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Abstract Drugs are the most frequent cause of hypoglycaemia in adults. Although
hypoglycaemia is a well known adverse effect of antidiabetic agents, it may
occasionally develop in the course of treatment with drugs used in everyday
clinical practice, including NSAIDs, analgesics, antibacterials, antimalarials,
antiarrhythmics, antidepressants and other miscellaneous agents. They in-
duce hypoglycaemia by stimulating insulin release, reducing insulin clearance
or interfering with glucose metabolism. Several drugs may also potentiate the
hypoglycaemic effect of antidiabetic agents. Administration of these agents to
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individuals with diabetes mellitus is of most concern. Many of these drugs,
and depending on clinical setting, may also induce hyperglycaemia. Drug-
induced hepatotoxicity and nephrotoxicity may lead in certain circumstances
to hypoglycaemia. Some drugs may also induce hypoglycaemia by causing
pancreatitis. Drug-induced hypoglycaemia is usually mild but may be severe.
Effective clinical management can be handled through awareness of this
drug-induced adverse effect on blood glucose levels. Herein, we review per-
tinent clinical information on the incidence of drug-induced hypoglycaemia
and discuss the underlying pathophysiological mechanisms, and prevention
and management.

Drugs are the most frequent cause of hypo-
glycaemia in adults.[1] Drug-induced hypogly-
caemia as a cause of acute medical admissions
ranges from 0.1% to 1.7%[2] and in a recent
study, 20% of hospital admissions attributed to
adverse drug reactions were related to hypogly-
caemia.[3] The median length of hospital stay for
drug-induced hypoglycaemia was 4 days.[4] It is
estimated that each hospital admission for severe
hypoglycaemia costs around d1000, which is con-
siderable.[5] The leading cause of drug-induced
hypoglycaemia is represented by antidiabetic agents,
particularly insulin and sulphonylureas. In the
UKPDS (UK Prospective Diabetes Study), for
patients with type 2 diabetes mellitus and over
6 years of follow-up, the prevalence ofmajor hypo-
glycaemia (requiringmedical attention or admission
to hospital) was 2.4% of those using metformin,
3.3% of those using a sulphonylurea, and 11.2%
of those using insulin.[6] The incidence of hypo-
glycaemia induced by non-antidiabetic drugs is
unknown, due to several factors, including the lack
of a standardized definition of hypoglycaemia,
lack of data from clinical trials, under-reporting
of adverse drug reactions by physicians, and the
lack of evidence of a causal relation between
hypoglycaemia and the suspected drug.

Drug-induced hypoglycaemia has a substan-
tial clinical impact in terms of mortality. In dia-
betic patients, it also prevents optimal glycaemic
control. Severe hypoglycaemia is considered a con-
tributing factor towards death in 2–6% of diabe-
tic patients.[7-9] Recent reports are more alarming
and indicate that 6–10% of patients with type 1
diabetes die as a result of hypoglycaemia.[10-12]

However, it was not always possible to confirm

whether the deaths were directly related to hypo-
glycaemia, since all diabetic patients had serious
associated co-morbidities.

With the expansion of the diabetic population,
the increasing use of antidiabetic agents and the
increase in the number of drugs recently intro-
duced, drug-associated hypoglycaemia becomes
inevitably a major and common concern in clin-
ical practice. In this review, we shed light on the
potential drugs causing hypoglycaemia, the mecha-
nisms underlying iatrogenic hypoglycaemia, and
pertinent issues for the optimal management of
drug-induced hypoglycaemia.

Data were identified from MEDLINE and
SCOPUS from January 1960 to December 2009,
and from Reactions Weekly from 1992 to Decem-
ber 2009, regardless of the language. We used the
keywords ‘hypoglycaemia’ and ‘glucose metabo-
lism disorders’ with the subheading ‘drug-
induced’, ‘drug-interaction’. Certain drugs were
directly inserted as keywords, such as ‘insulin’,
‘sulphonylureas’ and ‘antidiabetic drugs’. Search-
es also included the terms ‘blood’ and ‘glucose/
drug effects’. If there were relevant articles in
many languages that described the same topic,
only English or French articles were analysed.
Identified articles were evaluated to determine
whether any of their references contained addi-
tional relevant publications. Information from
reviews focusing on this topic has also been con-
sidered.[13,14] We excluded articles with insuffi-
cient clinical or laboratory data.

In this review, we focus only on drug-induced
hypoglycaemia. Alcohol and herbal remedies are
excluded from this review. Drug-induced hepa-
totoxicity and nephrotoxicity may lead, in certain
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circumstances, to hypoglycaemia. Drugs may also
induce hypoglycaemia by causing pancreatitis.

1. Definition and Clinical Manifestations
of Hypoglycaemia

There is really no veritable consensus defini-
tion of hypoglycaemia. Currently, hypoglycaemia
may be defined either biochemically or clinically.
Biochemically, hypoglycaemia occurs when the
plasma glucose level falls below an arbitrary
value. However, a wide range of glucose levels
may represent biochemical hypoglycaemia, and the
difficulty arises in determining at what glucose level
it starts.[15] Based on a report from the American
Diabetes Association (ADA), hypoglycaemia may
be defined as a venous blood glucose concentration
of £3.9mmol/L (70mg/dL) in diabetic patients.[16]

The ADA Workgroup argued that this is the glu-
cose level at which hormonal counter-regulation is
activated in non-diabetic subjects, and that ante-
cedent hypoglycaemia of this modest degree can
reduce the secretion of the counter-regulatory sys-
tems (glucagon and adrenaline [epinephrine]) in re-
sponse to a subsequent episode of hypoglycaemia.
However,many clinicians investigating non-diabetic
patients would regard these levels of blood glucose
as being within the normal fasting range, and would
not consider it to indicate hypoglycaemia. They
consider that this level proposed by the ADA is
higher than the glucose levels required to produce
symptoms in non-diabetic individuals (approxi-
mately 2.8–3.1mmol/L [50–55mg/dL]) and sub-
stantially higher than those that do so in individuals
withwell controlled diabetes.[17] An arbitrary cut-off
level of 3.5mmol/L (63mg/dL) to define the onset of
hypoglycaemia in clinical practice is also considered
more appropriate by these clinicians.[15]

The definition proposed by Whipple is still the
most useful and defines pathological hypoglycaemia
as a triad of low plasma glucose, hypoglycaemic
symptoms, and resolution of symptoms with cor-
rection of the blood sugar.[1]

Although the symptoms of hypoglycaemia re-
lated to drugs are nonspecific, in some instances
drug-induced hypoglycaemiamay be differentiated
from other possible aetiologies by evaluating the
temporal relationship between drug administra-

tion, onset of symptoms and changes in blood
glucose levels. Drug withdrawal and rechallenge
may be helpful to confirm the diagnosis.

Rapid detection of symptoms of drug-induced
hypoglycaemia and immediate treatment with
frequent monitoring of the patient are manda-
tory. The symptoms of mild to moderate hypo-
glycaemia include features such as palpitations,
sweating, tingling, hunger, nausea, tremor and
headache.[18] Later, and if hypoglycaemia is not
promptly treated, neuroglycopenic symptoms are
inevitable. They include blurred vision, psycho-
pathic behaviour, confusion, convulsions, focal
neurological deficit, and coma. Furthermore, re-
peated episodes of hypoglycaemia may over time
lead to the syndrome of hypoglycaemia unaware-
ness.[19] Cognitive dysfunction resulting in con-
fusion and coma is not preceded by warning
symptoms.[19] Loss of warning of hypoglycaemia
is associated with delayed and reduced neuroen-
docrine responses to falling blood glucose levels,
leading frequently to severe hypoglycaemia. It oc-
curs as a consequence of frequent and recurrent
iatrogenic hypoglycaemic events and is closely
linked to defects in hormonal counter-regulation,
in particular to the blunted adrenaline response.[20]

Hypoglycaemia unawareness seems also to develop
as the duration of diabetes increases, and is common
among insulin-treated patients. b-Adrenergic recep-
tor antagonists (b-blockers) can blunt hypogly-
caemia awareness. However, several drugs such as
caffeine and theophylline are thought to have an
attenuating effect on the syndrome of hypogly-
caemia unawareness.[21]

2. Causative Drugs

Drug-induced hypoglycaemia may occur when
an antidiabetic agent is given therapeutically to a
diabetic patient. It can also complicate an inten-
tional or accidental overdose of an antidiabetic
agent in non-diabetic patients. Antidiabetic agents
may interact with some other drugs taken by the
patient, leading to an enhancement of their hypo-
glycaemic effect. Rarely, the hypoglycaemic ef-
fect may be a direct or an undesirable effect of a
drug that is not primarily an antidiabetic agent.[22]

Administration of these agents to individuals
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with diabetes is of most concern; however, there
have also been reports of these agents possibly
inducing hypoglycaemia in individuals without
diabetes (table I).[23-69] Many of these drugs, and
depending on clinical setting, may also induce
hyperglycaemia. A systematic review showed that
most exposures were consistent with appropriate
dosing rather than overdose, and hypoglycaemia
episodes were usually symptomatic and severe.[70]

Reported cases usually described patients who
were elderly, had renal or hepatic insufficiency,
were using insulin or a sulphonylurea, or had se-
vere systemic disease.

2.1 Antidiabetic Agents

2.1.1 Regular Human Insulin

Hypoglycaemia is one of themost frequent com-
plications of insulin therapy, and up to 25–30%
of insulin-treated diabetic patients experience one
or more severe hypoglycaemic episodes every
year.[71]

Insulin can induce hypoglycaemia if high
doses are given, if insufficient carbohydrate is
taken or a meal is missed, or as a result of exces-
sive physical activity. In addition, concomitant dis-

eases such as renal disease or hepatic disease, and
alcohol ingestion are all factors to consider in as-
sessing hypoglycaemia in a patient with diabetes
treated with insulin.[1]

The hospitalization rate following hypogly-
caemia has been reported to be 9.1 per 1000
patient-years for insulin.[72] In theDCCT (Diabetes
Control and Complications Trial), the incidence of
severe hypoglycaemia induced by insulin was ap-
proximately three times higher in the intensive
therapy group than in the conventional therapy
group. In the intensively treated group, there were
62 hypoglycaemic episodes per 100 patient-years
compared with 19 such episodes per 100 patient-
years in the conventionally treated group.[73] In the
US Veterans Affairs Cooperative Study in Type 2
Diabetes the frequency of mild hypoglycaemic epi-
sodes was reported as 1.5 and 16.5 episodes per pa-
tient per year in the conventionally and intensively
treated groups, respectively.[74] The incidence of
severe hypoglycaemia seems to be lower in type 2
diabetes than in type 1 diabetes; in fact, the rate of
severe hypoglycaemia in type 2 diabetes is about
10% of that in type 1 diabetes.[75] The lower in-
cidence of severe hypoglycaemia in type 2 diabetes
may result from insulin resistance, which is often
quite severe. This difference, however, may disap-
pear with increasing duration of insulin therapy.[76]

Regardless of the type of diabetes, other factors
have been associated with a higher incidence of
severe insulin-induced hypoglycaemia. These fac-
tors include the degree of glycaemic control and a
previous history of severe hypoglycaemic reactions.
Errors in the timing of insulin injection and the type
of insulin may also lead to hypoglycaemia.[1]

2.1.2 Insulin Analogues

The currently available rapid-acting insulin
analogues are insulin lispro, insulin aspart and
insulin glulisine. They have shown superior low-
ering of postprandial blood glucose levels com-
pared with regular insulin.[77] Based on their
pharmacodynamic properties, they may prevent
or at least improve postprandial hyperglycaemia
and are less likely to lead to hypoglycaemia. In-
deed, rapid-acting insulin analogues have been
developed to more closely replicate the physiol-
ogy of meal-related and basal insulin secretion.[78]

Table I. Non-antidiabetic drugs inducing hypoglycaemia in patients

without diabetes

Drug classes

Cardiovascular
Amiodarone,[23] alprenolol,[24] atenolol,[25] carvedilol,[26]

clonidine,[27] disopyramide,[28] ethacrynic acid,[29] felodipine,[30]

hydralazine and procainamide,[31] nadalol,[32] nifedipine,[33]

perhexilene,[34] pindolol,[35] propranolol,[36] telmisartan[37]

Antibacterial
Ceftriaxone,[38] ciprofloxacin,[39] cotrimoxazole,[40] doxycycline,[41]

ethionamide,[42] isoniazid,[43] piperacillin-tazobactam,[44]

sparfloxacin[45]

Antimalarial
Hydroxychloroquine,[46] mefloquine,[47] pentamidine,[48] quinine,[49]

sulfadoxine/pyrimethamine[50]

Antiviral
Amprenavir,[51] entecavir,[52] ganciclovir,[53] stavudine,[54]

zidovudine and zalcitabine[55]

Antifungal
Ketoconazole,[56] voriconazole[57]

Antiepileptic
Gabapentin,[58] phenytoin,[59] topiramate,[60] valproate[61]

Miscellaneous
Chlorpromazine,[62] dexmedetomidine,[63] donepezil,[64]

etomidate,[65] haloperidol,[66] sertraline,[67] trimeprazine,[68]

zuclopenthixol[69]

24 Ben Salem et al.
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It is not surprising that hypoglycaemia occurs
earlier with a rapidly acting analogue than with
regular insulin.

Although the pharmacokinetic and pharma-
codynamic properties of rapid-acting insulin ana-
logues are better than those of regular human
insulin, the frequency of severe hypoglycaemia
does not appear to be significantly different be-
tween these two forms of insulin in all studies. In
a Cochrane review the median incidence (number
of episodes per 100 person-years) of severe hypo-
glycaemia in type 1 diabetic patients was 21.8
(range 0–247.3) with rapid-acting insulin ana-
logues and 46.1 (0–544) with regular insulin. In
type 2 diabetes, the median incidence was 0.3
(range 0–30.3) with the insulin analogues and 1.4
(range 0–50.4) with regular insulin.[79]

In several studies, the incidence and risk of
severe hypoglycaemia have been reported to be
reduced with insulin aspart and insulin lispro
compared with human regular insulin.[80-83] Con-
versely, Garcia et al.,[84] reported a similar fre-
quency of severe hypoglycaemia during treatment
with insulin lispro compared with human regular
insulin. In fact, rapid-acting insulin analogues
seem to offer a little benefit over conventional
insulin in terms of glycaemic control or reduced
hypoglycaemia but do not appear to significantly
decrease the incidence of severe hypoglycaemia.
Furthermore, there is no convincing evidence to
switch patients from existing conventional ther-
apy with human regular insulin to these insulin
analogues if they have appropriate glycaemic
control without troublesome hypoglycaemia. How-
ever, appropriate use of rapid-acting insulin ana-
logues should improve quality of life, since patients
can ‘inject and eat’.

In terms of an optimal basal pharmacokinetic/
pharmacodynamic profile, the long-acting insulin
analogues (insulin glargine and insulin detemir)
became an important option to replace basal in-
sulin for patients with type 1 diabetes. Insulin
glargine has been compared with regular human
insulin in 4385 patients with type 2 diabetes.
There was no significant difference in confirmed
or severe episodes of hypoglycaemia between the
two types of insulin.[85] However, in a meta-ana-
lysis there were fewer episodes of nocturnal and

symptomatic hypoglycaemia when long-acting
insulin analogues (detemir or glargine) were com-
pared with human regular insulin.[86] Further-
more, the risks of severe hypoglycaemia and severe
nocturnal hypoglycaemia were significantly re-
duced with insulin glargine compared with human
regular insulin with at least equivalent glycaemic
control.[87] Vague et al.[88] reported a 22% reduc-
tion in overall hypoglycaemia and a 34% reduc-
tion in nocturnal hypoglycaemiawith insulin detemir
compared with regular human insulin. The lower
rate of severe and nocturnal hypoglycaemia in-
duced by insulin detemir is probably due to the
low coefficient of variation in serum insulin levels
between injected doses seen with this insulin.When
comparing short- and long-acting insulins, insu-
lin glargine seems to induce significantly fewer
hypoglycaemic events than insulin lispro.[89]

Because of the ability of continuous sub-
cutaneous insulin infusion (CSII) to closely
mimic the normal insulin profile, this method seems
to be a very useful tool for the prevention of hypo-
glycaemia. Although, many studies have reported
no significant difference in the frequency of se-
vere hypoglycaemia between CSII and multiple
daily injections (MDIs), other recent studies have
shown significant reductions in severe hypogly-
caemia with CSII compared with MDIs.[90,91]

Jakish et al.[92] demonstrated in a large cohort
that CSII in children is associated with signif-
icantly reduced rates of hypoglycaemia when
compared with MDI. In a large meta-analysis,
Pickup and Sutton[93] reported that the rate of
severe hypoglycaemia in type 1 diabetes was mark-
edly lower during CSII than MDI.

Insulin-induced hypoglycaemia has been doc-
umented due to deliberate misuse, essentially for
attracting attention and sympathy and in suicide
attempts. The true incidence of this factitious
insulin-induced hypoglycaemia is unknown. Its
diagnosis is based on the finding of high or
extremely high serum insulin concentrations in
combination with suppression of C peptide and,
possibly, the presence of insulin antibodies.

2.1.3 Sulphonylureas

Sulphonylureas have been a part of medical
practice for the treatment of type 2 diabetes for
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nearly 50 years. By the 1960s, first-generation
sulphonylureas were marketed, including tolbu-
tamide and chlorpropamide, though these are
rarely prescribed today. Second-generation sul-
phonylureas (glibenclamide [glyburide], glicla-
zide and glipizide) emerged in the 1970s and 1980s.
The newest second-generation sulphonylurea, glim-
epiride, was introduced in the late 1990s. Sul-
phonylureas act mainly by augmenting insulin
secretion through stimulating the closure of ade-
nosine triphosphate-sensitive potassium channels
of the pancreatic b cells followed by opening of
calcium channels. The release of insulin continues
while there is ongoing drug stimulation and b cells
are fully functional. Sulphonylureas do not affect
insulin synthesis but only insulin secretion. Con-
sequently, they can cause a fasting but not a re-
active type of hypoglycaemia.

Hypoglycaemia is the most frequent compli-
cation in patients with diabetes taking sulpho-
nylureas.[94] Sulphonylurea-induced hypoglycaemia
may occur because insulin release is initiated even
when glucose levels are below the normal thres-
hold for glucose-stimulated insulin release (ap-
proximately 5mmol/L).[95] It occurs particularly
if the doses of sulphonylureas taken are high or if
meals are missed. Sustained physical exercise, ad-
vancing age, coexisting renal failure or advanced
liver disease, duration of therapy, concomitant
use of insulin, drug interactions and concomitant
use of b-blockers are also risk factors for devel-
oping hypoglycaemia in patients treated with
sulphonylureas.[96] Individuals with genetically
determined low cytochrome P450 (CYP) 2C9
activity have been recently reported with an in-
creased risk of sulphonylurea-associated severe
hypoglycaemia.[97] Sulphonylurea-induced hypo-
glycaemia is usually subclinical or minor. It also
may be severe or even fatal, persists for many
hours, and often mandates immediate admission
to hospital. It occurs within the first days of
treatment, but can also appear weeks or months
later, even without apparent modification in do-
sage. The incidence and severity of sulphonylu-
rea-induced hypoglycaemia range widely across
studies. Variation may be due to differences in
definitions, methodology of studies and data
collection. Overall, the reported frequency of

sulphonylurea-induced hypoglycaemia has var-
ied from 1.8% to 59%.[98,99] For example, in
a review of UK medical records of 33 243 sul-
phonylurea users, the annual risk for a first epi-
sode of sulphonylurea-induced hypoglycaemia
was 1.8%.[100] Severe hypoglycaemia due to sul-
phonylurea use was rare. It is more likely to occur
in older individuals and in those with underly-
ing cardiovascular or renal impairment.[101] The
mortality risk from severe sulphonylurea-induced
hypoglycaemia has been estimated to be 0.014–0.033
per 1000 patient-years.[98,102] In addition to fatal
cases related to sulphonylurea, 5% of survivors
may have permanent neurological impairment.[99]

Although direct comparisons between drugs in the
same study population are rare, chlorpropamide
and glibenclamide conferred higher risk for hypo-
glycaemia compared with other sulphonylureas.
During an estimated 26125 person-years of ob-
servation among diabetic patients, Sugarman[72]

reported an incidence of severe hypoglycaemia
of 5.8 and 16.0 per 1000 patient-years for chlor-
propamide and glibenclamide, respectively. In a
prospective study, the incidence of severe hypogly-
caemia with glimepiride was significantly lower
than with glibenclamide, at 0.86 per 1000 person-
years versus 5.6 per 1000 person-years.[97] In a
meta-analysis, the risk of major hypoglycaemic
events was over four times higher for glibenclamide
compared with other second-generation sulpho-
nylureas.[103] Overall, hypoglycaemia rates with gli-
mepiride, glipizide and gliclazide appear to be lower
than those with glibenclamide and chlorpropamide.

In a 6-month, head-to-head, multicentre study,
hypoglycaemia with a blood glucose level of
<3mmol/L occurred significantly less frequently
with gliclazide modified release (3.7% of patients)
compared with glimepiride (8.9% of patients).[104]

There are no published reports comparing glime-
piride directly with glipizide for hypoglycaemia.

The reasons for the difference in rates of hypo-
glycaemia are variable. Differences in chemical
structure, and pharmacokinetic and pharmaco-
dynamic properties between sulphonylureas may
lead to differences in the rates of hypoglycaemic
episodes. Chlorpropamide and glibenclamide have
long half-lives, and are significantly dependent
on renal excretion. Furthermore, the metabolites
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of glibenclamide have a relatively long half-life
with significant hypoglycaemic activity that de-
pends also on renal excretion.[94] The long duration
of effect of both glibenclamide and chlorpropa-
mide requires prudent use in elderly individuals,
whose renal function declines with age. In fact,
there is an important potential for accumulation
of these drugs and their metabolites resulting in
severe and protracted hypoglycaemia. Doses of
glibenclamide should either be markedly reduced
or avoided in patients with moderate renal dys-
function and in elderly patients. However, dose
adjustment is not required for glimepiride or gli-
clazide. At present there are insufficient data to
support their use in patients with end-stage renal
disease, for which insulin remains the preferred
option.[105]

In a systematic review comparing the safety of
antidiabetic agents, Bolen et al.[106] revealed that
minor andmajor hypoglycaemic episodesweremore
frequent in patients receiving second-generation
sulphonylureas (especially glibenclamide) than in
those receiving metformin or thiazolidinediones.
Second-generation sulphonylureas and repaglinide
(one of the meglitinides) conferred similar risks
for hypoglycaemia. Comparative data on acar-
bose and nateglinide with sulphonylureas were
not conclusive.

Sulphonylurea-induced hypoglycaemia does
not occur only in patients with diabetes. Severe
hypoglycaemia has been reported in patients
treated with chlorpropamide for diabetes in-
sipidus.[107] Unintended use of sulphonylureas
remains a common cause of unexplained hypo-
glycaemia in non-diabetic persons, especially in
children and the elderly. Sulphonylurea overdose
with suicidal intent can lead to severe hypogly-
caemia. Since their introduction into therapy, sul-
phonylureas have been used to induce factitious
hypoglycaemia.

Drug interaction may also lead to severe
hypoglycaemia even at therapeutic dosages of
sulphonylureas.[108] The hypoglycaemic effect of
sulphonylureas is potentiated by other anti-diabetic
agents. The incidence of minor and major hypogly-
caemia was higher with combination therapy that
included sulphonylureas compared with metformin
or sulphonylurea monotherapy. The hypoglycaemic

effect of sulphonylureas is potentiated also by some
non-antidiabetic drugs, and many drug interactions
have been reported (table II).[109-139]

2.1.4 Biguanides

Metformin is considered to be the first-choice
drug for treatment of obese patients with type 2
diabetes.

Monotherapy with conventional doses of met-
formin is not expected to cause hypoglycaemia,
as the drug does not exert its effects through an
increase in insulin secretion.[140] Metformin also
does not modulate the glucose counter-regulatory
mechanism. However, mild hypoglycaemia has
been reported in 2.8% of 4072 cases of poisoning
exposures to metformin.[141]

The ADOPT study (A Diabetes Outcome
Progression Trial) has reported rates of self-
reported hypoglycaemia around 9.8% for metfor-
min over the 5 years of treatment. Severe episodes
were reported in only one patient.[142] Metformin-
induced hypoglycaemia is more commonly re-
ported in combination regimens with insulin
or an insulin secretagogue, presumably as a func-
tion of potentiation by metformin of the other
therapy.[143] In a 24-week trial of metformin or
nateglinide alone and in combination, rates of
symptomatic hypoglycaemia determined by self-
monitoring were 10% in the metformin group
compared with 12.8% in the nateglinide group,
and 26.6% in themetformin+nateglinide group.[145]

During a 7-year period, the associations of metfor-
min+ glibenclamide and metformin+ insulin were
implicated in 15% of drug-induced hypoglycaemic
coma.[8] Alcohol may also increase the risk of lac-
tic acidosis as well as hypoglycaemia.[145] Hypogly-
caemia associated with lactic acidosis induced by
metforminmay be a consequence of liver failure.[145]

Precautions should be taken if metformin is given
with drugs that may impair renal function.

2.1.5 a-Glucosidase Inhibitors

Acarbose, the first a-glucosidase inhibitor to
be marketed, was introduced in the early 1990s.
Recently, two additional agents of this class,
miglitol and voglibose, have been introduced in
some countries. Due to their mode of action, a-
glucosidase inhibitors do not stimulate insulin
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secretion, and therefore monotherapy does not
provoke hypoglycaemia.[146] The UKPDS found
that there was no difference between acarbose
and placebo for the risk of hypoglycaemic epi-
sodes.[147] In a 24-week, double-blind, random-
ized trial, in which acarbose was compared with
vildagliptin, no hypoglycaemic episodes were re-
ported for either treatment group. There were
also no cases of hypoglycaemia reported with
acarbose, even in patients predisposed to hypo-
glycaemia, such as the elderly.[148] Although a-
glucosidase inhibitors, when given alone, do not
carry the risk of hypoglycaemia, they cause a
moderate additional blood glucose-lowering ef-
fect when used with other antidiabetic agents. In
fact, hypoglycaemia was only reported when an

a-glucosidase inhibitor was used in combination
with a sulphonylurea or insulin.[105] a-Glucosi-
dase inhibitors delay the digestion and absorp-
tion of disaccharides such as sucrose, but do not
affect monosaccharides. Therefore, patients who
take these drugs must use a monosaccharide such
as glucose or glucagon, grape juice or honey to
treat hypoglycaemia. However, when glucose is
not available, milk with lactose sugar can be used
as an alternative. Indeed, acarbose only slightly
inhibits lactase. In severe cases of hypoglycaemia,
glucagon can also be used.

2.1.6 Thiazolidinediones

Thiazolidinediones rarely cause hypogly-
caemia when used in monotherapy.[149] However,

Table II. Drug interactions with sulphonylureas leading to hypoglycaemia

Interacting drug Sulphonylureas implicated Suggested mechanisms References

NSAIDs (azapropazone

phenylbutazone, salicylates)

Tolbutamide,

chlorpropamide,

glibenclamide (glyburide)

Displacement of sulphonylureas from protein

binding sites. Reduced renal secretion.

Inhibition of metabolism of sulphonylureas

109-111

Fibrates (bezafibrate, ciprofibrate,

gemfibrozil, clofibrate)

Glibenclamide,

tolbutamide

Displacement of sulphonylureas from plasma

protein binding sites. Reduced renal

secretion. Inhibition of metabolism of

sulphonylurea

112-115

Azoles (miconazole, fluconazole,

ketoconazole)

Glipizide, tolbutamide,

glibenclamide, gliclazide

Inhibition by azoles of sulphonylurea-

metabolizing enzymes (cytochrome P450

[CYP] isoenzyme CYP2C9)

116-119

Sulphonamides (cotrimoxazole,

sulphaphenazole, sulphamethizole,

sulphafurazole, sulphadimidine)

Chlorpropamide,

glibenclamide, gliclazide,

tolbutamide

Inhibition of metabolism of sulphonylureas.

Displacement of sulphonylureas from protein

binding sites

113,120-123

Macrolides (clarithromycin,

erythromycin)

Glibenclamide, glipizide,

tolbutamide

Displacement of sulphonylureas from protein

binding sites

124,125

Histamine H2-receptor antagonists

(cimetidine, ranitidine)

Gliclazide, glibenclamide Cimetidine inhibits metabolism of the

sulphonylurea by the liver, thereby increasing

its effects

113,126-128

ACE inhibitors (captopril, enalapril,

lisinopril, perindopril)

Glibenclamide, gliclazide Unknown 129

Quinolones (gatifloxacin,

ciprofloxacin, levofloxacin)

Glibenclamide,

glimepiride, glipizide

Unknown 130-134

Allopurinol Gliclazide Unknown 113

Chloramphenicol Tolbutamide Inhibition of metabolism of sulphonylurea 135

Cibenzoline Gliclazide Unknown 113

Dextropropoxyphene-paracetamol

(acetaminophen)

Unspecified sulphonylurea Unknown 113

Disopyramide Gliclazide Unknown 136

Heparin calcium Glipizide Displacement of sulphonylureas from their

plasma protein binding sites

137

Nicardipine Gliclazide Unknown 113

Sertraline Glibenclamide Unknown 138,139
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they can contribute to hypoglycaemia in patients
receiving glucose-lowering drugs such as insulin
or insulin secretagogues.[150] Hypoglycaemia may
occur several weeks after adding a thiazolidine-
dione to a sulphonylurea.[151] The dose of the lat-
ter may require reduction and a self-monitoring
of blood glucose, which can be a useful safety
measure if this combination is used.

In a 24-week, multicentre, randomized, open-
label, parallel trial, rosiglitazone was associated
with a significantly lower average rate of confirmed
hypoglycaemic events than insulin glargine, when
used in combination with metformin plus a sul-
phonylurea (3.4 vs 7.7 events per patient-year).[153]

A prospective, randomized, controlled trial in
5238 patients with type 2 diabetes who had evi-
dence of macrovascular disease, comparing the
addition of pioglitazone or placebo with usual
diabetic treatment (metformin, sulphonylurea and
insulin, either individually or in combinations),
found that the incidence of symptoms compatible
with hypoglycaemia was significantly higher in
the pioglitazone plus usual treatment group (28%
vs 20%), although the incidence of severe hypo-
glycaemia that resulted in admission to hospital
was not significantly different (0.7% vs 0.4%).[153]

Furthermore, the ADOPT study has reported
rates of self-reported hypoglycaemia of around
11.6% for rosiglitazone over the 5 years of
treatment. Severe episodes were reported in only
one patient.[142] In a post hoc analysis of pooled
data, from patients aged >65 years with type 2
diabetes in four multicentre, randomized, dou-
ble-blind, parallel-group trials, pioglitazone
monotherapy was associated with the lowest in-
cidence of hypoglycaemia (1.4%) compared with
metformin alone (2.4%) or sulphonylurea alone
(9.9%).[154] In an open-label, active-controlled
study, St John Sutton et al.[155] showed that
patients treated with rosiglitazone therapy had a
lower incidence of hypoglycaemia (1.9%) than
those treated with glibenclamide therapy (7.1%).

2.1.7 Meglitinides

As with sulphonylureas, the main adverse ef-
fect of this class is hypoglycaemia. In a random-
ized, parallel-group, open-label, clinical trial,
repaglinide was compared with nateglinide.[156]

In the trial, 7% of patients treated with repag-
linide (five subjects with one episode each) had
minor hypoglycaemic episodes (blood glucose
<2.8mmol/L) versus no patients with nateglinide.
Renal failure and insufficient calorie intake are
considered possible risk factors for developing
hypoglycaemia in patients treated with megliti-
nides.[157,158] Meglitinides should be administered
prior to meals to reduce the risk of hypoglycaemia.
A multicentre, randomized, double-blind study
comparing repaglinide with glibenclamide show-
ed that the risk of mild/moderate hypoglycaemia
was 1% for both treatments.[159] Other studies
comparing repaglinide with sulphonylureas have
shown that the risks of severe hypoglycaemia
(blood glucose <2.5mmol/L) were 1.3% and 3.3%,
respectively.[160] A small study of 8 weeks dura-
tion, which included 51 patients receiving na-
teglinide and 50 receiving glibenclamide, reported
four times higher symptomatic hypoglycaemic
events with glibenclamide thanwith nateglinide.[161]

Overall, no consistent significant differences were
reported between sulphonylureas and meglitinides
for the number of hypoglycaemic episodes.[162]

Hypoglycaemia seems to be more frequent with
repaglinide compared with metformin.[162]

In a study comparing nateglinide and trogli-
tazone, mild hypoglycaemia occurred in 1.3% of
patients treated with either nateglinide or trogli-
tazone, and in 7.3% of patients treated with na-
teglinide plus troglitazone.[163]

Severe hypoglycaemia secondary to megliti-
nides following surreptitious use or in suicide
attempts has also been reported.[164,165] Megliti-
nides are metabolized by the CYP3A4 isoenzyme.
In addition to CYP3A4, repaglinide is metabo-
lized via CYP2C8, while nateglinide metabolism
also involves CYP2C9.[166] They may be exposed
to pharmacokinetic interactions. Ciclosporin raises
the plasma concentrations of repaglinide and po-
tentiates the blood glucose-lowering effect with a
possible increase in the risk of hypoglycaemia.[168]

2.1.8 Incretin Analogues and Dipeptidyl-Peptidase 4

Inhibitors

Exenatide, a synthetic form of exendin-4, is an
incretin analogue that increases insulin secretion,
suppresses glucagon release and slows gastric
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emptying. It is approved for adjunctive glycaemic
control in patients with type 2 diabetes who are
taking metformin, a sulphonylurea, or a combi-
nation of metformin and sulphonylurea. Exena-
tide does not seem to be commonly associated
with any increased risk of hypoglycaemia when
used as monotherapy, which is consistent with its
glucose-dependent insulinotropic effect. When it
occurred, exenatide-induced hypoglycaemia was
generally mild to moderate. Rates of mild to mod-
erate hypoglycaemia were reported as 36%, 14%
and 3% for groups of patients receiving exenatide
10 mg, 5 mg and placebo, respectively.[168]

Compared with insulin glargine, rates of symp-
tomatic hypoglycaemia with exenatide were sim-
ilar, but nocturnal hypoglycaemia occurred less
frequently with exenatide (0.9 vs 2.4 events/patient-
year for insulin glargine).[169]

There is an increased risk of hypoglycaemia
with exenatide if used in association with sulpho-
nylureas.[170] Initial reduction of sulphonylurea
dosage may be necessary to limit the risk of hypo-
glycaemia.[171] However, it is not necessary to
adjustmetformin dosingwhen used in combination
with exenatide.[172]

Sitagliptin, a dipeptidyl-peptidase 4 inhibitor,
is currently approved for use in patients with type
2 diabetes in many countries. It may be adminis-
tered with or without food. In a randomized,
placebo-controlled, double-blind, 18-week trial,
530 patients with type 2 diabetes diagnosed with-
in the past 5 years received sitagliptin 100mg once
daily or placebo.[173] In this study, despite sub-
stantial lowering of fasting and postprandial glu-
cose in patients treated with sitagliptin, there
were no reports of hypoglycaemia. In a 24-week
analysis of the addition of sitagliptin to the ex-
isting therapy versus placebo therapy in patients
inadequately controlled on glimepiride and met-
formin therapy, rates of hypoglycaemiawere 12.2%
with sitagliptin, comparedwith 1.8% for placebo.[174]

However, the majority of episodes may be explained
by precipitating factors such as fasting or delayed
meals.

Vildagliptin, another dipeptidyl-peptidase 4
inhibitor, was well tolerated and hypoglycaemic
events were rare. The incidence of hypoglycaemia
was generally below 1%.[175] In a randomized,

double-blind study in drug-naive patients with
type 2 diabetes, the incidence of hypoglycaemic
events was slightly higher in the group receiving
only vildagliptin 100mg (3.6%) than in the group
receiving only vildagliptin 50mg (1.2%) or pla-
cebo (0.6%).[176] There were no reports of severe
hypoglycaemia, and no patients discontinued
vildagliptin due to hypoglycaemia.

2.1.9 Pramlintide

Pramlintide, a synthetic injectable analogue of
human amylin, is approved in the US for use in
patients with type 1 or 2 diabetes who are using
mealtime insulin or a combination of insulin and
metformin and/or a sulphonylurea. It reduces post-
prandial glucose, and increases satiety, resulting
in reduced food intake and weight loss. There is a
2-fold increase in severe hypoglycaemia in dia-
betic patients treated with pramlintide compared
with placebo.[177] The incidence of pramlintide-
induced hypoglycaemia seems to decrease as patients
continue therapy.[178] Severe hypoglycaemic epi-
sodes can also occur with pramlintide-insulin
combination use.

2.2 Non-Antidiabetic Agents

2.2.1 NSAIDs

Salicylates such as aspirin (acetylsalicylic acid)
have hypoglycaemic properties. In the past, they
have been used in relatively high doses for the
treatment of diabetic patients. However, their use
has been discontinued because of the toxicity as-
sociated with the large doses needed to maintain
lower blood glucose levels.[179,180] In non-diabetic
patients, salicylates rarely induce symptomatic
hypoglycaemia.[181] In children, however, salicy-
late overdose can induce severe, even fatal, hypo-
glycaemia.[182] The majority of drug-induced
hypoglycaemic episodes in 2-year-old children or
younger are related to salicylate poisoning.[14]

Application of topical salicylates may also lead to
severe hypoglycaemia.[183] Although the exact
mechanisms of salicylate-induced hypoglycaemia
remain uncertain, several possible hypotheses
have been postulated. Salicylates may influence
glucose metabolism by reducing hepatic gluco-
neogenesis and increasing insulin secretion.[184]

Reduced insulin clearance and enhanced plasma
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insulin response have also been proposed as pos-
sible mechanisms.[185] In diabetic patients, sali-
cylates may displace sulphonylureas from protein
binding sites and inhibit their renal excretion,
leading to hypoglycaemia.[186] Molecular mech-
anisms include a possible action of salicylates on
endogenous prostaglandin E2 production. In fact,
salicylate-associated hyperinsulinaemia with re-
duced gluconeogenesis can be ameliorated by an
infusion of prostaglandin E2.

[187]

In addition to salicylates, a few NSAIDs can
rarely induce hypoglycaemia. Phenylbutazone and
azapropazone may produce hypoglycaemia when
concomitantly used with sulphonylureas.[109,188]

Indobufen, ibuprofen, fenclofenac and nimesu-
lide may also cause hypoglycaemia when used in
patients receiving sulphonylurea therapy.[189-191]

In experimental settings, indometacin and pirox-
icam may potentiate the effects of hypoglycaemic
treatments.[192] A recent study found that a low
dose of meclofenamic acid, an NSAID, excites
b cells by inhibiting the adenosine triphosphate-
sensitive potassium channel activity, thus in-
creasing insulin secretion. The authors suggested
that meclofenamic acid inhibits the adenosine
triphosphate-sensitive potassium channel through
an extracellular mechanism, which may partially
explain the hypoglycaemic effect of certain
NSAIDs.[193]

2.2.2 Analgesics

Paracetamol (acetaminophen) overdose can lead
to symptomatic hypoglycaemia, probably because
of hepatic necrosis.[194] Hypoglycaemia has also
been associated with paracetamol at therapeutic
analgesic doses, particularly in children.[195] There
are isolated cases of hypoglycaemia in non-diabetic
patients taking dextropropoxyphene alone, some-
times associated with advanced age, chronic renal
insufficiency or accidental poisoning.[196,197] The
combination dextropropoxyphene-paracetamol
may induce hypoglycaemia in diabetic patients
taking a sulphonylurea.[113] The exact mechanism
of dextropropoxyphene-induced hypoglycaemia
is still obscure. There is a possible potentiated
effect of insulin release by dextropropoxyphene.
A non-micro-receptor agonism or non-competitive
N-methyl-D-aspartate receptor antagonism has

also been suggested by some authors.[198] Two
cases of hypoglycaemia related to tramadol have
been reported, one in a non-diabetic 88-year-old
woman and another in a diabetic 8-year-old
girl.[199] An experimental study[200] suggests that
the m-opioid receptor is the principal target in-
volved in this hypoglycaemic mechanism.

2.2.3 Antibacterials

Fluoroquinolones are a class of widely used
antibacterials that act by inhibiting bacterial
DNA replication and transcription, leading to
rapid cell death. Although they are known to
have a good safety profile, they may produce
dysglycaemic disorders. Gatifloxacin has been
reported to induce both hypoglycaemia and hy-
perglycaemia.[201] Ciprofloxacin, levofloxacin and
moxifloxacin may also produce severe hypogly-
caemia.[202] The mechanisms by which these
agents produce hypoglycaemia are complex and
still unclear, probably related to an increase in the
levels of insulin. Some hypotheses suggest that
there is a high affinity of fluoroquinolones for the
adenosine triphosphate-sensitive potassium chan-
nels in the pancreatic b cells, leading to insulin
secretion.[203] Alteration in glucose homeostasis
seems to occur more frequently in patients taking
oral hypoglycaemic agents and in patients with
chronic renal failure.[132]

Cotrimoxazole (trimethoprim-sulfamethoxazole),
another widely used antibacterial, alone or in
combination with a sulphonylurea, can lead to
hypoglycaemia. High doses of cotrimoxazole
given alone have been reported to induce hypo-
glycaemia in adults with AIDS, in patients with
renal failure, in the elderly and in children.[204,205]

However, in standard therapeutic doses and even
in association with insulin, it does not appear
significantly to affect glucose homeostasis.[206]

Strevel et al.[40] reported 14 cases of cotrimoxazole-
induced hypoglycaemia. The authors concluded
that renal insufficiency was the most prevalent
predisposing risk factor for this adverse effect. In
all cases, intravenous glucose administration was
required, and in six cases there was protracted
(>12 hours) hypoglycaemia.

Cotrimoxazole may potentiate the hypogly-
caemic effect of sulphonylurea agents.[122] It has
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structural similarities to sulphonylureas and en-
hances insulin release, therefore facilitating the
occurrence of hypoglycaemia in susceptible in-
dividuals.[207,208] Sulphonamides are also inhibitors
of CYP2C9, by which many of the sulphonylureas
are metabolized, such as tolbutamide. Trimetho-
prim alone may cause interactions mediated via
inhibition of CYP2C9 and CYP2C8. It raised the
plasma concentrations of repaglinide probably
by inhibiting its CYP2C8-mediated biotransfor-
mation.[209] The possibility of an increased risk of
hypoglycaemia should be considered during con-
comitant use of trimethoprim and repaglinide in
diabetic patients.[209] Sulphonamides may also dis-
place the sulphonylureas from their protein bind-
ing sites.[210] Caution should be observed when
cotrimoxazole is added to the regimen of patients
receiving sulphonylureas. Tetracycline may induce
hypoglycaemia by reducing the need for insulin or
by inducing hepatorenal failure.[211,212] Doxycycline
has also been associated with hypoglycaemia.[41]

2.2.4 Antimalarials

Hypoglycaemia can occur in patients with
falciparum malaria, either spontaneously or dur-
ing treatment with antimalarial drugs.[213] It is a
frequent complication encountered in falciparum
malaria and is often associated with a poor prog-
nosis. Typical symptoms of hypoglycaemia may
not be clinically evident in comatose patients and
may be missed if regular monitoring of blood glu-
cose is not performed. In fact, coma may be at-
tributed wrongly to cerebral malaria rather than
to antimalarial-induced hypoglycaemia.[214] The
latter has been reported with quinine, mefloquine,
sulfadoxine-pyrimethamine, and hydroxychloro-
quine.[50,215,216] However, it is mainly reported
with quinine therapy and seems to be dose-
dependent. In pregnancy, hypoglycaemia may be
particularly amplified, severe and difficult to
manage. Severe hypoglycaemia occurs in 50% of
pregnant women with severe malaria treated with
quinine.[217] Children, the malnourished and pa-
tients with renal failure appear also to be partic-
ularly at risk. Hypoglycaemia induced by quinine
may also occur in persons not infected with ma-
laria. It has been reported occasionally following
the use of oral quinine for leg cramps.[218] Simi-

larly, hydroxychloroquine, in addition to its use
as an antimalarial drug, has become one of the
most commonly prescribed drugs in the treatment
of many rheumatic diseases such as rheumatoid
arthritis and systemic lupus erythematosus. In a
prospective, multicentre, observational study in-
volving 4905 patients with rheumatoid arthritis,
Wasko et al.[219] reported that the use of hydroxy-
chloroquine was associated with a reduced risk of
diabetes. Hydroxychloroquine may induce hypo-
glycaemia in both diabetic and non-diabetic pa-
tients with rheumatoid arthritis.[46,220]

Antimalarial drugs can stimulate insulin re-
lease from the pancreas, probably through the
activation of voltage-sensitive calcium channels
by inhibition of potassium conductance.[216,222,223]

In addition to the enhanced insulin release by anti-
malarial drugs, a marked glucose uptake by para-
sitized red cells can lead to severe hypoglycaemia in
treated patients with falciparum malaria.

Octreotide, a somatostatin analogue, is con-
sidered to be effective in the treatment of pro-
found hypoglycaemia induced by quinine.[223] It
inhibits insulin release and reduces the need for
large volumes of intravenous dextrose.

2.2.5 Pentamidine

Hypoglycaemia is a common metabolic ab-
normality associated with the use of pentamidine.
It is sudden, often recurrent, andmay be fatal.[224]

It can occur within a few hours to days after the
commencement of pentamidine therapy. Risk
factors for pentamidine-induced hypoglycaemia
include longer treatment duration, high dosage,
impaired renal function, and severe clinical con-
dition with shock and anoxia.[225] The overall
incidence of pentamidine-associated hypogly-
caemia with AIDS is several-fold higher than
previously reported for patients withoutAIDS.[226]

Pentamidine produces a multiphasic effect on
blood glucose levels. It may be toxic to the b cells,
inducing early cytolytic release of insulin leading
to b cell destruction seen in an experimental set-
ting.[227] The release of insulin can lead to severe
hypoglycaemia followed by persistent hypergly-
caemia secondary to the destruction of islet cells.
As pancreatic destruction progresses, patients may
become diabetic. Diabetes induced by pentamidine
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may persist despite withdrawal of the drug, and
may require insulin therapy. In these diabetic
patients, plasma C-peptide levels were lower than
normal values, and the b-cell secretory responses
to stimuli were poor. Islet cell antibodies and in-
sulin antibodies were also not detected.[224,228]

Pentamidine isethionate seems to be less toxic to
islet cells than pentamidinemesylate.[229] However,
because of toxicity and the availability of alterna-
tive agents, pentamidine is now used infrequently.

2.2.6 b-Adrenergic Receptor Antagonists

(b-Blockers)

b-Blockers have been reported to cause severe
hypoglycaemia in diabetic patients.[230,231] Al-
though administration of selective b-blockers may
be associated with hypoglycaemia, they are prob-
ably safer than nonselective agents.[232] Nonselec-
tive b-blockers are associated with an increased
risk of insulin resistance, increased levels of serum
triglyceride and glucose, and decreased high-
density lipoprotein cholesterol levels.[233] A number
of studies in diabetic patients found no statisti-
cally significant increase in the risk of hypogly-
caemia in patients with diabetes receiving insulin
or sulphonylureas and also taking either cardio-
selective b-blockers or non-selective b-blockers.[235]

Overall, and despite the lack of conclusive
evidence regarding their possible association with
hypoglycaemia, if diabetic patients need treatment
with a b-blocker, a selective agent should always
be chosen.

Propranolol-induced hypoglycaemia has also
been observed in non-diabetic patients with renal
disease, poor nutrition or liver disease.[235] Pro-
longed fasting or severe exercise are serious risk
factors for hypoglycaemia due to b-blockers.[24,236]

In infants, hypoglycaemia has been observed
with propranolol or nadolol during treatment
of cyanotic heart disease or thyrotoxicosis.[237]

Hypoglycaemia may also occur in neonates from
women taking b-blockers for cardiac arrhythmias,
hypertension or thyrotoxicosis.[238] Treatment with
b-blockers seems to be also associated with de-
layed recovery from hypoglycaemia and eleva-
tion of the glycaemic threshold (lower plasma
glucose levels required for symptoms) in patients
with diabetes, probably by blocking the sympa-

thetic b-stimulation and the mobilization of glu-
cose from the liver.[233] However, other studies
have shown no increase in the severity or in-
cidence of hypoglycaemic events.[239] The retained
sympathetic activity and the ability to suppress
endogenous insulin production are seen in pa-
tients with type 2 diabetes.[232]

The mechanism of b-blocker-induced hypogly-
caemia is multifactorial. It involves enhanced in-
sulin action with a resultant increase in peripheral
glucose uptake by muscles, inhibition of hepatic
glucose production, and inhibition of lipolysis.[240]

b-Blockers may also be associated with the
development of hyperglycaemia.[241] The use of
b-blockers appears to increase the risk of dia-
betes, but the proven benefits of b-blockers in
reducing the risk of cardiovascular events gen-
erally outweigh the risk.[242]

2.2.7 Antiarrhythmics

Disopyramide, a quinidine-like agent, is used
as an antiarrhythmic drug for treatment of ven-
tricular and supraventricular rhythm disturbances.
It has been mainly reported to cause severe hypo-
glycaemia at high concentrations.[243] However,
it can induce hypoglycaemia even at therapeutic
concentrations.[28] It is one of the most common
causes of non-antidiabetic drug-induced hypogly-
caemia. Older age, impaired renal function and he-
patic disease are considered as risk factors for
disopyramide-induced hypoglycaemia.[243,244] Fur-
thermore, other factors such as anorexia and low
bodyweight also increase the risk of hypogly-
caemia.[245] The risk of hypoglycaemia is greater
when disopyramide is used in combination with
glimepiride, insulin and certain antibacterials.[249,250]

Disopyramide has been found to inhibit b-cell aden-
osine triphosphate-sensitive potassium channels.[247]

It stimulates insulin secretion leading to hyperinsu-
linaemic hypoglycaemia. Quinidine (diastereoisomer
of quinine), a type Ia antiarrhythmic drug, may in-
duce hypoglycaemia. It may increase plasma insulin
concentrations.[248] It is more likely to cause hypo-
glycaemia, particularly in children, pregnant
women and in individuals with renal failure.
Cibenzoline, another antiarrhythmic drug, may also
lead to hypoglycaemia at toxic plasma concentra-
tions.[249] Renal impairment presents a serious risk
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factor, as cibenzoline’s half-life is prolonged in this
situation.[250]

2.2.8 ACE Inhibitors

The association between ACE inhibitors
(ACEIs) and the occurrence of hypoglycaemia re-
mains controversial. In fact, a nested case-control
study revealed that both among users of insulin
and among users of oral antidiabetic drugs, the
use of ACEIs was significantly associated with an
increased risk of hospital admission for hypo-
glycaemia.[129] Isolated cases of severe hypogly-
caemia in non-diabetic patients associated with
both captopril and ramipril therapy have also
been reported.[251] In another study, the use of
these drugs in diabetic patients has been asso-
ciated with a 3- to 4-fold increase in the risk of
hypoglycaemia.[252] However, other studies did
not confirm this finding.[253,254] The EUCLID
study showed also that there was no difference in
hypoglycaemic events or in glycaemic control in
diabetic patients between lisinopril and placebo
groups at any time during the study.[255]

The mechanisms of hypoglycaemia and im-
provement of glucose tolerance during ACEI
therapy are complex and have not been clearly
elucidated. Some authors have reported that ACEI
therapy may be associated with an improvement
of blood flow and microcirculation in skeletal
muscles. ACEIs may improve insulin sensitiv-
ity.[259] In addition, enhancement of insulin and
glucose delivery to the insulin-sensitive tissues
may facilitate insulin signalling at the cellular
level and improvement of insulin secretion by
the b cells.[257] However, other authors failed to
show any effect of ACEIs on glucose metabo-
lism.[258,259] Furthermore, high natural ACE ac-
tivity has been associated with a higher risk of
severe hypoglycaemia.[260]

2.2.9 Fibrates

Fibrates are widely used in the treatment of
hyperlipidaemia. They are mainly efficacious in
lowering serum triglyceride levels and raising
levels of high-density lipoprotein cholesterol. They
activate the peroxisome proliferator activated
receptor-a and stimulate a large panel of genes
controlling the b-oxidation and catabolism of fatty

acids. Although fibrates are known to be gen-
erally safe, they may induce hypoglycaemia. This
adverse effect occurs more frequently in diabetic
patients treated with sulphonylureas. Fibrates are
highly bound to albumin: they displace the sul-
phonylureas from their plasma protein binding
sites, improving their hypoglycaemic effects.[115]

Gemfibrozil seems to inhibit the CYP2C8 and
CYP3A4 and thus inhibits the metabolism of re-
paglinide.[261] Moreover, the blockade of the
CYP2C8-mediated metabolism of rosiglitazone
and pioglitazone by gemfibrozil may induce
hypoglycaemia as well as the inhibition of the
CYP2C9-mediated metabolism of glimepiride
and other sulphonylureas.[115,262,263] Clofibrate
may decrease glucose serum levels independent of
any concomitant use of antidiabetic medication.[264]

The concurrent use of sulphonylureas and fi-
brates requires frequent adjustment of the dosage
of the antidiabetic medications.

2.2.10 Antidepressants

Antidepressants have been reported to be associ-
atedwith both hyperglycaemia and hypoglycaemia.
However, the association with hypoglycaemia
seems to be pronounced for antidepressants with
affinity for the serotonin reuptake transpor-
ter.[67,265] In fact, serotonergic antidepressants such
as fluoxetine reduce hyperglycaemia, normalize
glucose homeostasis and increase insulin sensi-
tivity.[266] Sertraline has also been associated with
hypoglycaemia.[67] Venlafaxine overdose can also
lead to severe hypoglycaemia.[267] Monoamine
oxidase inhibitors have been reported to induce
hypoglycaemia in a very few reports when used in
large doses.[268] These drugs may stimulate insu-
lin release.[269] The hydrazine group in these
drugs seems to be incriminated in the genesis
of hypoglycaemia. Tricyclic antidepressant drugs
such as imipramine, nortriptyline, maprotiline
and doxepin can induce hypoglycaemia in both
diabetic and non-diabetic patients.[139,270,271] Nefa-
zodone may also lead to hypoglycaemia, espe-
cially in diabetic patients.[272]

2.2.11 Miscellaneous Agents

In addition to the drugs listed in table III, many
miscellaneous agents may also induce hypogly-
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caemia[273-286] (table III). These drugs may induce
hypoglycaemia in their own right, i.e. not only when
combined with a drug used for the treatment of
diabetes, and those that work only by exacerbating
the hypoglycaemic potential of antidiabetic drugs.

3. Prevention and Management

It is preferable to prevent rather than to treat
drug-induced hypoglycaemia. One of the most
important ways to prevent hypoglycaemia is to
educate the patient. Thomson et al.[287] showed
that 88% of patients taking oral antidiabetic
drugs and 32% of insulin-treated patients denied
any knowledge of hypoglycaemia. Teaching pa-

tients how to recognize, treat and prevent hypo-
glycaemia is essential. Furthermore, patients should
be educated about hypoglycaemia risk factors.
Information regarding onset and duration of ac-
tion or times to peak effect of oral anti-diabetic
agents or insulin preparations should also be
provided to diabetic patients in a comprehensible
manner. The choice of an insulin regimen that
does not peak during sleep is mandatory for the
prevention of nocturnal hypoglycaemia. If phy-
sical activity can be anticipated, insulin should be
lowered in advance. Furthermore, in order to
prevent severe hypoglycaemic episodes, it is pru-
dent to switch patients taking long-acting sulpho-
nylureas who develop recurrent hypoglycaemic

Table III. Miscellaneous drugs inducing hypoglycaemia and their suggested mechanism

Drug Clinical setting Suggested mechanism References

Dexmedetomidine Overdose in a child with patent ductus arteriosus Unknown 63

Etanercept Diabetic patient with rheumatoid arthritis Increase of insulin sensitivity 273

Etomidate Chronic right ventricular failure and recurrent atrial

tachyarrhythmias. Hypoglycaemia may be severe

Long-term use of etomidate has been

associated with adrenal suppression

65

Erlotinib Patient with non-small-cell lung cancer Unknown 274

Gabapentin Patient with end-stage renal disease Hyperinsulinaemia 58

Haloperidol Patient with chronic lymphocytic leukaemia. Hypoglycaemia

may be severe

Increase of insulin secretion 66

Halothane Regular dose in a child with malignant hyperthermia.

Hypoglycaemia may be severe

Liver toxicity 275

Imatinib Patient with gastrointestinal stromal tumour Inappropriate insulin secretion 276

Isoniazid Premature infant Hyperinsulinaemia 43

Levothyroxine Liver impairment Unknown 277

Lidocaine

(lignocaine)

Overdose. Transient hypoglycaemia Unknown 278

Lithium Neonate whose mother had taken lithium throughout

pregnancy

Enhanced insulin action 279,280

Mercaptopurine Acute leukaemia in children. Hypoglycaemia may be severe Decrease in hepatic glycogen stores.

Altered hepatic glycogenesis

281

Phenytoin Overdose in patient with status epilepticus Increase in insulin secretion.

Enhancement of sensitivity of the

tissues to insulin

59

Ritodrine Neonates born from mothers who have received this drug.

Hypoglycaemia may be severe

Increase of insulin secretion by

b-adrenergic stimulation

282

Salbutamol Neonates born from mothers taking salbutamol therapy for

premature labour. Overdose in children. Hypoglycaemia may

be severe

Increase of insulin secretion by

b-adrenergic stimulation

283,284

Selegiline Patient with Parkinson’s disease. Hypoglycaemia may be

severe

Unknown 285

Varenicline Smoking cessation. Hypoglycaemia may be severe Improvement of insulin sensitivity.

Interference with hypoglycaemia

awareness

286
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episodes to short-acting sulphonylureas. Despite
patient education, hypoglycaemic episodes are
sometimes difficult for patients to discriminate
from other feelings of malaise. Every treated
diabetic patient who develops a neurological or
psychiatric disorder or coma has to be considered
to be hypoglycaemic until proven otherwise. In-
gestion of glucose tablets or carbohydrate in the
form of juice, a soft drink, milk, crackers or a
meal will always give rapid relief of symptoms if
the diagnosis is hypoglycaemia. For the treatment
of mild to moderate hypoglycaemia, 15–25 g of
carbohydrate is usually needed;[288,289] 5 g of
carbohydrate will increase the plasma glucose
concentration by about 15mg/dL. This should be
repeated in 15–20 minutes if symptoms have not
improved or the monitored blood glucose re-
mains low.

Intravenous administration of glucose (25 g)
is the preferred treatment for severe hypogly-
caemia and when neuroglycopenic symptoms limit
carbohydrate consumption. Parenteral glucagon
(1mg subcutaneously) may be an alternative,
especially in patients with type 1 diabetes who may
have to be treated by family members for severe
hypoglycaemia.[289]

The removal or adjustment of the doses of the
offending drug is mandatory. Confrontation and
psychiatric referral may be necessary for patients
with a factitious hypoglycaemia. In the case of
sulphonylurea-induced hypoglycaemia, and if
intravenous glucose replacement is insufficient,
octreotide is recommended. Diazoxide may also
be used.[290] It has been proposed as a treatment
option in cotrimoxazole-induced prolonged hypo-
glycaemia. Patients with sulphonylurea-induced
hypoglycaemia should not be given glucagon,
since it will stimulate insulin secretion. Continued
observation and frequent food intake are often
required because recurrence after temporary re-
covery is common. Octreotide may also minimize
the number and severity of hypoglycaemic events
associated with massive nateglinide overdose.[291]

4. Conclusions

Drugs are the most frequent cause of hypo-
glycaemia in adults. In addition to antidiabetic

agents, many other drugs have the potential to
cause hypoglycaemia. Drug-induced hypoglycaemia
can be severe and may cause significant morbid-
ity. However, this adverse effect can be prevented
and/or minimized with awareness of the problem
and the judicious use and close monitoring of the
suspect drug(s).
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Med 1983; 12: 1670

119. Loupi E, Descotes J, Lery N, et al. Drug interactions in-
volvingmiconazole. Therapie 1982 Jul-Aug; 37 (4): 437-41

120. Christensen LK, Hansen JM, Kristensen M. Sulphaphe-
nazole-induced hypoglycaemic attacks in tolbutamide-
treated diabetics. Lancet 1963 Dec 21; II (7321): 1298-301

121. Tucker HSG, Hirsch JI. Sulfonamide-sulfonylurea inter-
action. N Engl J Med 1972 Jan 13; 286 (2): 110-1

122. Johnson JF, Dobmeier ME. Symptomatic hypoglycemia
secondary to a glipizide-trimethoprim/sulfamethoxazole
drug interaction. DICP 1990 Mar; 24 (3): 250-1

123. Soeldner JS, Steinke J. Hypoglycemia in tolbutamide-
treated diabetes. JAMA 1965 Aug 2; 193:398-9

124. Bussing R, Gende A. Severe hypoglycemia from clarithro-
mycin-sulfonylurea drug interaction. Diabetes Care
2002 Sep; 25 (9): 1659-61

125. Jayasagar G, Dixit AA, Kirshan V, et al. Effect of clari-
thromycin on the pharmacokinetics of tolbutamide. Drug
Metabol Drug Interact 2000; 16 (3): 207-15

126. Lee K, Mize R, Lowenstein SR. Glyburide-induced hy-
poglycemia and ranitidine. Ann Intern Med 1987 Aug;
107 (2): 261-2

127. Archambeaud-Mouveroux F, Nouaille Y, Nadalon S, et al.
Interaction between gliclazide and cimetidine [letter].
Eur J Clin Pharmacol 1987; 31 (5): 631

128. Cate EW, Rogers JF, Powell JR. Inhibition of tolbutamide
elimination by cimetidine but not ranitidine. J Clin
Pharmacol 1986 May-Jun; 26 (5): 372-7

129. Herings RM, de Boer A, Stricker BH, et al. Hypoglycaemia
associated with use of inhibitors of angiotensin converting
enzyme. Lancet 1995; 345 (8959): 1195-8

130. Lin G, Hays DP, Spillane L. Refractory hypoglycemia
from ciprofloxacin and glyburide interaction. J Toxicol
Clin Toxicol 2004; 42 (3): 295-7

131. Menzies DJ, Dorsainvil PA, Cunha BA, et al. Severe and
persistent hypoglycaemia due to gatifloxacin interaction

with oral hypoglycemic agents. Am J Med 2002 Aug 15;
113 (3): 232-4

132. LeBlanc M, Bélanger M, Cossette P. Severe and resistant
hypoglycemia associated with concomitant gatifloxacin
and glyburide therapy. Pharmacotherapy 2004 Jul; 24 (7):
926-31

133. Biggs WS. Hypoglycemia and hyperglycemia associated
with gatifloxacin use in elderly patients. J Am Board Fam
Pract 2003 Sep-Oct; 16 (5): 455-7

134. Friedrich LV, Dougherty R. Fatal hypoglycemia asso-
ciated with levofloxacin. Pharmacotherapy 2004 Dec; 24
(12): 1807-12

135. Christensen LK, Skovsted L. Inhibition of drug metabo-
lism by chloramphenicol. Lancet 1969 Dec 27; II (7635):
1397-9

136. Wahl D, deKorwin JD, Paille F, et al. Severe hypoglycemia
probably induced by disopyramide in a diabetic. Therapie
1988 Jun-Jul; 43 (4): 321-2

137. McKillop G, Fallon M, Slater SD. Possible interaction
between heparin and a sulphonylurea a cause of pro-
longed hypoglycaemia [letter]? BMJ 1986 Oct 25;
293 (6554): 1073

138. Takhar J, Williamson P. Hypoglycemia associated with
high doses of sertraline and sulphonylurea compound in a
noninsulin-dependent diabetes mellitus patient. Can J
Clin Pharmacol 1999 Spring; 6 (1): 12-4

139. True BL, Perry PJ, Burns EA. Profound hypoglycemia
with the addition of a tricyclic antidepressant to main-
tenance sulfonylurea therapy. Am J Psychiatry 1987 Sep;
144 (9): 1220-1

140. Turkcuer I, Erdur B, Sari I, et al. Severe metformin in-
toxication treated with prolonged haemodialyses and
plasma exchange. Eur J Emerg Med 2009 Feb; 16 (1):
11-3

141. Spiller HA, Quadrani DA. Toxic effects from metformin
exposure. Ann Pharmacother 2004; 38: 776-80

142. Kahn SE, Haffner SM, Heise MA, et al., ADOPT Study
Group. Glycemic durability of rosiglitazone, metformin,
or glyburide monotherapy. N Engl J Med 2006 Dec 7; 355
(23): 2427-43

143. Guariglia A, Gonzi GL, Regolisti G, et al. Treatment of
biguanide-induced lactic acidosis: reproposal of the
‘physiological’ approach and review of the literature. Ann
Ital Med Int 1994; 9 (1): 35-9

144. Horton ES, Clinkingbeard C, Gatlin M, et al. Nateglinide
alone and in combination with metformin improves gly-
cemic control by reducing mealtime glucose levels in type
2. Diabetes Care 2000 Nov; 23 (11): 1660-5

145. Dubas TC, Johnson WJ. Metformin-induced lactic acido-
sis: potentiation by ethanol. Res Commun Chem Pathol
Pharmacol 1981 Jul; 33 (1): 21-31

146. Pan C, Yang W, Barona JP, et al. Comparison of vilda-
gliptin and acarbose monotherapy in patients with type 2
diabetes: a 24-week, double-blind, randomized trial. Dia-
bet Med 2008 Apr; 25 (4): 435-41

147. Holman RR, Cull CA, Turner RC. A randomized double-
blind trial of acarbose in type 2 diabetes shows improved
glycemic control over 3 years (UK Prospective Diabetes
Study 44). Diabetes Care 1999 Jun; 22 (6): 960-4

40 Ben Salem et al.

ª 2011 Adis Data Information BV. All rights reserved. Drug Saf 2011; 34 (1)



148. Josse RG, Chiasson JL, Ryan EA, et al. Acarbose in the
treatment of elderly patients with type 2 diabetes. Dia-
betes Res Clin Pract 2003 Jan; 59 (1): 37-42

149. Henry RR. Thiazolidinediones. Endocrin Metab Clin
North Am 1997 Sep; 26 (3): 553-73

150. Rosenstock J, Goldstein BJ, Vinik AI, et al. Effect of early
addition of rosiglitazone to sulphonylurea therapy in
older type 2 diabetes patients (>60 years): the Rosiglita-
zone Early vs sulphonylurea Titration (RESULT) study.
Diabetes Obes Metab 2006 Jan; 8 (1): 49-57

151. Krentz AJ. Comparative safety of newer oral antidiabetic
drugs. Expert Opin Drug Saf 2006 Nov; 5 (6): 827-34

152. Rosenstock J, SugimotoD, Strange P, et al. Triple therapy in
type 2 diabetes: insulin glargine or rosiglitazone added to
combination therapy of sulfonylurea plus metformin in in-
sulin-naive patients. Diabetes Care 2006 Mar; 29 (3): 554-9

153. Dormandy JA, Charbonnel B, Eckland DJ, et al. Second-
ary prevention of macrovascular events in patients with
type 2 diabetes in the PROactive Study (PROspective
pioglitAzone Clinical Trial In macroVascular Events): a
randomised controlled trial. Lancet 2005 Oct 8; 366
(9493): 1279-89

154. Rajagopalan R, Xu Y, Abbadessa M, Quartet Study
Group. The effect of pioglitazone on glycemic and lipid
parameters and adverse events in elderly patients with
type 2 diabetes mellitus: a post hoc analysis of four ran-
domized trials. Am J Geriatr Pharmacother 2006 Jun;
4 (2): 123-33

155. St John Sutton M, Rendell M, Dandona P, et al. A com-
parison of the effects of rosiglitazone and glyburide on
cardiovascular function and glycemic control in patients
with type 2 diabetes. Diabetes Care 2002 Nov; 25 (11):
2058-64

156. Rosenstock J, Hassman DR, Maddere RD, et al. Re-
paglinide versus nateglinide monotherapy: a randomized
multicenter study. Diabetes Care 2004 Jun; 27 (6): 1265-70

157. Hasslacher C, Multinational Repaglinide Renal Study
Group. Safety and efficacy of repaglinide in type 2 dia-
betic patients with and without impaired renal function.
Diabetes Care 2003 Mar; 26 (3): 886-91

158. Nagai T, ImamuraM, Iizuka K, et al. Hypoglycemia due to
nateglinide administration in diabetic patients with
chronic renal failure. Diabetes Res Clin Pract 2003 Mar;
59 (3): 191-4

159. Marbury T, Huang WC, Strange P, et al. Repaglinide ver-
sus glyburide: a one-year comparison trial. Diabetes Res
Clin Pract 1999 Mar; 43 (3): 155-66

160. Moses R. A review of clinical experience with the prandial
glucose regulator, repaglinide, in the treatment of type 2
diabetes. Expert Opin Pharmacother 2000 Dec; 1 (7):
1455-67

161. Hollander PA, Schwartz SL, Gatlin MR, et al. Importance
of early insulin secretion: comparison of nateglinide and
glyburide in previously diet-treated patients with type 2
diabetes. Diabetes Care 2001 Jun; 24 (6): 983-8

162. Johansen OE, Birkeland KI. Defining the role of re-
paglinide in the management of type 2 diabetes mellitus: a
review. Am J Cardiovasc Drugs 2007; 7 (5): 319-35

163. Levien TL, Baker DE, Campbell RK, et al. Nateglinide
therapy for type 2 diabetes mellitus. Ann Pharmacother
2001; 35 (11): 1426-34

164. Hirshberg B, Skarulis MC, Pucino F, et al. Repaglinide-
induced factitious hypoglycaemia. J Clin Endocrinol
Metab 2001 Feb; 86 (2): 475-7

165. Nakayama S, Hirose T, Watada H, et al. Hypoglycemia
following a nateglinide overdose in a suicide attempt.
Diabetes Care 2005 Jan; 28 (1): 227-8

166. Scheen AJ. Drug-drug and food-drug pharmacokinetic in-
teractions with new insulinotropic agents repaglinide and
nateglinide. Clin Pharmacokinet 2007; 46 (2): 93-108

167. Kajosaari LI, Niemi M, Neuvonen M, et al. Cyclosporine
markedly raises the plasma concentrations of repaglinide.
Clin Pharmacol Ther 2005 Oct; 78 (4): 388-99

168. VanDeKoppel S, Choe HM, Sweet BV. Managed care
perspective on three new agents for type 2 diabetes.
J Manag Care Pharm 2008 May; 14 (4): 363-80

169. Heine RJ, Van Gaal LF, Johns D, et al. Exenatide versus
insulin glargine in patients with suboptimally controlled
type 2 diabetes: a randomized trial. Ann Intern Med 2005
Oct 18; 143 (8): 559-69

170. Buse J, Henry R, Han J, et al. Effects of exenatide (exendin-
4) on glycemic control over 30 weeks in sulfonylurea-
treated patients with type 2 diabetes. Diabetes Care 2004
Nov; 27 (11): 2628-35

171. Kendall DM, Riddle MC, Rosenstock J, et al. Effects of
exenatide (exendin-4) on glycemic control over 30 weeks
in patients with type 2 diabetes treated with metformin
and a sulfonylurea. Diabetes Care 2005May; 28 (5): 1083-91

172. FinemanMS, Bicsak TA, Shen LZ, et al. Effect on glycemic
control of exenatide (synthetic exendin-4) additive to ex-
isting metformin and/or sulfonylurea treatment in
patients with type 2 diabetes. Diabetes Care 2003 Aug; 26
(8): 2370-7

173. Mohan V, Yang W, Son HY, et al. Efficacy and safety of
sitagliptin in the treatment of patients with type 2 diabetes
in China, India, and Korea. Diabetes Res Clin Pract 2009
Jan; 83 (1): 106-16

174. Hermansen K, Kipnes M, Luo E, et al. Efficacy and safety
of the dipeptidyl peptidase-4 inhibitor, sitagliptin, in
patients with type 2 diabetes mellitus inadequately con-
trolled on glimepiride alone or on glimepiride and met-
formin. Diabetes Obes Metab 2007 Sep; 9 (5): 733-45

175. Abbatecola AM, Maggi S, Paolisso G. New approaches to
treating type 2 diabetes mellitus in the elderly: role of in-
cretin therapies. Drugs Aging 2008; 25 (11): 913-25
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tensin-converting enzyme inhibitors on glucose and lipid
metabolism in essential hypertension. J Cardiovasc
Pharmacol 1994 Jan; 23 (1): 79-86

260. Pedersen-Bjergaard U, Dhamrait SS, Sethi AA, et al. Ge-
netic variation and activity of the renin-angiotensin sys-
tem and severe hypoglycemia in type 1 diabetes. Am J
Med 2008 Mar; 121 (3): 246-8

261. Niemi M, Backman JT, Neuvonen M, et al. Effects of
gemfibrozil, itraconazole, and their combination on the
pharmacokinetics and pharmacodynamics of repaglinide:
potentially hazardous interaction between gemfibrozil
and repaglinide. Diabetologia 2003; 46: 347-51

262. Niemi M, Backman JT, Granfors M, et al. Gemfibrozil
considerably increases the plasma concentrations of ro-
siglitazone. Diabetologia 2003; 46: 319-23

263. Jaakkola T, Backman JT, Neuvonen M, et al. Effects of
gemfibrozil, itraconazole, and their combination on the
pharmacokinetics of pioglitazone. Clin Pharmacol Ther
2005; 77: 404-14

264. Barnett D, Craig JG, Robinson DS, et al. Effect of clofi-
brate on glucose tolerance in maturity-onset diabetes.
Br J Clin Pharmacol 1977; 4: 455-8

265. Derijks HJ, Meyboom RH, Heerdink ER, et al. The asso-
ciation between antidepressant use and disturbances in
glucose homeostasis: evidence from spontaneous reports.
Eur J Clin Pharmacol 2008 May; 64 (5): 531-8

266. McIntyre RS, Soczynska JK, Konarski JZ, et al. The effect
of antidepressants on glucose homeostasis and insulin
sensitivity: synthesis and mechanisms. Expert Opin Drug
Saf 2006 Jan; 5 (1): 157-68

267. Meertens JH, Monteban-Kooistra WE, Ligtenberg JJ, et al.
Severe hypoglycemia following venlafaxine intoxication: a
case report. J Clin Psychopharmacol 2007Aug; 27 (4): 414-5

268. Adnitt PI. Hypoglycemic action of monoamineoxidase in-
hibitors (MAOI’S). Diabetes 1968 Oct; 17 (10): 628-33

269. Cooper AJ, Ashcroft G. Potentiation of insulin hypogly-
caemia by M.A.O.I. antidepressant drugs. Lancet 1966
Feb 19; I (7434): 407-9

270. Kaplan SM, Mass JW, Pixley JM, et al. Use of imipramine
in diabetics: effects on glycosuria and blood sugar levels.
JAMA 1960 Oct 1; 174: 511-7

271. Isotani H, Kameoka K. Hypoglycemia associated with
maprotiline in a patient with type 1 diabetes. Diabetes
Care 1999 May; 22 (5): 862-3

272. Warnock JK, Biggs F. Nefazodone-induced hypoglycemia
in a diabetic patient with major depression. Am J
Psychiatry 1997 Feb; 154 (2): 288-9

273. Bonilla E, Lee YY, Phillips PE, et al. Hypoglycaemia after
initiation of treatment with etanercept in a patient with
type 2 diabetes mellitus [letter]. AnnRheumDis 2007Dec;
66 (12): 1688

274. Costa DB, HubermanMS. Improvement of type 2 diabetes
in a lung cancer patient treated with erlotinib [letter].
Diabetes Care 2006 Jul 29; (7): 1711

275. Bichel T, Canivet JL, Damas P, et al. Malignant hy-
perthermia and severe hypoglycemia after reexposure to
halothane. Acta Anaesthesiol Belg 1994; 45 (1): 23-7

276. Haap M, Gallwitz B, Thamer C, et al. Symptomatic hy-
poglycemia during imatinib mesylate in a non-diabetic
female patient with gastrointestinal stromal tumor.
J Endocrinol Invest 2007 Sep; 30 (8): 688-92

277. Iihara N, Kurosaki Y, Takada M, et al. Risk of hypogly-
cemia associated with thyroid agents is increased in
patients with liver impairment. Int J Clin Pharmacol Ther
2008 Jan; 46 (1): 1-13

278. Janda A, Salem C. Hypoglycemia caused by lidocaine
overdosage. Reg Anaesth 1986 Jul; 9 (3): 88-90

279. Hunt NJ. Hypoglycemic effect of lithium. Biol Psychiatry
1987 Jun; 22 (6): 798-9

280. Pinelli JM, Symington AJ, Cunningham KA, et al. Case
report and review of the perinatal implications of mater-
nal lithium use. Am J Obstet Gynecol 2002; 187 (1): 245-9

281. BayA,Oner AF, CesurY, et al. Symptomatic hypoglycemia:
an unusual side effect of oral purine analogues for treatment
of ALL. Pediatr Blood Cancer 2006 Sep; 47 (3): 330-1

282. Kurtoglu S, Akcakus M, Keskin M, et al. Severe hyper-
insulinaemic hypoglycaemia in a baby born to a mother
taking oral ritodrine therapy for preterm labour. Horm
Res 2005; 64 (2): 61-3

283. Epstein MF, Nicholls E, Stubblefield PG. Neonatal hy-
poglycemia after beta-sympathomimetic tocolytic ther-
apy. J Pediatr 1979 Mar; 94 (3): 449-53

284. Ozdemir D, Yilmaz E, Duman M, et al. Hypoglycemia
after albuterol overdose in a pediatric patient. Pediatr
Emerg Care 2004 Jul; 20 (7): 464-5

285. RowlandMJ, Bransome Jr ED, Hendry LB. Hypoglycemia
caused by selegiline, an antiparkinsonian drug: can such
side effects be predicted? J Clin Pharmacol 1994 Jan; 34
(1): 80-5

286. Kristensen PL, Pedersen-Bjergaard U, Thorsteinsson B.
Varenicline may trigger severe hypoglycaemia in type 1
diabetes. Diabet Med 2008 May; 25 (5): 625-6

287. Thomson FJ, Masson EA, Leeming JT, et al. Lack of
knowledge of symptoms of hypoglycaemia by elderly
diabetic patients. Age Ageing 1991 Nov; 20 (6): 404-6

44 Ben Salem et al.

ª 2011 Adis Data Information BV. All rights reserved. Drug Saf 2011; 34 (1)



288. Boyle PJ, Zrebiec J. Management of diabetes-related
hypoglycaemia. South Med J 2007 Feb; 100 (2): 183-94

289. Gabriely I, Shamoon H. Hypoglycemia in diabetes: com-
mon, often unrecognized. Cleve Clin J Med 2004 Apr; 71
(4): 335-42

290. Little GL, Boniface KS. Are one or two dangerous? Sul-
fonylurea exposure in toddlers. J Emerg Med 2005 Apr;
28 (3): 305-10

291. Sherk DK, Bryant SM. Octreotide therapy for nateglinide-
induced hypoglycaemia. Ann Emerg Med 2007 Dec; 50
(6): 745-6

Correspondence: Dr Chaker Ben Salem, Avenue Mohamed
Karoui, 4002 Sousse, Tunisia.
E-mail: bensalem.c@gmail.com

Drug-Induced Hypoglycaemia 45

ª 2011 Adis Data Information BV. All rights reserved. Drug Saf 2011; 34 (1)


	Drug-Induced Hypoglycaemia
	Abstract
	1. Definition and Clinical Manifestations of Hypoglycaemia
	2. Causative Drugs
	2.1 Antidiabetic Agents
	2.1.1 Regular Human Insulin
	2.1.2 Insulin Analogues
	2.1.3 Sulphonylureas
	2.1.4 Biguanides
	2.1.5 alpha-Glucosidase Inhibitors
	2.1.6 Thiazolidinediones
	2.1.7 Meglitinides
	2.1.8 Incretin Analogues and Dipeptidyl-Peptidase 4 Inhibitors
	2.1.9 Pramlintide

	2.2 Non-Antidiabetic Agents
	2.2.1 NSAIDs
	2.2.2 Analgesics
	2.2.3 Antibacterials
	2.2.4 Antimalarials
	2.2.5 Pentamidine
	2.2.6 beta-Adrenergic Receptor Antagonists (ƒƒƒƒƒƒbeta-Blockers)
	2.2.7 Antiarrhythmics
	2.2.8 ACE Inhibitors
	2.2.9 Fibrates
	2.2.10 Antidepressants
	2.2.11 Miscellaneous Agents


	3. Prevention and Management
	4. Conclusions
	Acknowledgements
	References


