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Abstract

Hypoglycemia is a clinical syndrome with diverse
causes in which low levels of plasma glucose eventual-
ly lead to neuroglycopenia. Hypoglycemia is the most
common endocrine emergency faced by practicing
physicians. Though hypoglycemia is a very common
medical problem both in adults and children seeking
medical help, most of it is iatrogenic. Treatment with oral
hypoglycemic agents, alone or in combination, and/or
insulin is an ongoing threat for diabetic patients and still
accounts for the majority of cases of hypoglycemia.
Numerous other drugs have been reported to induce
hypoglycemia, sometimes in seemingly healthy individu-
als in whom it may masquerade as spontaneous hypo-
glycemia. Predisposing factors to drug-induced hypo-
glycemia include restricted carbohydrate intake,
extremes of age and abnormal liver and kidney function.
In drug-induced hypoglycemia, the offending drug
should be eliminated immediately and patients should
receive other supportive measures to raise and maintain
blood sugar levels. It is also important to avoid future
recurrences. Enhanced therapeutic monitoring may be
warranted when drugs with hypoglycemic potential are
administered. The risk for possible drug interactions that
may cause hypoglycemia increases exponentially as the
number of medications in a patient’s regimen increases.
Although most physicians are familiar with the treatment
of hypoglycemia, appropriate evaluation and follow-up of
the problem require knowledge of several relatively rare
diagnostic considerations.

Introduction

One of the most common endocrine emergencies in
practice (1), hypoglycemia is a clinical syndrome arising
from diverse causes and presents important diagnostic
and therapeutic problems.

Although drug-induced hypoglycemia is more likely to
occur in diabetic patients receiving hypoglycemic med-
ications, in malnourished or debilitated patients, and in
patients abusing alcohol (2-4), hypoglycemia in nondia-
betic subjects, either due to various disorders they suffer
or to the ingestion of drugs which have hypoglycemic
potential, is also very important to recognize, diagnose
and treat properly. Although a factitious cause must
always be considered, it may be difficult to document.

Hypoglycemia may be associated with substantial
morbidity and mortality. The diagnosis of a hypoglycemic
disorder requires careful assessment of the patient for the
presence of predisposing illnesses or offending drugs,
and when indicated, investigation to determine the under-
lying cause so that proper treatment can be offered at the
earliest opportunity (5).

Physiology of glucose control

Glucose is the most important fuel for normal func-
tioning of the brain (6), although it may utilize ketone bod-
ies in exceptional circumstances, such as prolonged star-
vation. Muscle tissue provides a substrate for new
glucose production, but the liver is the primary source of
new glucose contributed to the circulation. Other organs
oxidize fatty acids in addition to glucose. Of the glucose
produced from the liver, 55-60% is consumed by the
brain, and the remainder by skeletal muscle, fat, formed
elements of blood and renal medulla (2). The brain has an
absolute dependence on glucose and is incapable of stor-
ing more than a few minutes’ supply of glucose as glyco-
gen (7). Therefore, it requires a continuous supply of glu-
cose from the circulation.

Plasma glucose levels are maintained within a narrow
range, usually between 3.3 and 8.3 mmol/l (60-150 mg/dl),
despite wide variations in food intake and activity levels.
This delicate balance depends on glucose influx into the
circulation and glucose utilization in various tissues.
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Glucose is derived from three sources: intestinal
absorption following digestion of dietary carbohydrate;
glycogenolysis, or the breakdown of glycogen, which is
the polymerized storage form of glucose; and gluconeo-
genesis.

The serum glucose level during fasting or between
meals is maintained primarily by the breakdown of glyco-
gen in the liver and by gluconeogenesis. In most people,
hepatic glycogen stores are sufficient to maintain plasma
glucose levels for 8-12 h, but this time period can be
shorter if glucose demand is increased by exercise or if
glycogen stores are depleted by illness or starvation.

The postabsorptive state is the interdigestive period
that begins approximately 5-6 h after a meal. However,
the term is most commonly used after a 10-14-h overnight
fast. In the fasting state, the rates of glucose production
and utilization are equal.

The enzyme systems required to synthesize and
hydrolyze glycogen are expressed in most tissues.
However, only the liver and kidneys express the enzyme
necessary for the release of glucose into the circulation,
and also the enzymes necessary for gluconeogenesis.

As glycogen stores are depleted, glucose is generat-
ed by gluconeogenesis, which occurs primarily in the liver
but also in the kidney. Gluconeogenesis requires a coor-
dinated supply of precursors from liver, muscle and adi-
pose tissue. Muscle provides lactate, pyruvate, alanine
and other amino acids; triglycerides in adipose tissue are
broken down into glycerol, which is a precursor of gluco-
neogenesis, and free fatty acids generate acetyl-CoA for
gluconeogenesis and provide an alternative fuel source
to tissues other than brain. Hepatic glucose production
results from both glycogenolysis and gluconeogenesis
even after an overnight fast (8). The kidneys, which both
use and produce glucose, contribute little to net glucose
production (9, 10). However, similar to in the liver, renal
glucose production is regulated (11): it is suppressed by
insulin and stimulated by epinephrine (but not by
glucagon).

When fasting is prolonged to 24-48 h, gluconeogene-
sis becomes the sole source of glucose production (8).
Amino acids are the main gluconeogenic precursors that
result in net glucose formation, and as a result, muscle
protein is degraded. Glucose utilization by muscle and fat
virtually ceases. Because of the acceleration of lipolysis
and ketogenesis, circulating ketone levels rise and it then
becomes a major source of fuel for the brain. If fasting is
prolonged to 40 days, ketones provide an estimated
80-90% of the energy used by the brain and renal gluco-
neogenesis provides up to half of the endogenous glu-
cose production (12).

Exercise increases glucose utilization by muscle,
which is severalfold greater than that in the postabsorp-
tive state. Endogenous glucose production normally
accelerates to keep a balance with the utilization so that
the plasma glucose concentration is maintained.

Glucose metabolism is tightly linked to oxygen con-
sumption in the brain. Basal glucose production is
approximately 2 mg/kg/min (13), of which 55-60% is

Drug-induced hypoglycemia

metabolized by the brain (14). When blood glucose
declines, there is a parallel reduction in cerebral oxygen
consumption (15).

The transfer of glucose across the blood-brain barrier,
which is an insulin-dependent process, is facilitated by
the glucose transport protein GLUT1 (7, 16). After tra-
versing the capillary endothelial surface, the glucose mol-
ecule can either be processed to lactate by glial cells for
presentation to the neuron, or it can be directly taken up
by neuronal cells (17, 18). The GLUT3 protein helps to
transport glucose directly from the interstitium (19). The
glucose that crosses the blood-brain barrier is processed
by astrocytes to lactate and is used by neurons as prop-
er fuel (17, 18, 20). The epinephrine response to hypo-
glycemia can be decreased by infusion of large amounts
of lactate (21, 22) and ketones (18, 23).

The brain can directly modulate systemic glucose
concentrations (24). When the systemic glucose concen-
trations fall, the critical centers in the ventromedial hypo-
thalamus can sense this. It can then trigger the release of
epinephrine and glucagon when a critical glucose thresh-
old is reached (25-28).

Hormonal balance and counterregulatory
mechanisms

In humans, plasma glucose is normally maintained
within a narrow range in both the fasting and fed state
because of a tightly linked balance between glucose pro-
duction and use (29-31). This delicate balance requires
dynamic regulation of glucose influx into the circulation,
as glucose utilization in various tissues can change rapid-
ly. The glucose counterregulatory system is one of the
most important homeostatic systems for the survival of
mammals. It continuously protects the brain by preventing
or limiting hypoglycemia under physiological circum-
stances such as prolonged fasting, therapeutic conditions
of oral or parenteral administration of hypoglycemic drugs
to patients with diabetes mellitus, as well as in factitious
hypoglycemia.

The control mechanisms that maintain plasma glu-
cose homeostasis are complex. The balance of glucose
production and its uptake and utilization in peripheral tis-
sues is exquisitely regulated by a network of hormones,
neural pathways and metabolic signals. Areas of the
brain, pancreatic islets, and to some extent the liver, con-
tinuously monitor plasma glucose concentrations. If hypo-
glycemia develops, a full spectrum of flexible responses
is activated. These include the suppression of endoge-
nous insulin secretion, the release of several counterreg-
ulatory hormones and the mobilization of nonglucose
substrates. These multiple responses are all necessary
for appropriate counterregulation.

Insulin, the dominant glucose-lowering hormone, sup-
presses endogenous glucose production and stimulates
glucose utilization by insulin-sensitive tissues, thereby
lowering the plasma glucose concentration. It also sup-
presses renal glucose production and stimulates glucose
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uptake, storage and utilization by tissues such as muscle
and fat. In the postabsorptive state, insulin regulates the
plasma glucose concentration by inhibiting hepatic glu-
cose production (29, 32).

Each factor’s position in the hierarchy of counterregu-
latory forces represents the physiological importance of
that factor in defending against acute hypoglycemia
(31, 33-35). The first counterregulatory mechanism,
namely the suppression of endogenous insulin secretion,
is activated at a decrease in plasma glucose concentra-
tion of approximately 72-76 mg/dl (4.0-4.2 mmol/l) (36),
whereas the release of counterregulatory hormones
occurs at a plasma glucose level of approximately 67
mg/dl (3.7 mmol/l) and nondiabetic individuals may begin
to experience neuroglycopenia and adrenergic symptoms
characteristic of hypoglycemia (37-40).

In healthy nondiabetic subjects, the insulin concentra-
tion increases and the concentration of counterregulatory
hormones decreases as the glucose concentration
increases, and the opposite occurs when the blood glu-
cose concentration decreases. In this way, insulin and the
counterregulatory factors act in close relation to ensure
that the blood glucose level remains stable in both the fed
and fasted state. Excess amounts of insulin or insulin-like
material (insulin-like growth factors IGF-1 and IGF-2),
inadequate secretion of counterregulatory hormones,
insufficient substrates or defects in the gluconeogenic or
glycogenolytic pathways, alone or in combination, disrupt
this balance and cause hypoglycemia.

Glucagon and epinephrine are critical for counterreg-
ulation of the early phase of hypoglycemia (29, 35). Their
effects are also sustained during prolonged hypo-
glycemia. Glucagon activates glycogenolysis, and to
some extent gluconeogenesis, and increases hepatic glu-
cose production within minutes (41, 42). The kidney does
not seem to be affected by glucagon stimulation (43).

In contrast to glucagon, which exerts its effects exclu-
sively on glucose production, catecholamines exhibit mul-
tiorgan effects. They act directly to increase hepatic
glycogenolysis and gluconeogenesis, effects mediated
predominantly through [,-adrenergic mechanisms (44-
47), although a small, direct a-adrenergic stimulation of
hepatic glucose production has been reported (48).
Epinephrine stimulates lipolysis and also mobilizes gluco-
neogenic precursors such as lactate, alanine and glycerol
(42, 49). Epinephrine limits glucose utilization by insulin-
sensitive tissues predominantly through direct B-adrener-
gic mechanisms (44-46, 50-53). Epinephrine also sup-
presses endogenous secretion (54).

Within 5 years of diagnosis, diabetic patients will
demonstrate a progressively impaired glucagon response
in the hypoglycemic state (29), and in this setting, epi-
nephrine secretion becomes the critical counterregulato-
ry factor (55). Within 10 years of diagnosis, many diabet-
ic patients will have impaired epinephrine responses,
resulting in a loss of adrenergic symptoms. The combined
loss of glucagon and epinephrine release results in great-
ly delayed recovery from hypoglycemia (56).
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The effects of growth hormone and cortisol become
evident a few hours after their increase in plasma. In the
setting of an acute episode of hypoglycemia, increments
in these hormones are not clinically relevant (35, 57-59).
The hyperglycemic effect of growth hormone does not
appear for several hours (60) and cortisol causes an
increase in the plasma glucose level after 2-3 h (61).
During protracted hypoglycemia, both hormones have a
relevant role in limiting severe hypoglycemia (33, 36, 58,
62-64). Growth hormone increases glucose production
and limits its use (62). Growth hormone raises plasma
free fatty acid and glycerol levels, which help in stimulat-
ing gluconeogenesis and suppressing peripheral glucose
oxidation and use (63). The effects of cortisol on glucose
production are the result of sustained gluconeogenesis
by stimulating lipolysis (54, 58).

Neural glucoregulatory factors

The sympathetic neurotransmitter norepinephrine
exerts hypoglycemic actions by mechanisms assumed to
be similar to those of epinephrine. Plasma norepine-
phrine concentrations increase during hypoglycemia,
although to a lesser extent than those of epinephrine
(87-39). Norepinephrine is largely an a-adrenoceptor
agonist (65) but its effect during hypoglycemia is mediat-
ed through the stimulation of p-adrenoceptors (51),
which is quite minimal (54). Norepinephrine, through
a-adrenoceptors, may have an important role in inhibiting
insulin secretion (65) and stimulating glucagon secretion
(66) during hypoglycemia. It also takes part in the regula-
tion of anterior pituitary hormones (67) and appears to be
involved in the mobilization of glycogen independently of
counterregulatory hormones (68).

Several investigations have suggested that the liver
may have a primary glucose sensory role, but this theory
remains controversial (69-74). During severe hypo-
glycemia, this hepatic autoregulation is activated and
endogenous glucose production increases, representing
an emergency system to protect the brain when other
counterregulatory factors fail to prevent threatening hypo-
glycemia (54). Electrical stimulation of hepatic sympathet-
ic nerves decreases glycogen content, increases glucose
release and causes hyperglycemia in animals (75) and
humans (76).

Neuropeptides are also released from sympathetic,
parasympathetic and other neurons (77). Glycemic
thresholds for various responses to declining plasma glu-
cose concentrations in healthy subjects are quite repro-
ducible (37-39), although these thresholds are dynamic
rather than static. They shift to higher plasma glucose
concentrations in subjects with poorly controlled diabetes,
but recurrent episodes of hypoglycemia can lead to hypo-
glycemia unawareness, placing patients at increased risk
for the development of severe hypoglycemia (78).
Recurrent hypoglycemia has also been found to
decrease the quality of life in patients with diabetes
(79-81).
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Drugs responsible for hypoglycemia

Drug-induced hypoglycemia is an ongoing threat, par-
ticularly for diabetic patients treated with insulin and/or
oral hypoglycemic agents; it may be associated with sub-
stantial morbidity and mortality (4, 82-89).

Diabetes mellitus is a chronic, lifelong condition that
can affect people of all ages, and its prevalence is
increasing. It is now well established that comprehensive
care makes a difference for subjects with diabetes. An
important issue in diabetes treatment is proper glycemic
control, because this prevents or delays the long-term
complications of diabetes such as micro- or macrovascu-
lar complications (19, 90-94). However, iatrogenic hypo-
glycemia is the limiting factor (30, 95) in the glycemic
management of both type 1 (90, 91, 96-98) and type 2
diabetes mellitus (94, 99). The inability to maintain eugly-
cemia over time because of the barrier of hypoglycemia
may explain the limited impact of aggressive glycemic
therapy on the atherosclerotic complications of diabetes
(90, 91, 94).

Hypoglycemia is probably the most common acute
problem suffered by patients with diabetes. It is also a
serious medical emergency with a potentially fatal out-
come and the most common reason for patients with dia-
betes to present to the emergency room. It is also a major
source of anxiety for diabetics, particularly those con-
trolled on insulin, and unfortunately, in the move towards
ever tighter glycemic control, it is inevitable that diabetics
will continue to suffer from hypoglycemia (100).

Although severe hypoglycemia requiring assistance
for recovery is an annual occurrence in almost a third of
all patients with type 1 diabetes mellitus (101, 102), most
episodes are treated either at home or in community set-
tings, and less than one-third are treated by emergency
medical services (103-106).

Insulin

Insulin is the mainstay of treatment for type 1 diabetic
patients. However, unlike patients with type 1 diabetes
who have no significant insulin secretion and hence
require insulin therapy from the onset of their disease, in
patients with type 2 diabetes, insulin resistance with
hyperinsulinemia is a prominent feature in the early
stages of the disease. Thus, type 2 diabetics benefit from
measures to improve insulin sensitivity, such as caloric
restriction, exercise and weight management, early in
their disease. When these measures fail, glycemic goals
can often be achieved with oral agents such as insulin
sensitizers and insulin secretagogues. With progression
of type 2 diabetes, there is ultimately a progressive loss
of pancreatic B-cell function and endogenous insulin
secretion. At this stage, most patients require exogenous
insulin therapy to achieve optimal glucose control.

Women with type 2 diabetes also should be treated
with insulin for blood glucose control, preferably started
during the preconception period. During the first trimester
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of pregnancy, insulin requirements are similar in women
with type 1 and type 2 diabetes; however, as the preg-
nancy proceeds into the third trimester, insulin require-
ments increase proportionately more in women with type
2 diabetes (107).

Insulin, together with glucose and sodium bicarbon-
ate, is also used to treat hyperkalemia in renal insuffi-
ciency in nondiabetic patients, and diabetic patients with
renal insufficiency usually receive insulin for proper dia-
betic control. In both the above situations there is a high
risk of hypoglycemia and in almost 35% of cases
episodes of hypoglycemia are reported (83).

When insulin is required, the ideal insulin replacement
scheme should attempt to mimic normal human physiolo-
gy. Because of imperfections in all current insulin replace-
ment regimens, individuals with type 1 diabetes are at
ongoing risk for periods of relative hyperinsulinemia with
resultant hypoglycemia. Those attempting to achieve
near-normal glycemic control may experience several
episodes of asymptomatic or symptomatic hypoglycemia.
By delivering the total daily dose with larger preprandial
boluses and smaller amounts of longer acting insulin, the
patient can avoid supraphysiological insulin concentra-
tions during interprandial periods (108, 109). Although the
patient may not agree initially to the need to perform more
than two injections, the benefit in terms of reducing the
frequency of hypoglycemia and the improved ability to
predict glucose concentrations generally result in the
patient accepting multiple injections (110).

Several factors affect the development of severe
hypoglycemia. The duration of diabetes and insulin
therapy, the degree of glycemic control, and a history of
prior severe hypoglycemic reactions have been associat-
ed with a higher incidence of severe hypoglycemic reac-
tions (111).

A relative or absolute excess in insulin mainly occurs
when the dose of insulin or oral hypoglycemic drugs is
excessive or when an incorrect dose is given at the wrong
time. It can also occur during prolonged fasting, after
exercise, in renal failure or following alcohol ingestion
(111). The risk of severe hypoglycemia in insulin-requiring
patients with type 2 diabetes has consistently been
reported to be significantly reduced compared with the
risk in type 1 diabetic patients undergoing intensive
insulin therapy (90, 94, 111-114). The lower incidence of
severe hypoglycemia in type 2 diabetes may result from
insulin resistance, which is often quite severe (115).

Most patients with type 1 diabetes lose their ability to
secrete glucagon in response to hypoglycemia shortly
after developing diabetes, and thus the incremental
secretion of epinephrine assumes a primary role in the
hormonal response to hypoglycemia in this disease (116).
Because the ability to secrete epinephrine is also
impaired in approximately 25% of patients with long-
standing type 1 diabetes mellitus, such patients may
manifest the syndrome of “hypoglycemic unawareness”,
resulting in a tendency to develop frequent, severe and
prolonged hypoglycemia (117).
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Sulfonylureas

Sulfonylureas were introduced into medical practice in
1955 for the treatment of diabetes and other conditions,
and have been used by both diabetic and nondiabetic
subjects (4, 89, 118).

The sulfonylureas resemble one another more than
they differ (119), and the greatest differences are found in
their blood glucose-lowering potencies and in the way in
which they are eliminated from the body (85). The hypo-
glycemic potency of an individual agent is a function of
the biological half-life of the drug itself and its active
metabolites. Chlorpropamide is secreted primarily
unchanged by the kidney and has the longest half-life of
all sulfonylureas (35 h). It must therefore be used with
extra caution in patients with impaired renal function.
Tolbutamide is converted in the liver to inactive metabo-
lites. Hepatic metabolites of acetohexamide are also
hypoglycemic. Tolazamide and 3 of its 6 metabolites
are hypoglycemic agents. Glipizide is converted in the
liver to inactive metabolites, and glyburide undergoes
hepatic transformation to 2 inactive metabolites. The
largest series of sulfonylurea-induced hypoglycemic
episodes —843 cases— was reported in 1985 by Campbell
(120) and included 670 episodes caused by a single sul-
fonylurea agent, 8.4% of which resulted in death.

Sulfonylureas cross the placental barrier and stimu-
late hypersecretion of insulin from fetal islets (121), which
leads to hypoglycemia in neonates. Life-threatening
hypoglycemia developed within hours in newborn infants
of diabetic mothers who had been treated during the third
trimester with chlorpropamide (121-124), acetohexamide
(122, 123) or tolbutamide (125).

Sulfonylureas produce hypoglycemia by releasing
preformed insulin from B-cells by a direct action, and pos-
sibly by sensitizing them to the action of certain endoge-
nous insulinotrophs such as leucine (85).

In contrast to the sulfonylureas and benzoic acid
derivatives (e.g., repaglinide), other oral hypoglycemic
agents such as the biguanides (e.g., metformin), the
a-glucosidase inhibitors (e.g., acarbose, miglitol) and the
thiazolidinediones (e.g., troglitazone, rosiglitazone, piogli-
tazone) do not act by stimulating insulin secretion.
Therefore, with these agents, insulin levels usually
decrease appropriately as plasma glucose levels fall.
Nonetheless, these drugs can contribute to hypoglycemia
in other ways. Thiazolidinediones, as well as metformin,
can predispose to hypoglycemia in patients receiving
combined treatment with insulin or an insulin secreta-
gogue. Mechanisms invoked to explain sulfonylurea-
induced hypoglycemia, especially following the adminis-
tration of a second drug, include the displacement of
albumin-bound sulfonylureas by more avidly binding
drugs, the inhibition or competition for sulfonyl-
urea-metabolizing enzymes in the liver (126, 127) and
interference with excretion of the native drug or its
metabolites (85).

Hypoglycemic reactions are less common with thera-
peutic doses of sulfonylureas than with insulin but are
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proportionately more common with glibenclamide than
with other sulfonylureas (4, 89, 120, 128-132). Chlor-
propamide is the next most common offender, especially
in the elderly (85).

Mild sulfonylurea-induced hypoglycemia produces
few symptoms and mostly they are of a subacute neuro-
glycopenic variety (133). Severe hypoglycemia occurs in
more patients who are treated with insulin and with a
duration of diabetes of over 15 years (134). Although mild
hypoglycemia causes unpleasant symptoms and disrupts
patients’ daily activities, severe hypoglycemia can result
in coma, seizures and death (134). Hypoglycemic coma
has been reported in adults and children where chlor-
propamide was used daily for diabetes insipidus (135-
137). The intravenous tolbutamide tolerance test can
induce profound coma in nondiabetic subjects (138-142).
Tolbutamide was also responsible for hypoglycemia when
it was used for paralysis agitans (143-145), multiple scle-
rosis (146) and cirrhosis (146).

Sulfonylurea-induced hypoglycemia has been docu-
mented due to accidental ingestion (147-151) and also
when ingested in a suicide attempt (147, 152-155), lead-
ing to death (153, 154) or permanent brain damage (152).
Sulfonylurea compounds have also been reported to
cause severe hypoglycemia when prescribed simultane-
ously with either a second blood glucose-lowering agent
or a nonhypoglycemic drug that prolongs the activity of
the sulfonylurea. The different drugs which were involved
include phenformin or buformin, salicylate, alcohol
(156, 157), phenylbutazone (158), sulfadimidine or sul-
famethoxazole for urinary tract infection (86, 159, 160),
bishydroxycoumarin, azapropazone, ranitidine, cimeti-
dine, doxepin or imipramine (89) and allopurinol (161). On
some occasions, a sulfonylurea has been given by mis-
take by the pharmacist to nondiabetic subjects, causing
severe hypoglycemia (162-166). Sulfonylureas have
been used since their introduction into therapy to produce
factitious hypoglycemia (130, 167-171). The causes of
sulfonylurea-induced hypoglycemia in the early stages
include failure to anticipate the effects of reduction in
weight and adjustment in diet. Other factors include unac-
customed exercise, missed meals, and addition of one or
more interactive drugs to the therapeutic regimen.

There are conflicting reports on hypoglycemia in older
diabetic patients. Some studies showed that elderly
patients are more vulnerable to hypoglycemia (85, 172,
173). However, Miller et al. (134) found that older age did
not predispose patients to hypoglycemia. Several factors
may contribute to the lower prevalence of hypoglycemia
in older diabetic patients. First, activity levels in the elder-
ly are likely to be lower than those in younger patients,
making exercise-associated hypoglycemia less likely.
Second, eating habits may be more regular in the elderly,
so that missed meals causing hypoglycemia are less of a
problem. Older patients may also have atypical symp-
toms (174) or be less symptomatic during mild hypo-
glycemia, and therefore not report as many episodes
(134). Nevertheless, as life expectancy increases, older
patients should benefit more from good glycemic control



586

and fear of hypoglycemia should not discourage attempts
at achieving goals in the elderly (134).

Alcohol

Alcohol-induced symptomatic hypoglycemia was first
described in 1942 (175) and remains an important and
probably undiagnosed cause of morbidity and mortality.
Ethanol overdose is the leading cause of hypoglycemic
coma and death in all age groups in the United States
(176). Although alcohol-induced hypoglycemia is usually
found in malnourished chronic alcoholics, it also occurs in
weekend spree drinkers as well, and even in occasional
drinkers who have missed only a meal or two (177). It can
occur in any age group, but most patients are between 20
and 40 years of age (177). A large number of cases
described in the literature involve children having hypo-
glycemia after drinking alcohol in modest amounts or
swallowing alcohol-containing mouthwash, and in infants
during alcohol sponging for the alleviation of fever
(177-182).

Characteristically, alcohol-induced fasting hypo-
glycemia develops 6-36 h after ingestion of moderate to
large amounts of alcohol. The patient is usually stuporous
or unconscious when first seen, but may be aggressive
and uncooperative when the symptoms are attributed
to alcoholic intoxication rather than hypoglycemia
(183). Hypothermia is even more common than in other
varieties of spontaneous hypoglycemia and may be the
first clue to the correct diagnosis (133). Recurrent
episodes occur but are uncommon. Alcohol can always
be detected in the blood or in the breath and plasma
ketone (B-hydroxybutyrate) levels are high. The incidence
of hypoglycemia in alcohol-intoxicated patients present-
ing to emergency rooms is < 1% in adults (184-186) and
3-5% in children (182). However, alcohol is the most
common cause of hypoglycemic coma (82). In one autop-
sy series of proven hypoglycemia, alcohol, including alco-
holic liver disease, was found to be the single most com-
mon etiological agent (187).

The hypoglycemia elicited by alcohol probably occurs
as a result of inhibition of hepatic gluconeogenesis (177,
188-190), although in clinical situations other factors
undoubtedly have a role. Plasma insulin and C-peptide
concentrations are appropriately low during episodes of
alcohol-induced hypoglycemia (118, 191-195). Plasma
glucagon, cortisol and growth hormone levels, although
above basal values, are generally lower than would be
expected based on the severity of the hypoglycemia (85).
Some chronic alcoholics can tolerate extremely low blood
glucose levels without neuroglycopenic symptoms (196,
197). When patients present in coma from alcohol-
induced hypoglycemia, they usually recover completely
following intravenous glucose. Relapse does not occur
and recovery is permanent, but it may be delayed if there
is any brain swelling, which is itself a bad prognostic sign
(177).
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Alcoholic ketoacidosis with a history of chronic exces-
sive alcohol intake presents as an acute emergency and
patients can have profound hypoglycemia. Alcohol may
not have been taken for several days prior to admission
and so there may be little or no alcohol in the patient’s
blood at the time of admission (198) and it is sometimes
difficult to distinguish from diabetic ketoacidosis (197,
199). Although most patients have normal or high blood
glucose levels, a significant proportion present with hypo-
glycemic coma (85, 200). It is wise not to give intravenous
glucose to these patients before they receive thiamine by
injection to prevent possible precipitation of Wernicke’s
encephalopathy (197, 198, 201, 202). Alcohol can poten-
tiate insulin- (4, 89, 203-206) and sulfonylurea-induced
(89) hypoglycemia.

B-Adrenoceptor antagonists

Spontaneous hypoglycemia can occur in both diabet-
ic and nondiabetic patients receiving [-adrenoceptor-
blocking drugs and was first reported by Kotler et al. in
1966 (207). It causes severe hypoglycemia in insulin-
dependent diabetics (207-211). Infants may develop
hypoglycemia when propranolol or nadolol is given for
cyanotic heart disease or neonatal thyrotoxicosis (212), or
when it is given to their mothers for cardiac arrhythmias,
hypertension or thyrotoxicosis (213-219). Nondiabetics
who are on chronic hemodialysis and propranolol therapy
have developed severe hypoglycemia during hemodialy-
sis (220-223). The use of ophthalmic timolol for the man-
agement of glaucoma was reported to cause hypo-
glycemia in a patient with type 1 diabetes (224), and
serious hypoglycemia was reported in a man who was on
propylthiouracil and propranolol for thyrotoxicosis (225).

Hypoglycemia due to nonselective B-adrenoceptor
antagonists may have a fatal outcome (226, 227). Most
cases have involved either diabetic patients receiving
insulin or sulfonylureas, or children who are particularly
susceptible to the hypoglycemic action of these agents,
even when taken at normal therapeutic doses (228-230).

The mechanism of action of B-adrenoceptor-mediated
hypoglycemia involves inhibition of hepatic glucose pro-
duction, which is promoted by sympathetic nervous sys-
tem stimulation (231). By reducing lipolysis and thereby
lowering plasma nonesterified fatty acid concentrations,
-adrenoceptor antagonists may increase peripheral glu-
cose uptake by muscle and indirectly reduce gluconeo-
genesis (232). B-Adrenoceptor antagonists, particularly
noncardioselective agents, may intensify hypoglycemia
once present and delay recovery (233). They also blunt
the counterregulatory effects of epinephrine, with a resul-
tant reduction in glycogenolysis, which may not only
cause hypoglycemia but also prolong the duration of the
episode (234). Failure of a plasma glucagon increase in
response to insulin-induced hypoglycemia was also
observed in normal subjects taking therapeutic doses of
the nonselective B-adrenoceptor blocker propranolol
(235).
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The effects of B-adrenoceptor blockade on the symp-
tomatology of acute neuroglycopenia are controversial.
Some studies have noted no effect on the incidence and
severity of symptoms of hypoglycemia, whereas others
have found attenuation of the signs and symptoms of
hypoglycemia (85, 133, 176). Perspiration is usually
enhanced and may serve as a hallmark of hypoglycemia
in these patients (234). Cardioselective agents tend to
cause less alteration in hypoglycemic symptoms than do
noncardioselective agents (176, 231).

Angiotensin-converting enzyme inhibitors

Hypertension, congestive cardiac failure and myocar-
dial infarction are common among patients with diabetes
mellitus. Most of these disorders necessitate long-term
drug treatment. Many antihypertensive drugs, such as
thiazide diuretics and B-blockers, have adverse effects on
glucose metabolism. Angiotensin-converting enzyme
(ACE) inhibitors are effective antihypertensive agents
with few side effects compared with other drugs (236).
They are considered a first-line choice in the treatment of
hypertension in patients with diabetes (237, 238)
because they do not increase lipid or blood glucose
levels or decrease urinary albumin excretion rate (239-
241), and may prevent the progressive deterioration in
renal function seen in diabetic nephropathy (239, 240).

The association between the use of ACE inhibitors
and episodes of hypoglycemia in patients with diabetes is
controversial. There are reports that ACE inhibitors were
responsible for a reduction in insulin requirements or
even discontinuation of oral hypoglycemic agents (242,
243). In some cases, hypoglycemic episodes were attrib-
uted to the use of an ACE inhibitor (244-246), although
other authors urged caution when interpreting these
results (247-249) because of the presence of comorbid
conditions such as heart failure or renal failure.

The mechanisms of hypoglycemia during ACE
inhibitor therapy have not been clarified. Some investiga-
tors found increased insulin sensitivity, probably due to
enhanced insulin-mediated peripheral glucose disposal
from muscular tissue (242, 250-253), but others failed to
show any effect of ACE inhibitors on glucose metabolism
(254-258). The notion that ACE inhibitors might improve
insulin sensitivity is based in part on the assumption that
angiotensin Il has diabetogenic effects in peripheral tis-
sues, similar to other counterregulatory hormones such
as catecholamines (259). Other investigators have shown
that angiotensin Il increases insulin sensitivity in both dia-
betic and nondiabetic subjects (260, 261). Some authors
(262) documented that captopril accelerates the absorp-
tion of subcutaneous insulin and this could be an addi-
tional mechanism causing hypoglycemia in insulin-
dependent diabetic patients. Angiotensin-converting
enzyme inhibitors have been shown to increase brady-
kinin levels, and Jauch et al. (263) have shown that
bradykinin infusions can decrease hepatic glucose pro-
duction. Thus, when ACE inhibitors are given together
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with some form of hypoglycemic treatment, different
hypoglycemic mechanisms may act together and potenti-
ate the effects of each drug. Tight glycemic control and
the increasing use of ACE inhibitors could result in an
increase in admissions for hypoglycemia caused by the
drugs.

Quinine and quinidine

The antimalarial drug quinine and its stereoisomer
quinidine are known to induce hypoglycemia in some indi-
viduals (264-268). The first case report of quinine-induced
hypoglycemia appeared in 1925 (269). When used for
severe falciparum malaria, quinine can cause profound
hypoglycemia (264, 270), leading on occasion to death
(265). An asymptomatic case has been reported following
treatment for muscle cramps with quinine (271). Jones
et al. (265) reported a case of severe symptomatic hypo-
glycemia in a patient with terminal renal failure who had
been treated for muscle cramps with quinine.

Quinine-induced hypoglycemia is a dose-dependent
phenomenon and quinine sulfate in high doses may
cause insulin-mediated hypoglycemia in healthy persons
(272). Although confounding conditions may contribute to
hypoglycemia, these compounds are capable of stimulat-
ing insulin release from the pancreas (264, 266, 267).
Insulin release from isolated pancreatic islets of
Langerhans is stimulated by quinine in vitro (273). It
increases the insulinotropic effect of glucose and also
stimulates the release of insulin at low glucose concen-
trations, probably through the activation of voltage-sensi-
tive calcium channels by inhibition of potassium conduc-
tance (274). Quinine is normally excreted via the kidneys
and the high plasma concentrations reflect drug accumu-
lation due to renal failure, which might be responsible for
inappropriate -cell secretion of insulin (265).

Pentamidine

Pentamidine is a biguanide derivative that was first
reported to induce hypoglycemia in a patient with non-
Hodgkin’s lymphoma given the drug to treat Pneumo-
cystis carinii infection (275). Since then, many case
reports of pentamidine-induced hypoglycemia have
appeared (276-282).

Hypoglycemia occurs in approximately 6-40% of
patients treated with pentamidine and is considered to be
the most common metabolic abnormality associated with
this drug (176). With the onset of the AIDS epidemic, the
use of pentamidine for the treatment of P. carinii pneu-
monia (PCP) has increased markedly, and dysglycemia
due to the use of this drug has become a serious problem
(283-285). The prevalence of hypoglycemia is higher in
patients with AIDS than in other patients (286). Hypo-
glycemia and diabetes have also been reported after pen-
tamidine aerosol therapy (287-292). The reaction is usu-
ally observed within days after therapy is initiated,
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although it can occur within a few hours (281). The hypo-
glycemia is often recurrent and severe, and sometimes
results in irreversible neurological damage (281). It is
caused by a cytolytic response in the pancreas accom-
panied by a release of preformed insulin with the subse-
quent development of hypoglycemia; as pancreatic
destruction progresses, patients may eventually become
insulin-deficient and diabetic (276, 281, 286, 293-296).

Disopyramide

Disopyramide has quinidine-like activity and is used
as an antiarrhythmic drug (297). It is now one of the most
common causes of nonantidiabetic drug-induced hypo-
glycemia (298-305). Disopyramide stimulates insulin
secretion and can lead to hyperinsulinemic hypoglycemia
(85, 299). Old age and impaired renal function present a
serious risk factor (298), as its half-life is prolonged in
renal failure (300).

Salicylates

Salicylates were used in the past as hypoglycemic
agents but their use was short-lived because of the toxic-
ity associated with the high doses needed to consistently
lower blood glucose (306). Symptomatic hypoglycemia
due to salicylates has been reported on a number of
occasions, especially in young children (307-313), some-
times leading to death (4). It is not generally known that
therapeutic amounts of salicylates are as potent as some
sulfonylurea compounds and biguanides in lowering
blood glucose in diabetics and nondiabetics alike (314-
316). They can cause hypoglycemia in adults when used
alone (141) or in combination with other antidiabetic
agents (317, 318).

Although the precise mode of the hypoglycemic action
of salicylates remains uncertain (306), possible mecha-
nisms include decreased hepatic gluconeogenesis and
increased insulin secretion (319), possibly due to the abil-
ity of salicylates to act as cyclooxygenase inhibitors and
suppressors of endogenous prostaglandin E production
by pancreatic B-cells (320), increased peripheral glucose
utilization owing to uncoupling of oxidative phosphoryla-
tion, or reduced circulating nonesterified fatty acid levels
due to suppression of lipolysis (321). Salicylates may
also increase insulin sensitivity, displace sulfonylureas
from protein binding sites and inhibit renal excretion
(176, 321).

Trimethoprim/sulfamethoxazole

Sulfa-based antibiotics may potentiate the hypo-
glycemic effects of sulfonylureas (160) and also may pro-
duce hypoglycemia without concomitant sulfonylurea
administration (322). There are case reports where tri-
methoprim/sulfamethoxazole was thought to be responsi-
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ble for hypoglycemia (323-326). Malouf and Brust report-
ed a fatality attributable to hypoglycemia following admin-
istration of trimethoprim/sulfamethoxazole along with
chlorpropamide (82). Because of their structural similari-
ties to sulfonylureas, sulfonamides are liable to facilitate
hypoglycemia by increasing insulin release in susceptible
individuals (323, 325, 326).

Tryptophan and monoamine oxidase inhibitors

Although they are used quite extensively in clinical
practice, there are very few reports of hypoglycemia
induced by these agents (327). Tryptophan, 5-hydroxy-
tryptophan and certain monoamine oxidase (MAO)
inhibitors can induce hypoglycemia when given in large
doses (328, 329). It seems that the hydrazine group pre-
sent in MAO inhibitors is responsible for the hypogly-
cemic action (330). Inhibitors of MAO have been reported
to potentiate the hypoglycemic action of endogenous
insulin (331).

Sertraline

Unlike other selective serotonin reuptake inhibitors
(SSRIs), sertraline has linear pharmacokinetics so that
increases in dose lead to proportional increases in drug
concentration. The half-life of sertraline is about 26 h and
it reaches steady state in 1 week. Hypoglycemia associ-
ated with sertraline and coadministration of oral hypo-
glycemics belonging to the sulfonylurea class has been
reported (332, 333). Although the exact mechanism has
not been elucidated, it may be through inhibition of
cytochrome P-450 enzymes.

Ciprofloxacin

Ciprofloxacin, a widely used quinolone antibiotic, is a
recognized P-450 enzyme inhibitor. Conflicting data exist
in the medical literature on the ability of quinolone antibi-
otics to inhibit the hepatic metabolism of oral hypo-
glycemic agents such as glyburide. Roberge et al. (127)
documented a case of hypoglycemia and elevated serum
glyburide levels after 1 week of ciprofloxacin use in a
patient receiving long-term glyburide therapy. Clinicians
should consider this potential interaction in patients tak-
ing drugs such as glyburide who require this type of
antibiotic.

Bordetella pertussis vaccine

Infection or vaccination of infants with Bordetella per-
tussis has been reported to be associated with hypo-
glycemia (334, 335). In vivo studies in animals suggest
that B. pertussis can cause hyperinsulinemia with a resul-
tant hypoglycemic response (336-338). However, infants
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with clinical pertussis or following vaccination have devel-
oped hyperinsulinemia without any hypoglycemia (338-
340). Bordetella pertussis acts to amplify the insulino-
genic response to primary stimuli such as glucose (338),
and it is thought that the islet-activating protein of B. per-
tussis augments the generation of cAMP in islet B-cells
(341) through inactivation of the G, subunit of adenylate
cyclase (342).

Paracetamol

Paracetamol at normal analgesic doses was implicat-
ed as a cause of hypoglycemia in a child who also had
salicylate-induced hypoglycemia (312). Paracetamol poi-
soning can be responsible for acute hepatic necrosis
leading to symptomatic hypoglycemia (343, 344).

Lithium

It has been reported that lithium may potentiate the
hypoglycemic effect of antidiabetic drugs (345, 346).

Hemodialysis

Patients undergoing hemodialysis may become hypo-
glycemic and not be aware of it. Hypoglycemia in this
case is not caused by a hormonal imbalance, but the hor-
monal response to hypoglycemia is blunted. Patients with
an initial plasma glucose concentration of 5.5 mmol/l (100
mg/dl) or less who are given hemodialysis and who do not
eat during dialysis may be particularly at risk, especially if
they are on insulin or glucose-lowering medications. They
should be dialyzed with a dialysis fluid containing at least
5.5 mmol/l (100 mg/dl) glucose (347).

Vacor

Vacor is a rodenticide containing N-3-pyridylmethyl-
urea (PNU), which is chemically related to alloxan and
streptozotocin (348). Vacor is a potent B-cell toxin that
initially produces severe hypoglycemia by washing out
stored insulin, followed by complete destruction of B-cells
and fatal diabetes (349). Accidental ingestion of Vacor
has resulted in severe hypoglycemia (349). It is suggest-
ed that the mechanism of Vacor toxicity involves niacin-
amide antagonism (350).

Ritodrine

Hypoglycemia has been documented often in infants
born to mothers who have received ritodrine treatment
during pregnancy to delay premature delivery (351), but
only rarely occurs in the mother (352). Ritodrine-induced
hypoglycemia has been attributed to its insulin-secretory
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action because of high plasma insulin and C-peptide
levels.

Salbutamol

Symptomatic hypoglycemia caused by salbutamol
overdose has been recorded in a single case report in a
16-month-old infant, possibly as a result of stimulation of
insulin secretion (353).

Akee fruit

Akee fruit is mainly eaten in Jamaica, where it is a
dietary staple. Several hours to a few days after eating
this unripe fruit, the patient develops retching, vomiting,
convulsions, coma and death. It is associated with pro-
found hypoglycemia and is believed to produce hypo-
glycin A, which inhibits hepatic gluconeogenesis (354,
355).

Miscellaneous drugs

Single case reports of alleged drug-induced hypo-
glycemia are usually clinically insignificant. A causal rela-
tionship has not been established for many of these
agents. These episodes have almost always occurred in
undernourished elderly patients with or without concomi-
tant liver or kidney disease. The following drugs have
been reported in the literature to be the cause of isolated
cases of drug-induced hypoglycemia: amphetamine
(856), benzodiazepines (128), cibenzoline (357), dicu-
marol (358, 359), ecstasy (MDMA) (360), enflurane (361),
ethionamide (362), ethylenediamine tetraacetate (363),
etomidate (364), fluoxetine (365), formestane
(366), furosemide (128), gatifloxacin (367), haloperidol
(368), halofenate (369), halothane (370), herbal extracts
(871), indomethacin (372), interferon (373), isoniazid
(862, 374), lidocaine (375), manganese (376), maproti-
line (377), mefloquine (378), nefazodone (379), octreotide
(380), orphenadrine (381), oxytetracycline (382), para-
aminobenzoic acid (383), para-aminosalicylic acid (384),
phenothiazine (381), phenylbutazone (358), phenytoin
(385), piroxicam (372), propoxyphene (386, 387) and
selegiline (388).

Clinical manifestations

Although they are often typical, symptoms of hypo-
glycemia are nonspecific. Symptomatic hypoglycemia is
common and associated with almost limitless combina-
tions of signs and symptoms (389).

Children and the elderly are especially susceptible to
hypoglycemia (89, 128, 390-393). The very young have
disproportionately high brain requirements for glucose
(894) and the elderly may have associated health



590

problems, such as hepatic or renal impairment, that
increase the hypoglycemic action of drugs, and they may
also have reduced cognitive function, which magnifies the
effects of even minor degrees of hypoglycemia.

Symptoms can be attributed to hypoglycemia only
when Whipple’s triad (395) is fulfilled, that is, the symp-
toms are consistent with hypoglycemia, low plasma glu-
cose concentrations are present and the symptoms are
relieved after plasma glucose is raised.

The symptoms of hypoglycemia in adults may be
quite varied, but in any one individual the symptom com-
plex tends to be quite consistent (396, 397). The symp-
toms can be divided into two categories: neurogenic (or
autonomic) and neuroglycopenic symptoms (30, 398).
Even though the symptoms have been divided into these
two categories, they all reflect the effects of hypoglycemia
on the central nervous system. The neurogenic symp-
toms may mimic several other entities, including anxiety
attacks and hyperventilation (399), The neuroglycopenic
symptoms have been misdiagnosed as being due to
epilepsy, personality disorder, chronic nervous exhaus-
tion, psychosis, hysteria, menopause or inebriation (400).
Although the symptoms of hypoglycemia in children may
be similar to those in adults, this is not true for the new-
born and infants, who manifest irritability, feeding difficul-
ties, lethargy, cyanosis and tachypnea when the plasma
glucose level is low (5).

Neurogenic symptoms

Hypoglycemia activates glucose-sensitive neurons,
including those in the ventromedial hypothalamus, which
are responsible for adrenergic nervous system discharge
(401). These symptoms may be mediated by a circulating
hormone such as epinephrine, or by a neurotransmitter.
Adrenergic symptoms include palpitations, anxiety and
tremulousness (53, 402, 403). Cholinergic (acetylcholine-
mediated) symptoms include sweating, hunger and
paresthesia (402, 404). Hunger may arise from a periph-
eral signal (405). Angina in the presence of normal coro-
nary arteries has been reported during hypoglycemia
(406). Other documented adrenergic symptoms are ner-
vousness, irritability, pallor, nausea and flushing (5).

Neuroglycopenic symptoms

The brain is vitally dependent on glucose for its nor-
mal functioning and is unable to store or synthesize glu-
cose. Hypoglycemia causes cortical lesions, especially in
the temporal lobes, is associated with elevated tissue pH,
and injures middle layers of the cerebral cortex and hip-
pocampus, while sparing the brain stem and spinal cord
(407). The inability of the brain to utilize oxygen at low
blood glucose levels despite normal cerebral blood flow
and arterial oxygen tension results in impaired brain func-
tion (408, 409). Although there is individual variation, the
threshold for neuroglycopenic symptoms is approximate-
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ly 36 mg/dl (410). Below this level, changes in the elec-
troencephalogram and behavior are observed, but it
has been difficult to demonstrate any deficit in cerebral
energy (411).

Neuroglycopenic symptoms include difficulty in think-
ing or confusion, a sensation of warmth or cold, weak-
ness and fatigue, headache, blurred vision, paresthesia,
dizziness, amnesia, incoordination, difficulty waking in the
morning and organic personality syndrome (5, 398). In
more severe cases, patients can manifest cognitive fail-
ure, behavioral changes, seizures, coma and ultimately
death (412-414).

There is no consistent chronological order to the evo-
lution of symptoms. Autonomic symptoms do not always
precede neuroglycopenic symptoms, and many patients
experience only neuroglycopenic symptoms (397, 415).

Physical signs

Transient hemiparesis, aphasia, positive Babinski
reflexes or localizing neurological abnormalities may pre-
sent during hypoglycemia (392, 416-420). The neurologi-
cal findings usually clear completely after administration
of glucose and restoration of plasma glucose to normal.

Mechanisms involved in producing these neurological
abnormalities include underlying brain disease, selective
neuronal vulnerability, or structural defects or spasm of
cerebral blood vessels (418). Convulsions appear to be
more common in children with hypoglycemia (421). Both
decerebrate rigidity and decorticate posturing have been
observed during hypoglycemia and were reversed by glu-
cose administration (417). Senile dementia (422) and
organic personality syndrome (423) may result from
unrecognized hypoglycemia. The pathogenesis of visual
changes in hypoglycemia is more complex (424).
Although visual acuity remains normal, color vision is sig-
nificantly impaired and correlates well with the fall in plas-
ma glucose. Visual evoked potentials are significantly
prolonged during hypoglycemia and the reaction time to
visual stimuli is decreased (425).

Other common signs of hypoglycemia include pallor
and diaphoresis. Heart rate increases and the pulse pres-
sure widens, which is mediated by the adrenergic ner-
vous system (53). Premature atrial and ventricular con-
tractions have been described during hypoglycemia
(426). Repeated episodes of hypoglycemia can give rise
to a predominantly motor-sensorimotor peripheral neu-
ropathy (427-430). Fasciculations have occasionally been
reported and tendon reflexes may be exaggerated (426)
or depressed (427). Both hypothermia (431, 432) and
hyperthermia (433, 434) have been associated with hypo-
glycemia. A B-adrenergic mechanism is responsible for
heat production (435) and hypothermia results from
accelerated heat loss caused by peripheral vasodilata-
tion, increased sweating and inhibition of shivering (436).

The magnitude of the responses to hypoglycemia is
an inverse function of the nadir plasma glucose concen-
tration rather than the rate of decrease in plasma glucose
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(59, 437, 438). The relative paucity of symptoms at a
given low plasma glucose concentration in individuals
with recurrent hypoglycemia, such as those with tightly
controlled diabetes (439) or with an insulinoma (440),
is attributable to a shift in glycemic thresholds for re-
sponses to lower plasma glucose concentrations.
Conversely, the threshold shifts to higher plasma glucose
concentrations in patients with chronic hypoglycemia,
resulting in symptoms of hypoglycemia at relatively high
glucose levels (441). The generation of symptoms of
hypoglycemia or their perception may be blunted by
ethanol, sedatives, B-adrenoceptor-blocking agents,
supine position (396) and defective counterregulation
(440, 442, 443).

Diagnosis

In patients with documented hypoglycemia, a plausi-
ble hypoglycemic mechanism and further diagnostic
evaluation can be guided by history, physical examination
and available laboratory data. An accurate history is of
immense importance, as it will determine the sequence of
investigations designed to confirm or refute the diagnosis,
but it may be difficult to obtain. Sometimes the history is
not reliable, as hypoglycemia itself distorts memory of
events. Independent corroboration of the patient’s story is
therefore essential (444). In accidental and factitious
hypoglycemia, the proper history is usually difficult to elu-
cidate and suspicion of factitious disease is the first step
toward correct diagnosis. The problem is most frequent in
women, in health professionals and relatives of insulin-
taking diabetic patients (445, 446).

Although the patient’s history is of fundamental impor-
tance in determining the possibility of hypoglycemia, the
diagnosis cannot be made solely on the basis of signs
and symptoms. Therefore, most of the time the patient
requires further testing to determine the diagnosis for
appropriate management.

A normal plasma glucose level reliably obtained dur-
ing the occurrence of spontaneous symptoms eliminates
the possibility of a hypoglycemic disorder (447). Often
however, the measurement of plasma glucose is not fea-
sible when spontaneous symptoms occur during activities
of daily life. The diagnosis of hypoglycemia should thus
not be made solely on the basis of plasma glucose mea-
surement unless it is unequivocally below normal. It is
very difficult to define a cut-off value for hypoglycemic
symptoms. Although symptoms commonly occur with
plasma glucose levels below 3.0 mmol/l (54 mg/dl) (37-
39), they can occur at higher plasma glucose levels in
poorly controlled diabetes (439, 441), or in other condi-
tions such as insulinoma (440) which can give rise to
recurrent hypoglycemia. Confirmation that a patient’s
symptoms are caused by hypoglycemia has been facili-
tated enormously by the ability to teach patients, or their
relatives, how to collect blood for glucose analysis during
spontaneous episodes occurring in the course of every-
day life.
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It is useful to initially place hypoglycemia in the cate-
gory of hyperinsulinemic or hypoinsulinemic. This is
achieved by measuring insulin, C-peptide and proinsulin
concentrations in peripheral venous blood plasma (448,
449). Elevation of both plasma total immunoreactive
insulin (IRI) and C-peptide is strong evidence of endoge-
nous hyperinsulinemia, including the surreptitious use of
sulfonylureas. However, elevated IRI in the presence of
reduced C-peptide suggests exogenous hyperinsuline-
mia (450). A suppressed plasma proinsulin concentration
in a patient with proven endogenous hyperinsulinism may
indicate sulfonylurea-induced factitious hypoglycemia
(448).

In addition to the amount of insulin, determination of
the species of insulin may be useful in distinguishing
between an insulin-secreting tumor and surreptitious use
of insulin, unless it is human insulin that is being injected
(5). Insulin from different species can be distinguished by
high-pressure liquid chromatography (451) or by the use
of species-specific insulin antibodies (452-454), although
it is very rare nowadays with the widespread use of
biosynthetic human insulin.

Determination of a lack of suppression of plasma
C-peptide during insulin-induced hypoglycemia is indica-
tive of islet cell tumor (455, 456) or surreptitious use of
sulfonylureas (457) as the cause of hypoglycemia.

A definitive diagnosis of factitious hypoglycemia is dif-
ficult (458). Some biochemical indices such as hyperinsu-
linemia can mimic an insulin-secreting tumor (459).
Assays for proinsulin-like activity and C-peptide (448,
460, 461), tests inducing modulation of insulin secretion
and radiolabeling of the patient’s insulin (457) have
proven useful in some cases.

Measurement of plasma levels of drugs is helpful in
hypoglycemia caused by abuse of oral hypoglycemic
agents (462, 463). First-generation sulfonylureas are
readily detectable by this method. Second-generation sul-
fonylureas do not volatalize as readily as the first-gener-
ation compounds and therefore are not readily detectable
by a gas chromatography-mass spectrography method
(447). Confirmation of a suspected diagnosis of sulfonyl-
urea-induced hypoglycemia can be made by demonstrat-
ing the presence of sulfonylurea in the blood by high-
pressure liquid chromatography or radioimmunoassay
(171, 447, 464-466). This latter technique is particularly
useful for screening, but cannot distinguish between the
different types of sulfonylureas.

Treatment

In view of the vulnerability of the brain to prolonged
hypoglycemia, plasma glucose concentrations must be
elevated at least to normal levels as rapidly as possible
and the recurrence of hypoglycemia must be prevented.

Although severe hypoglycemia requiring assistance
for recovery is an annual occurrence in almost a third of
all patients with type 1 diabetes (101, 102), most epi-
sodes are treated either at home or in community settings
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since the symptoms of hypoglycemia are well known to
the patients and/or their relatives; less than one-third are
treated by emergency medical services (103-106).
Although some diabetic patients are treated in the emer-
gency room, most patients do not require admission to
hospital because recovery is usually rapid.

High morbidity and mortality are still associated with
hypoglycemia, and although the precipitating cause is not
always found (88, 103, 467), an accurate diagnosis and
early treatment may improve the prognosis. Since out-
come depends on how soon the condition is recognized
and treated, the only foolproof rationale is to assume that
every unconscious patient is in hypoglycemic coma until
proven otherwise.

Management falls quite clearly into two separate
phases: first, symptomatic treatment of the acute
episode, and second, investigation of the cause so that
specific treatment of the primary disease or offending
agents causing hypoglycemia can be offered at the
earliest opportunity. If the patient is hypoglycemic when
seen, urgent treatment is often necessary. When possi-
ble, a sample for measurement of plasma glucose con-
centrations by a quantitative analytical method should be
obtained prior to treatment. The potential detrimental
effects of delayed treatment of hypoglycemia far outweigh
any ill effect of unnecessary treatment. In addition, if the
hypoglycemic mechanism is not clear, plasma samples
for insulin, C-peptide, sulfonylureas and ethanol, at least,
should be obtained before glucose administration, as the
opportunity for a reliable diagnosis may otherwise be irre-
trievably lost.

Most episodes of asymptomatic hypoglycemia and
mild to moderate symptomatic hypoglycemia are treated
effectively by the ingestion of glucose or carbohydrate,
although the choice will depend on what is available to
the patient at the time of hypoglycemia (468-470). A com-
monly recommended dose of glucose is 20 g (0.3 g/kg in
children) (108). Eating more does not accelerate the rate
of recovery to normal and may cause hyperglycemia in
the hours following the reaction (110). However, the
glycemic response to oral glucose is transient, usually
less than 2 h in insulin-induced hypoglycemia in type 1
diabetes mellitus (468). Thus, ingestion of a more sub-
stantial mixed snack or meal shortly after the plasma glu-
cose level is raised is generally advisable. The advantage
of drinking milk lies in the more prolonged rate of starch
absorption owing to the protein and fat in addition to the
carbohydrate (471).

Parenteral treatment is necessary when the patient is
unable or unwilling to take carbohydrate orally. In an
emergency situation, the patient may be incapacitated to
the point of being unable to recognize the seriousness of
the situation. Some patients are obstreperous, belligerent
and combative when assistance is urged on them.
Intravenous glucose, 25 g initially, is the standard therapy
but the quantities of glucose required can only be
assessed by constant monitoring of blood glucose levels
and are often very large. Intravenous glucose should be
continued until all of the insulin, sulfonylurea or the
offending drug has been absorbed and degraded meta-
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bolically (472). As many as 80 g/h of glucose may be
required for up to 60 h, depending on the dose and type
of insulin or sulfonylurea used and the site of injection
(118, 473-478). This quantity of glucose can only be
given safely as a 25-50% solution through a central line
followed by a constant infusion of 5% or 10% dextrose
(472).

If intravenous therapy is not practical, subcutaneous
or intramuscular glucagon can be given by a spouse or
family member (468, 469, 479-481), particularly in sub-
jects with type 1 diabetes mellitus. The standard dose,
1 mg (15 pg/kg in children), can cause substantial but
transient hyperglycemia (468). It takes 10-20 min to be
absorbed from the site and for glycogen to be mobilized
subsequently from the liver. The duration of action of this
treatment is 60-120 min (110). Intranasal administration
of glucagon causes a glycemic response similar to inject-
ed glucagon (482-484). Glucagon may not work if there is
hepatic glycogen depletion, as may happen when the pri-
mary cause is alcohol or paracetamol poisoning (444), or
the patient is malnourished. It is also been suggested that
glucagon probably should be avoided in type 2 diabetic
patients because it can stimulate endogenous insulin
secretion (485).

Diazoxide, an antihypertensive agent that prevents
insulin release, may be considered in conjunction with
glucose infusion (130, 486, 487), but it is not very effec-
tive and only partially successful (110).

Octreotide, a somatostatin derivative, is another ther-
apeutic option. It is a potent inhibitor of insulin and
glucagon release from the (-cells of the pancreas (488).
Octreotide is quite safe and effective in preventing
rebound hypoglycemia after sulfonylurea ingestion. Oc-
treotide in combination with dextrose is even considered
as first-line therapy in the treatment of sulfonylurea-
induced hypoglycemia (489). Octreotide is usually used
as an infusion, although it can be given subcutaneously.
There are reports where octreotide was used to treat
hypoglycemia and could obviate the need for dextrose
infusion (490-492).

There is evidence that the decreased availability of
glucose precursors, promoted by insulin administration,
limits the participation of hepatic gluconeogenesis in
glycemia recovery. However, the administration of gluco-
neogenic precursors could overcome this limitation and
promote better glycemic recovery than glucose itself
(493).

Hypoglycemia caused by drugs is limited to the dura-
tion of action of the offending drug. The drug should be
discontinued either completely, or temporarily if the drug
is essential, and then the dose can be adjusted to avoid
recurrent hypoglycemia. Safe plasma glucose levels
should be maintained while the offending drug action con-
tinues.

Sequelae

A correlation between the frequency of severe hypo-
glycemia and the magnitude of intellectual decline has
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been observed in patients with diabetes mellitus who
were treated with insulin (494). However, in the Diabetes
Control and Complications Trial in which patients were
enrolled for an average of 6.5 years, despite a 3-fold
increase in severe hypoglycemia in patients on intensive
insulin therapy compared with those receiving conven-
tional therapy, there was no difference in neuropsycho-
logical function (90). Children may be at risk for cognitive
impairment from recurrent severe hypoglycemia (495).
Convulsions arising from hypoglycemia have been seen
to result in serious musculoskeletal injuries (496, 497).

Most reports of hypoglycemia-related morbidity
emphasize the effects of neuroglycopenia on the central
nervous system, or associated vascular events such as
myocardial infarction, stroke and cardiac arrhythmias
(497). Hypoglycemia is still associated with mortality
(82, 83, 413, 498-501), but there appears to have been
no increase in deaths from hypoglycemia in the U.K. fol-
lowing the introduction of human insulin for routine care
(502). Although it is clear that hypoglycemia can produce
death, the exact mechanism is not known. The only ana-
tomic abnormality found to account for death has been
myocardial infarction of greater or lesser severity (503,
504). Autopsy performed within approximately 24 h after
death from hypoglycemia did not reveal any classic
histopathological changes (187). Sometimes when death
follows a hypoglycemic coma lasting for 12 h or more,
neuroanatomic changes can occur (505, 506), and there
are reports of deaths following insulin tolerance tests
which were probably a consequence of cardiac dysrhyth-
mia (503, 507).

Prevention

Prevention of recurrent hypoglycemia requires a prop-
er understanding of the underlying mechanism. It should
be remembered that hypoglycemia caused by sulfonyl-
ureas may recur after a period of many hours or days.

In addition to regimen adjustments for patients who
are on insulin, approaches to the problem of nocturnal
hypoglycemia include the use of newer insulin analogues
and bedtime treatments. Substitution of a preprandial
rapid-acting insulin analogue (e.g., insulin lispro or
aspart) for short-acting (regular) insulin during the day
reduces the frequency of nocturnal hypoglycemia (508).
Again, using a long-acting insulin analogue (e.g., insulin
glargine) in place of NPH or ultralente insulin at bedtime
may reduce the frequency of nocturnal hypoglycemia
(509). Bedtime treatments including snacks (510),
uncooked cornstarch (511, 512), the glucagon-releasing
amino acid alanine (471, 510) or the epinephrine-stimu-
lating B,-adrenoceptor agonist terbutaline (471, 510)
have been used to reduce nocturnal hypoglycemia.

In iatrogenic hypoglycemia, the principles of aggres-
sive glycemic therapy should be adjusted accordingly to
include frequent self-monitoring of blood glucose by the
patient, flexible drug (oral hypoglycemics and insulin)
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regimens, proper education of the patient and relatives,
and ongoing professional guidance and support.

When the duration of effects of large doses of insulin,
sulfonylureas or other drugs is not taken properly into
account, patients can be discharged prematurely from the
hospital following relief of acute factitious hypoglycemia.
In this situation, there is a possibility of recurrence of
hypoglycemia, which, if severe, can lead to coma, per-
manent brain damage or death (513). Therefore, these
patients require prolonged observation even though this
may impose enormous logistical problems (83, 207, 514).

In factitious hypoglycemia, intensive psychiatric thera-
py is recommended after the diagnosis is established to
prevent long-term morbidity and mortality, as they are
associated with a poor long-term prognosis (449, 515).
Unfortunately, this is often unsuccessful (448, 449,
515-518).

Conclusions

Therapeutically administered antidiabetic drugs such
as insulin and the sulfonylureas are undoubtedly the most
common cause of hypoglycemia encountered in clinical
practice, and the benefits and risks of treatment must
therefore be weighed. Hypoglycemia can be an important
limiting factor in the treatment of patients with diabetes
mellitus, but there are also many other drugs which can
produce hypoglycemia in seemingly healthy individuals.

The diagnosis of a hypoglycemic disorder requires
careful assessment of the patient for the presence of
offending drugs or predisposing illnesses, and appropri-
ate further testing if necessary, to reach a correct diagno-
sis. Unless the true cause is identified when the patient is
first seen, fruitless and expensive testing may ensue.

Although severe hypoglycemia is a rare cause of
acute emergency admission to hospital, it is associated
with significant morbidity and mortality, requires careful
treatment and follow-up, and may identify high-risk
patients with a poor prognosis. Drug-induced hypo-
glycemia continues to be so common that virtually every
unconscious patient should be considered hypoglycemic
until proven otherwise.

Acknowledgements

I am extremely grateful to Claire Lloyd for the typing,
correction and presentation of the manuscript.

References
1. Comi, R.J. Approach to acute hypoglycaemia. Endocrinol
Metab Clin North Am 1993, 22: 247-62.

2. Shand, D.G. Drug therapy - Propranolol. New Engl J Med
1975, 293: 280-5.



594

3. Marks, V. Drug-induced hypoglycaemia. In: Hypoglycaemia,
2nd Ed. Marks, V., Rose, F.C. (Eds.). Blackwell Scientific
Publications: Oxford 1981, 357.

4. Seltzer, H. Drug-induced hypoglycaemia: A review based on
473 cases. Diabetes 1972, 21: 955-66.

5. Field, J.B. Hypoglycaemia: Definition, clinical presentations,
classification and laboratory tests. Endocrinol Metab Clin North
Am 1989, 18: 27-43.

6. McCall, A.L. Effects of glucose deprivation on glucose metab-
olism in the central nervous system. In: Hypoglycaemia and
Diabetes: Clinical and Physiological Aspects. Frier, B.M., Fisher,
B.M. (Eds.). Edward Arnold: London 1993, 56-71.

7. Pardridge, W.M. Brain metabolism: A prospective from the
blood-brain barrier. Physiol Rev 1983, 63: 1481-535.

8. Rothman, D.L., Magnusson, |., Katz, L.D. et al. Quantitation of
hepatic glycogenolysis and gluconeogenesis in fasting humans
with '3C NMR. Science 1991, 254: 573-6.

9. Gerich, J.E., Meyer, C., Woerle, H.J., Stumvoll, M. Renal glu-
coneogenesis: Its importance in human glucose homeostasis.
Diabetes Care 2001, 24: 382-91.

10. Ekberg, K., Landau, B.R., Wajngot, A. et al. Contributions by
kidney and liver to glucose production in the postabsorptive state
and after 60 h of fasting. Diabetes 1999, 48: 292-8.

11. Stumvoll, M., Chintalapudi, U., Perriello, G. et al. Uptake and
release of glucose by the human kidney. Postabsorptive rates
and responses to epinephrine. J Clin Invest 1995, 96: 2528-33.

12. Owen, O.E., Felig, P., Morgan, A.P., Wahren, J., Cahill, G.F.
Jr. Liver and kidney metabolism during prolonged starvation.
J Clin Invest 1969, 48: 574-83.

13. Gerich, J.E., Haymond, M.W., Rizza, R.A. et al. Hormonal
and substrate determinants of hepatic glucose production in
man. In: The Regulation of Carbohydrate Formation and
Utilisation in Mammals. Veneziale, C.M. (Ed.). University Park
Press: Baltimore 1980, 419-57.

14. Huang, S., Phelps, E., Hoffman, E. et al. Noninvasive deter-
mination of local cerebral metabolic rate of glucose in man. Am
J Physiol 1980, 238: E69-82.

15. Kety, S.S., Woodford, R.B., Hormel, M.H. et al. Cerebral
blood flow and metabolism in schizophrenia. The effects of bar-
biturate semi-naresis, insulin coma and electroshock. Am J
Psychiatr 1948, 104: 765-70.

16. Pardridge, W.M., Boado, R.J., Farrell, C.R. Brain-type glu-
cose transporter (GLUT-1) is selectively localised to the blood-
brain barrier: Studies with quantitative Western blotting and in
situ hybridisation. J Biol Chem 1990, 265: 18035-40.

17. Tsacopoulos, M., Magistretti, P.J. Metabolic coupling
between glia and neurons. J Neurosci 1996, 16: 877-85.

18. Vannucci, S.J., Maher, F., Simpson, |.A. Glucose transporter
proteins in brain: Delivery of glucose to neurons and glia. Glia
1997, 21: 2-21.

19. Uehara, Y., Nipper, V., McCall, A.L. Chronic insulin hypogly-
caemia induces GLUT-3 protein in rat brain neurons. Am J
Physiol 1997, 272: E716-9.

20. Dringen, R., Gebhardt, R., Hamprecht, B. Glycogen in astro-
cytes: Possible function as lactate supply for neighboring cells.
Brain Res 1993, 623: 208-14.

Drug-induced hypoglycemia

21. Maran, A., Cranston, L., Lomas, L., Macdonald, |., Amiel,
S.A. Protection by lactate of cerebral function during hypogly-
caemia. Lancet 1994, 343: 16-20.

22. Veneman, T., Mitrakou, A., Mokan, M., Cryer, P., Gerich, J.
Effect of hyperketonaemia and hyperlacticacidaemia on symp-
toms, cognitive dysfunction, and counterregulatory hormone
responses during hypoglycaemia in normal humans. Diabetes
1994, 43: 1311-7.

23. Amiel, S., Archibald, H., Chusney, G., Williams, A.J., Gale,
E.A. Ketone infusion lowers hormonal responses to hypogly-
caemia: Evidence for acute cerebral utilisation of a non-glucose
fuel. Clin Sci 1991, 81: 189-94.

24. Shimazu, T., Fukuda, A., Ban, T. Reciprocal influences of the
ventromedial and lateral hypothamic nuclei on blood glucose
level and liver glycogen content. Nature 1966, 210: 1178-9.

25. Borg, M., Sherwin, R., Borg, W., Tamborlane, W.V., Shulman,
G.l. Local ventromedial hypothalamus glucose perfusion blocks
counterregulation during systemic hypoglycaemia in awake rats.
J Clin Invest 1997, 99: 361-5.

26. Borg, W., During, M., Sherwin, R. et al. Ventromedial hypo-
thalamus lesions in rats suppress counterregulatory hormone
responses to hypoglycaemia. J Clin Invest 1994, 93: 1677-82.

27. Borg, W., Sherwin, R., During, M., Borg, M.A., Shulman, G.I.
Local ventromedial hypothalamus glucopenia triggers counter-
regulatory hormone release. Diabetes 1995, 44: 180-4.

28. Frohman, L., Nagai, K. Central nervous system-mediated
stimulation of glucagon secretion in the dog following 2-deoxy-
glucose. Metabolism 1976, 25: 1449-52.

29. Cryer, P.E. Glucose counterregulation in man. Diabetes
1981, 30: 261-4.

30. Cryer, P.E. Hypoglycaemia: Pathophysiology, Diagnosis and
Treatment. Oxford University Press: New York 1997.

31. Gerich, J., Davis, J., Lorenzi, M. et al. Hormonal mechanisms
of recovery from insulin induced hypoglycaemia in man. Am
J Physiol 1979, 236: E380-5.

32. Rizza, R.A., Mandarino, L., Gerich, J.E. Dose-response char-
acteristics for the effects of insulin on production and utilisation
of glucose in man. Am J Physiol 1981, 240: E630-9.

33. Cryer, P.E. Glucose counterregulation: The physiologic
mechanisms that prevent or correct hypoglycaemia. In: Hypo-
glycaemia and Diabetes: Clinical and Physiological Aspects.
Frier, B.M., Fisher, B.M. (Eds.). Edward Arnold: London 1993,
34-55.

34. Clarke, W.L., Santiago, J.V., Thomas, L., Ben-Galim, E.,
Haymond, M.W., Cryer, P.E. Adrenergic mechanisms in recovery
from hypoglycaemia in man: Adrenergic blockade. Am J Physiol
1979, 236: E147-52.

35. Rizza, R.A., Cryer, P.E., Gerich, J.E. Role of glucagon, cate-
cholamines, and growth hormone in human glucose counterreg-
ulation. Effects of somatostatin and combined a- and (-adrener-
gic blockade on plasma glucose recovery and glucose flux rates
after insulin-induced hypoglycaemia. J Clin Invest 1979, 64:
62-71.

36. De Feo, P., Perriello, G., De Cosmo, S. et al. Comparison of
glucose counterregulation during short-term and prolonged
hypoglycaemia in normal humans. Diabetes 1986, 35: 563-9.

37. Fanelli, C., Pampanelli, S., Epifano, L. et al. Relative roles of
insulin and hypoglycaemia on induction of neuroendocrine
responses to, symptoms of, and deterioration of cognitive



Drugs Fut 2004, 29(6)

function in hypoglycaemia in male and female humans.
Diabetologia 1994, 37: 797-807.

38. Mitrakou, A., Ryan, C., Veneman, T. et al. Hierarchy of gly-
caemic thresholds for counterregulatory hormone secretion,
symptoms, and cerebral dysfunction. Am J Physiol 1991, 260:
E67-74.

39. chwartz, N., Clutter, W., Shah, S., Cryer, P.E. Glycaemic
thresholds for activation of glucose counterregulatory systems
are higher than the threshold for symptoms. J Clin Invest 1987,
79: 777-81.

40. Korzon-Burakowska, A., Hopkins, D., Matyka, K. et al.
Effects of glycaemic control on protective responses against
hypoglycaemia in type 2 diabetes. Diabetes Care 1998, 21:
283-90.

41. Cherrington, A., Chiasson, J.L., Liljenquist, J.E., Jennings,
A.S., Keller, U., Lacy, W.W. The role of insulin and glucagon in
the regulation of basal glucose production in the post-absorptive
state. J Clin Invest 1976, 58: 1407-18.

42. Lecavalier, L., Bolli, G., Cryer, P.E., Gerich, J. Contributions
of gluconeogenesis and glycogenolysis during glucose counter-
regulation in normal humans. Am J Physiol 1989, 256: E844-51.

43. Garber, A.J., Bier, D.M., Cryer, P.E., Pagliara, A.S. Hypogly-
caemia in compensated chronic renal insufficiency: Substrate
limitation of gluconeogenesis. Diabetes 1974, 23: 982-6.

44. Cryer, P.E. Catecholamines, pheochromocytoma and dia-
betes. Diabetes Rev 1993, 1: 309-17.

45. Rizza, R.A., Cryer, P.E., Haymond, M.W., Gerich, J.E.
Adrenergic mechanisms for the effect of epinephrine on glucose
production and clearance in man. J Clin Invest 1980, 65: 682-9.

46. Berk, M.A., Clutter, W.E., Skor, D. et al. Enhanced glycaemic
responsiveness to epinephrine in insulin dependent diabetes
mellitus is the result of the inability to secrete insulin. Augmented
insulin secretion normally limits the glycaemic, but not the lipoly-
tic or ketogenic, response to epinephrine in humans. J Clin
Invest 1985. 75: 1842-51.

47. Gerich, J.E., Lorenzi, M., Tsalikian, E., Karam, J.H. Studies
on the mechanisms of epinephrine induced hyperglycaemia in
man. Diabetes 1976, 25: 65-71.

48. Rosen, S.G., Clutter, W.E., Shah, S.D. et al. Direct a-adren-
ergic stimulation of hepatic glucose production in human sub-
jects. Am J Physiol 1983, 245: E616-26.

49. Garber, A.J., Cryer, P.E., Santiago, J.V., Haymond, M.W.,
Pagliara, A.S., Kipnis, D.M. The role of adrenergic mechanisms
in the substrate and hormonal response to insulin induced hypo-
glycaemia in man. J Clin Invest 1976, 58: 7-15.

50. Laurent, D., Petersen, K.F., Russell, R.R., Cline, G.W.,
Shulman, G.l. Effect of epinephrine on muscle glycogenolysis
and insulin-stimulated muscle glycogen synthesis in humans.
Am J Physiol 1998, 274: E130-8.

51. Clutter, W.E., Rizza, R.A., Gerich, J.E., Cryer, P.E.
Regulation of glucose metabolism by sympathochromaffin cate-
cholamines. Diabetes Metab Rev 1988, 4: 1-15.

52. De Feo, P., Perriello, G., Torlone, E. et al. Contribution of
adrenergic mechanisms to glucose counterregulation in humans.
Am J Physiol 1991, 261: E725-36.

53. French, E.B., Kilpatrick, R. The role of adrenaline in hypo-
glycaemic reactions in man. Clin Sci 1955, 14: 639-51.

595

54. Bolli, G.B., Fanelli, C.G. Physiology of glucose counterregu-
lation to hypoglycaemia. Endocrinol Metab Clin North Am 1999,
28: 467-93.

55. Gerich, J.E., Cryer, P.E., Rizza, R.A. Hormonal mechanisms
in acute glucose counterregulation: The relative roles of
glucagon, epinephrine, norepinephrine, growth hormone and
cortisol. Metabolism 1980, 29: 1164-75.

56. Bolli, G.B., De Feo, P., Compagnucci, P. et al. Abnormal glu-
cose counterregulation in insulin-dependent diabetes mellitus.
Interaction of anti-insulin antibodies and impaired glucagon and
epinephrine secretion. Diabetes 1983, 32: 134-41.

57. Bolli, G.B., Gottesman, I.S., Cryer, P.E., Gerich, J.E. Glucose
counterregulation during prolonged hypoglycaemia in normal
humans. Am J Physiol 1983, 247: E206-14.

58. Boyle, P.J., Cryer, P.E. Growth hormone, cortisol, or both are
involved in defence against, but are not critical to recovery from
hypoglycaemia. Am J Physiol 1991, 260: E395-402.

59. Santiago, J.V., Clarke, W.L., Shah, S.D., Cryer, P.E.
Epinephrine, norepinephrine, glucagon, and growth hormone
release in association with physiological decrements in the plas-
ma glucose concentration in normal and diabetic man. J Clin
Endocrinol Metab 1980, 51: 877-83.

60. MacGorman, L.R., Rizza, R.A., Gerich, J.E. Physiological
concentrations of growth hormone exert insulin-like and insulin
antagonist effects on both hepatic and extrahepatic tissues in
man. J Clin Endocrinol Metab 1981, 53: 556-9.

61. Shamoon, H., Hendler, R., Sherwin, R.S. Synergistic interac-
tions among anti-insulin hormones in the pathogenesis of stress
hyperglycaemia in humans. J Clin Endocrinol Metab 1981, 52:
1235-41.

62. Boyle, P.J. Cushing’s disease, glucocorticoid excess, gluco-
corticoid deficiency and diabetes. Diabetes Metab Rev 1993, 1:
301.

63. De Feo, P, Perriello, G., Torlone, E. et al. Demonstration of
a role for growth hormone in glucose counterregulation. Am J
Physiol 1989, 256: E835-43.

64. De Feo, P, Perriello, G., Torlone, E. et al. Contribution of cor-
tisol to glucose counterregulation in humans. Am J Physiol 1989,
257: E35-42.

65. Lefkowitz, R.J., Hoffman, B.B., Taylor, P. Neurohumoral
transmission: The anatomic and somatic motor nervous sys-
tems. In: Goodman and Gilman’s: The Pharmacological Basis of
Therapeutics, 8" Ed. Gilman, A.G., Rall, TW., Nies, A.S. et al
(Eds.). Pergamon Press: New York 1990, 84.

66. Havel, P.J., Ahren, B. Activation of autonomic nerves and the
adrenal medulla contributes to increased glucagon secretion
during moderate insulin-induced hypoglycaemia in women.
Diabetes 1997, 46: 801-7.

67. Ganong F.W. Neuroendocrinology. In: Basic and Clinical
Endocrinology, 3 Ed. Greenspan, F.S. (Ed.). Appleton & Lange:
Englewood Cliffs, NJ 1991, 77.

68. Chu, C.A., Sindelar, D.K., Neal, D.W. et al. Effect of a selec-
tive rise in sinusoidal norepinephrine on HGP is due to an
increase in glycogenolysis. Am J Physiol 1998, 274: E162-71.

69. Bolli, G., De Feo, P., Perriello, G. et al. Role of hepatic
autoregulation in defence against hypoglycaemia in humans.
J Clin Invest 1985, 75: 1623-31.

70. onnolly, C.C., Myers, S.R., Neal, D.W., Hastings, J.R.,
Cherrington, A.D. In the absence of counterregulatory



596

hormones, the increase in hepatic glucose production during
insulin-induced hypoglycaemia in the dog is initiated in the liver
rather than in the brain. Diabetes 1996, 45: 1805-13.

71. Donovan, C.M., Halter, J.B., Bergman, R.N. Importance of
hepatic glucoreceptors in sympathoadrenal response to hypo-
glycaemia. Diabetes 1991, 40: 155-8.

72. Donovan, C.M., Hamilton-Wessler, M., Halter, J.B., Bergman,
R.N. Primacy of liver glucosensors in the sympathetic response
to progressive hypoglycaemia. Proc Natl Acad Sci USA 1994,
91: 2863-7.

73. Hamilton-Wessler, M., Bergman, R.N., Halter, J.B,,
Watanabe, R.M., Donovan, C.M. The role of liver glucosensors
in the integrated sympathetic response induced by deep hypo-
glycaemia in dogs. Diabetes 1994, 43: 1052-60.

74. Hevener, A.L., Bergman, R.N., Donovan, C.M. Novel glu-
cosensors for hypoglycaemic detection localized to the portal
vein. Diabetes 1997, 46: 1521-5.

75. Lautt, W.W. Hepatic nerves: A review of their functions and
effects. Can J Physiol Pharmacol 1980, 58: 105-23.

76. Nobin, A.B., Falck, B., Ingemansson, S., Jarhutt, J.,
Rosengren, E. Organization and function of the sympathetic
innervation of the human liver. Acta Physiol Scand 1977,
452(Suppl.): 103-6.

77. Ahrén, B. Autonomic regulation of islet hormone secretion:
Implications for health and disease. Diabetologia 2000, 43: 393-
410.

78. Gold, A.E., MacLeod, K.M., Frier, B.M. Frequency of severe
hypoglycaemia in patients with type 1 diabetes with impaired
awareness of hypoglycaemia. Diabetes Care 1994, 17: 697-703.

79. The Diabetes Control and Complications Trial Research
Group. Influence of intensive diabetes treatment on quality of life
outcomes in the Diabetes Control and Complications Trial.
Diabetes Care 1996, 19: 195-203.

80. Klein, B.E., Klein, R., Moss, S.E. Self-rated health and dia-
betes of long duration: The Wisconsin Epidemiologic Study of
Diabetic Retinopathy. Diabetes Care 1998, 21: 236-40.

81. UK Prospective Diabetes Study (UKPDS) Group. Quality of
life in type 2 diabetic patients is affected by complications but not
by intensive policies to improve blood glucose or blood pressure
control (UKPDS 37). Diabetes Care 1999, 22: 1125-36.

82. Malouf, R., Brust, J.C.M. Hypoglycaemia: Causes, neurolog-
ical manifestations, and outcome. Ann Neurol 1985, 17: 421-30.

83. Fischer, K.F.,, Lees, J.A., Newman, J.H. Hypoglycaemia in
hospitalised patients: Causes and outcome. New Engl J Med
1986, 315: 1245-50.

84. Service, F.J. Hypoglycaemic disorders. Endocrinol Metab
Clin North Am 1999, 28: 501-17.

85. Marks, V., Teale, J.D. Drug-induced hypoglycaemia.
Endocrinol Metab Clin North Am 1999, 28: 555-78.

86. Bergman, H. Hypoglycaemic coma during sulfonylurea
therapy. Acta Med Scand 1965, 177: 287-98.

87. Goldstein, D., England, J., Hess, R., Rawlings, S., Walker, B.
A prospective study of symptomatic hypoglycaemia in young dia-
betic patients. Diabetes Care 1981, 4: 601-5.

88. Casparie, A., Elving, L. Severe hypoglycaemia in diabetic
patients: Frequency, causes, prevention. Diabetes Care 1985, 8:
141-5.

Drug-induced hypoglycemia

89. Seltzer, H.S. Drug-induced hypoglycaemia: A review of 1418
cases. Endocrinol Metab Clin North Am 1989, 18: 163-83.

90. The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on the devel-
opment and progression of long-term complications in insulin-
dependent diabetes mellitus. New Engl J Med 1993, 329: 977-
86.

91. Reichard, P., Nilsson, B.-Y., Rosenquist, U. The effect of
long-term intensified insulin treatment on the development of
microvascular complications of diabetes mellitus. New Engl J
Med 1993, 329: 304-9.

92. Abraira, C., Colwell, J.A., Nuttall, F.Q. et al. Veterans Affairs
Cooperative Study on glycaemic control and Complications in
type Il diabetes (VA CSDM): Results of the feasibility trial.
Veterans Affairs Cooperative Study in Type Il Diabetes. Diabetes
Care 1995, 18: 1113-23.

93. Ohkubo, Y., Kishikawa, H., Araki, E. et al. Intensive insulin
therapy prevents the progression of diabetic microvascular com-
plications in Japanese patients with noninsulin- dependent dia-
betes mellitus: A randomized prospective 6-year study. Diabetes
Res Clin Pract 1995, 28: 103-17.

94. The United Kingdom Prospective Diabetes Study Group.
Intensive blood-glucose control with sulfonylureas or insulin
compared with conventional treatment and risk of complications
in patients with type 2 diabetes. Lancet 1998, 352: 837-53.

95. Cryer, P.E. Hypoglycaemia is the limiting factor in the man-
agement of diabetes. Diabetes Metab Res Rev 1999, 15: 42-6.

96. Reichard, P., Berglund, B., Britz, A., Cars, I., Nilsson, B.Y.,
Rosenqvist, U. Intensified conventional insulin treatment retards
the microvascular complications of insulin-dependent diabetes
mellitus (IDDM): The Stockholm Diabetes Intervention Study
(SDIS) after 5 years. J Intern Med 1991, 230: 101-8.

97. The Diabetes Control and Complications Trial Research
Group. Epidemiology of severe hypoglycaemia in the Diabetes
Control and Complications Trial. Am J Med 1991, 90: 450-9.

98. The Diabetes Control and Complications Trial Research
Group. Hypoglycaemia in the Diabetes Control and
Complications Trial. Diabetes 1997, 46: 271-86.

99. Laing, S.P., Swerdlow, A.J., Slater, S.D. et al. The British
Diabetic Association Cohort Study, Il. Cause-specific mortality in
patients with insulin-treated diabetes mellitus. Diabetes Med
1999, 16: 466-71.

100. Lewis, R. Diabetic emergencies: Part I. Hypoglycaemia.
Accid Emerg Nurs 1999, 7: 190-6.

101. MacLeod, K.M., Hepburn, D.A., Frier, B.M. Frequency and
morbidity of severe hypoglycaemia in insulin-treated diabetic
patients. Diabetes Med 1993, 10: 238-45.

102. The EURODIAB IDDM Complications Study Group.
Microvascular and acute complications in IDDM patients: The
EURODIAB complications study. Diabetologia 1994, 37: 278-85.

103. Potter, J., Clarke, P., Gale, E.A.M., Dave, S.H., Tattersall,
R.B. Insulin-induced hypoglycaemia in an accident and emer-
gency department: The tip of an iceberg? Br Med J (Clin Res Ed)
1982, 285: 1180-2.

104. Moses, R.G., Hubert, P.A., Lewis-Driver, D.J. Severe hypo-
glycaemia. A one year prospective study in Wollongong. Med
J Aust 1985, 142: 294-6.



Drugs Fut 2004, 29(6)

105. Nilsson, A., Tideholm, B., Kalen, J., Katzman, P. Incidence
of severe hypoglycaemia and its cause in insulin treated
diabetics. Acta Med Scand 1988, 224: 257-62.

106. Bjork, E., Palmer, M., Schvarcz, E., Berne, C. Incidence of
severe hypoglycaemia in an unselected population of patients
with insulin-treated diabetes mellitus, with special reference to
autonomic neuropathy. Diab Nutr Metab 1990, 4: 303-9.

107. Jovanovic, L. Medical emergencies in the patient with dia-
betes during pregnancy. Endocrinol Metab Clin North Am 2000,
29: 771-87.

108. Hirsch, 1.B., Farkas-Hirsch, R., Skyler, J.S. Intensive insulin
therapy for treatment of type 1 diabetes. Diabetes Care 1990, 13:
1265-83.

109. Hirsch, I.B., Farkas-Hirsch, R. Type 1 diabetes and insulin
therapy. Nurs Clin North Am 1993, 28: 9-23.

110. Herbel, G., Boyle, P.J. Hypoglycaemia: Pathophysiology
and treatment. Endocrinol Metab Clin North Am 2000, 29: 725-
43.

111. Cryer, P.E., Fisher, J.N., Shamoon, H. Hypoglycaemia (tech-
nical review). Diabetes Care 1994, 17: 734-55.

112. Reichard, P., Pihl, M. Mortality and treatment side-effects
during long-term intensified conventional insulin treatment in
the Stockholm Diabetes Intervention Study. Diabetes 1994, 43:
313-7.

113. Henry, R.R., Gumbiner, B., Ditzler, T., Wallace, P., Lyon, R.,
Glauber, H.S. Intensive conventional insulin therapy for type 2
diabetes: Metabolic effects during a 6 month outpatient trial.
Diabetes Care 1993, 16: 21-31.

114. Department of Veterans Affairs Implantable Insulin Pump
Study Group. Implantable insulin pump vs multiple-dose insulin
for non-insulin-dependent diabetes mellitus. JAMA — J Am Med
Assoc 1996, 276: 1322-7.

115. Moses, A.C., Abrahamson, M.J. Therapeutic approaches to
insulin resistance. In: Insulin Resistance. Moller, D.E. (Ed.).
Wiley: Chichester 1993, 385-410.

116. Popp, D.A., Shah, S.D., Cryer, P.E. Role of epinephrine
mediated (-adrenergic mechanisms in hypoglycaemic glucose
counterregulation and post-hypoglycaemic hyperglycaemia in
insulin-dependent diabetes mellitus. J Clin Invest 1982, 69:
315-26.

117. Mokan, M., Mitrakou, A., Veneman, T. et al. Hypoglycaemia
unawareness in IDDM. Diabetes Care 1994, 17: 1397-403.

118. Marks, V. Hypoglycaemia: Real and unreal. Lawful and
unlawful. The Banting lecture 1994. Diabetes Med 1995, 12:
850-64.

119. Bailey, C.J., Flatt, P.R., Marks, V. Drugs inducing hypogly-
caemia. Pharmacol Ther 1989, 42: 361-84.

120. Campbell, I.W. Metformin and the sulfonylureas: The com-
parative risk. In: Hormone and Metabolic Research. Supplement
Series, Vol. 15. Pfeiffer, E.F., Lipsett, M.B. (Eds.). Georg Thieme
Verlag: New York 1985, 105-11.

121. Zucker, P., Simon, G. Prolonged symptomatic neonatal
hypoglycaemia associated with maternal chlorpropamide thera-
py. Pediatrics 1968, 42: 824-5.

122. Kemball, M.L., Mclver, C., Milner, R.D.G., Nourse, C.H.,
Schiff, D., Tiernan, J.R. Neonatal hypoglycaemia in infants of
diabetic mothers given sulfonylurea drugs in pregnancy. Arch
Dis Child 1970, 45: 696-701.

597

123. Harris, E.L. Adverse reactions to oral antidiabetic agents. Br
Med J 1971, 3: 29-30.

124. Farquhar, J.W., Isles, T.E. Hypoglycaemia in newborn
infants of normal and diabetic mothers. S Afr Med J 1968, 42:
237-45.

125. Nitowsky, H.M., Matz, L., Berzofsky, J.A. Studies on oxida-
tive drug metabolism in the full term newborn infant. J Pediatr
1966, 69: 1139-49.

126. Whiteley, M., Worlding, J., Patel, S. et al. Hypoglycaemia in
a diabetic patient, associated with ciprofloxacin therapy. Pract
Diabetes 1993, 10: 35.

127. Roberge, R.J., Kaplan, R., Frank, R., Fore, C. Glyburide-
ciprofloxacin interaction with resistant hypoglycaemia. Ann
Emerg Med 2000, 36: 160-3.

128. Asplund, K., Wiholm, B.E., Lithner, F. Glibenclamide-asso-
ciated hypoglycaemia: A report on 57 cases. Diabetologia 1983,
24: 412-7.

129. Campbell, |.W. Metformin and glibenclamide. Comparative
risks. Br Med J 1984, 289: 289.

130. Palatnick, W., Meatherall, R.C., Tenenbein, M. Clinical
spectrum of sulfonylurea overdose and experience with diazox-
ide therapy. Arch Intern Med 1991, 151: 1859-62.

131. Girandin, E., Vial, T., Pham, E. et al. Hypoglycémies
induites par les sulfamides hypoglycémiants: Recensement par
les Centres Régionaux de Pharmacovigilance francais de 1985-
1990. Ann Interne 1992 143: 11-7.

132. Shorr, R.l.,, Ray, W.A., Daugherty, J.R., Giriffin, M.R.
Individual sulfonylureas and serious hypoglycaemia in older peo-
ple. J Am Geriatr Soc 1996, 44: 751-5.

133. Marks, V., Rose, F.C. Hypoglycaemia. Blackwell: Oxford
1981.

134. Miller, C.D., Phillips, L.S., Ziemer, D.C., Gallina, D.L., Cook,
C.B., El-Kebbi, I.M. Hypoglycaemia in patients with type 2 dia-
betes mellitus. Arch Intern Med 2001, 161: 1653-9.

135. Falls, W.F. Jr. Hypoglycaemia in a patient with diabetes
insipidus treated with chlorpropamide. Va Med Mon 1971, 98:
374-6.

136. Kuhns, L.R., Spencer, M.L., Bacon, G.E., Lowrey, G.H.
Chlorpropamide-induced hypoglycaemia in a child with diabetes
insipidus. JAMA — J Am Med Assoc 1969, 210: 907.

137. Pinto, L., Stoppoloni, G. Diabetes insipidus, chlor-
propamide, and hypoglycaemia. Pediatrics 1970, 46: 822-3.

138. Cohn, H.J., Perimutter, M., Silverstein, J.N., Numeroff, M.
Prolonged hypoglycaemia in response to intravenous tolbu-
tamide in a patient with Laennec’s cirrhosis and severe malnutri-
tion. J Clin Endocrinol Metab 1964, 24: 28-34.

139. Heikinheimo, R. Severe prolonged hypoglycaemia following
tolbutamide and carbutamide treatment. Diabetes 1965, 14:
606-8.

140. Johnston, R., Goetz, F.C., Zimmerman, B. Insulin-secreting
tumour of the pancreas. Report of a case with an untoward
response to tolbutamide and with a study of the possible mech-
anism of postoperative hyperglycaemia. New Engl J Med 1960,
263: 1345-7.

141. Seltzer, H.S. Diagnosis of diabetes. In: Diabetes Mellitus:
Theory and Practice. Ellenberg, M., Rifkin, H. (Eds.). McGraw-
Hill Company: New York 1970, 465-6.



598

142. Samols, E., Marks, V. Evaluation of the intravenous tolbu-
tamide test in the recognition and differential diagnosis of spon-
taneous hypoglycaemia. In: Tolbutamide...After 10 Years.
Butterfield, W.J.H., Van-Westering, W. (Eds.). Excerpta Medica
Foundation: Amsterdam 1967, 147-56.

143. Epstein, M.F., Nicholls, E., Stubblefield, P.G. Neonatal
hypoglycaemia after betasympathomimetic tocolytic therapy. J
Pediatr 1979, 94: 449-53.

144. Schwartz, J.F. Tolbutamide-induced hypoglycaemia in
Parkinson’s disease. A case report. JAMA — J Am Med Assoc
1961, 176: 106-9.

145. Yonet, H.M., Ballard, H.S. Prolonged severe hypoglycaemia
following tolbutamide therapy for paralysis agitans. NY State J
Med 1961, 61: 1939-41.

146. Cushman, P. Jr., Dubois, J.J., Dwyer, E., lzzo, J.L. Pro-
tracted tolbutamide hypoglycaemia. Am J Med 1963, 35: 196-
204.

147. Dall, J.L., Conway, H., McAlpine, S.G. Hypoglycaemia due
to chlorpropamide. Scott Med J 1967, 12: 403-4.

148. Dougherty, J. Hypoglycaemic stupor caused by acetohexa-
mide. New Engl J Med 1966, 274: 1256-7.

149. Greenberg, B., Weihl, C., Hug, G. Chlorpropamide poison-
ing. Pediatrics 1968, 41: 145-7.

150. Parker, C.E., Tisdell, E.J. Jr. Chlorpropamide poisoning: A
case report of accidental ingestion in a two-year old child. Clin
Pediatr 1963, 2: 185-6.

151. Youberg, D.R. Accidental ingestion of chlorpropamide.
Report of a case. New Engl J Med 1960, 263: 1130-1.

152. Cosnett, J.E. Tolbutamide overdose and irreversible cere-
bral damage: A case report. S Afr Med J 1961, 35: 43-4.

153. Cowen, D.L., Burtis, B., Youmans, J. Prolonged coma after
acetohexamide ingestion. JAMA — J Am Med Assoc 1967, 201:
141-2.

154. Davies, D.M., Macintyre, A., Millar, E.J., Bell, S.M., Mehra,
S.K. Need for glucagon in severe hypoglycaemia induced by sul-
fonylurea drugs. Lancet 1967, 1: 363-4.

155. Schnack, H., Schobel, B. Clinical observations on an
attempted suicide with a sulfonylurea derivative. Wien Klin
Wochenschr 1962, 74: 293-5.

156. Baird, I.M., Rickards, D.F. Hypoglycaemic coma during
change from insulin to tolbutamide. Br Med J 1962, 2: 1585.

157. Bauer, H.G. Severe and prolonged hypoglycaemic shock
during sulfonylurea treatment. Metabolism 1965, 14: 220-8.

158. Thomsen, P.E., Ostenfeld, H.O., Kristensen, M.
Chlorpropamide-phenylbutazone as the cause of hypogly-
caemia. A case of an unfortunate drug combination. Ugeskr
Laeger 1970, 132: 1722-4.

159. Christensen, L.K., Hansen, J.M., Kristensen, M.
Sulphaphenazole-induced hypoglycaemic attacks in tolbu-
tamide-treated diabetics. Lancet 1963, 2: 1298-301.

160. Soeldner, J.S., Steinke, J. Hypoglycaemia in tolbutamide-
treated diabetes. Report of two cases with measurement of
serum insulin. JAMA — J Am Med Assoc 1965, 193: 398-9.

161. Jackson, J.E., Bressler, R. Clinical pharmacology of sul-
fonylurea agents: Part 2. Drugs 1981, 22: 295-320.

Drug-induced hypoglycemia

162. Hargett, N.A., Ritch, R., Mardirossian, J., Kass, M.A.,
Podos, S.M. Inadvertent substitution of acetohexamide for
acetazolamide. Am J Ophthalmol 1977, 84: 580-3.

163. Raab, E.L. Substitution of acetohexamide for acetazo-
lamide. Am J Ophthalmol 1979, 87: 848-9.

164. Crowson, T.W., Kriel, R.L. Hypoglycaemia from the inad-
vertent use of oral hypoglycaemic agents. Ann Intern Med 1980,
92: 134.

165. Arlow, F.L., Barish, P. Dialume-Diabinese disaster. JAMA —
J Am Med Assoc 1983, 250: 165-6.

166. Cohen, D.J., Saltzman, M., Appel, G.B. Diabinese and
Dialume. Ann Intern Med 1982, 97: 285-6.

167. Creutzfeldt, W., Frerichs, H., Perings, E. Serum-insulin
levels in hypoglycaemic shock due to attempted suicide with
tolbutamide and with insulin. Ger Med Mon 1969, 14: 14-6.

168. Duncan, G.G., Jenson, W., Eberly, R.J. Factitious hypogly-
caemia due to chlorpropamide. Report of a case, with clinical
similarity to an islet cell tumor of the pancreas. JAMA — J Am
Med Assoc1961, 175: 904-6.

169. Harrop, J., Golding, P.R., Goodall, P., Leveau, V.M., Steele,
G.A., Ingle, A.R. C-peptide suppression test and sulfonylurea-
induced factitious hypoglycaemia. Br Med J 1982, 284: 940-1.

170. Klonoff, D.C., Barrett, M.J., Nolte, M.S., Cohen, R.M.,
Wyderski, R. Hypoglycaemia following inadvertent and factitious
sulfonylurea overdosages. Diabetes Care 1995, 18: 563-7.

171. Teale, J.D., Starkey, B.J., Marks, V. et al. The prevalence of
factitious hypoglycaemia due to sulfonylurea abuse in the UK: A
preliminary report. Pract Diabetes 1989, 6: 177-8.

172. Stepka, M., Ragala, H., Czyzyk, A. Hypoglycaemia: A major
problem in the management of diabetes in the elderly. Aging
(Milano) 1993, 5: 117-21.

173. Shorr, R.l., Ray, W.A., Daugherty, J.R., Griffin, M.R.
Incidence and risk factors for serious hypoglycaemia in older
persons using insulin or sulfonylureas. Arch Intern Med 1997,
157: 1681-6.

174. Jaap, A.J., Jones, G.C., McCrimmon, R.J., Deary, |.J., Frier,
B.M. Perceived symptoms of hypoglycaemia in type 2 diabetic
patients treated with insulin. Diabetes Med 1998, 15: 398-401.

175. Tucker, H.St.G., Porter, W.B. Hypoglycaemia following alco-
holic intoxication. Am J Med Sci 1942, 204: 559-66.

176. White, J.R., Hartman, J., Campbell, R.K. Drug interactions
in diabetic patients: The risk of losing glycaemic control.
Postgrad Med 1993, 93: 131-9.

177. Madison, L.L. Ethanol-induced hypoglycaemia. In:
Advances in Metabolic Disorder, Vol. 3. Levine, R., Luft, R.
(Eds.). Academic Press: New York 1968, 85-109.

178. MacLaren, N.K., Valman, H.B., Levin, B. Alcohol-induced
hypoglycaemia in childhood.  Br Med J 1970, 1: 278-80.

179. Leslie, R.D.G., Pyke, D.A. Chlorpropamide-alcohol flushing:
A dominantly inherited trait associated with diabetes. Br Med J
1978, 2: 1519-21.

180. Bradford, D.E. Ethanol poisoning in children. Br J Alcohol
Alcoholism 1981, 16: 27-32.

181. Looareesuwan, S., Phillips, R.E., White, N.J. et al. Quinine
and severe falciparum malaria in late pregnancy. Lancet 1985, 2:
4-8.



Drugs Fut 2004, 29(6)

182. Ernst, A.A., Jones, K., Nick, T.G., Sanchez, J. Ethanol
ingestion and related hypoglycaemia in a paediatric and adoles-
cent emergency department population. Acad Emerg Med 1996,
3: 46-9.

183. Fishbain, D.A., Rotundo, D. Frequency of hypoglycaemic
delirium in a psychiatric emergency service. Psychosomatics
1988, 29: 346-8.

184. Kallas, P., Sellers, E.M. Blood glucose in intoxicated chron-
ic alcoholics. Can Med Assoc J 1975, 112: 590-2.

185. Sporer, K.A., Ernst, A.A., Conte, R., Nick, T.G. The inci-
dence of ethanol-induced hypoglycaemia. Am J Emerg Med
1992, 10: 403-5.

186. Sucov, A., Woolard, R.H. Ethanol associated hypogly-
caemia is uncommon. Acad Emerg Med 1995, 2: 185-9.

187. Klatt, E.C., Beatie, C., Noguchi, T. Evaluation of death from
hypoglycaemia. Am J Forensic Med Pathol 1988, 9: 122-5.

188. Krebs, H.A., Freedland, R.A., Hems, R., Stubbs, M.
Inhibition of hepatic gluconeogenesis by ethanol. Biochem J
1969, 112: 117-24.

189. Wilson, N.M., Brown, P.M., Juul, S.M., Prestwich, S.A.,
Sonksen, P.H. Glucose turnover and metabolic and hormonal
changes in ethanol-induced hypoglycaemia. Br Med J 1981, 282:
849-53.

190. Molina, P.E., Jabbour, K., Williams, P., Abumrad, N.N. Effect
of acute ethanol intoxication on glucoregulation during prolonged
insulin-induced hypoglycaemia. Am J Physiol 1994, 267:
R1280-7.

191. Field, J.B., Williams, H.E., Mortimore, G.E. Studies on the
mechanism of ethanol-induced hypoglycaemia. J Clin Invest
1963, 42: 497-506.

192. Freinkel, N., Arky, R.A. Effects of alcohol on carbohydrate
metabolism in man. Psychosom Med 1966, 28: 551-63.

193. Turner, R.C., Oakley, N.W., Nabarro, J.D.N. Changes in
plasma insulin during ethanol-induced hypoglycaemia.
Metabolism 1973, 22: 111-21.

194. Joffe, B.I., Seftel, H.C., Van As, M. Hormonal responses in
ethanol-induced hypoglycaemia. J Stud Alcohol 1975, 36: 550-4.

195. Tiengo, A., Molinari, M., Marchiori, E. et al. Metabolic and
hormonal effects of ethanol. Diabetes Metab 1978, 4: 19-25.

196. Antony, S.J., Graham, D.E,. Sartiano, G.P. Profound ambu-
latory hypoglycaemia: A rare entity. J Fam Pract 1993, 36:
654-6.

197. Marinella, M. Alcoholic ketoacidosis presenting with
extreme hypoglycaemia. Am J Emerg Med 1997, 15: 280-1.

198. Platia, E.V., Hsu, T.H. Hypoglycaemic coma with ketoacido-
sis in nondiabetic alcoholics. West J Med 1979, 131: 270-6.

199. Habscheid, W., Heidbreder, E. Letaler Verlauf einer alko-
holinduzierten ketoacidose. Dtsch Med Wochenschr 1988, 113:
2007-9.

200. Soffer, A., Hamburger, S. Alcoholic ketoacidosis: A review
of 30 cases. J Am Med Wom Assoc 1982, 37: 106-10.

201. Watson, A.J., Walker, J.F., Tomkin, G.H., Finn, M.M.,
Keogh, J.A. Acute Wernicke’s encephalopathy precipitated by
glucose loading. Ir J Med Sci 1981, 150: 301-3.

202. Leung, A.K. Ethyl alcohol ingestion in children. A 15-year
review. Clin Pediatr 1986, 25: 617-9.

599

203. Arky, R.A., Veverbrants, E., Abramson, E.A. Irreversible
hypoglycaemia: A complication of alcohol and insulin. JAMA - J
Am Med Assoc 1968, 206: 575-8.

204. Critchley, J.A., Proudfoot, A.T., Boyd, S.G. et al. Deaths and
paradoxes after intentional insulin overdose. Br Med J 1984,
289: 225.

205. Khaw, K.-T., Cassar, J. Brain damage following hypogly-
caemia in alcoholic diabetes. Pract Diabetes 1986, 3: 43.

206. Hart, S.P., Frier, B.M. Causes, management and morbidity
of acute hypoglycaemia in adults requiring hospital admission.
Quart J Med 1998, 91: 505-10.

207. Kotler, M.N., Berman, L., Rubenstein, A.H. Hypoglycaemia
precipitated by propranolol. Lancet 1966, 2: 1389-90.

208. Mackintosh, T.F. Propranolol and hypoglycaemia. Lancet
1967, 1: 104-5.

209. Reveno, W.S., Rosenbaum, H. Propranolol and hypogly-
caemia. Lancet 1968. 1: 920.

210. Lager, |, Blohme, G., Smith, U. Effect of cardioselective and
nonselective [-blockage on the hypoglycaemic response in
insulin-dependent diabetics. Lancet 1979, 1: 458-62.

211. Cryer, P.E., White, N.H., Santiago, J.V. The relevance of
glucose counterregulatory systems to patients with insulin-
dependent diabetes mellitus. Endocr Rev 1986, 7: 131-9.

212. Gardner, L.I. Is propranolol alone really beneficial in neona-
tal thyrotoxicosis? Bradycardia and hypoglycaemia evoke the
doctrine of primum non nocere. Am J Dis Child 1980, 134: 819-
20.

213. Gladstone, G.R., Hordof, A., Gersony, W.M. Propranolol
administration during pregnancy: Effects on the foetus. J
Paediatr 1975, 86: 962-4.

214. Forthoft, B., Jacobsen, J.R. Neonatal hypoglycaemia fol-
lowing B blocker treatment in pregnancy. Ugeskr Laeger 1976,
138: 2958-9.

215. Cottrill, C.M., McAllister, R.G. Jr., Gettes, L., Noonan, J.A.
Propranolol therapy during pregnancy, labour, and delivery:
Evidence for transplacental drug transfer and impaired neonatal
drug disposition. J Paediatr 1977, 91: 812-4.

216. Habib, A., McCarthy, J.S. Effects on the neonate of propra-
nolol administered during pregnancy. J Paediatr 1977, 91:
808-11.

217. Sabom, M.B., Curry, R.C. Jr., Wise, D.E. Propranolol thera-
py during pregnancy in a patient with idiopathic hypertrophic
subaortic stenosis. Is it safe? South Med J 1978, 71: 328-9.

218. Fox, R.E., Marx, C., Stark, A.R. Neonatal effects of mater-
nal nadolol therapy. Am J Obstet Gynecol 1985, 152: 1045-6.

219. Klarr, J.M., Bhatt, M.V., Donn, S.M. Neonatal adrenergic
blockade following single dose maternal labetolol administration.
Am J Perinatol 1994, 11: 91-3.

220. Jensen, H.A., Bjaeldager, P., Broch-Moller, B. Hypogly-
caemia in propranolol-treated dialysis patients. Lancet 1976, 2:
368-9.

221. Jensen, H.A., Laursen, P.A., Moller, B.B. Blood glucose
levels in patients on haemodialysis during propranolol (Inderal)
treatment. Ugeskr Laeger 1976, 138: 2956-7.

222. Grajower, M.M., Walter, L., Albin, J. Hypoglycaemia in
chronic haemodialysis patients: Association with propranolol
use. Nephron 1980, 26: 126-9.



600

223. Murata, T., Matsumoto, J., Umemura, S. et al. 3-Blocker
induced hypoglycaemia in three non-diabetic patients under
long-term dialysis treatment. Nippon Jinzo Gakkai Shi 1981, 23:
751-9.

224. Angelo-Nielsen, K. Timolol topically and diabetes mellitus.
JAMA — J Am Med Assoc 1980, 244: 2263.

225. Blum, M., Ruoff, M. Response to hypoglycaemia masked by
propranolol. New Engl J Med 1983, 309: 112-3.

226. Abramson, E.A., Arky, R.A., Woeber, K.A. Effects of pro-
pranolol on the hormonal and metabolic responses to insulin-
induced hypoglycaemia. Lancet 1966, 2: 1386-8.

227. Skinner, D.J., Misbin, R.l. Uses of propranolol. New Engl J
Med 1976, 293: 1205-6.

228. Hesse, B., Pedersen, J.T. Hypoglycaemia after propranolol
in children. Acta Med Scand 1973, 193: 551-2.

229. Barnett, A.H., Leslie, D., Watkins, P.J. Can insulin-treated
diabetics be given (-adrenergic blocking drugs? Br Med J 1980,
280: 976-8.

230. Lawrence, A.M., Hagen, T.C. Propranolol-associated hypo-
glycaemia. New Engl J Med 1983, 309: 1327-8.

231. Bressler, P., De Fronzo, R.A. Drugs and diabetes. Diabetes
Rev 1994, 2: 53-84.

232. Jenkins, D.J. Propranolol and hypoglycaemia. Lancet 1967,
1: 164.

233. O’Byrne, S., Feely, J. Effects of drugs on glucose tolerance
in non-insulin dependent diabetics (Part I). Drugs 1990, 40: 6-18.

234. White, J.R. Jr., Campbell, R.K. Dangerous and common
drug interactions in patients with diabetes mellitus. Endocrinol
Metab Clin North Am 2000, 29: 789-802.

235. Lawrence, A.M., Ajlouni, K., Hagen, T.C. Chronic propra-
nolol administration impairs glucagon release during insulin-
induced hypoglycaemia in normal man. J Clin Endocrinol Metab
1984, 59: 622-4.

236. Croog, S.H., Levine, S., Testa, M.L. et al. The effects of anti-
hypertensive therapy on the quality of life. New Engl J Med 1986,
314: 1657-64.

237. Kaplan, N.M., Rosenstock, J., Raskin, P. A differing view of
treatment of hypertension in patients with diabetes mellitus. Arch
Intern Med 1987, 147: 1160-2.

238. Raskin, P. How to treat hypertension in diabetic patients.
Postgrad Med 1988, 83: 213-32.

239. Taguma, Y., Kitamoto, VY., Futaki, G. et al. Effect of captopril
on heavy proteinuria in azotaemic diabetics. New Engl J Med
1985, 313: 1617-20.

240. Hommel, E., Parving, H.-H., Mathiesen, E., Edsberg, B.,
Nielsen, M.D., Giese, J. Effect of captopril on kidney function in
insulin-dependent diabetic patients with nephropathy. Br Med J
1986, 293: 467-70.

241. Zatz, R., Dunn, B.R., Meyer, T.W., Anderson, S., Rennke,
H.G., Brenner, B.M. Prevention of diabetic glomerulopathy by
pharmacological amelioration of glomerular capillary hyperten-
sion. J Clin Invest 1986, 77: 1925-30.

242. Ferriere, M., Lachkar, H., Richard, J.L., Bringer, J., Orsetti,
A., Mirouze, J. Captopril and insulin sensitivity. Ann Intern Med
1985, 102: 134-5.

Drug-induced hypoglycemia

243. McMurray, J., Fraser, D.M. Captopril, enalapril and blood
glucose (Letter). Lancet 1986, i: 1035.

244. Rett, K., Wicklmayr, M., Dietze, G.J. Hypoglycaemia in
hypertensive diabetic patients treated with sulfonylureas,
biguanides and captopril (Letter). New Engl J Med 1988, 319:
1609.

245. Herings, R.M., de Boer, A., Stricker, B.H., Leufkens, H.G.,
Porsius, A. Hypoglycaemia associated with the use of inhibitors
of angiotensin-converting enzyme. Lancet 1995, 345: 1195-8.

246. Morris, A.D., Boyle, D.I.R., McMahon, A.D. et al. ACE
inhibitor use is associated with hospitalisation for severe hypo-
glycaemia in patients with diabetes. Diabetes Care 1997, 20:
1363-7.

247. van Haeften, TW. ACE inhibitors and hypoglycaemia
(Letter). Lancet 1995, 346: 125.

248. Feher, M.D., Amiel, S. ACE inhibitors and hypoglycaemia
(Letter). Lancet 1995, 346: 125-6.

249. Petrie, J.R., Morris, A.D., Ueda, S. et al. Do ACE inhibitors
improve insulin sensitivity? (Letter). Lancet 1995, 346: 583-4.

250. Rett, K., Lotz, N., Wickimayr, M. et al. Verbeserte insulin-
wirikung durch ACE-Hemmung beim typ-Il diabetiker. Dtsch Med
Wochenschr 1988, 113: 243-9.

251. Pollare, T., Lithell, H., Berne, C. A comparison of the effects
of hydrochlorothiazide and captopril on glucose and lipid metab-
olism in patients with hypertension. New Engl J Med 1989, 321:
868-73.

252. Donnelly, R. Angiotensin-converting enzyme inhibitors and
insulin sensitivity: Metabolic effects in hypertension, diabetes
and heart failure. J Cardiovasc Pharmacol 1992, 20(Suppl. 11):
S38-44.

253. Uehara, M., Kishikawa, H., Isami, S. et al. Effect on insulin
sensitivity of angiotensin converting enzyme inhibitors with or
without sulphydryl group: Bradykinin may improve insulin resis-
tance in dogs and humans. Diabetologia 1994, 37: 300-7.

254. Wincour, P., Waldek, S., Anderson, D.C. Captopril and
blood glucose. Lancet 1986, ii: 461.

255. Passa, P., LeBlanc, H., Marre, M. Effects of enalapril in
insulin-dependent diabetic subjects with mild to moderate
uncomplicated hypertension. Diabetes Care 1987, 10: 200-4.

256. Seefeldt, T., Orskov, L., Mengel, A. et al. Lack of effects of
angiotensin-converting enzyme (ACE)-inhibitors on glucose
metabolism in type 1 diabetes. Diabetes Med 1990, 7: 700-4.

257. Seghieri, G., Yin, W., Boni, C. et al. Effect of chronic ACE
inhibition on glucose tolerance and insulin sensitivity in hyper-
tensive type 2 diabetic patients. Diabetes Med 1992, 9: 732-8.

258. Oksa, A., Gajdos, M., Fedelesova, V., Spustova, V., Dzurik,
R. Effects of angiotensin-converting enzyme inhibitors on glu-
cose and lipid metabolism in essential hypertension. J
Cardiovasc Pharmacol 1994, 23: 79-86.

259. Deibert, D.C., DeFronzo, R. Epinephrine-induced insulin
resistance in man. J Clin Invest 1980, 65: 717-21.

260. Morris, A.D., Petrie, J.R., Ueda, S. et al. Pressor and sub-
pressor doses of angiotensin Il increase insulin sensitivity in
NIDDM. Dissociation of metabolic and blood pressure effects.
Diabetes 1994, 43: 1445-9.



Drugs Fut 2004, 29(6)

261. Buchanan, T.A., Thawani, H., Kade, W. et al. Angiotensin Il
increases glucose utilisation during acute hyperinsulinaemia via
a haemodyanamic mechanism. J Clin Invest 1993, 92: 720-6.

262. Veenstra, J., vander Hulst, J.P., Wildenborg, I.H., Njoo, S.F,,
Verdegaal, W.P., Silberbusch, J. Effect of antihypertensive drugs
on insulin absorption. Diabetes Care 1991, 14: 1089-92.

263. Jauch, K.W., Hartl, W., Georgieff, M., Wolfe, R.R., Dietze,
G.J., Gunther, B. Low-dose bradykinin infusion reduces endoge-
nous glucose production in surgical patients. Metabolism 1988,
37: 185-90.

264. White, N.J., Warrell, D.A., Chanthavanich, P. et al. Severe
hypoglycaemia and hyperinsulinaemia in falciparum malaria.
New Engl J Med 1983, 309: 61-6.

265. Jones, R.G., Sue-Ling, H.M., Kear, C., Wiles, P.G., Quirke,
P. Severe symptomatic hypoglycaemia due to quinine therapy. J
R Soc Med 1986, 79: 426-8.

266. Phillips, R.E., Warrell, D.A., Looareesuwan, S. et al.
Effectiveness of SMS 201-995, a synthetic, long-acting somato-
statin analogue, in treatment of quinine-induced hyperinsuli-
naemia. Lancet 1986, i: 713-6.

267. Phillips, R.E., Looareesuwan, S., White, N.J. et al.
Hypoglycaemia and antimalarial drugs: Quinine and release of
insulin. Br Med J 1986, 292: 1319-21.

268. White, N.J., Miller, K.D., Marsh, K. et al. Hypoglycaemia in
African children with severe malaria. Lancet 1987, i: 708-13.

269. Hughes, T.A. Effects of quinine on the sugar of the blood.
Ind J Med Res 1925, 13: 321-36.

270. Okitolonda, W., Delacollette, C., Malengreau, M., Henquin,
J.C. High incidence of hypoglycaemia in African patients treated
with intravenous quinine for severe malaria. Br Med J (Clin Res)
1987, 295: 716-8.

271. Harats, N., Ackerman, Z., Shalit, M. Quinine-related hypo-
glycaemia. New Engl J Med 1984, 310: 1331.

272. Limburg, P.J., Katz, H., Grant, C.S., Service, F.J. Quinine-
induced hypoglycaemia. Ann Intern Med 1993, 119: 218-9.

273. Henquin, J.C., Horemans, B., Nenquin, M., Verniers, J.,
Lambert, A.E. Quinine-induced modifications of insulin release
and glucose metabolism by isolated pancreatic islets. FEBS Lett
1975, 57: 280-4.

274. Herchuelz, A., Lebrun, P., Carpinelli, A., Sener, A,
Malaisse, W.J. Regulation of calcium fluxes in rat pancreatic
islets. Quinine mimics the dual effect of glucose on calcium
movements. Biochim Biophys Acta 1981, 640: 16-30.

275. Grant, A.M., Sandler, R.M., Carrell, RW. Hypoglycaemic
effect of pentamidine detected by glucose screen. Lancet 1977,
2: 510-1.

276. Bouchard, P., Sai, P., Reach, G., Caubarrere, I., Ganeval,
D., Assan, R. Diabetes mellitus following pentamidine-induced
hypoglycaemia in human. Diabetes 1982, 31: 40-5.

277. Anderson, R., Boedicker, M., Ma, M., Goldstein, E.J.
Adverse reactions associated with pentamidine isethionate in
AIDS patients: Recommendation for monitoring therapy. Drug
Intell Clin Pharm 1986, 20: 862-8.

278. Fitzgerald, D.B., Young, |.S. Reversal of pentamidine
induced hypoglycaemia with oral diazoxide. J Trop Med Hyg
1984, 87: 15-9.

601

279. Sattler, F.R., Waskin, H. Pentamidine and fatal hypogly-
caemia. Ann Intern Med 1987, 107: 789-90.

280. Stahl-Bayliss, C.M., Kalman, C.M., Laskin, O.L.
Pentamidine-induced hypoglycaemia in patients with acquired
immune deficiency syndrome. Clin Pharmacol Ther 1986, 39:
271-5.

281. Assan, R., Perronne, C., Assan, D. et al. Pentamidine-
induced derangements of glucose homeostasis. Determinant
roles of renal failure and drug accumulation. A study of 128
patients. Diabetes Care 1995, 18: 47-55.

282. Ganda, O.P. Pentamidine and hypoglycaemia. Ann Intern
Med 1984, 100: 464.

283. Young, R.C., de Vita, V.T. Treatment of Pneumocystis
carinii pneumonia: Current status of the pentamidine isethionate
and pyrimethamine-sulfadiazine. In: Symposium on Pneumo-
cystis carinii Infection. Robbins, J.B., de Vita, V.T. Jr., Dutz, W.
(Eds.). Deptartment of Health, Education and Welfare: Bethesda
1976, 193-200 (National Cancer Institute Monograph no. 43).

284. Sattler, F.R., Cowan, D., Nielsen, D.M., Ruskin, J.
Trimethoprim-sulfamethoxazole compared with pentamidine for
treatment of Pneumocystis carinii pneumonia in the acquired
immunodeficiency syndrome. Ann Intern Med 1988, 109: 280-7.

285. Colebunders, R. Epidemiology of HIV infection: An update.
JAMA — J Am Med Assoc 1990, 6(Suppl.): 14-7.

286. Waskin, H., Stehr-Green, J.K., Helmick, C.G., Sattler, A.R.
Risk factors for hypoglycaemia associated with pentamidine
therapy for Pneumocystis pneumonia. JAMA — J Am Med Assoc
1988, 260: 345-7.

287. Sai, P., Boillot-Assan, D., Boitard, C., Debray-Sachs, M.,
Reach, G., Assan, R. Pentamidine, a new diabetogenic drug in
laboratory rodents. Diabetologia 1983, 25: 418-23.

288. Karboski, J.A., Godley, P.J. Inhaled pentamidine and hypo-
glycaemia (Letter). Ann Intern Med 1988, 108: 490.

289. Golden, J.A., Chernoff, D., Hollander, H., Feigal, D., Conte,
J.E. Prevention of Pneumocystis carinii pneumonia by inhaled
pentamidine. Lancet 1989, i: 654-7.

290. Herer, B., Chinet, T., Labrune, S., Collignon, M.A., Chretien,
J., Huchon, G. Pancreatitis associated with pentamidine by
aerosols (Letter). Br Med J 1989, 298: 605.

291. Hart, C.C. Aerosolised pentamidine and pancreatitis
(Letter). Ann Intern Med 1989, 111: 691.

292. Chen, J.P., Braham, R.L., Squires, K.E. Diabetes after
aerosolized pentamidine. Ann Intern Med 1991, 114: 913-4.

293. Perronne, C., Bricaire, F., Leport, C., Assan, D., Vilde, J.L.,
Assan, R. Hypoglycaemia and diabetes mellitus following
parenteral pentamidine mesylate treatment in AIDS patients.
Diabet Med 1990, 7: 585-9.

294. Boillot-Assan, D., Int'veld, P., Sai, P., Feutren, G., Gepts,
W., Assan, R. Functional and morphological modifications
induced in rat islets by pentamidine and other diamidines in vitro.
Diabetologia 1985, 28: 359-64.

295. Osei, K., Falko, J.M., Nelson, K.P., Stefens, R. Diabeto-
genic effect of pentamidine. In vitro and in vivo studies in a
patient with malignant insulinoma. Am J Med 1984, 77: 41-6.

296. Hauser, L., Sheehan, P., Simpkins, H. Pancreatic pathology
in pentamidine-induced diabetes in acquired immunodeficiency
syndrome patients. Hum Pathol 1991, 22: 926-9.



602

297. Heel, R.C., Brogden, R.N., Speight, T.M., Avery, G.S.
Disopyramide: A review of its pharmacological properties and
therapeutic use in treating cardiac arrhythmias. Drugs 1978, 15:
331-68.

298. Cacoub, P, Deray, G., Baumelou, A., Grimaldi, A., Soubrie,
C., Jacobs, C. Disopyramide-induced hypoglycaemia: Case
report and review of the literature. Fundam Clin Pharmacol 1989,
3: 527-35.

299. Naitoh, M., Tominaga, T., Suzuki, H., Saruta, T., Deguchi, N.
Antiarrhythmic agent caused marked hypoglycaemia in a patient
receiving haemodialysis: Relation with disopyramide and ver-
apramil. Nippon Naibunpi Gakkai Zasshi 1988, 64: 1115-23.

300. Goldberg, 1.J., Brown, L.K., Rayfield, E.J. Disopyramide
(Norpace)-induced hypoglycaemia. Am J Med 1980, 69: 463-6.

301. Hartigan, J.D. Severe hypoglycaemia complicating disopy-
ramide (Norpace) therapy. A case report. Nebr Med J 1983, 68:
36-8.

302. Nappi, J.M., Dhanani, S., Lovejoy, J.R., VanderArk, C.
Severe hypoglycaemia associated with disopyramide. West J
Med 1983, 138: 95-7.

303. Preiss, M.A., Salm, B., Penin, F., Pierson, H., Netter, P,,
Cuny, G. Disopyramide-induced hypoglycaemia. Therapie 1987,
42: 331-4.

304. Stapleton, J.T., Gillman, M.W. Hypoglycaemic coma due to
disopyramide toxicity. South Med J 1983, 76: 1453.

305. Taketa, K., Yamamoto, Y. Hypoglycaemic effect of disopy-
ramide in a case of diabetes mellitus under insulin treatment.
Acta Med Okayama 1980, 34: 289-92.

306. Baron, S.H. Salicylates as hypoglycaemic agents. Diabetes
Care 1982, 5: 64-71.

307. Barnett, H.L., Powers, J.R., Benward, J.H., Hartman, A.F.
Salicylate intoxication in infants and children. J Pediatr 1942, 21:
214-23.

308. Mortimer, E.A. Jr., Lepow, M.L. Varicella with hypogly-
caemia possibly due to salicylates. Am J Dis Child 1962, 103:
583-90.

309. Cotton, E.K., Fahlberg, V.I. Hypoglycaemia with salicylate
poisoning. A report of two cases. Am J Dis Child 1964, 108: 171-
3.

310. Limbeck, G.A., Ruvalcaba, R.H., Samols, E., Kelley, V.C.
Salicylates and hypoglycaemia. Am J Dis Child 1965, 109:
165-7.

311. Ruvalcaba, R.H., Limbeck, G.A., Kelley, V.C. Acetamino-
phen and hypoglycaemia. Am J Dis Child 1966, 112: 558-60.

312. Stejskal, J., Teyschl, O. Nil nocere. Hypoglycaemia in the
course of therapeutic intoxication with acylpyrin in an infant.
Cesk Pediatr 1967, 22: 262-5.

313. Arena, F.P.,, Dugowson, C., Saudek, C.D. Salicylate-
induced hypoglycaemia and ketoacidosis in a non-diabetic adult.
Arch Intern Med 1978, 138: 1153-4.

314. Gilgore, S.G. The influence of salicylate on hyperglycaemia.
Diabetes 1960, 9: 392-3.

315. Hecht, A., Goldner, M.G. Reappraisal of the hypoglycaemic
action of acetylsalicylate. Metabolism 1959, 8: 418-28.

316. Reid, J., Lightbody, T.S. The insulin equivalence of salicy-
late. Br Med J 1959, 15: 897-900.

Drug-induced hypoglycemia

317. Beers, R.G. Hypoglycaemia following accidental ingestion
of tolbutamide. Ariz Med 1964, 21: 697-9.

318. Micossi, P., Pantiroli, A.E., Baron, S.H. et al. Aspirin stimu-
lates insulin and glucagon secretion and increases glucose tol-
erance in normal and diabetic subjects. Diabetes 1978, 27: 1196-
204.

319. Chen, M., Robertson, R.P. Restoration of the acute insulin
response by sodium salicylate. A glucose dose-related phenom-
enon. Diabetes 1978, 27: 750-6.

320. Turk, J., Wolf, B.A., McDaniel, M.L. The role of phospho-
lipid-derived mediators including arachidonic acid, its metabo-
lites, and inositol-triphosphate and of intracellular Ca** in glu-
cose-induced insulin secretion by pancreatic islets. Prog Lipid
Res 1987, 26: 125-81.

321. Fang, V., Foye, E.O., Robinson, S.M., Jenkins, H.J.
Hypoglycaemic activity and chemical structure of the salicylates.
J Pharm Sci 1968, 57: 2111-6.

322. Loulatieres, A. The hypoglycaemic sulfonamides: History
and development of the problem from 1942 to 1955. Ann NY
Acad Sci 1957, 71: 4-11.

323. Arem, R., Garber, A.J., Field, J.B. Sulfonamide-induced
hypoglycaemia in chronic renal failure. Arch Intern Med 1983,
143: 827-9.

324. Mihic, M., Mautner, L.S., Feness, J.Z., Grant, K. Effect of
trimethoprim-sulfamethoxazole on blood insulin and glucose
concentrations of diabetics. Can Med Assoc J 1975, 112: 80-2.

325. Hekimsoy, Z., Biberoglu, S., Comlekci, A., Tarhan, O.,
Mermut, C., Biberoglu, K. Trimethoprim/sulfamethoxazole-
induced hypoglycaemia in a malnourished patient with severe
infection. Eur J Endocrinol 1997, 136: 304-6.

326. Poretsky, L., Moses, A.C. Hypoglycaemia associated with
trimethoprim/sulfamethoxazole therapy. Diabetes Care 1984, 7:
508-9.

327. Cooper, A.J., Ashcroft, G. Potentiation of insulin hypogly-
caemia by MAOI antidepressant drugs. Lancet 1966, i: 407-9.

328. Furman, B.L. The hypoglycaemic effect of 5-hydroxytrypto-
phan. Br J Pharmacol 1974, 50: 575-80.

329. Smith, S.A., Pogson, C.L. Tryptophan and the control of
plasma glucose concentration in the rat. Biochem J 1977, 168:
495-506.

330. Potter, W.Z., Zaharko, D.S., Beck, L.V. Possible role of
hydrazine group in hypoglycaemia associated with the use of
certain monoamine-oxidase inhibitors (MAOIs). Diabetes 1969,
18: 538-41.

331. Barrett, A.M. The mode of action of insulin potentiation by
mebanazine. J Pharm Pharmacol 1970, 22: 291-7.

332. Takhar, J., Williamson, P. Hypoglycaemia associated with
high doses of sertraline and sulfonylurea compound in a nonin-
sulin-dependent diabetes mellitus patient. Can J Clin Pharmacol
1999, 6(1): 12-4.

333. Pollak, P.T., Mukherjee, S.D., Fraser, A.D. Sertraline-
induced hypoglycaemia. Ann Pharmacother 2001, 35(11):
1371-4.

334. Regan, J.C., Tolstoouhov, A. Relations of acid base equilib-
rium to the pathogenesis and treatment of whooping cough. NY
State J Med 1936, 36: 1075-87.



Drugs Fut 2004, 29(6)

335. Globus, J.H., Kohn, J.L. Encephalopathy following pertussis
vaccine prophylaxis. JAMA — J Am Med Assoc 1949, 141:
507-9.

336. Gulbenkian, A., Schobert, L., Nixon, C., Tabachnick, LI.
Metabolic effects of pertussis-sensitisation in mice and rats.
Endocrinology 1968, 83: 885-92.

337. Sumi, T., Ui, M. Potentiation of the adrenergic, 3 receptor-
mediated insulin secretion in pertussis-sensitised rats.
Endocrinology 1975, 97: 352-8.

338. Furman, B.L., Wardlaw, A.C., Stevenson, L.Q. Bordetella
pertussis-induced hyperinsulinaemia without marked hypogly-
caemia: A paradox explained. Br J Exp Pathol 1981, 62: 504-11.

339. Hannik, C.A., Cohen, H. Changes in plasma insulin con-
centration and temperature of infants after pertussis vaccination.
In: International Symposium on Pertussis, 1979. Manclark, C.R.,
Itill, J.C. (Eds.). US Government Printing Office: Washington,
D.C. 1978, 297-9.

340. Furman, B.L., Walker, E., Sidey, F.M., Wardlaw, A.C. Slight
hyperinsulinaemia but no hypoglycaemia in pertussis patients. J
Med Microbiol 1988, 25: 183-6.

341. Katada, T., Ui, M. Islet-activating protein. Enhanced insulin
secretion and cyclic AMP accumulation in pancreatic islets due
to activation of native calcium ionophores. J Biol Chem 1979,
254: 469-79.

342. Spiegel, A.M., Gierschik, P., Levine, M.A., Downs, R.W. Jr.
Clinical implications of guanine nucleotide-binding proteins as
receptor-effector couplers. New Engl J Med 1985, 312: 26-33.

343. Davidson, D.G., Eastham,W.N. Acute liver necrosis follow-
ing overdose of paracetamol. Br Med J 1966, 2: 497-8.

344. Thomson, J.S., Prescott, L.F. Liver damage and impaired
glucose tolerance after paracetamol overdose. Br Med J 1966, 2:
506-7.

345. Hu, M., Wu, H., Chao, C. Assisting effects of lithium on
hypoglycaemic treatment in patients with diabetes. Biol Trace
Elem Res 1997, 60: 131-7.

346. Shopsin, B., Stern, S., Gershon, S. Altered carbohydrate
metabolism during treatment with lithium carbonate. Absence of
diagnostic specificity in hospitalised psychiatric patients. Arch
Gen Psychiatr 1972, 26: 566-71.

347. Jackson, M.A., Holland, M.R., Nicholas, J., Lodwick, R.,
Forster, D., Macdonald, |.A. Haemodialysis-induced hypogly-
caemia in diabetic patients. Clin Nephrol 2000, 54: 30-4.

348. Prosser, P.R., Karam, J.H. Diabetes mellitus following
rodenticide ingestion in man. JAMA — J Am Med Assoc1978,
239: 1148-50.

349. Johnson, D., Kubic, P., Levitt, C. Accidental ingestion of
Vacor rodenticide: The symptoms and sequelae in a 25-month-
old child. Am J Dis Child 1980, 134: 161-4.

350. Karam, J.H., Prosser, P.R., Lewitt, P.A. Islet-cell surface
antibodies in a patient with diabetes mellitus after rodenticide
ingestion. New Engl J Med 1978, 299: 1191.

351. Brazy, J.E., Pupkin, M.J. Effects of maternal isoxsuprine
administration on preterm infants. J Pediatr 1979, 94: 444-8.

352. Caldwell, G., Scougall, |., Boddy, K., Toft, A.D. Fasting
hyperinsulinaemic hypoglycaemia after ritodrine therapy for pre-
mature labour. Obstet Gynecol 1987, 70: 478-80.

603

353. Wasserman, D., Amitai, Y. Hypoglycaemia following
albuterol overdose in a child. Am J Emerg Med 1992, 10: 556-7.

354. Bressler, R., Corredor, C., Brendel, K. Hypoglycin and hypo-
glycin-like compounds. Pharmacol Rev 1969, 21: 105-30.

355. Karnovsky, M.L. A case of metabolic mimicry. New Engl J
Med 1979, 301: 1442-3.

356. Kwentus, J.A., Achilles, J.T., Goyer, P.F. Hypoglycaemia:
Etiologic and psychosomatic aspects of diagnosis. Postgrad
Med J 1982, 71: 99-104.

357. Hilleman, D.E., Mohiuddin, S.M., Ahmed, 1.S., Dahl, J.M.
Cibenzoline-induced hypoglycaemia. Drug Intell Clin Pharm
1982, 21: 38-40.

358. Downs, G.E., Linkewich, J.A., DiPalma, J.R. Drug interac-
tions in elderly diabetics. Geriatrics 1981, 36: 45-8.

359. Kristensen, M., Hansen, J.M. Potentiation of the tolbu-
tamide effect by dicumarol. Diabetes 1967, 16: 211-4.

360. Montgomery, H., Myerson, S. 3,4-Methylenedioxymetham-
phetamine (MDMA or “ecstasy”) and associated hypoglycaemia.
Am J Emerg Med 1997, 15: 218.

361. Schneider, M. Fatal hepatic necrosis following cardiac
surgery and enflurane anaesthesia. Anaesth Intensive Care
1995, 23: 225-7.

362. Cameron, S.J., Crompton, G.K. Severe hypoglycaemia in
the course of treatment with streptomycin, isoniazid and ethion-
amide. Tubercle 1967, 48: 307-10.

363. Meltzer, L.E., Palmon, F.P., Kitchell, J.P. Hypoglycaemia
induced by disodium ethylenediamine tetra-acetic acid. Lancet
1961, ii: 637-8.

364. Banerjee, A., Rhoden, W.E. Etomidate-induced hypogly-
caemia. Postgrad Med J 1996, 72: 510.

365. Deeg, M.A,, Lipkin, E.W. Hypoglycaemia associated with
the use of fluoxetine. West J Med 1996, 164: 262.

366. Brankin, E., Gallagher, A., Soukop, M. Hypoglycaemia
associated with formestane treatment. Br Med J 1997, 314: 869.

367. Baker, S.E., Hangii, M.C. Possible gatifloxacin-induced
hypoglycaemia. Ann Pharmacother 2002, 36(11): 1722-6.

368. Kojak, G. Jr., Barry, M.J. Jr., Gastineau, C.F. Severe hypo-
glycaemic reaction with haloperidol: Report of a case. Am J
Psychiatr 1969, 126: 573-6.

369. Jain, A.K., Ryan, J.R., McMahon, F.G. Potentiation of hypo-
glycaemic effect of sulfonylureas by halofenate. New Engl J Med
1975, 293: 1283-6.

370. Bichel, T., Canivet, J.L., Damas, P., Lamy, M. Malignant
hyperthermia and severe hypoglycaemia after reexposure to
halothane. Acta Anaesthesiol Belg 1994, 45: 23-7.

371. Neame, P.B., Pillay, V.K. Spontaneous hypoglycaemia,
hepatic and renal necrosis following the intake of herbal medi-
cines. S Afr Med J 1964, 38: 729-32.

372. Chan, J.C., Cockram, C.S., Critchley, J.A. Drug-induced
disorders of glucose metabolism. Mechanisms and manage-
ment. Drug Saf 1996, 15: 135-57.

373. Isambert, N., Coudert, B., Jolimoy, G., Sgro, C., Guerrin, J.
Hypoglycaemia during a treatment with interferon-a. Presse Med
1997, 26: 855.

374. Villaume, C., Dollet, J.M., Beck, B., Vaillant, G., Drouin, P.,
Debry, G. Hyperinsulinaemia associated with normal C-peptide



604

levels in a woman treated with isoniazide. Biomed Pharmacother
1982, 36: 32-5.

375. Janda, A. Hypoglycaemia caused by lidocaine overdose.
Reg Anaesth 1986, 9: 88-90.

376. Rubenstein, A.H., Levin, N.W., Elliott, G.A. Manganese-
induced hypoglycaemia. Lancet 1962, ii: 1348-51.

377. Zogno, M.G., Tolfo, L., Draghi, E. Hypoglycaemia caused by
maprotiline in a patient taking oral antidiabetics. Ann
Pharmacother 1994, 28: 406.

378. Assan, R., Perronne, C., Chotard, L., Larger, E., Vilde, J.L.
Mefloquine-associated  hypoglycaemia in a cachectic AIDS
patient. Diabetes Metab 1995, 21: 54-8.

379. Warnock, J.K., Biggs, F. Nefazodone-induced hypogly-
caemia in a diabetic patient with major depression. Am J
Psychiatr 1997, 154: 288-9.

380. Gama, R., Marks, V., Wright, J., Teale, J.D. Octreotide exac-
erbated fasting hypoglycaemia in a patient with a proinsulinoma:
The glucostatic importance of pancreatic glucagon. Clin
Endocrinol 1995, 43: 117-20.

381. Buckle, R.M., Guillebaud, J. Hypoglycaemic coma occur-
ring during treatment with chlorpromazine and orphenadrine. Br
Med J 1967, 4: 599-600.

382. Miller, J.B. Hypoglycaemic effect of oxytetracycline. Br Med
J 1966, 2: 1007.

383. Zarafonetis, C.J.D. Therapeutic possibilities of para-amino
benzoic acid. Ann Intern Med 1949, 30: 1188-211.

384. Dandona, P., Greenbury, E., Beckett, A.G. Para-amino sal-
icylic acid-induced hypoglycaemia in a patient with diabetic
nephropathy. Postgrad Med J 1980, 56: 135-6.

385. Manto, M., Prieser, J.C., Vincent, J.L. Hypoglycaemia asso-
ciated with phenytoin intoxication. J Toxicol Clin Toxicol 1996, 34:
205-8.

386. Wiederholt, I.C., Genco, M., Foley, J.M. Recurrent episodes
of hypoglycaemia induced by propoxyphene. Neurology
(Minneapolis) 1967, 17: 703-6.

387. Almirall, J., Montoliu, J., Torras, A., Revert, L. Propoxy-
phene induced hypoglycaemia in a patient with chronic renal
failure. Nephron 1989, 53(3): 273-5.

388. Rowland, M.J., Bransome, E.D. Jr., Hendry, L.B. Hypo-
glycaemia caused by selegiline, an anti-parkinsonian drug: Can
such side effects be predicted? J Clin Pharmacol 1994, 34:
80-5.

389. Plum, F. What causes infarction in ischaemic brain? The
Robert Wartenberg Lecture. Neurology (NY) 1983, 33: 222-33.

390. Sonnenblick, M., Shilo, S. Glibenclamide-induced pro-
longed hypoglycaemia. Age Ageing 1986, 15: 185-9.

391. Nesto, R.W., Phillips, R.T. Asymptomatic myocardial
ischaemia in diabetic patients. Am J Med 1986, 80: 40-7.

392. Wallis, W.E., Donaldson, I., Scott, R.S., Wildon, J. Hypo-
glycaemia masquerading as cerebrovascular disease (hypogly-
caemic hemiplegia). Ann Neurol 1985, 18: 510-2.

393. Walter, R.M. Jr. Hypoglycaemia: Still a risk in the elderly.
Geriatrics 1990, 45: 69-75.

394. Bier, D.M., Leake, R.D., Haymond, M.W. et al. Measure-
ment of “true” glucose production rates in infancy and childhood
with 6, 6-dideuteroglucose. Diabetes 1977, 26: 1016-23.

Drug-induced hypoglycemia

395. Whipple, A.E. The surgical therapy of hyperinsulinism. J Int
Chir 1938, 3: 237-6.

396. Hepburn, D.A. Symptoms of hypoglycaemia. In: Hypo-
glycaemia and Diabetes: Clinical and Physiological Aspects.
Frier, B.M., Fisher, B.M. (Eds.). Edward Arnold: London 1993,
93-103.

397. Hepburn, D.A., Deary, I.J., Frier, B.M., Patrick, A.W., Quinn,
J.D., Fisher, B.M. Symptoms of acute insulin-induced hypogly-
caemia in humans with and without IDDM. Factor-analysis
approach. Diabetes Care 1991, 14: 949-57.

398. Towler, D.A., Havlin, C.E., Craft, S., Cryer, P.E. Mechanism
of awareness of hypoglycaemia. Perception of neurogenic (pre-
dominantly cholinergic) rather than neuroglycopenic symptoms.
Diabetes 1993, 42: 1791-8.

399. Rice, R.L. Symptom of patterns of the hyperventilation syn-
drome. Am J Med 1950, 8: 691.

400. Scholz, D.A., Remine, W.H., Priestley, J.T. Clinics on
endocrine and metabolic diseases. 3. Hyperinsulinism: Review
of 95 cases of functioning pancreatic islet cell tumours. Mayo
Clin Proc 1960, 35: 545-50.

401. Himsworth, R.L. Hypothalamic control of adrenaline secre-
tion in response to insufficient glucose. J Physiol 1970, 206:
411-7.

402. Heller, S.R., MacDonald, I.A. Physiological disturbances in
hypoglycaemia: Effect on subjective awareness. Clin Sci 1991,
81:1-9.

403. Kerr, D., Macdonald, I.A., Heller, S.R., Tattersall, R.B.
B-Adrenoceptor blockade and hypoglycaemia. A randomised,
double-blind, placebo controlled comparison of metoprolol CR,
atenolol and propranolol LA in normal subjects. Br J Clin
Pharmacol 1990, 29(6): 685-93.

404. Chalmers, T.M., Keele, C.H. The nervous and chemical
control of sweating. Br J Dermatol 1952, 64: 43.

405. Stricker, E.M., Rowland, M., Saller, C.F., Friedman, M.I.
Homeostasis during hypoglycaemia: Central control of adrenal
secretion and peripheral control of feeding. Science 1977, 196:
79-81.

406. Bowman, C.E., MacMahon, D.G., Mourant, A.J. Hypogly-
caemia and angina. Lancet 1985, i: 639-40.

407. Lins, P.E., Adamson, H. Neurologic manifestations of hypo-
glycaemia. In: Hypoglycaemia and Diabetes: Clinical and
Physiological Aspects. Frier, B.M., Fisher, B.M. (Eds.). Edward
Arnold: London 1993, 347-54.

408. Kety, S.S., Lukens, F.D.W., Woodford, R.B. et al. The
effects of insulin hypoglycaemia and coma on human cerebral
metabolism and blood flow. Fed Proc 1948, 7: 64.

409. Hirabayashi, S., Kitahara, T., Hishida, T. Computed tomog-
raphy in perinatal hypoxic and hypoglycaemic encephalopathy
with emphasis on follow-up studies. J Comput Assist Tomogr
1980, 4: 451-6.

410. Siesjo, B.K. Brain Energy Metabolism. John Wiley:
Chichester 1979.

411. Ferrendelli, J.A. Hypoglycaemia and the CNS. Brain Work:
The Coupling of Function, Metabolism and Blood Flow in the
Brain. Munksgaard: Copenhagen 1975, 298.

412. Cryer, P.E. Symptoms of hypoglycaemia, thresholds for
their occurrence, and hypoglycaemia unawareness. Endocrinol
Metab Clin North Am 1999, 28: 495-500.



Drugs Fut 2004, 29(6)

413. Plum, F.,, Posner, J.B. The Diagnosis of Stupor and Coma,
2 Ed. Davis: Philadelphia 1972, 144-8, 161, 176-9.

414. Service, F.J., Dale, AJ., Elveback, L.R., Jiang, N.-S.
Insulinoma: Clinical and diagnostic features of 60 consecutive
cases. Mayo Clin Proc 1976, 51: 417-29.

415. Service, F.J. Hypoglycaemia. Endocrinol Metab Clin North
Am 1997, 26: 937-55.

416. Feinier, L., Soltz, S.E., Haun, P. The syndrome of adenoma
of the pancreas. Bull Neurol Inst NY 1935, 4: 310-4.

417. Silas, J.H., Grant, D.S., Maddocks, J.L. Transient hemi-
paretic attacks due to unrecognised nocturnal hypoglycaemia. Br
Med J (Clin Res) 1981, 282: 132-3.

418. Portnoy, H.D. Transient “ischaemic” attacks produced by
carotid stenosis and hypoglycaemia. Neurology 1965, 15: 830-2.

419. Seibert, D.G. Reversible decerebrate posturing secondary
to hypoglycaemia. Am J Med 1985, 78: 1036-7.

420. Yoo, J., Peter, S., Kleinfeld, M. Transient hypoglycaemic
hemiparesis in an elderly patient. J Am Geriatr Soc 1986, 34:
479-81.

421. Hypoglycaemia and the nervous system. Lancet 1985, ii:
759-60.

422. Ramasamy, R. Unrecognised nocturnal hypoglycaemia
masquerading as senile dementia. Postgrad Med J 1983, 59:
575-7.

423. Krahn, D.D., Mackenzie, T.B. Organic personality syndrome
caused by insulin-related nocturnal hypoglycaemia. Psycho-
somatics 1984, 25: 711-2.

424. Harrad, R.A., Cockram, C.S., Plumb, A.P., Stone, S.,
Fenwick, P., Sonksen, P.H. The effect of hypoglycaemia on visu-
al function: A clinical and electrophysiological study. Clin Sci
1985, 69: 673-9.

425. Herold, K.C., Polonsky, K.S., Cohen, R.M., Levy, J.,
Douglas, F. Variable deterioration in cortical function during
insulin-induced hypoglycaemia. Diabetes 1985, 34: 677-85.

426. Shimada, R., Nakashima, T., Nunoi, K., Kohno, Y.,
Takeshita, A., Omae, T. Arrhythmia during insulin-induced hypo-
glycaemia in a diabetic patient. Arch Intern Med 1984, 144:
1068-9.

427. Dante, G. Hypoglycaemic peripheral neuropathy. Arch
Neurol 1969, 21: 121.

428. Harrison, M.J. Muscle wasting after prolonged hypogly-
caemic coma: Case report with electrophysiological data. J
Neurol Neurosurg Psychiatr 1976, 39: 465-70.

429. Frier, B.M., Corrall, R.J., Davidson, N.M., Webber, R.G.,
Dewar, A., French, E.B. Peripheral blood cell changes in
response to acute hypoglycaemia in man. Eur J Clin Invest 1983,
13: 33-9.

430. Jaspan, J.B., Wollman, R.L., Bernstein, L., Rubenstein,
A.H. Hypoglycaemic peripheral neuropathy in association with
insulinoma: Implication of glucopenia rather than hyperinsulin-
ism. Case report and literature review. Medicine 1982, 61: 33-44.

431. Jaffe, N. Hypothermia: A diagnostic aid to hypoglycaemia.
S Afr Med J 1966, 40(24): 569-72.

432. Kedes, L.H., Field, J.B. Hypothermia. A clue to hypogly-
caemia. New Engl J Med 1964, 271: 785-7.

605

433. Cochinov, R., Daughaday, W.H. Marked hyperthermia as a
manifestation of hypoglycaemia in long-standing diabetes melli-
tus. Diabetes 1975, 24: 859-60.

434. Ramos, E., Zorilla, E., Hadley, W.B. Fever as a manifesta-
tion of hypoglycaemia. JAMA — J Am Med Assoc 1968, 205:
590-2.

435. Macdonald, I.A., Bennett, T., Gale, E.A., Green, J.H.,
Walford, S. The effect of propranolol or metoprolol on ther-
moregulation during insulin-induced hypoglycaemia in man. Clin
Sci 1982, 63: 301-10.

436. Gale, E.A., Bennett, T., Macdonald, I.A., Holst, J.J.,
Matthews, J.A. The physiological effects of insulin-induced hypo-
glycaemia in man: Responses at different levels of blood glu-
cose. Clin Sci 1983, 65: 263-71.

437. Amiel, S.A., Simonson, D.C., Tamborlane, W.V., DeFronzo,
R.A., Sherwin, R.S. Rate of glucose fall does not affect counter-
regulatory hormone responses to hypoglycaemia in normal and
diabetic humans. Diabetes 1987, 36: 518-22.

438. Mitrakou, A., Mokan, M., Ryan, C., Veneman, T., Cryer, P.,
Gerich, J. Influence of plasma glucose rate of decrease on hier-
archy of responses to hypoglycaemia. J Clin Endocrinol Metab
1993, 76: 462-5.

439. Amiel, S.A., Sherwin, R.S., Simonson, D.C., Tamborlane,
W.V. Effect of intensive insulin therapy on glycaemic thresholds
for counterregulatory hormone release. Diabetes 1988, 37:
901-7.

440. Mitrakou, A., Fanelli, C., Veneman, T. et al. Reversibility of
unawareness of hypoglycaemia in patients with insulinomas.
New Engl J Med 1993, 329: 834-9.

441. Boyle, P.J., Schwartz, N.S., Shah, S.D., Clutter, W.E., Cryer,
P.E. Plasma glucose concentrations at the onset of hypogly-
caemic symptoms in patients with poorly controlled diabetes and
in nondiabetics. New Engl J Med 1988, 318: 1487-92.

442. Frier, B.M. Hypoglycaemia unawareness. In: Hypo-
glycaemia and Diabetes: Clinical and Physiological Aspects.
Frier, B.M., Fisher, B.M. (Eds.). Edward Arnold: London 1993,
284-301.

443. Davis, M.R., Shamoon, H. Deficient counterregulatory hor-
mone responses during hypoglycaemia in a patient with insuli-
noma. J Clin Endocrinol Metab 1991, 72: 788-92.

444. Marks, V., Teale, J.D. Hypoglycaemia in the adult. Bailliére’s
Clin Endocrinol Metab1993, 7: 705-29.

445. Moore, G.L., McBurney, P.L., Service, F.J. Self-induced
hypoglycaemia: A review of psychiatric aspects and report of
three cases. Int J Psychiatr Med 1973, 4: 301-11.

446. Grunberger, G., Weiner, J.L., Silverman, R., Taylor, S.,
Gorden, P. Factitious hypoglycaemia due to surreptitious admin-
istration of insulin. Diagnosis, treatment, and long-term follow-
up. Ann Intern Med 1988, 108: 252-7.

447. Service, F.J. Diagnostic approach to adults with hypogly-
caemic disorders. Endocrinol Metab Clin North Am 1999, 28:
519-32.

448. Scarlett, J.A., Mako, M.E., Rubenstein, A.H. et al. Factitious
hypoglycaemia. Diagnosis by measurement of serum C-peptide
immunoreactivity and insulin binding antibodies. New Engl J Med
1977, 297: 1029-32.

449. Service, F.J., Rubenstein, A.H., Horwitz, D.L. C-peptide
analysis in diagnosis of factitial hypoglycaemia in an insulin-
dependent diabetic. Mayo Clin Proc 1975, 50: 697-701.



606

450. Marks, V., Teale, J.D. Endocrine investigation: Investigation
of hypoglycaemia. Clin Endocrinol 1996, 44: 133-6.

451. Shoelson, S.E., Polonsky, K.S., Zeidler, A., Rubenstein,
A.H., Tager, H.S. Human insulin B24 (Phe....... Ser). Secretion
and metabolic clearance of the abnormal insulin in man and in a
dog model. J Clin Invest 1984, 73: 1351-8.

452. Bauman, W.A., Yalow, R.S. Differential diagnosis between
endogenous and exogenous insulin-induced refractory hypogly-
caemia in a nondiabetic patient. New Engl J Med 1980, 303:
198-9.

453. Service, F.J., Palumbo, P.J. Factitial hypoglycaemia. Three
cases diagnosed on the basis of insulin antibodies. Arch Intern
Med 1974, 134: 336-40.

454. Roberts, |., Cohen, H., Reeves, W.G. Characterisation of
antibodies to insulin to help diagnose factitious hypoglycaemia.
Br Med J 1985, 290: 1391-2.

455. Rubenstein, A.H., Steiner, D.F., Horwitz, D.L. et al. Clinical
significance of circulating proinsulin and c-peptide. Rec Prog
Horm Res 1976, 33: 435-75.

456. Brennan, M.D. Current Views on Hypoglycaemia and
Glucagon. Academic Press: London 1980, 321.

457. Guillausseau, P.-J., Mosse, A., Lubetzki, J. C-peptide in fac-
titious hypoglycaemia from sulfonylurea. Diabetes Care 1983, 6:
314-5.

458. Whelton, M.J., Samols, E., Williams, H.S., Hirson, C.,
Marks, V. Factitious hypoglycaemia in a diabetic: Metabolic
studies and diagnosis with radioactive isotopes. Metabolism
1968, 17: 923-7.

459. Berkowitz, S., Parrish, J.E., Field, J.B. Factitious hypogly-
caemia. Why not diagnose before laparotomy? Am J Med 1971,
51: 669-74.

460. Couropmitree, C., Freinkel, N., Nagel, T.C. et al. Plasma
C-peptide and diagnosis of factitious hyperinsulinism. Study of
an insulin-dependent diabetic patient with “spontaneous” hypo-
glycaemia. Ann Intern Med 1975, 82: 201-4.

461. Rubenstein, A.H., Kuzuya, H., Horwitz, D.L. Clinical signifi-
cance of circulating C-peptide in diabetes mellitus and hypogly-
caemic disorders. Arch Intern Med 1977, 137: 625-32.

462. Jordan, R.M., Kammer, H., Riddle, M.R. Sulfonylurea-
induced factitious hypoglycaemia. A growing problem. Arch
Intern Med 1977, 137: 390-3.

463. Walfish, P.G., Kashyap, R.P., Greenstein, S. Sulfonylurea-
induced factitious hypoglycaemia in a nondiabetic nurse. Can
Med Assoc J 1975, 112: 71-2.

464. Kawashima, K., Kuzuya, T., Matsuda, A. Radioimmuno-
assay of glibenclamide. Diabetes 1979, 28: 221-6.

465. Shenfield, G.M., Boutagy, J.S., Webb, C. A screening test
for detecting sulfonylurea in plasma. Ther Drug Monit 1990, 12:
393-7.

466. Starkey, B.J., Mould, G.P., Teale, J.D. The detection of sul-
fonylurea drugs by HPLC and its clinical application. J Liq
Chromatog 1989, 12: 1889-96.

467. Goldgewicht, C., Slama, G., Papoz, L., Tchobroutsky, G.
Hypoglycaemic reactions in 172 type 1 (insulin-dependent) dia-
betic patients. Diabetologia 1983, 24: 95-9.

Drug-induced hypoglycemia

468. Wiethop, B.V., Cryer, P.E. Alanine and terbutaline in the
treatment of hypoglycaemia in IDDM. Diabetes Care 1993, 16:
1131-6.

469. MacCuish, A.C. Treatment of hypoglycaemia. In:
Hypoglycaemia and Diabetes: Clinical and Physiological
Aspects. Frier, B.M., Fisher, B.M. (Eds.). Edward Arnold: London
1993, 212-21.

470. Brodows, R.G., Williams, C., Amatruda, J.M. Treatment of
insulin reactions in diabetics. JAMA — J AmMed Assoc 1984,
252: 3378-81.

471. Jenkins, D.J., Jenkins, A.L. Nutrition principles and dia-
betes: A role for “lente carbohydrate”? Diabetes Care 1995, 18:
1491-8.

472. Marks, V., Teale, J.D. Hypoglycaemia: Factitious and felo-
nious. Endocrinol Metab Clin North Am 1999, 28: 579-601.

473. Arem, R., Zoghbi, W. Insulin overdose in eight patients:
Insulin pharmacokinetics and review of the literature. Medicine
1985, 64: 323-32.

474. Feher, M.D., Grout, P., Kennedy, A., Elkeles, R.S., Touquet,
R. Hypoglycaemia in an inner-city accident and emergency
department: a 12-month survey. Arch Emerg Med 1989, 6:
183-8.

475. Munck, O., Quaade, F. Suicide attempted with insulin. Dan
Med Bull June 1993, 40: 139-41.

476. Roberge, R.J., Martin, T.G., Delbridge, T.R. Intentional mas-
sive insulin overdose: Recognition and management. Ann
Emerg Med 1993, 22: 228-34.

477. Samuels, M.H., Eckel, R.H. Massive insulin overdose:
Detailed studies of free insulin levels and glucose requirements.
J Toxicol Clin Toxicol 1989, 27: 157-68.

478. Stapczynski, J.S., Haskell, R.J. Duration of hypoglycaemia
and need for intravenous glucose following intentional overdose
of insulin. Ann Emerg Med 1984, 13: 505-11.

479. Collier, A., Steedman, D.J., Patrick, A.W. et al. Comparison
of intravenous glucagon and dextrose in treatment of severe
hypoglycaemia in an accident and emergency department.
Diabetes Care 1987, 10: 712-5.

480. Namba, M., Hanafusa, T., Kono, N., Tarui, S. Clinical eval-
uation of biosynthetic glucagon treatment for recovery from
hypoglycaemia developed in diabetic patients. The GL-G
Hypoglycaemia Study Group. Diabetes Res Clin Pract 1993, 19:
133-8.

481. Hvidberg, A., Jorgensen, S., Hilsted, J. The effect of genet-
ically engineered glucagon on glucose recovery after hypogly-
caemia in man. Br J Clin Pharmacol 1992, 34: 547-50.

482. Pontiroli, A.E., Pozza, G. Intranasal administration of pep-
tide hormones: Factors affecting transmucosal absorption.
Diabetes Med 1990, 7: 770-4.

483. Slama, G., Alamowitch, C., Desplanque, N., Letanoux, M.,
Zirinis, P. A new non-invasive method for treating insulin-reac-
tion: Intranasal lyophylized glucagon. Diabetologia 1990, 33:
671-4.

484. Rosenfalck, A.M., Bendtson, J., Jorgensen, S., Binder, C.
Nasal glucagon in the treatment of hypoglycaemia in type 1
(insulin-dependent) diabetic patients. Diabetes Res Clin Pract
1992, 17: 43-50.

485. Marri, G., Cozzolino, G., Palumbo, R. Glucagon in sulfony-
lurea hypoglycaemia? Lancet 1968, i: 303-4.



Drugs Fut 2004, 29(6)

486. Pfeifer, M.A., Wolter, C.F., Samols, E. Management of chlor-
propamide-induced hypoglycaemia with diazoxide. South Med J
1978, 71: 606-8.

487. Johnson, S.F.,, Schade, D.S., Peake, G.T. Chlorpropamide-
induced hypoglycaemia: Successful treatment with diazoxide.
Am J Med 1977, 63: 799-804.

488. Krentz, A.J., Boyle, P.J., Macdonald, L.M., Schade, D.S.
Octreotide: A long-acting inhibitor of endogenous hormone
secretion for human metabolic investigations. Metabolism 1994,
43: 24-31.

489. MclLaughlin, S.A., Crandall, C.S., McKinney, P.E.
Octreotide: An antidote for sulfonylurea-induced hypoglycaemia.
Ann Emerg Med 2000, 36(4): 133-8.

490. Boyle, P.J., Justice, K., Krentz, A.J., Nagy, R.J., Schade,
D.S. Octreotide reverses hyperinsulinaemia and prevents hypo-
glycaemia induced by sulfonylurea overdoses. J Clin Endocrinol
Metab 1993, 76: 752-6.

491. Hardy, K.J., Burge, M.R., Boyle, P.J., Scarpello, J.H. A treat-
able cause of recurrent severe hypoglycaemia. Diabetes Care
1994, 17: 722-4.

492. Krentz, A.J., Boyle, PJ., Justice, K.M., Wright, A.D.,
Schade, D.S. Successful treatment of severe refractory sulfony-
lurea-induced hypoglycaemia with octreotide. Diabetes Care
1993, 16: 184-6.

493. Souza, H.M., Borba-Murad, G.R., Curi, R., Galletto, R.,
Bazotte, R.B. Combined administration of glucose precursors is
more efficient than that of glucose itself in recovery from hypo-
glycaemia. Res Commun Mol Pathol Pharmacol 2001, 110(3-4):
264-72.

494. Langan, S.J., Deary, I.J., Hepburn, D.A., Frier, B.M.
Cumulative cognitive impairment following recurrent severe
hypoglycaemia in adult patients with insulin-treated diabetes
mellitus. Diabetologia 1991, 34: 337-44.

495. Deary, |.J. Effects of hypoglycaemia on cognitive function.
In: Hypoglycaemia and Diabetes: Clinical and Physiological
Aspects. Frier, B.M., Fisher, B.M. (Eds.). Edward Arnold: London
1993, 80-92.

496. Hepburn, D.A., Steel, J.M., Frier, B.M. Hypoglycaemic con-
vulsions cause serious musculoskeletal injuries in patients with
IDDM. Diabetes Care 1989, 12: 32-4.

497. Frier, B.M. Lawrence Lecture.Hypoglycaemia and diabetes.
Diabetes Med 1986, 3: 513-25.

498. Nouel, O., Bernuau, J., Rueff, B., Benhamou, J.P.
Hypoglycaemia. A common complication of septicaemia in cir-
rhosis. Arch Intern Med 1981, 141: 1477-8.

499. Glven, M., Bayram, F., Glven, K., Kelestimur, F. Evaluation
of patients admitted with hypoglycaemia to a teaching hospital in
Central Anatolia. Postgrad Med J 2000, 76: 150-2.

500. Tunbridge, W.M. on behalf of the Medical Services Study
Group and British Diabetic Association. Factors contributing to
deaths of diabetics under fifty years of age. Lancet 1981, ii: 569-
72.

607

501. Centers for Disease Control. Deaths among patients using
continuous subcutaneous insulin infusion pumps: United States.
Morbid Mortal Week Rep 1982, 31: 80-2, 87.

502. Stephenson, J., Fuller, J. Hypoglycaemia as cause of death
in human insulin era. Lancet 1990, 335: 661.

508.Iscovich, A.L. Sudden cardiac death due to hypoglycaemia.
Am J Emerg Med 1983, 1: 28-9.

504. Robillon, J.F., Jullien, D., Brotons, S., Sadoul, J.L.,
Freychet, P. Infarctus du myocard apres tentative d’autolise par
insuline. Presse Med 1994, 23: 445.

505. Auer, R.N., Siesjo, B.K. Hypoglycaemia: Brain neurochem-
istry and neuropathology. Bailliéres Clin Endocrinol Metab 1993,
7:611-25.

506. Brierley, J.B. Brain damage due to hypoglycaemia. In:
Hypoglycaemia, 2" Ed. Marks, V., Rose, F.C. (Eds.). Blackwell:
Oxford 1981, 488-94.

507. Decker, G.A., Myburgh, J.A. A fatality during the Hollander
insulin test. S Afr Med J 1969, 43: 869-70.

508. Heller, S.R., Amiel, S.A., Mansell, P. Effect of the fast-acting
insulin analog lispro on the risk of nocturnal hypoglycaemia dur-
ing intensified insulin therapy. U.K. Lispro Study Group. Diabetes
Care 1999, 22: 1607-11.

509. Ratner, R.E., Hirsch, I.B., Neifing, J.L., Garg, S.K., Mecca,
T.E., Wilson, C.A. Less hypoglycaemia with insulin glargine in
intensive insulin therapy for type 1 diabetes. U.S. Study Group of
Insulin Glargine in Type 1 Diabetes. Diabetes Care 2000, 23:
639-43.

510. Saleh, T.Y., Cryer, P.E. Alanine and terbutaline in the pre-
vention of nocturnal hypoglycaemia in IDDM. Diabetes Care
1997, 20: 1231-6.

511. Ververs, M.T., Rouwé, C., Smit, G.P. Complex carbohy-
drates in the prevention of nocturnal hypoglycaemia in diabetic
children. Eur J Clin Nutr 1993, 47: 268-73.

512. Kaufman, F.R., Devgan, S. Use of uncooked cornstarch to
avert nocturnal hypoglycaemia in children and adolescents with
type 1 diabetes. J Diabetes Complications 1996, 10: 84-7.

513. Price, D.E. Some observations on another case of insulin
poisoning, with complications. Med Sci Law 1965, 42: 101-9.

514. Fekete, J.F., Kerenyi, N.A. Postmortem blood sugar and
blood urea nitrogen determinations. Can Med Assoc J 1965, 92:
970-3.

515. Roy, M., Roy, A. Factitious hypoglycaemia. An 11-year fol-
low-up. Psychosomatics 1995, 36: 64-5.

516. Bhatnagar, D. Diagnosis of factitious hypoglycaemia. Br J
Hosp Med 1988, 40: 140-2.

517. Burman, K.D., Cunningham, E.J., Klachko, D.M., Bazzoui,
W.E., Burns, T.W. Factitious hypoglycaemia. Am J Med Sci 1973,
266: 23-30.

518. Kaminer, Y., Robbins, D.R. Insulin misuse: A review of an
overlooked psychiatric problem. Psychosomatics 1989, 30: 19-24.



