.

The Workgroup definition describes
a classification of hypoglycemic events
based on the above considerations. A hy-
poglycemic episode could be:
1) Severe hypoglycemia. An event re-
quiring assistance of another person to
actively administer carbohydrate, gluca-
gons, or other resuscitative actions. These
episodes may be associated with sufficient
neuroglycopenia to induce seizure or
coma. Plasma glucose measurements may
not be available during such an event, but
neurological recovery attributable to the
restoration of plasma glucose to normal is
considered sufficient evidence that the
event was induced by a low plasma glu-
cose concentration.
2) Documented symptomatic hypogly-
cemia. An event during which typical
symptoms of hypoglycemia are accompa-
nied by a measured plasma glucose con-
centration �70 mg/dl (3.9 mmol/l).
3) Asymptomatic hypoglycemia. An
event not accompanied by typical symp-
toms of hypoglycemia but with a mea-
sured plasma glucose concentration �70
mg/dl (3.9 mmol/l). Since the glycemic
threshold for activation of glucagon and
epinephrine secretion as glucose levels
decline is normally 65–70 mg/dl (3.6–3.9
mmol/l) (24–26) and since antecedent
plasma glucose concentrations of �70
mg/dl (3.9 mmol/l) reduce sympathoad-
renal responses to subsequent hypoglyce-
mia (1,11,20), this criterion sets the lower
limit for the variation in plasma glucose in
nondiabetic, nonpregnant individuals as
the conservative lower limit for individu-
als with diabetes.
4) Probable symptomatic hypoglyce-
mia. An event during which symptoms
of hypoglycemia are not accompanied by
a plasma glucose determination (but that
was presumably caused by a plasma glu-
cose concentration �70 mg/dl [3.9
mmol/l]). Since many people with diabe-
tes choose to treat symptoms with oral
carbohydrate without a test of plasma glu-
cose, it is important to recognize these
events as “probable” hypoglycemia. Such
self-reported episodes that are not con-
firmed by a contemporaneous low plasma
glucose determination may not be suit-
able outcome measures for clinical studies

that are aimed at evaluating therapy, but
they should be reported.
5) Relative hypoglycemia. An event
during which the person with diabetes re-
ports any of the typical symptoms of hy-
poglycemia, and interprets those as
indicative of hypoglycemia, but with a
measured plasma glucose concentration
�70 mg/dl (3.9 mmol/l). This category
reflects the fact that patients with chroni-
cally poor glycemic control can experi-
ence symptoms of hypoglycemia at
plasma glucose levels �70 mg/dl (3.9
mmol/l) as plasma glucose concentrations
decline toward that level (27,28). Though
causing distress and interfering with the
patient’s sense of well-being, and poten-
tially limiting the achievement of optimal
glycemic control, such episodes probably
pose no direct harm and therefore may
not be a suitable outcome measure for
clinical studies that are aimed at evaluat-
ing therapy, but they should be reported.

B) How should hypoglycemia be
reported?
At a minimum, hypoglycemic events
should be reported in each of the first
three categories: severe hypoglycemia,
documented symptomatic hypoglycemia,
and asymptomatic hypoglycemia. Thus,
since severe hypoglycemia is infrequent,
the vast majority of reported episodes will
require a corresponding plasma glucose
concentration �70 mg/dl (3.9 mmol/l),
with (documented symptomatic hypogly-
cemia) or without (asymptomatic hypo-
glycemia) symptoms. Such relatively
stringent criteria are appropriate for stud-
ies of new drugs, devices, or management
strategies. Nonetheless, their use alone
will underestimate the frequency of
symptomatic episodes attributed to hypo-
glycemia. Therefore, it would be useful to
also report episodes of probable symp-
tomatic and relative hypoglycemia, even
though these are not used as statistical
outcome variables.

Currently there is no standardized
convention for reporting the frequency of
hypoglycemia in clinical studies. The
Workgroup recommends that both the
proportion (percentage) of patients af-
fected and the event rates (e.g., episodes
per patient-year or 100 patient-years) for
each of the categories of hypoglycemic
events be reported. These provide com-
plementary information.

At least in type 1 diabetes, hypoglyce-
mia occurs most frequently during sleep

(3,4). Episodes of nocturnal hypoglyce-
mia range from asymptomatic to severe
and are potentially fatal if untreated. In
addition, even asymptomatic nocturnal
hypoglycemia impairs defenses against
subsequent hypoglycemia (29,30), i.e., it
causes defective glucose counterregula-
tion and hypoglycemia unawareness
(1,11). Therefore, it is appropriate to sep-
arate hypoglycemic events into nocturnal
and daytime episodes.

Finally, if patients at high risk for hy-
poglycemia are excluded from clinical
studies, that exclusion should be made
clear. Similarly, it should be made clear if
patients at low risk are excluded. Obvi-
ously, the exclusion/inclusion criteria can
affect the frequency of hypoglycemic
events.

C) What constitutes a meaningful
reduction in hypoglycemia?
Clearly, clinical approaches that reduce
the severity of hypoglycemia, as well as
those that reduce the frequency of hypo-
glycemia, would be worthwhile. The
Workgroup concluded that any signifi-
cant reduction in severe hypoglycemia
(that requiring the assistance of another
individual), even by as little as 10–20%,
would be advantageous. It was the con-
sensus of the Workgroup that a signifi-
cant reduction in the frequency of
documented hypoglycemia (plasma glu-
cose �70 mg/dl [3.9 mmol/l]), with or
without symptoms, of �30% by a new
drug, device, or management strategy
would represent a clinically important
improvement over existing therapies.
That could be a �30% reduction in the
proportion of patients affected by hypo-
glycemia, the hypoglycemia event rates,
or both. (Again, both the proportion of
patients affected and the event rates
should be reported.) The reduction in hy-
poglycemia could be over any clinically
relevant period of time; if limited to a seg-
ment of the day, e.g., during the night, it
should not be offset by an increase in the
frequency of hypoglycemia in the remain-
der of the day. Finally, a clinically impor-
tant reduction in hypoglycemia should
not be accompanied by an increase in
mean glycemia (e.g., HbA1c). Indeed, as
mentioned earlier, the goal is to reduce
both hypoglycemia and glycemia.

Rates of hypoglycemia can vary
within a given clinical study. The fre-
quency of hypoglycemia could increase
sharply early in a study with intensifica-
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tion of treatment only to decrease to a
lower steady state when a plateau of stable
glycemic control is achieved. This initial
phase of increased hypoglycemia can be
variable and depends on factors such as
the pharmacokinetics and pharmacody-
namics of a new drug; the investigator and
patient learning curve with a new drug,
device, or strategy; and the rapidity of in-
tensification of glycemic control. On the
other hand, since the frequency of hypo-
glycemia is linked to glycemic control, a
study that improves glucose levels slowly
may produce a pattern of increasing rates
of hypoglycemia over months. A third
scenario is an experimental design that
tests a chronic intervention over years.

Therefore, the experimental question
is a key factor driving the assessment of
the frequency of hypoglycemia. The sam-
ple size is, of course, another key variable.
Thus, the metrics that should be consid-
ered in designing a study aimed at deter-
mining the frequency of hypoglycemia
include: 1) the time required to achieve
the glycemic target, 2) the duration of sta-
ble glycemic control, 3) the target level of
glycemic control, and 4) the number of
participants.
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