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Keypoints

e Many commonly used drugs interfere with glucose homeostasis and can
provoke hyperglycemia in subjects without diabetes or worsen glycemic
control in patients with diabetes.

e Glucocorticoids act on post insulin-receptor mechanisms to induce
dose-dependent insensitivity to insulin in its target tissues.

e Glucocorticoid-induced diabetes often requires treatment with oral
hypoglycemic agents or insulin while glucocorticoid treatment
continues.

e Oral contraceptive pills rarely cause hyperglycemia, although it can
occur with combined pills that contain high-dose estrogen or the
progesterone levonorgestrel, and in women with a history of
gestational diabetes.

e Estrogen replacement therapy in postmenopausal women does not
affect glycemic control.

e Thiazide diuretics impair insulin secretion when given at high dosages.
Impairment of insulin secretion is related to potassium depletion.

e Loop diuretics such as furosemide (frusemide) are less likely to cause
hyperglycemia.
e Non-selective B-adrenoceptor antagonists inhibit insulin secretion and
can impair glucose tolerance. Cardioselective 3;-adrenoceptor blockers
have much less pronounced effects.
e Other drugs that can precipitate or aggravate hyperglycemia include:
Streptozocin (streptozotocin), pentamidine and ciclosporin (cyclosporine)
via B-cell toxicity;

Diazoxide via inhibition of insulin secretion;

[3,-Receptor agonists (salbutamol and ritodrine), which increase hepatic
glucose production;

Growth hormone in supraphysiologic doses;

Protease inhibitors (indinavir, nelfinavir, ritonavir, saquinavir) by
inducing insulin resistance; and

Antipsychotics via weight gain and insulin resistance.

Many drugs can cause or worsen pre-existing hyperglycemia — a
problem recently recognized by the World Health Organization
(WHO) and the American Diabetes Association (ADA) with the
identification of drug-induced diabetes as a separate etiologic
category (see Chapter 2). The diabetogenic properties of drugs
are important for two main reasons. First, polypharmacy is an
unfortunate but common necessity in managing patients with
diabetes; clear understanding of the potential hyperglycemic
effects of drugs is therefore helpful in anticipating and avoiding
deterioration in glycemic control. Secondly, various drugs can
induce diabetes in previously normoglycemic individuals; this
state is usually reversible and not insulin-dependent, but can
become permanent.

Drugs can raise blood glucose concentrations through two
broad mechanisms: by reducing insulin biosynthesis or secretion,
or by reducing tissue sensitivity to insulin (Figure 16.1). Some
important examples are listed in Table 16.1. Of particular note
are the glucocorticoids, which are used in many diseases,

Textbook of Diabetes, 4th edition. Edited by R. Holt, C. Cockram,
A. Flyvbjerg and B. Goldstein. © 2010 Blackwell Publishing.

and certain commonly used antihypertensive drugs [1-7].
Hypertension commonly accompanies diabetes, and most
patients require more than one antihypertensive agent to meet
the increasingly stringent targets for blood pressure control (see
the first part of Chapter 40).

This chapter describes the drugs that can induce or aggravate
hyperglycemia, together with a strategy for managing patients
with drug-induced diabetes.

Glucocorticoids

Glucocorticoids were named for their hyperglycemic effects [8]
and have by far the most powerful adverse effect on glycemic
control of all the commonly prescribed drugs. During the 1930s,
it became apparent that diabetic symptoms improved following
either adrenalectomy [9] or hypophysectomy [10], indicating
that glucocorticoids have important influences on glucose home-
ostasis. This fact was recognized in clinical practice [11-15], soon
after the landmark discovery in 1949 by Hench et al. [16] that
glucocorticoids had potent anti-inflammatory effects. Since then,
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Figure 16.1 Mechanisms of drug-induced hyperglycemia.

therapeutic use of these agents has escalated; recent data from the
General Practice Research Database suggest that nearly 1% of the
UK population may be using oral glucocorticoids at any time,
increasing to 2.5% in subjects aged 70-79 years [17]. Inhaled
corticosteroid use is even more widespread, with more than 6%
of the UK population currently using an inhaled corticosteroid
[18].

Glucocorticoids worsen hyperglycemia in patients with diabe-
tes, but can also cause significant increases in blood glucose (and
insulin) concentrations in previously normoglycemic individuals
when given in high doses (i.e. equivalent to 30 mg/day or more
of prednisolone) [19]. Impaired glucose tolerance or diabetes
mellitus have been reported in 14—-28% of subjects receiving long-
term glucocorticoids [20,21], and subjects who have an intrinsi-
cally low insulin response (e.g. in response to glucose loading)
are particularly susceptible [22]. These subjects are thought to be
at greater risk of developing type 2 diabetes (T2DM) in the future,
compared to the general population [23]. Using data from the
Health Improvement Network, Gulliford et al. [24] found that in
alarge primary care population, drawn from 114 family practices,
orally administered glucocorticoids were associated with up to
2% of incident cases of diabetes mellitus.

Glucocorticoids reduce hepatic and peripheral tissue sensitiv-
ity to insulin through post-receptor mechanisms (Fig. 16.1). In
adipocytes, dexamethasone inhibits the expression of the insulin-
signaling intermediate protein, insulin receptor substrate 1 (IRS-
1) [25], and this may contribute to insulin resistance (see Chapter
7). These effects may be partly offset by glucose-independent
stimulation of insulin secretion [26].
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All glucocorticoids cause dose-dependent insulin resistance at
dosages greater than the equivalent of 7.5mg/day prednisolone
[21]. The duration of exposure to glucocorticoids does not appear
to be important, and hyperglycemia is generally reversible on
withdrawing the drug.

Most problems have been reported with oral glucocorticoids,
but those administered topically can also induce severe hyperg-
lycemia, especially if given at high dosage over large areas of
damaged skin and under occlusive dressings [27]. This is more
likely to occur in children because of their higher ratio of total
body surface area to body weight [28]. Although inhaled corti-
costeroids do not cause significant hyperglycemia, there has been
a single case report of deteriorating glycemic control in a patient
with T2DM who was prescribed high-dose fluticasone propionate
[29]. The hyperglycemic potency of glucocorticoids does not
follow the hierarchy of their anti-inflammatory or immunosup-
pressive activities. For example, deflazacort, which has similar
immunomodulating effects to other glucocorticoids, produces
less hyperglycemia than prednisone or dexamethasone [30].

Other commonly encountered adverse effects of glucocorti-
coids are hypertension and sodium and water retention. Thiazide
diuretics should not be used to treat these complications, as their
own hyperglycemic action synergizes with that of glucocorticoids
[31].

Corticotropin (adrenocorticotropic hormone [ACTH]) or tet-
racosactide (tetracosactrin), previously given as an alternative to
glucocorticoid therapy (e.g. in exacerbations of multiple sclero-
sis), is no longer recommended for therapeutic use. It can cause
hyperglycemia and hyperinsulinemia in rodents [32,33].



Table 16.1 Drugs that cause or exacerbate hyperglycemia.

Potentially potent effects

Minor or no effects

Glucocorticoids
Oral contraceptives
High-dose estrogen
Thiazide diuretics (especially high

Oral contraceptives
Progestogen-only pills
Levonorgestrel in combination pills

Loop diuretics

dosages)*
Non-selective B-adrenoceptor
antagonists
[3,-adrenoceptor agonists

Calcium-channel blockers

o,-adrenoceptor antagonists

Salbutamol Growth hormone (physiologic doses)
Ritodrine Somatostatin analogst
Antipsychotics Androgen deprivation therapy for

prostate cancer
Selective serotonin reuptake inhibitors
Nicotinic acid

HIV protease inhibitors
Indinavir, nelfinavir, ritonavir and
others
Lamivudine
Isoniazid
Others
Pentamidine
Gatifloxacin
Streptozocin (streptozotocin)
Diazoxide
Ciclosporin (cyclosporine)
Tacrolimus
Temsirolimus
Interferon-ot
L-asparaginase

HIV, human immunodeficiency virus.

*"High" dosages of thiazides correspond to >5mg/day bendroflumethiazide.
t Somatostatin analogs may induce hyperglycemia in type 2 but not type 1
diabetes.

The metabolic adverse effects of glucocorticoids have stimu-
lated the development of selective glucocorticoid receptor ligands
with similar anti-inflammatory efficacy to glucocorticoids cur-
rently in use but with fewer adverse effects. A number of these
compounds have been developed and shown in animal studies
not to induce hyperglycemia [34]. These agents are likely to be
tested clinically in humans in the near future.

Oral contraceptive pills and estrogen
replacement therapy

Estrogens and some progestogens used in contraceptive agents
are potentially diabetogenic. This is not surprising, as endo-
genous sex steroids have been shown to affect glucose homeosta-
sis in women without diabetes: insulin sensitivity rises during the
follicular phase of the menstrual cycle and falls during the luteal
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phase [35]. As with glucocorticoids, post-receptor insulin resist-
ance appears to be responsible; in vivo studies have demonstrated
a decrease in insulin sensitivity in women without diabetes taking
certain contraceptive pills [36,37], and a number of implantable
hormonal contraceptives have been linked to alterations in car-
bohydrate metabolism, including impaired glucose tolerance and
increased insulin resistance [38,39]. The tendency to cause hyper-
glycemia was particularly marked with the early pills, which had
a relatively high estrogen content; the overall risk of developing
impaired glucose tolerance was 35% [40], and even greater in
women with a history of diabetes during pregnancy [41,42].
Impaired glucose tolerance during pregnancy remains a potent
risk factor, even with the newer oral contraceptives; these women
are three times more likely to develop diabetes with a progestogen-
only pill than with a low-dose combined pill [43].

Most currently available combined oral contraceptives contain
low estrogen dosage (25-50ug/day). In 1992, Rimm et al. [44]
reported the metabolic effects of oral contraceptives in a large
prospective survey of healthy volunteers, and found transient
rises in serum insulin concentrations and impairment of glucose
tolerance with all formulations. Consistent with this, metabolic
studies have demonstrated fasting hyperinsulinemia and reduced
insulin sensitivity [36,37,45]. Reassuringly, however, recent
studies, including a massive prospective follow-up of almost
99000 non-diabetic participants [46], found no appreciable
increase in the incidence of diabetes among users of current oral
contraceptives [46,47]. The authors of a recent Cochrane review
[48] concluded that hormonal contraceptives have little clinical
impact on carbohydrate metabolism. Low-dose combined oral
contraceptives are safe in younger women with uncomplicated
well-controlled diabetes [49].

In contrast to the older high-estrogen pills, the effect on glucose
homeostasis of low-estrogen combination pills is determined
mainly by the type and dosage of progestogen, with monophasic
levonorgestrel combinations having the most deleterious effect.
Oral progestogen-only formulations cause only minor hypergly-
cemia in healthy subjects, although diabetes may develop in
women who had hyperglycemia during previous pregnancies
[43]. The long-acting progestogens, such as depot medroxypro-
gesterone (Depo-Provera) and sustained-release low-dose lev-
onorgestrel, cause a statistically but not clinically significant
deterioration in glucose tolerance in healthy women [39,50].
There is little evidence, however, to suggest that this translates
into clinical harm, and the WHO medical eligibility criteria for
contraceptive use do not restrict the use of progestogen-only
contraceptives in women with diabetes unless diabetes has been
present for over 20 years or complications are present [51]. A
primary care study in the UK found that progestogen-only
methods of contraception, including the injectable contraceptive
Depo-Provera and progestogen-only pills, are significantly
more likely to be prescribed for women with diabetes than for
those without diabetes [52]. There is no convincing evidence
that the Mirena coil is associated with any change in glucose
metabolism.
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Hyperglycemia induced by hormonal contraceptives is usually
reversible on withdrawal of the contraceptive pill. The current
low-dosage contraceptive pills do not apparently predispose to
the subsequent development of T2DM, although there is some
evidence that this is a hazard in patients previously exposed to
high-dosage pills [53].

Estrogen replacement therapy in women with diabetes
A number of observational studies of hormone replacement
therapy (HRT) use in T2DM have demonstrated an association
between HRT use and reduced cardiovascular risk [54,55]. This
is in contrast to the general population, where HRT is not associ-
ated with a reduction in the incidence of cardiovascular disease
in postmenopausal women [56]. HRT preparations differ with
regard to type and dose of estrogen, type of combination pro-
gestogen and route of administration, and it is likely that these
differences may be important in determining the overall balance
of cardiovascular risk and benefit in specific patient subgroups
such as those with diabetes. One placebo-controlled randomized
study in 25 postmenopausal women with T2DM found that con-
jugated equine estrogen therapy (0.625mg/day) had beneficial
effects on blood glucose and lipid profiles [57]. A further study
in 28 postmenopausal women with T2DM using continuous oral
17 estradiol (1mg) and norethisterone (0.5mg) had similar
findings [58]. In the Women’s Health Initiative study, involving
over 160000 postmenopausal women aged 50-79 years, those
randomized to HRT had a lower incidence of self-reported dia-
betes than those randomized to placebo. This was true both for
women taking conjugated equine estrogen alone and those taking
a combination of conjugated equine estrogen plus medroxypro-
gesterone acetate [59,60]. The results of these studies, along with
the findings of a meta-analysis quantifying the effect of HRT on
components of the metabolic syndrome in postmenopausal
women [61], provide some reassurance that postmenopausal
estrogen replacement therapy can be offered to patients with
diabetes.

Antihypertensive and cardiovascular agents

Thiazide diuretics
Hyperglycemia was recognized as an adverse effect of chlorothi-
azide (the first marketed thiazide diuretic) within a year of its
introduction in 1957 [62]. Thiazides can induce adverse biochem-
ical changes, including hyperglycemia, hypokalemia and dyslipi-
demia [63-68]. The overall frequency of impaired glucose
tolerance is around 3-6 cases per 1000 patient-years when high
dosages of thiazides (=5 mg/day bendroflumethiazide (bendroflu-
azide) are used. With low dosages (<2.5 mg/day bendroflumethi-
azide) and the correction of any fall in plasma potassium
concentration, the problem is far less common [69-74].
Long-term studies show that impaired glucose tolerance
usually develops slowly, with a lag period of 2 years after starting
the thiazide [66,67]. The precise mechanism by which thiazide
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diuretics impair glucose tolerance has not been elucidated. It was
previously thought to be secondary to both reduced glucose-
stimulated insulin release and to insulin resistance (Figure 16.1),
but some recent evidence suggests the mechanism involves
reduced pancreatic insulin release alone and not reduced insulin
sensitivity [75]. The severity of glucose intolerance is strongly
correlated with the degree of hypokalemia [67]; the impairment
of insulin secretion is secondary to potassium depletion, which
appears to inhibit the cleavage of proinsulin to insulin and is
reversible on restoring normokalemia [73,76,77]. The result is
post-prandial hyperglycemia, with elevated proinsulin concen-
trations between meals that may downregulate insulin receptors
in peripheral tissues. This phenomenon affects people without
diabetes and those with T2DM, but not patients with type 1
diabetes (T1DM) receiving exogenous insulin replacement.

B-Adrenoceptor antagonists
B-Adrenoceptors modulate glucose homeostasis at several differ-
ent points (Figure 16.2). Long-term studies suggest that P-
adrenoceptor antagonists induce insulin resistance, possibly
partly through weight gain [78]. This diabetogenic effect is ampli-
fied if high-dose thiazides are also given [79]. The authors of a
recent meta-analysis of 94492 patients with hypertension con-
cluded that treatment with B-adrenoceptor antagonists is associ-
ated with a 22% increased risk for new-onset diabetes [80]. The
risk was greater in patients with higher baseline body mass
indexes and higher baseline fasting glucose concentrations.

-Adrenoceptor antagonists differ in their diabetogenic poten-
tial; in the meta-analysis, the risk for new-onset diabetes was 30%
greater for atenolol and 34% greater with metoprolol than other
agents [80]. In contrast, there was no increase in the risk for new-
onset diabetes with propranolol compared with placebo. In fact,
in the GEMINTI trial, carvedilol stabilized glycated hemoglobin
and improved insulin resistance in patients with diabetes and
hypertension [81].

The possible importance of B-adrenoceptor antagonists in
masking hypoglycemic symptoms is discussed in Chapter 26.

Calcium-channel blockers

In vitro and in vivo studies have demonstrated that calcium-
channel blockers can impair glucose metabolism. Very few cases
of clinically significant hyperglycemia have been reported,
however, [82—-88], and most were associated with excessive
dosage of these drugs. Verapamil inhibits the second phase of
glucose-stimulated insulin release by blocking the uptake of
calcium into the cytosol of B-cells [89]; it also inhibits sulfonylu-
rea and glucagon-induced insulin secretion [90]. Hyperglycemia
and metabolic acidosis are well described in verapamil poisoning,
and in vivo animal studies suggest that hyperglycemia may be
caused by a combination of impaired insulin release and insulin
resistance, causing a fall in insulin-mediated glucose clearance,
together with increased action of circulating catecholamines [91].
Serum glucose concentrations have been found to correlate
directly with the severity of the calcium-channel blocker intoxica-
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Figure 16.3 Plasma glucose and insulin
concentrations during an oral glucose tolerance test,
in 20 healthy controls (red) and in four dysglycemic
subjects treated with intravenous pentamidine
(yellow). Data are mean + SEM. * P < 0.05, **

P < 0.01 vs baseline. Reproduced from Assan et al.
[100] with permission from the American Diabetes
Association.

tion [92]. Nonetheless, calcium-channel blockers used appro-
priately can be regarded as safe in patients with diabetes
[82,93-96].

Other drugs

B-Cell toxins

A few drugs act directly as B-cell toxins and can cause permanent
diabetes, often insulin-dependent. A classic example is the nitro-
sourea, streptozocin (streptozotocin), which has long been used
to induce experimental insulin-dependent diabetes in rodents; in
humans, it is employed as chemotherapy for inoperable or meta-
static insulinoma.

Drug-Induced Diabetes Chapter 16
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Pentamidine, used to treat Pneumocystis jirovecii infection in

patients with AIDS [97], is closely related to another experimen-
tal diabetogenic drug, alloxan. It causes destruction of B-cells and
may initially induce insulin release and transient hypoglycemia
[98], followed subsequently by diabetes [99]. This effect is pre-
dominantly seen when pentamidine is given intravenously
(Figure 16.3), but can also follow inhalation of an aerosol [100].
In one series of 128 patients with AIDS treated with pentamidine
for Pneumocystis jirovecii infection, nearly 40% developed signifi-
cant abnormalities of glucose homeostasis: hypoglycemia (5%),
hypoglycemia followed by diabetes (15%) and diabetes alone
(18%) [100]. Higher doses of pentamidine, higher plasma creati-
nine concentration and more severe anoxia were risk factors for
the development of these glucose abnormalities.
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The rodenticide pyriminil (Vacor) has also caused irreversible
diabetes in humans when ingested accidentally or with suicidal
intent.

HIV protease inhibitors

The treatment of HIV infection has evolved dramatically during
the last decade, with the wide introduction of protease inhibitors
such as indinavir, nelfinavir, ritonavir and saquinavir. In general,
these drugs are well tolerated, but worsening of pre-existing dia-
betes or the new onset of T2DM has been reported in 2—-6% of
patients receiving them [101-103]. Transient elevations in
glucose concentrations are common in these patients, and there
is a fivefold increase in the incidence of sustained glucose intoler-
ance [101]. Because of similarities to the pathogenesis and clinical

presentation of T2DM, it has been advised that treatment of
protease inhibitor-associated hyperinsulinemia and hyperglyc-
emia should follow the recommendations of the American
Diabetes Association for the management of T2DM [104].

A striking syndrome of peripheral lipodystrophy, hyper-
lipidemia and insulin resistance has also been described in
patients receiving HIV protease inhibitors, especially long term
(Figure 16.4). This suggests that the underlying cause of hyperg-
lycemia is insulin resistance [103]. The mechanism is not
fully understood; Carr et al. [103] propose that protease inhibi-
tors may bind to as yet uncharacterized target proteins that regu-
late lipid metabolism, leading to elevated circulating fatty acids
that could interfere with insulin signaling or enter the fatty
acid cycle and compete with glucose cycle intermediates. Recent

Figure 16.4 Protease inhibitor-induced lipodystrophy. (a,b) “Buffalo hump” caused by nuchal fat deposition. (c,d) Facial fat atrophy. Courtesy of Professor Munir

Pirmohamed, University of Liverpool, UK.
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studies indicate that these drugs have direct effects on adipocytes,
including resistance to insulin’s actions in promoting glucose
uptake and inhibiting lipolysis [105], as well as impairment
of differentiation from pre-adipocytes to mature fat cells
[106].

B-Adrenoceptor agonists
B,-Adrenoceptor agonists stimulate insulin secretion, but this
effect is overwhelmed by increased hepatic glucose output, and
the usual net effect is hyperglycemia (Figure 16.2). High dosage
of B,-agonist drugs (e.g. salbutamol, ritodrine and terbutaline)
is commonly used to treat asthma and premature labor.
Hyperglycemia often results [107], and diabetic ketoacidosis has
even been induced in previously non-diabetic pregnant women
[108]. Continuous nebulization of B,-agonist drugs for status
asthmaticus can also result in hyperglycemia [109]. The effects of
[,-agonists are most pronounced in patients with TIDM. When
dexamethasone is administered together with a 3,-agonist, as in
the treatment of preterm labor, the resulting hyperglycemia can
be severe, even in previously normoglycemic patients. In view of
this, current guidance from the National Institute for Health and
Clinical Excellence (NICE) recommends that when tocolysis is
indicated in women with diabetes, an alternative to [,-
adrenoceptor agonists should be used to avoid hyperglycemia and
ketoacidosis [110].

Epinephrine (adrenaline) [111], dopamine [112] and
theophylline can also cause hyperglycemia through similar
mechanisms.

Diazoxide

Diazoxide is a non-diuretic benzothiadiazine derivative with
potent vasodilator properties, which was previously used to treat
hypertensive crises; it is now rarely used for this indication, but
is sometimes helpful in cases of inoperable insulinoma and to
treat profound hypoglycemia following sulfonylurea overdose.
The dose used for treatment of patients with insulinoma ranges
between 100 and 600 mg/day, often in divided doses [113]. It acts
on the B-cell membrane to open the ATP-dependent potassium
channel, thus hyperpolarizing the membrane and inhibiting
insulin secretion (see Chapter 6). Diazoxide can cause hypergly-
cemia after only two or three doses.

Somatostatin analogs

Somatostatin suppresses insulin secretion but also inhibits the
release of the counter-regulatory hormones, growth hormone
and glucagon; the net effect in subjects without diabetes is usually
to maintain euglycemia. Octreotide, a somatostatin analog used
to treat neuroendocrine tumors, has different metabolic effects
in TIDM and T2DM [114]. In patients with TIDM treated with
exogenous insulin, suppression of glucagon and growth hormone
decreases hepatic glucose production and can lower blood glucose
and/or insulin requirements. In patients with T2DM, inhibition
of endogenous insulin can predominate, leading to hyperglyc-
emia. There is some evidence that treatment with octreotide,
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lanreotide and the long-acting preparations of both drugs can
impair glucose tolerance and occasionally cause diabetes, notably
in people with acromegaly whose glucose homeostasis is already
impaired (see Chapter 17) [115-117]. The effect of long-acting
somatostatin analogs on glucose metabolism in patients with
acromegaly is complex; they reduce the insulin resistance caused
by elevated growth hormone concentrations, but also suppress
insulin secretion from islet -cells. The net balance between the
two effects determines whether long-acting somatostatin analogs
improve or worsen glucose metabolism [118]. These effects are
inconsistent and unpredictable, with worsening glucose metabo-
lism occasionally seen in the presence of improving growth
hormone concentrations [119].

Utilizing its suppressive effect on insulin release, octreotide
has been used effectively to manage refractory hypoglycemia
caused by acute sulfonylurea poisoning or quinine treatment
[120-123].

Recombinant human growth hormone

Biosynthetic growth hormone (GH), now widely used to treat
growth failure, is an insulin antagonist that can cause reversible
mild glucose intolerance [124]. A recent large study of over 23000
children treated with human recombinant human growth
hormone (hGH) showed a sixfold higher frequency of T2DM
than expected [125], although the incidence of TIDM was not
increased. These data from a young cohort suggest that GH prob-
ably accelerates the development of the disease in individuals who
may have a genetic predisposition to T2DM.

Increasingly, hGH has become accepted as long-term therapy
in adults with GH deficiency (GHD) (see Chapter 17); as yet, no
significant adverse effects on glycemic control have been reported.
Fasting plasma glucose and glycated hemoglobin usually increase,
but remain within the reference range, in subjects without diabe-
tes during prolonged hGH replacement; in subjects with pre-
existing impaired glucose tolerance, they tend not to rise further
above pretreatment baseline values [126]. This probably reflects
the complex interaction between hGH, insulin-like growth factor
I (IGF-I) and body composition. Many people with adult GHD
have abnormal body composition with central adiposity and
decreased lean body mass. In the short term, thGH acts as an
insulin antagonist but in the longer term leads to increases in
IGF-I and decreased fat mass, which tend to improve insulin
sensitivity (see Chapter 17). It is recommended, however, that
overdosing be avoided and glycemic control be monitored
[127].

New-onset diabetes mellitus has been described in patients
with the HIV wasting syndrome (AIDS cachexia) treated with
hGH in supraphysiological doses [128].

Antirejection drugs

Post-transplantation diabetes mellitus (PTDM) has been reported
in non-diabetic adult transplant recipients taking ciclosporin
(cyclosporine) [129,130]. Animal studies have implicated revers-
ible B-cell damage [131], causing reduced insulin secretion [132—
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134]. In addition, pancreas allograft biopsies from transplant
patients receiving ciclosporin show histologic changes compati-
ble with islet cell damage, including cytoplasmic swelling, vacu-
olization and apoptosis [135]. Recent studies suggest that the risk
of PTDM increases progressively with time after transplantation.
Newer preparations of ciclosporin which are better absorbed
from the gastrointestinal tract achieve higher blood concentra-
tions and thus higher cumulative exposure, and increase the inci-
dence of diabetes [136].

PTDM is also commonly observed in up to 28% of adults
receiving tacrolimus (FK506), a newer and more potent immu-
nosuppressive agent [137-139]. More recent trials, however,
suggest the risk of developing PTDM can be reduced by the use
of low-dose tacrolimus (0.15-0.2mg/kg/day) [140]. Altered
insulin and glucagon responses to arginine in patients treated
with these drugs suggest a defect in the B-cell-oi-cell axis within
the islet (see Chapter 6) [141]. The diabetogenic effects of both
ciclosporin and tacrolimus are largely reversible with appropriate
reductions in the drug dosage.

Recently developed immunosuppression protocols aiming to
minimize the use of steroids and nephrotoxic immunosuppres-
sants have resulted in the extensive use of potent non-nephro-
toxic immunosuppressants, such as mycophenolate mofetil and
sirolimus. The incidence of PTDM associated with these agents
is uncertain. Study results with sirolimus have been inconsistent,
with some suggesting an increased risk of developing PTDM
[142,143] and others not [144].

o-Interferon therapy has been associated with the develop-
ment of both TIDM and T2DM, sometimes with ketoacidosis;
autoimmune mechanisms have been implicated [145].

Drugs used in psychiatric disorders

Antipsychotic agents

Hyperglycemia occurs occasionally with conventional antipsy-
chotic drugs, but the use of the newer atypical antipsychotics,
especially clozapine and olanzapine, have been widely reported
to be associated with the development of de novo diabetes mellitus
and exacerbation of pre-existing diabetes [146—148]. A causative
relationship between antipsychotic and diabetes has not been
established beyond doubt because many patients receiving these
drugs who develop diabetes have traditional risk factors for dia-
betes. Indeed, the rates of diabetes in people with severe mental
illness were reported to be higher in the pre-antipsychotic era (see
Chapter 55). Possible underlying mechanisms linking antipsy-
chotics and the development of diabetes include hepatic dysregu-
lation caused by antagonism of hepatic serotonergic mechanisms
[149]. Weight gain, associated with fasting hyperglycemia and
hyperinsulinemia, point to insulin resistance as the underlying
mechanism although some in vitro studies suggest that the antip-
sychotics may have a direct effect on insulin secretion. In a few
cases, blood glucose concentrations may return to normal once
the drug is discontinued. Despite a wealth of evidence from a
number of sources (anecdotal case reports, drug safety studies,
pharmacoepidemiologic studies, prospective studies) linking
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glucose intolerance to the use of atypical antipsychotics, one esti-
mate of the attributable risk of diabetes associated with atypical
antipsychotics ranged from 0.05% for risperidone to 2.03% for
clozapine, suggesting that the absolute excess risk associated with
atypical antipsychotics is probably low [150]. Consequently, most
individuals receiving antipsychotics will not develop diabetes and
for those who do, the cause is unlikely to be related to their treat-
ment. When prescribing atypical antipsychotic medication,
however, baseline screening and follow-up monitoring is
recommended.

Antidepressants

Depression is an important problem among people with diabetes
(see Chapter 55), and various antidepressant drugs can affect
plasma glucose and insulin concentrations [151,152]. The tricy-
clic antidepressant, nortriptyline, worsens glycemic control [153],
and has been shown to reduce insulin concentrations in animal
studies [152]. There is also a single case report in the literature of
another tricyclic agent, clomipramine, causing significant symp-
tomatic hyperglycemia which resolved when the drug was discon-
tinued and recurred when the patient was rechallenged with the
drug [154]. The selective serotonin reuptake inhibitors (SSRIs),
fluoxetine and fluvoxamine, cause hyperglycemia in mice, appar-
ently because increased serotonergic neurotransmission enhances
catecholamine release from the adrenal medulla while suppress-
ing insulin release [151]. This does not, however, appear to be a
significant problem in humans; indeed, various antidepressant
drugs, including SSRIs, have been shown to improve glycemic
control in patients with diabetes by decreasing appetite while
relieving depression and helping to improve compliance with
antidiabetic treatment [155].

Other drugs

* Asparaginase (crisantaspase), an anticancer drug used to treat
acute lymphoblastic leukemia, causes predictable impairment of
glucose tolerance which is secondary to insulin resistance. In one
trial in children, 10% of cases developed hyperglycemia, and all
showed glycosuria [156].

* Oxymetholone and danazol, certain synthetic steroid derivatives
with androgenic properties, impair glucose tolerance, probably
by inducing insulin resistance at a post-receptor site [157]; stimu-
lation of glucagon secretion may also contribute [158].

* Nicotinic acid, used to treat dyslipidemia, is reported to cause
hyperglycemia which is occasionally severe [118,159], although
no such deleterious effect was observed in a recent trial in people
with diabetes [160]. Its analog, acipimox, does not have adverse
effects on glycemic control in people with diabetes [161].

* Phenytoin can cause hyperosmolar hyperglycemic syndrome
or overt diabetes by interfering with calcium ion entry into -
cells, thus inhibiting insulin secretion [162].

* Gatifloxacin is a broad-spectrum 8-methoxyfluoroquinolone
antibacterial agent previously used to treat a variety of infections.
There have been several postmarketing reports of dysglycemia,
both hypoglycemia and hyperglycemia, associated with the use of
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Figure 16.5 Treatment algorithm for glucocorticoid-induced hyperglycemia.

gatifloxacin [163,164]. The incidence of gatifloxacin-induced
hyperglycemia is estimated at around 1%, and reported cases
have involved both new-onset diabetes and worsening of glyc-
emic control in patients with existing diabetes. The exact underly-
ing mechanism is unknown, but data from animal studies point
towards possible inhibition of insulin secretion [164] or increased
secretion of epinephrine [165].

Transient hyperglycemia has been described following treat-
ment or overdose with a number of commonly prescribed
drugs such as non-steroidal anti-inflammatory drugs [166] and
isoniazid. There are also anecdotal reports of drug-induced
hyperglycemia associated with nalidixicacid [167], carbamazepine
[168], encainide [169], benzodiazepines [170] and mianserin
[171].

Treatment of drug-induced hyperglycemia

Clinically relevant hyperglycemia occurs most commonly with
high doses of glucocorticoids. If hyperglycemia occurs during
thiazide treatment, the need for the drug should be reassessed. If
a diuretic is required, then a small dose of furosemide or bumeta-
nide may be substituted. If an antihypertensive agent is needed,
it may be possible to reduce the dosage of bendroflumethiazide
(e.g. to 2.5mg/day), or to replace it with another class of drug.

Steroid-induced diabetes
It may not be possible to withdraw glucocorticoid therapy,
although “steroid-sparing” immunosuppressive drugs such as

azathioprine can sometimes be introduced for certain indica-
tions. Other measures are often needed to control hyperglycemia.
Management depends primarily upon the severity of hyperglyc-
emia (Figure 16.5). Random blood glucose measurements provide
only an approximate guide, and therapy should be adjusted by
frequent blood glucose monitoring; simple relief of symptoms
alone is inadequate. A target fasting blood glucose concentration
of <8 mmol/L may be suitable in the short term, and the usual
criteria for good control should be applied if long-term glucocor-
ticoid therapy is undertaken (see Chapter 20).

If significant hyperglycemia develops with high-dose glucocor-
ticoid therapy (e.g. prednisolone 40 mg/day or more), insulin
therapy may be started at 0.5 U/kg bodyweight per day, divided
between morning and evening doses of short- and intermediate-
acting insulin. This dosage is unlikely to produce hypoglycemia
and indeed may need to be increased progressively, as dictated by
blood glucose monitoring. If the patient presents as a hyperglyc-
emic emergency, standard therapy with intravenous insulin
should be started; because steroids induce insulin resistance,
insulin delivery rates of 6-8 U/hour may be required initially (see
Chapter 34).

Patients with diabetes who are to begin high-dosage glucocor-
ticoid therapy must be warned that their glycemic control will
worsen, and treatment for their diabetes should be adjusted pro-
spectively. Those with T2DM treated by diet alone and whose
fasting blood glucose concentration is 7-10 mmol/L will require
addition of a sulfonylurea or insulin, while those poorly control-
led with high dosages of oral agent will need insulin therapy. For
patients already taking insulin, the dosage may need to be
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increased by 50% initially, starting on the same day as steroid
therapy. Further adjustments will be based upon results of blood
glucose monitoring.

Conclusions

Many drugs can cause hyperglycemia and diabetes, or worsen
blood glucose control in patients with diabetes. The possible con-
tribution of diabetogenic drugs should be considered in newly
diagnosed patients with diabetes, or if hyperglycemia develops in
subjects with previously well-controlled diabetes. Drug effects are
often reversible and there are often alternative treatments to
achieve the same therapeutic goals. Where the prescription of
diabetogenic drugs is inevitable, careful monitoring of glycemic
control and prudent use of suitable antidiabetic treatment can
mitigate their effects.

References

—_

Lithell H. Insulin resistance and cardiovascular drugs. Clin Exp

Hypertens 1992; 14:151-162.

2 Lithell H. Effect of antihypertensive drugs on insulin, glucose, and
lipid metabolism. Diabetes Care 1991; 14:203-209.

3 Mancini M, Ferrara A, Strazzullo P, Marotta T. Metabolic distur-
bances and antihypertensive therapy. ] Hypertens 1991; 9(Suppl):
547-S50.

4 Pool P, Seagren S, Salel A. Metabolic consequences of treating hyper-
tension. Am | Hypertens 1991; 4:4945-502S.

5 Berne C, Pollare T, Lithell H. Effects of antihypertensive treatment
on insulin sensitivity with special reference to ACE inhibitors.
Diabetes Care 1991; 14(Suppl. 4):39-47.

6 Skarfors E, Selinus K, Lithell H. Risk factors for developing non-
insulin dependent diabetes: a 10 year follow up of men in Uppsala.
Br Med ] 1991; 303:755-760.

7 Bengtsson C. Incidence of diabetes during antihypertensive treat-
ment. Horm Metab Res 1990; 22(Suppl):38-42.

8 Selye H. Textbook of Endocrinology. Montreal: Acta Endocrinologica,
1947.

9 Long CNH, Lukens FDW. The effects of adrenalectomy and hypo-
physectomy upon experimental diabetes in the cat. ] Exp Med 1936;
63:465—490.

10 Ingle DJ. The production of glycosuria in the normal rat by means
of 17-hydroxy-11-dehydrocorticosterone. 1941;
29:649-652.

11 Conn J, Fajans S. Symposium on the influence of adrenal cortical
steroids on carbohydrate metabolism in man. Metab Clin Exp 1956
5:114-121.

12 Issekutz C, Allen M. Effect of catecholamines and methylpred-
nisolone on carbohydrate metabolism in dogs. Metab Clin Exp 1972;
21:48-51.

13 Kahn C, Megyesi R, Bar R, et al. Receptors for peptide hormones:
new insights into the pathophysiology of disease states in man. Ann
Intern Med 1977; 86: 205-211.

14 Munck A. Glucocorticoid inhibition of glucose uptake by peripheral

Endocrinology

tissues: old and new evidence, molecular mechanisms, and physio-
logical significance. Perspect Biol Med 1971; 14:265-271.

274

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Owen O, Cahill G. Metabolic effects of exogenous glucocorticoids
in fasted man. J Clin Invest 1973; 52:2596—2600.

Hench PS, Kendall EC, Slocumb CH, Polley HE The effect of a
hormone of the adrenal cortex (17-hydroxy-11-dehydrocorticoster-
one: compound E) and of pituitary adrenocorticotropic hormone
on rheumatoid arthritis. Proc Mayo Clin 1949; 24:181-197.

van Staa TP, Leufkens HGM, Abenhaim L, et al. Use of oral corti-
costeroids in the United Kingdom. Q J Med 2000; 93:105-111.
Office for National Statistics. Key Health Statistics from General
Practice 1996 (Series MB6 No. 1). London: Office for National
Statistics, 1998.

Pagano G, Caballo-Perin P, Cassader M, Bruno A, Ozzello A,
Masciola P, et al. An in vivo and in vitro study of the mechanism of
prednisolone-induced insulin resistance in healthy subjects. J Clin
Invest 1983; 72:1814-1820.

Schubert G, Schulz H. Contribution to the clinical picture of steroid
diabetes. Dtsch Med Wochenschr 1963; 8:1175-1188.

Lieberman P, Patterson R, Kunske R. Complications of long-term
steroid therapy for asthma. J Allergy Clin Immunol 1972;
49:329-336.

Wajngot A, Giacca A, Grill V, Vranic M, Efendic S. The diabetogenic
effects of glucocorticoids are more pronounced in low- than in
high-insulin responders. Proc Natl Acad Sci U S A 1992; 89:6035—
6039.

Efendic S, Luft R, Wajngot A. Aspects of the pathogenesis of type 2
diabetes. Endocr Rev 1984; 5:395-410.

Gulliford MC, Charlton J, Latinovic R. Risk of diabetes associated
with prescribed glucocorticoids in a large population. Diabetes Care
2006; 29:2728-2729.

Turnbow M, Keller S, Rice K, Garner CW. Dexamethasone down-
regulation of insulin receptor substrate-1 in 3T3-L1 adipocytes. |
Biol Chem 1994; 269:2516-2520.

Hosker JP, Burnett MA, Matthews DR, Turner RC. Prednisolone
enhances beta-cell function independently of ambient glycemic
levels in type II diabetes. Metabolism 1993; 42:1116—1120.

Gomez E, Frost P. Induction of glycosuria and hyperglycaemia
by topical corticosteroid therapy. Arch Dermatol 19765
112:1559-1562.

Hengge UR, Ruzicka T, Schwartz RA, Cork MJ. Adverse effects of
topical glucocorticosteroids. J Am Acad Dermatol 2006; 54:1-15.
Faul JL, Tormey V, Burke C. High dose corticosteroids and dose
dependent loss of diabetic control. Br Med ] 1998; 317:1491.

Gobbi M, Scudeletti M. Deflazacort in the treatment of haemato-
logic disorders. Eur J Clin Pharmacol 1993; 45(Suppl. 1):525-S28.
Atef M, Hanafy M, Arbid M. Enhanced diabetogenic effects of com-
bined treatment with hydrochlorothiazide and prednisolone in
adjuvant arthritic rats. Pharmacology 1991; 42:177-180.

Bailey CJ, Flatt PR. Insulin releasing effects of adrenocorticotropin
(ACTH 1-39) and ACTH fragments (1-24 and 18-39) in lean and
genetically obese hyperglycaemic (ob/ob) mice. Int ] Obes 1987;
11:175-181.

Knudtzon J. Acute in vivo effects of adrenocorticotrophin on plasma
levels of glucagon, insulin, glucose and free fatty acids in rabbits:
involvement of the alpha-adrenergic nervous system. J Endocrinol
1984; 100:345-352.

Schacke H, Berger M, Rehwinkel H, Asadullah K. Selective gluco-
corticoid receptor agonists (SEGRAs): novel ligands with an
index. Mol Cell 2007;

improved  therapeutic Endocrinol

275:109-117.



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Escalante Pulido JM, Alpizar Salazar M. Changes in insulin sensitiv-
ity, secretion and glucose effectiveness during menstrual cycle. Arch
Med Res 1999; 30:19-22.

Kojima T, Lindheim SR, Duffy DM, Vijod MA, Stanczyk FZ, Lobo
RA. Insulin sensitivity is decreased in normal women by doses of
ethinyl estradiol used in oral contraceptives. Am ] Obstet Gynecol
19935 169:1540-1544.

Petersen KR, Christiansen E, Madsbad S, Skouby SO, Andersen LF,
Jespersen J. Metabolic and fibrinolytic response to changed insulin
sensitivity in users of oral contraceptives. Contraception 1999;
60:337-344.

Dorflinger L]. Metabolic effects of implantable steroid contracep-
tives for women. Contraception 2002; 65:47—62.

Kahn HS, Curtis KM, Marchbanks PA. Effects of injectable or
implantable progestin-only contraceptives on insulin-glucose
metabolism and diabetes risk. Diabetes Care 2003; 26:216-225.
Spellacy W. A review of carbohydrate metabolism and the oral con-
traceptives. Am J Obstet Gynecol 1969; 104:448—460.

Szabo A, Cole H, Grimaldi R. Glucose tolerance in gestational dia-
betic women during and after treatment with a combination-type
oral contraceptive. N Engl | Med 1970; 282:646—650.

Beck P, Wells S. Comparison of the mechanisms underlying carbo-
hydrate intolerance in subclinical diabetic women during pregnancy
and during post-partum oral contraceptive steroid treatment. J Clin
Endocrinol Metab 1969; 29:107—118.

Kjos SL, Peters RK, Xiang A, Thomas D, Schaefer U, Buchanan TA.
Contraception and the risk of type 2 diabetes mellitus in Latina
women with prior gestational diabetes mellitus. JAMA 1998;
280:533-538.

Rimm E, Manson J, Stampfer M, Colditz GA, Willett WC, Rosner
B, et al. Oral contraceptive use and the risk of type 2 (non-insulin-
dependent) diabetes mellitus in a large prospective study of women.
Diabetologia 1992; 35:967-972.

Crook D, Godsland IE, Worthington M, Felton CV, Proudler AJ,
Stevenson JC. A comparative metabolic study of two low-estrogen-
dose oral contraceptives containing desogestrel or gestodene pro-
gestins. Am ] Obstet Gynecol 1993; 169:1183-1189.

Chasan-Taber L, Willett WC, Stampfer MJ, Hunter DJ, Colditz GA,
Spiegelman D, et al. A prospective study of oral contraceptives and
NIDDM among US women. Diabetes Care 1997; 20:330-335.
Petersen KR, Skouby SO, Jespersen J. Contraception guidance in
women with pre-existing disturbances in carbohydrate metabolism.
Eur J Contracept Reprod Health Care 1996; 1:53-59.

Lopez LM, Grimes DA, Shulz KE Steroidal contraceptives: effect on
carbohydrate metabolism in women without diabetes mellitus.
Cochrane Database Syst Rev 2007; CD006133.

Girling JDE, Swiet M. Contraception for women with diabetes or
hypertension. Trends Urol Gynaecol Sexual Health 1997; 2:23-34.
Kjos SL. Contraception in diabetic women. Obstet Gynecol Clin
North Am 1996; 23:243-258.

World Health Organization (WHO). Improving access to quality
care in family planning; medical eligibility criteria for contraceptive
use. 2004. http://www.who.int/reproductive-health/publications/
mec/

Shawe ], Mulnier H, Nicholls P, Lawrenson R. Use of hormonal
contraceptive methods by women with diabetes. Prim Care Diabetes
2008; 2:195-199.

Gaspard U, Lefebone P. Clinical aspects of the relationship between
oral contraceptive pills, abnormalities in carbohydrate metabolism,

54

55

56

57

58

59

60

6

—

62

63

64

65

66

67

68

69

Drug-Induced Diabetes Chapter 16

and the development of cardiovascular disease. Am ] Obstet Gynecol
1990; 163:334-343.

Kaplan RC, Heckbert SR, Weiss NS, Wahl PW, Smith NL, Newton
KM, et al. Postmenopausal estrogens and risk of myocardial infarc-
tion in diabetic women. Diabetes Care 1998; 21:1117-1121.
Newton KM, LaCroix AZ, Heckbert SR, Abraham L, McCulloch D,
Barlow W. Estrogen therapy and risk of cardiovascular events
among women with type 2 diabetes. Diabetes Care 2003;
26:2810-2816.

Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA,
Black H, et al. Effects of conjugated equine estrogen in postmeno-
pausal women with hysterectomy: the Women’s Health Initiative
randomized controlled trial. JAMA 2004; 291:1701-1712.

Friday KE, Dong C, Fontenot RU. Conjugated equine estrogen
improves glycemic control and blood lipoproteins in post-meno-
pausal women with type 2 diabetes. J Clin Endocrinol Metab 2001;
86:48-52.

Kernohan AF, Sattar N, Hilditch T, Cleland SJ, Small M, Lumsden
MA, et al. Effects of low-dose continuous combined hormone
replacement therapy on glucose homeostasis and markers of cardio-
vascular risk in women with type 2 diabetes. Clin Endocrinol (Oxf)
2007; 66:27-34.

Margolis KL, Bonds DE, Rodabough RJ, Tinker L, Phillips LS, Allen
C, et al. Effect of oestrogen plus progestin on the incidence of
diabetes in postmenopausal women: results from the Women’s
Health Initiative Hormone Trial. Diabetologia 2004; 47:1175-
1187.

Bonds DE, Lasser N, Qi L, Brzyski R, Caan B, Heiss G, et al. The
effect of conjugated equine oestrogen on diabetes incidence: the
Women’s Health Initiative randomised trial. Diabetologia 2006;
49:459-468.

Salpeter SR, Walsh JM, Ormiston TM, Greyber E, Buckley NS,
Salpeter EE. Meta-analysis: effect of hormone-replacement therapy
on components of the metabolic syndrome in postmenopausal
women. Diabetes Obes Metab 2006; 8:538—-554.

Wilkins R. New drugs for the treatment of hypertension. Ann Intern
Med 1959; 50:1-10.

Duke M. Thiazide-induced hypokalemia: association with acute
myocardial infarction and ventricular fibrillation. JAMA 1978;
239:43—-49.

Goldner M, Zurkowitz H, Akgun S. Hyperglycemia and glycosuria
due to thiazide derivatives administered in diabetes mellitus. N Engl
] Med 1960; 262:403-405.

Shapiro A, Benedek T, Small J. Effect of thiazides on carbohydrate
metabolism in patients with hypertension. N Engl ] Med 1961;
265:1028-1033.

Lewis P, Kohner E, Petrie A, Dollery CT. Deterioration of glucose
tolerance in hypertensive patients on prolonged diuretic treatment.
Lancet 1976; 1:564-566.

Murphy M, Lewis P, Kohner E, Schumer B, Dollery CT. Glucose
intolerance in hypertensive patients treated with diuretics: 14 year
follow-up. Lancet 1982; ii:1293—1295.

Amery A, Wasir H, Bulpitt C, Conway J, Fagard R, Lijnen P, et al.
Glucose intolerance during diuretic therapy: results of trial by the
European Working Party on Hypertension in the Elderly. Lancet
1978; 1:681-683.

Nguyen K. Are thiazides diabetogenic? Tidsskr Nor Laegeforen 1993;
113:2587-2589.

Freis D. Adverse effects of diuretics. Drug Saf 1992; 7:364-373.

275



Part 4 Other Types of Diabetes

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

276

Anderson O, Gudbrandsson T, Jamerson K. Metabolic adverse
effects of thiazide diuretics: the importance of normokalaemia. J
Intern Med 1991; 735(Suppl.):89-96.

Sagild U, Andersen V, Andreasen P. Glucose tolerance and insulin
responsiveness in experimental potassium depletion. Acta Med
Scand 1961; 169:243-251.

Helderman J, Elahi D, Andersen D, Raizes GS, Tobin JD, Shocken
D, et al. Prevention of the glucose intolerance of thiazide diuretics
by maintenance of body potassium. Diabetes 1983; 32:106-111.
Berglund G, Andersson O, Widgren B. Low dose anti-hypertensive
treatment with a thiazide diuretic is not diabetogenic. Acta Med
Scand 1986; 220:419-424.

Cutler JA. Thiazide-associated glucose abnormalities: prognosis, eti-
ology, and prevention: is potassium balance the key? Hypertension
2006; 48:198-200.

Rapoport M, Hurd H. Thiazide-induced glucose intolerance treated
with potassium. Arch Intern Med 1964; 113:405-408.

Zillich AJ, Garg J, Basu S, Bakris GL, Carter BL. Thiazide diuretics,
potassium, and the development of diabetes: a quantitative review.
Hypertension 2006; 48:219-224.

Jacob S, Rett K, Henriksen EJ. Antihypertensive therapy and insulin
sensitivity: do we have to redefine the role of beta-blocking agents?
Am ] Hypertens 1998; 11:1258—1265.

Helgeland A, Leren P, Foss OP, Hjermann I, Holme I, Lund-Larse,
PG. Serum glucose levels during long-term observation of treated
and untreated men with mild hypertension: the Oslo study. Am |
Med 1984; 76:802-805.

Bangalore S, Parkar S, Grossman E, Messerli FH. A meta-analysis of
94,492 patients with hypertension treated with beta blockers to
determine the risk of new-onset diabetes mellitus. Am J Cardiol
20075 100:1254-1262.

Bakris GL, Fonseca V, Katholi RE, McGill JB, Messerli FH, Phillips
RA, et al. Metabolic effects of carvedilol vs metoprolol in patients
with type 2 diabetes mellitus and hypertension: a randomized con-
trolled trial. JAMA 2004; 292:2227-2236.

Trost B, Weidmann P. Effects of calcium antagonists on glucose
homeostasis and serum lipids in non-diabetic and diabetic subjects:
a review. | Hypertens 1987; 5(Suppl. 4):S81-S104.

Charles S, Ketelslegers J, Buysschaert M, Lambert AE. Hyperglycaemic
effect of nifedipine. Br Med ] 1981; 283:19-20.

Leonetti G, Pasotti C, Ferrari G, Zanchetti A. Double-blind com-
parison of the antihypertensive effects of verapamil and propranolol.
In: Zanchetti A, Krikler D, eds. Calcium Antagonism in Cardiovascular
Therapy: Experience with Verapamil. Amsterdam: Excerpta Medica,
1981: pp. 260-269.

De Marinis L, Barbarino A. Calcium antagonists and hormone
release, 1: effects of verapamil on insulin release in normal subjects
and patients with islet-cell tumour. Metabolism 1980; 29:599—
604.

Sando H, Katagiri H, Okada M, ef al. The effect of nifedipine and
nicardipine on glucose tolerance, insulin and C-peptide. Diabetes
1983; 32(Suppl. 1):66A.

Deedwania P, Shah ], Robison C, et al. Effects of nifedipine on
glucose tolerance and insulin release in man. ] Am Cardiol 1984;
3:577.

Bhatnagar SK, Amin MM, Al-Yusuf A. Diabetogenic effects of
nifedipine. Br Med J 1984; 289:19.

Barbarino A, De Marinis L, Mancini A, Calabré F, Massari M,
D’Amico C, et al. Calcium antagonists and hormone release, 6:

90

—_

9

92

93

94

95

96

97

98

99

100

10

—_

102

103

104

105

106

effects of a calcium antagonist (verapamil) on the biphasic insulin
release in vivo. Diabetes Res 1988; 8: 21-24.

De Marinis L, Barbarino A. Calcium antagonists and hormone
release, 1: effects of verapamil on insulin release in normal subjects
and patients with islet-cell tumor. Metabolism 1980; 29:599-604.
Kline JA, Raymond RM, Schroeder JD, Watts JA. The diabetogenic
effects of acute verapamil poisoning. Toxicol Appl Pharmacol 1997;
145:357-362.

Levine M, Boyer EW, Pozner CN, Geib AJ, Thomsen T, Mick N, et
al. Assessment of hyperglycemia after calcium channel blocker over-
doses involving diltiazem or verapamil. Crit Care Med 2007;
35:2071-2075.

Buhler E The case for calcium antagonists as first-line treatment of
hypertension. ] Hypertens 1992; 10(Suppl):S17-S20.

Klauser R, Prager R, Gaube S, Gisinger C, Schnack C, Kiienburg E,
et al. Metabolic effects of isradipine versus hydrochlorothiazide in
diabetes mellitus. Hypertension 1991; 17:15-21.

Andronico G, Piazza G, Mangano M, Mule G, Carone MB, Cerasola
G. Nifedipine vs. enalapril in treatment of hypertensive patients with
glucose intolerance. J Cardiovasc Pharmacol 1991; 18(Suppl.
10):S52-S54.

Hedner T, Samuelsson O, Lindholm L. Effects of antihypertensive
therapy on glucose tolerance: focus on calcium antagonists. J Intern
Med 1991; 735(Suppl):101-111.

Grinspoon S, Bilezikian J. HIV disease and the endocrine system. N
Engl ] Med 1992; 327:1360-1365.

Waskin H, Stehr-Green J, Helmick C, Sattler FR. Risk factors for
hypoglycemia associated with pentamidine therapy for Pneumocystis
pneumonia. JAMA 1988; 260: 345-347.

Perronne C, Bricaire F, Leport C, Assan D, Vilde JL, Assan R.
Hypoglycaemia and diabetes following parenteral pentamidine
mesylate treatment in AIDS patients. Diabet Med 1990; 7:585-589.
Assan R, Perronne C, Assan D, Chotard L, Mayaud C, Matheron S,
et al. Pentamidine-induced derangements of glucose homeostasis:
determinant roles of renal failure and drug accumulation. Diabetes
Care 1995; 18:47-55.

Tsiodras S, Mantzoros C, Hammer S, Samore M. Effects of protease
inhibitors on hyperglycemia, hyperlipidemia, and lipodystrophy: a
5-year cohort study. Arch Intern Med 2000; 160:2050-2056.

Dever LL, Oruwari PA, Figueroa WE, O’Donovan CA, Eng RH.
Hyperglycemia associated with protease inhibitors in an urban HIV-
infected minority patient population. Ann Pharmacother 2000;
34:580-584.

Carr A, Samaras K, Burton S, Law M, Freund J, Chisolm D], Cooper
DA. A syndrome of peripheral lipodystrophy, hyperlipidaemia and
insulin resistance in patients receiving HIV protease inhibitors.
AIDS 1998; 12:F51-F58.

Calza L, Manfredi R, Chiodo F. Insulin resistance and diabetes mel-
litus in HIV-infected patients receiving antiretroviral therapy. Metab
Syndr Relat Disord 2004; 2:241-250.

Rudich A, Vanounou S, Riesenberg K, Porat M, Tirosh A, Harman-
Boehm [, et al. The HIV protease inhibitor nelfinavir induces insulin
resistance and increases basal lipolysis in 3T3-L1 adipocytes. Diabetes
20015 50:1425-1431.

Caron M, Auclair R, Vigoroux C, Glorian M, Forest C, Capeau J.
The HIV protease inhibitor indinavir impairs sterol regulatory ele-
ment-binding protein-1 intranuclear localization, inhibits preadi-
pocyte differentiation, and induces insulin resistance. Diabetes 2001;
50:1378-1388.



107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

Gundogdu A, Brown P, Juul S, Sachs L, Sonksen PH. Comparison
of hormonal and metabolic effects of salbutamol infusion in normal
subjects and insulin-requiring diabetics. Lancet 1979; ii:1317-1321.
Thomas DJB, Goldberg R, Taylor MW, Imura H, Potter DE.
Salbutamol-induced diabetic ketoacidosis. Br Med ] 1977;
2:438-440.

Portnoy J, Nadel G, Amado M, Willsie-Ediger S. Continuous neb-
ulization for status asthmaticus. Ann Allergy 1992; 69:71-79.

NICE Guidance. Diabetes in pregnancy: management of
diabetes and its complications from preconception to the
postnatal period. 2008. http://www.nice.org.uk/nicemedia/pdf/
DiabetesFullGuidelineRevisedJULY2008.pdf.

Hamburg S, Hendler R, Sherwin R. Influence of small increments of
epinephrine on glucose tolerance in normal humans. Ann Intern
Med 1980; 93:566—568.

Svedjeholm R, Hallhagen S, Ekroth R, Joachimsson PO, Ronquist G.
Dopamine and high-dose insulin infusion (glucose—insulin—potas-
sium) after a cardiac operation: effects on myocardial metabolism.
Ann Thorac Surg 1991; 52:262-270.

Gill GV, Rauf O, MacFarlane IA. Diazoxide treatment for insuli-
noma: a national UK survey. Postgrad Med ] 1997; 73:640-641.
Lunetta M, Di Mauro M, Le Moli R, Nicoletti E. Effects of octreotide
on glycaemic control, glucose disposal, hepatic glucose production
and counter-regulatory hormones secretion in type 1 and type 2
insulin treated diabetic patients. Diabetes Res Clin Pract 1997;
38:81-89.

Verschoor L, Lamberts SW, Uitterlinden P, Del Pozo E. Glucose
tolerance during long term treatment with a somatostatin analogue.
Br Med ] 1986; 293:1327-1328.

Giusti M, Gussoni G, Cuttica CM, Giordano G. Effectiveness and
tolerability of slow release lanreotide treatment in active acromegaly:
six-month report on an Italian multicenter study. Italian Multicenter
Slow Release Lanreotide Study Group. J Clin Endocrinol Metab 1996;
81:2089-2097.

Attanasio R, Lanzi R, Losa M, Valentini F, Grimaldi E De Menis E,
et al. Effects of lanreotide Autogel on growth hormone, insulinlike
growth factor 1, and tumor size in acromegaly: a 1-year prospective
multicenter study. Endocr Pract 2008; 14:846-855.

Ben Shlomo A, Melmed S. Somatostatin agonists for treatment of
acromegaly. Mol Cell Endocrinol 2008; 286:192—198.

Ayuk J, Stewart SE, Stewart PM, Sheppard MC. Long-term safety
and efficacy of depot long-acting somatostatin analogs for the treat-
ment of acromegaly. J Clin Endocrinol Metab 2002; 87:4142-4146.
Chan JC, Cockram CS, Critchley JA. Drug-induced disorders of
glucose metabolism: mechanisms and management. Drug Saf 1996;
15:135-157.

Moore DF, Wood DEF, Volans GN. Features, prevention and man-
agement of acute overdose due to antidiabetic drugs. Drug Saf 1993;
9:218-229.

Phillips RE, Looareesuwran S, Molyneux ME, Hatz C, Warrell DA.
Hypoglycaemia and counterregulatory hormone responses in severe
falciparum malaria: treatment with Sandostatin. Q J Med 1993;
86:233-240.

Fasano CJ, O’Malley G, Dominici P, Aguilera E, Latta DR.
Comparison of octreotide and standard therapy versus standard
therapy alone for the treatment of sulfonylurea-induced hypogly-
cemia. Ann Emerg Med 2008; 51:400—406.

Wilson DM. Clinical actions of growth hormone. Endocrinol Metab
Clin N Am 19925 21:519-537.

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

Drug-Induced Diabetes Chapter 16

Cutfield WS, Wilton P, Benmarker H, Albertsson-Wikland K,
Chatelain P, Ranke MB, et al. Incidence of diabetes mellitus and
impaired glucose tolerance in children and adolescents receiving
growth-hormone treatment. Lancet 2000; 355:610—613.

Monson JP. Long-term experience with GH replacement therapy:
efficacy and safety. Eur ] Endocrinol 2003; 148(Suppl 2):59-S14.
Jorgensen JO, Moller L, Krag M, Billestrup N, Christiansen JS.
Effects of growth hormone on glucose and fat metabolism in human
subjects. Endocrinol Metab Clin North Am 2007; 36:75-87.
Schauster AC, Geletko SM, Mikolich D]J. Diabetes mellitus associ-
ated with recombinant human growth hormone for HIV wasting
syndrome. Pharmacotherapy 2000; 20:1129-1134.

Jindal RM, Popescu I, Schwartz ME, Emre S, Boccagni P, Miller CM.
Diabetogenicity of FK506 versus cyclosporine in liver transplant
recipients. Transplantation 1994; 58:370-372.

Roth D, Milgrom M, Esquenazi V, Fuller L, Burke G, Miller J.
Posttransplant hyperglycaemia-increased incidence in cyclosporin-
treated renal allograft recipients. Transplantation 1989; 47:278—
281.

Helmchen U, Schmidt W, Siegel E, Creutzfeldt W. Morphological
and functional changes of pancreatic B cells in cyclosporin A-treated
rats. Diabetologia 1984; 27:416—418.

Robertson R. Cyclosporin-induced inhibition of insulin secretion in
isolated rat islets and HIT cells. Diabetes 1986; 35:1016—1019.

Yale J, Roy R, Grose M, Seemayer TA, Murphy GF, Marliss EB.
Effects of cyclosporine on glucose tolerance in the rat. Diabetes 1985;
34:1309-1313.

Penfornis A, Kury-Paulin S. Immunosuppressive drug-induced dia-
betes. Diabetes Metab 2006; 32:539-546.

Drachenberg CB, Klassen DK, Weir MR, Wiland A, Fink JC, Bartlett
ST, et al. Islet cell damage associated with tacrolimus and
cyclosporine: morphological features in pancreas allograft biopsies
and clinical correlation. Transplantation 1999; 68:396—402.

Cosio FG, Pesavento TE, Osei K, Henry ML, Ferguson RM. Post-
transplant diabetes mellitus: increasing incidence in renal allograft
recipients Kidney Int 2001;
59:732-737.

Ericzon B, Groth C, Bismuth H, Calne R, McMaster P, Neuhaus P,
et al. Glucose metabolism in liver transplant recipients treated with
FK 506 or cyclosporin in the European multicentre study. Transplant
Int 1994; 7(Suppl. 1):S11-S14.

Shapiro R, Scantlebury VP, Jordan ML, Vivas C, Ellis D, Lombardozzi-
Lane S, et al. Pediatric renal transplantation under tacrolimus-based
immunosuppression. Transplantation 1999; 67:299-303.

Furth S, Neu A, Colombani P, Plotnick L, Turner ME, Fivush B.
Diabetes as a complication of tacrolimus (FK506) in pediatric renal
transplant patients. Pediatr Nephrol 1996; 10:64—66.

Backman LA. Post-transplant diabetes mellitus: the last 10 years with
tacrolimus. Nephrol Dial Transplant 2004; 19(Suppl 6):13-16.
Fernandez LA, Lehmann R, Luzi L, Battezzati A, Angelico MC,
Ricordi C, et al. The effects of maintenance doses of FK506 versus
cyclosporin A on glucose and lipid metabolism after orthotopic liver
transplantation. Transplantation 1999; 68:1532—1541.

Romagnoli J, Citterio F, Nanni G, Favi E, Tondolo V, Spagnoletti G,
et al. Incidence of posttransplant diabetes mellitus in kidney trans-
plant recipients immunosuppressed with sirolimus in combination
with cyclosporine. Transplant Proc 2006; 38:1034—1036.

Shaffer D, Kizilisik AT, Feurer I, Nylander WA, Helderman JH,
Langone AJ, et al. Calcineurin inhibitor avoidance versus steroid

transplanted in recent years.

277



Part 4 Other Types of Diabetes

144

145

146

147

148

149

150

151

152

153

154

155

278

avoidance following kidney transplantation: postoperative compli-
cations. Transplant Proc 2006; 38:3464—-3465.

Veroux M, Corona D, Giuffrida G, Gagliano M, Sorbello M, Virgilio
C, et al. New-onset diabetes mellitus after kidney transplantation:
the role of 2008;
40:1885-1887.

Bhatti A, McGarrity TJ, Gabbay R. Diabetic ketoacidosis induced by
alpha interferon and ribavirin treatment in a patient with hepatitis
C. Am ] Gastroenterol 2001; 96:604—605.

Gatta B, Rigalleau V, Gin H. Diabetic ketoacidosis with olanzapine
treatment. Diabetes Care 1999; 22:1002—-1003.

Colli A, Cocciolo M, Francobandiera F, Rogantin F, Cattalini N.
Diabetic ketoacidosis associated with clozapine treatment. Diabetes
Care 1999; 22:176-177.

Henderson DC, Cagliero E, Gray C, Nasrallah RA, Hayden DL,
Schoenfeld DA, et al. Clozapine, diabetes mellitus, weight gain, and

immunosuppression.  Transplant  Proc

lipid abnormalities: a five-year naturalistic study. Am ] Psychiatry
2000; 157:975-981.

Hampson LJ, Mackin P, Agius L. Stimulation of glycogen synthesis
and inactivation of phosphorylase in hepatocytes by serotonergic
mechanisms, and counter-regulation by atypical antipsychotic
drugs. Diabetologia 2007; 50:1743-1751.

Leslie DL, Rosenheck RA. Incidence of newly diagnosed diabetes
attributable to atypical antipsychotic medications. Am ] Psychiatry
2004; 161:1709-1711.

Yamada J, Sugimoto Y, Inoue K. Selective serotonin reuptake inhibi-
tors fluoxetine and fluvoxamine induce hyperglycemia by different
mechanisms. Eur | Pharmacol 1999; 382:211-215.

Erenmemisoglu A, Ozdogan UK, Saraymen R, Tutus A. Effect of
some antidepressants on glycaemia and insulin levels of normogly-
caemic and alloxan-induced hyperglycaemic mice. J Pharm
Pharmacol 1999; 51:741-743.

Lustman PJ, Griffith LS, Clouse RE, Freedland KE, Eisen SA, Rubin
EH, et al. Effects of nortriptyline on depression and glycaemic
control in diabetes: results of a double-blind placebo-controlled
trial. Psychosom Med 1997; 59:241-250.

Mumoli N, Cei M. Clomipramine-induced diabetes. Ann Intern Med
2008; 149:595-596.

Lustman PJ, Freedland KE, Griffith LS, Clouse RE. Fluoxetine for
depression in diabetes: a randomized double-blind placebo-control-
led trial. Diabetes Care 2000; 23:618—623.

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

17

—

Pui C, Burghen G, Bowman W, Aur RJ. Risk factors for hyperglyc-
emia in children with leukemia necessitating L-asparaginase and
prednisolone. J Pediatr 1981; 99:46.

Wynn V. Metabolic effects of danazol. J Intern Med Res 1977,
5(Suppl. 3):25-35.

Williams G, Lofts F, Fiiessl H, Bloom S. Treatment with danazol and
plasma glucagon concentration. Br Med J 1985; 291:1155-1156.
Schwartz M. Severe reversible hyperglycaemia as a consequence of
niacin therapy. Arch Intern Med 1993; 153:2050-2052.

Elam MB, Hunninghake DB, Davis KB, Garg R, Johnson C, Egan D,
et al. Effect of niacin on lipid and lipoprotein levels and glycemic
control in patients with diabetes and peripheral arterial disease: the
ADMIT study: a randomized trial. Arterial Disease Multiple
Intervention Trial. JAMA 2000; 284:1263-1270.

Dean JD, McCarthy S, Betteridge DJ, Whately-Smith C, Powell J,
Owens DR. The effect of acipimox in patients with type 2 diabetes
and persistent hyperlipidaemia. Diabet Med 1992; 9:611-615.
Carter B, Small R, Mande M, et al. Phenytoin-induced hyperglyc-
emia. Am | Hosp Pharm 1981; 38:1508.

Park-Wyllie LY, Juurlink DN, Kopp A, Shah BR, Stukel TA, Stumpo
G, et al. Outpatient gatifloxacin therapy and dysglycemia in older
adults. N Engl ] Med 2006; 354:1352-1361.

Yip C, Lee AJ. Gatifloxacin-induced hyperglycemia: a case report
and summary of the current literature. Clin Ther 2006;
28:1857-1866.

Ishiwata Y, Sanada Y, Yasuhara M. Effects of gatifloxacin on serum
glucose concentration in normal and diabetic rats. Biol Pharm Bull
2006; 29:527-531.

Tkach J, Bozeman M. Indomethacin induced hyperglycaemia. ] Am
Acad Dermatol 1982; 7:802.

Islam M, Sneedharan T. Convulsions, hyperglycemia and glycosuria
from overdose of nalidixic acid. JAMA 1965; 192:1100.

Seymour J. Carbamazepine overdose: feature of 33 cases. Drug Saf
1993; 8:81-88.

Winter W. Encainide-induced diabetes: analysis of islet cell function.
Res Commun Chem Pathol Pharmacol 1992; 76:259-268.

Najim R, Clor K. Role of endorphins in benzodiazepine-induced
hyperglycaemia in mice. Pharmacol Biochem Behav 1993;
46:995-997.

Marley J, Rohan A. Mianserin-induced hyperglycaemia. Lancet 1993;
342:1430-1431.



