Drug Safety 1998 Jun; 18 (6): 441-455
DRUG SAFETY CONCEPT 0114-5916/98/0006-0441/507.50/0

© Adis International Limited. All rights reserved

Drug Administration in Patients
with Diabetes Mellitus

Safety Considerations

Richard E Gilbert,! Mark E Cooper! and Henry Krum?

1 Melbourne University Department of Medicine, Austin & Repatriation Medical Centre,
Heidelberg, Victoria, Australia

2 Clinical Pharmacology Unit, Department of Epidemiology and Preventive Medicine/Department
of Medicine, Monash University / Alfred Hospital, Prahran, Victoria, Australia

Contents
SUMMAIY o e e 441
1. Effect of Diabetes Mellituson DrugHandling . . . . . . . . . . .. . 442
1.1 AbsOrpion . . . o o 442
1.2 Protein BInding . . . . . . 442
1.3 Distribution . . . . . . o 443
1.4 Hepatic Metabolism . . . . . . . . 443
1.5 RenalElimination . . . . . . . . 443
1.6 PharmacodynamiCs . . . . . o o v o e e 443
2. Drugs Used to Control Hyperglycaemia in Patients with Diabetes Mellitus . . . . . . . ... .. .. 443
2.1 Metformin . . . . 443
2.2 Sulphonylureds . . . . . . 444
2.3 Newer Agents . . . . . o 445
24 InsUlin . oo 448
3. Drugs Used to Treat Diseases Associated with Diabetes Mellitus . . . . . . . . ... ... ... ... 448
3.1 Anfihypertensive Therapy . . . . . . . . o o e 448
3.2 LlipidLowering Drugs . . . . . . . . 451
4, CONCIUSION .+ o o v 452

Summary

Diabetes mellitus is associated with alterations in a number of key metabolic
pathways. Despite theoretical concerns, clinically significant alterations in the
pharmacokinetic properties of commonly prescribed drugs are relatively uncom-
mon. Indeed, dose adjustment is rarely required in the setting of well controlled
diabetes mellitus. However, significant alterations in drug handling may occur in
the context of poor metabolic control or in the presence of complications such as
nephropathy.

Metformin use may be complicated by lactic acidosis. Fortunately, this is a
rare occurrence providing that the agent is not used in circumstances in which it
is contraindicated. Indeed, the risk of death from metformin-related lactic acido-
sis is similar in magnitude to the risk of death related to hypoglycaemia in sul-
phonylurea-treated patients.

The novel hypoglycaemic agent troglitazone may be associated with abnor-
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malities in liver function in approximately 2% of patients. Discontinuation of
treatment is followed by normalisation of liver enzyme levels. Current prescrib-
ing information recommends frequent monitoring of liver function tests and im-
mediate cessation of therapy if abnormalities develop.

In addition to disturbances in intermediary metabolism, diabetes mellitus may
also lead to chronic microvascular and marcovascular complications. Thus, in
addition to the use of drugs for the control of blood glucose, patients with diabetes
mellitus are likely to be prescribed medication for associated conditions such as
cardiovascular disease. Such medication includes the ACE inhibitors which are
contraindicated in patients with bilateral renal artery stenosis. This complication
may be theoretically more common in patients with diabetes mellitus because of
accelerated atherosclerosis. However, in clinical practice this is an uncommon
occurrence in the absence of clinical features that should alert the treating clini-
cian that an individual patient might be at high risk. Although caution should also
be used witH3-blocker therapy in patients with diabetes mellitus, current evi-
dence suggests that, like ACE inhibitors, these drugs may be particularly useful
in this patient group.

Diabetes mellitus is a common disease assochandling may occur in the setting of poor metabolic
ated with chronic complications leading to signif- control or in the presence of complications such as
icant end organ damage. For instance, the incireuropathy and nephropathy.
dence of death from cardiovascular disease is
increased 2-fold in men with diabetes mellitus and 1.1 Absorption
4- to 5-fold in women with diabetes mellitus com-
pared with the age-matched general populdion. ~ Oral absorption of most drugs is generally un-
Thus, in addition to the use of drugs for the controkffected by the presence of diabetes mellitus. How-
of blood glucose, patients with diabetes mellitusever, delayed gastric emptying due to gastroparesis
are likely to be prescribed medication for associdiabeticorum or poor glycaemic control may de-
ated conditions such as cardiovascular disBhse. crease the rate and extent of absorption of some

The present review examines issues of druglrugs such as ampicilfi and tolazamid&! In
safety arising from the potential for altered drugaddition, gastroparesis may result in delayed post-
handling in diabetes mellitus as well as specifigorandial glucose peak causing early-phase hypo-
issues related to drugs commonly used in the treaglycaemia and late-phase hyperglycaemia when

ment of the disease and its associated complicghort acting insulins are us&tiintramuscular ab-
tions. sorption of drugs may also be slower in diabetes

mellitus.

1. Effect of Diabetes Mellitus on
Drug Handling 1.2 Protein Binding

Diabetes mellitus is associated with alterations Binding of a variety of drugs to albumin aagd

in a number of key metabolic pathways. Howeveracid glycoprotein may be reduced in the presence
despite theoretical concerns, clinically significantof poor metabolic contrd#! This may be due to
alterations in the pharmacokinetic properties ofglycation of plasma proteins and/or displacement
commonly prescribed drugs are relatively uncom-of drug from plasma proteins by free fatty acids,
mon[?l Indeed, dose adjustment is rarely requiredhe level of which are increased in the context of
in the setting of well controlled diabetes mellitus,poor metabolic contrdl!l However, in clinical
though potentially significant alterations in drug practice these changes are rarely significant and

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)



Drug Safety Considerations in Diabetes Mellitus 443

apply mostly to highly protein bound drugs such 1.6 Pharmacodynamics

as warfariff! and diazeparfi! _ _
Responses to drugs may be altered in patients

with diabetes mellitus. Most studies have evalu-
ated the haemodynamic effects of administration

Despite a probable expansion of extracellularOf vasoactive medications such as isoprenaline
fluid volume in experiment&l and humaR® dia- (isoproterenol), epinephrine (adrenaline) and ACE

. - . . inhibitors for which both increased and decreased
betes mellitus, the limited data obtained in human§ sponsiveness have been descriB&2 Further-

do not suggest a consistent effect on the volume Orrneore, caution is needed with the interpretation of

istributiod11,12] -
drug distributior’: these data as serum concentrations were not mea-
sured and changes in responsiveness may thus re-
1.4 Hepatic Metabolism flect alterations in pharmacokinetic as well as

pharmacodynamic properties.
Diabetes mellitus may impair hepatic metabo-

lism of some drugs. The mechanisms underlying o Drugs Used to Control
this effect are uncertain but may reflect diabetes Hyperglycaemia in Patients with
mellitus—related liver changes such as fatty infil-  pigbetes Mellitus
tration[13] For instance, conjugation reactions with
paracetamol (acetaminophen) may also be im-
paired where the magnitude of impairment appears
de_pendent on the d_egr_ee of glycae_mic cortfbl. The biguanides phenformin (phenethyl-
With regard to oxidative metabolic processes,pigyanide) and metformin (dimethylbiguanide)
studies examining the effect of diabetes mellitus,yere introduced as orally active glucose-lowering
have revealed conflicting results as have thosgy.,gs for the treatment of diabetes mellitus more
comparing differences in hepatic metabolism be+nan 40 years ago. Because of its association with
tween type 1 (insulin-dependent) and type 2 (NOn4¢tic acidosis, phenformin was withdrawn from
insulin-dependent) diabetes  mellitts351  yho arket in many countries in the 1970s. The
Overall, the effect of diabetes mellitus on hepaticyjgh jncidence of phenformin-associated lactic ac-
metabolism is probably not of major clinical sig- jjosis is now thought to have been in part due to
nificance in the presence of reasonable glycaemigy, inherited inability in some patients to metabo-
control. lise phenformin thereby leading to its accumula-
tion and toxicity?¥l Similar pharmacogenetic
1.5 Renal Elimination traits of reduced enzymatic drug modification are
thought to contribute to the toxicity of other drugs
Because of the early increase in glomerularsuch as perhexilene and isoniazid. However,
filtration rate in patients with type 1 and possibly metformin, which is not metabolised but excreted
type 2 diabetes mellitd&! the plasma concentra- unchanged, has continued to be available in most
tions of drugs that are predominantly renally ex-countries with the exception of the US where it was
creted may fall”18] However, with declining re- introduced only 3 years ago.
nal function in association with nephropathy Minor adverse effects such as abdominal
(which affects approximately one-third of patients discomfort, nausea and loose bowel actions are
with diabetes mellitus), elimination of renally ex- common with metformin, especially during the ini-
creted drugs becomes impaired, as in patients withiation of therapy. In addition, absorption of cya-
nondiabetic kidney disea$€! and appropriate nocobalamin (vitamin B12) and folic acid may be
dose adjustments are required. impaired with long term use, although the plasma

1.3 Distribution

2.1 Metformin
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levels of these vitamins does not usually fall belowTable I. Contraindications to metformin use
clinically significant leveld?3! Renal impairment
The principal severe adverse effect associatedfardiac failure
with metformin therapy is lactic acidosis. While Chronic liver disease
metformin therapy is accompanied by increased ""ome g disease o
R Acute illness (e.g. septicaemia, myocardial infarction, trauma or
plasma lactate concentrations these are mOStIMther conditions where tissue perfusion may be impaired or
within the normal range, possibly reflecting in- hypoxaemia may develop)
creased conversion of glucose to lactate within the“hronic vascular disease where tissue perfusion may be
mucosa of the small intestirh?él Fortunately, Un- sgnlflcantly |rr.1pa|r_ed s_uch as peripheral vascular disease
History of lactic acidosis
like phenformin, metformin-related lactic acidosis
(MRLA) is quite rare with an incidence of 0.027 to
0.084 cases/1000 patient years, but the mortalitpulphonylureas, metformiper seis not associated
rate is 30 to 509%7 In the majority of reported With hypoglycaemia. Indeed, the risk of dying from
cases of MRLA contraindications to metformin use MRLA (0.0240/1000 patient years) is similar to
were present. These contraindications relate to pathat of death due to hypoglycaemia in glibenclam-
tential drug accumulation and conditions associ/de (glyburide) treated patients (0.0332/1000 pa-
ated with tissue hypoxia or impaired lactate metalient years)?S]
bolism (see table I). However, opinions vary
regarding what degree of renal, liver, cardiac or 2.2 Sulphonylureas
lung dysfunction should be viewed as a contraindi- . .
cation to metformin use. Furthermore, many pa- The sulphonylureas act primarily on the pancre-

tients with t 2 diabet llitus h st gtic isletp-cell to stimulate insulin secretion. This
Ie?dis Wi ; ryael i 'abe eslrr:je Idus;n avre cort?tx:s enrrelease of insulin follows an interaction between the
cardiac orrena’ disease. 'ndeed, in a recent repo g’ulphonylurea and specific membrane-associated
54% of the patients treated with metformin at a

. . ) . . - receptors that induce closure of adenosine triphos-
university hospital diabetes mellitus clinic had a

) » _ phate (ATP)—dependent potassium{# channels
concomitant condition(s) considered to be a reIa1eading to an influx of calcium into the cell ulti-

tive or absolute contraindication to this adht

emphasising the need for continued vigilance.  thage ke channels are also present in the myo-
Although metformin use may be accompaniedgagium and vascular smooth muscle cells and pre-
by an elevation in plasma lactate level to approxijiminary studies suggest an interaction between
mately 2 mmol/L, this biochemical parameter is gjipenclamide and cardiovascularsié chan-
frequently within the normal range and is of doubt-ne|si31] However, the clinical relevance of these
ful use in predicting subsequent lactic acidosis infindings is unclear as are the potential benefits of
the clinical Setting. In addition to ObserVing the moreB_Ce” Specific Su|phony|ureas such a g“me_
listed contraindications for the initiation of ther- pjride.
apy, patients should also be periodically re-evalu-  Although jaundice, leucopenia and haemolytic
ated with regard to suitability for continuing anaemia have been reported with sulphonylurea
metformin use, particularly in the context of age-therapy, the principal adverse effect of the sul-
related decline in renal function. Furthermore, cerphonylureas is hypoglycaemia. The prevalence of
tain acute illnesses such as septicaemia, myocagevere sulphonylurea-induced hypoglycaemia re-
dial infarction (MI) or pneumonia, which may quiring hospital admission is highly variable with
follow unpredictable patterns, should lead to im-reports of between 0.38 and 4.2 episodes per 1000
mediate withdrawal of metformin therapy. patient year$§?! The case fatality rate for severe
In clinical practice, metformin is well tolerated sulphonylurea-induced hypoglycaemia is high,
in the absence of contraindications and unlike thesarying from 4.3 to 10%32:33]

mately resulting in insulin granule exocytoSf.
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Individual sulphonylurea drugs have different creased in association with elevations of gastric
pharmacokinetic properties with chlorpropamide pH.3”] This may have important implications for
and glibenclamide having longer durations of ac-concomitant therapy with antacids, histaming H
tion than glipizide, gliclazide or tolbutamitfé]  receptor antagonists and proton pump inhibitors
However, the contribution of duration of action to such as omeprazole (see table Il). Additional phar-
the likelihood of hypoglycaemia is not entirely macokinetic drug interactions include competitive
clear. For instance, the higher frequency ofinhibition of sulphonylurea metabolism, inhibition
hypoglycaemic episodes reported with gliben-Of urinary excretion and diminution of the counter-
clamide in comparison with tolbutami@@may be ~ regulatory responses to hypoglycaemia (see table
confounded by prescribing patterns whereby phyl).#%3!
sicians using tolbutamide may not be aiming to
achieve as tight glycaemic control as those using

glibenclamide. However, at identical plasma con-  Tyo new agents have recently been added to the
centrations glipizide was noted to have a greategrmamentarium of antidiabetic drugs: the thiazo-

effect on hepatic glucose production than glib-jidinedione troglitazone and theglucosidase in-
enclamid€&6l and may thus predispose to nocturnalhipitor acarbose.

hypoglycaemia. It does seem prudent, then, to o
avoid long acting sulphonylureas in patients _2|_'3" r’;"”m"d”'.'e‘t"r‘]’"‘]f.s tof fd
thought to be at high risk of hypoglycaemia. Such rogiitazone 1S the irst of a new group orarugs,
. . g . the thiazolidinediones, which act primarily by in-
patients would include those with impaired renal L : o : . .
. . . . creasing insulin sensitivity. Troglitazone is rapidly
function, poor nutrition, history of excessive alco-

. bsorbed following oral administration [time to
hol (ethanol) consumption and age greater than 7 h K ion following d dmini
yeard3 reach peak concentration following drug adminis-

Th lohonvl " Il absorb dtration (thay 2 to 3h] and absorption is increased
€ sulphonylureas areé mostly well absorbe significantly by food. Steady-state concentrations
orally, highly plasma protein bound and metabo

) ; ) ) ) _ “of the drug are generally reached after 3 to 5 days
lised in the liver with residual drug and its metabo- _ 1 inistration. Although troglitazone is metabo-

lites excreted in the urine and in some cases also iNsed through various cytochrome P450 enzyme

the faeces. The pharmacokinetic properties of theaihways, clinically significant interactions with
individual drugs become clinically significant in agents that share the same pathways of hepatic en-

the setting of renal impairment (including age- ;ymatic degradation have not thus far been ob-
related decline in glomerular filtration) where the gopyed.

parent drug or its active metabolites may accumu- pgased on preclinical testing and premarketing
late and lead to prolonged hypoglycaemia. Theregjinical testing, reported adverse event rates have
fore, in the presence of reduced renal function, Us@enerally been similar in placebo and troglitazone
of gliclazide and glipizide, which do not have ac- {reated groupBY In a Japanese study of 284 pa-
tive metabolites and where intact drug is minimallytients, treatment-related laboratory abnormalities
excreted in the urine, may be preferaffé. developed in 9.2% of patients receiving trog-
Drug interactions are a further potential causeitazone (compared with 5.1% of placebo-treated
of sulphonylurea-associated hypoglycaemia. Agatients) and consisted predominantly of a fall in
the sulphonylureas are all highly plasma bounchaemoglobin level, haematocrit and red blood cell
caution should be used when they are administeregount which were viewed to be a consequence of
with other drugs that may compete for plasma proan increase in extracellular fluid voluriél.In ad-
tein binding sites such as sulphonamides, warfaringition, reversible heart enlargement without signif-
phenylbutazone and salicylatéd. The rate and icant microscopic changes was observed in mice
extent of absorption of sulphonylureas may be in-and rats in long term studies with troglitazone, at

2.3 Newer Agents

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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Table II. Clinically important drug interactions with antidiabetic drugs. Bold type in column two denotes interactions that: (i) involve commonly used drugs; (i) involve common drug
combinations used to treat the same condition or conditions that often coexist; or (iii) may have serious or potentially fatal consequencesl3®!

Primary drug

May interact with

Potential result

Implications for management and how to avoid

Biguanides (metformin)

Sulphonylureas [tolbutamide,
chlorpropamide, tolazamide,
acetohexamide, glibenclamide
(glyburide), glipizide, gliclazide]

Alcohol (ethanol)

ACE inhibitors
Perhexilline

B-Blockers

Alcohol

Anabolic steroids

Antacids
Histamine H 2-receptor antagonists
Omeprazole

Barbiturates

Phenytoin

Rifampicin (rifampin) [and other
enzyme-inducing drugs]

Chloramphenicol

Ciprofloxacin

Clofibrate

Corticosteroids
Diuretics (e.g. thiazides)
Dicoumarol

Risk of hyperlacticacidaemia

Increased insulin sensitivity with potential for
hypoglycaemia (case reports)

Hypoglycaemic activity may be increased in some
patients and early symptoms of hypoglycaemia may
be masked (less likely with Bi-selective agents).
Hyperglycaemia may occur in some patients due to
decreased insulin sensitivity and release

Disulfiram-like intolerance (facial flushing, headache)
of alcohol in some cases, particularly with
chlorpropamide. Hypoglycaemic activity may be
increased with acute alcohol ingestion if food intake is
restricted (e.g. malnutrition, prolonged fasting)
Increased hypoglycaemic activity of some
sulphonylureas induced by some anabolic steroids
Increased absorption of tolbutamide, glibenclamide
and glipizide with potential for hypoglycaemia

May make diabetic control more difficult by
decreasing the hypoglycaemic effect of the
sulphonylurea

Hypoglycaemic activity of tolbutamide and
chlorpropamide markedly increased

Reports of hypoglycaemia after commencement of
ciprofloxacin in patients on glibenclamide

Severe hypoglycaemia has been reported with
tolbutamide and clofibrate

May make diabetic control more difficult

Hypoglycaemic activity of tolbutamide and
chlorpropamide markedly increased

Instruct the patient to avoid excessive quantities
(moderate to large) of alcohol, and to be aware of and to
report early symptoms of lactic acidosis (vomiting and
malaise, abdominal pain, diarrhoea)

Monitor for hypoglycaemia when ACE inhibitors or
perhexilline are added to stable antidiabetic therapy

Altered doses of sulphonylureas may be needed in some
patients. B-Blockers prevent the release of lactate from
muscle which is normally subsequently converted in the
liver to glucose. In the absence of lactate,
hypoglycaemia may result, particularly when the liver
contains little or no glycogen (e.g. after prolonged
fasting, in ketosis, in any patients with liver disease, or in
alcoholics)

Instruct the patient about the possibility of alcohol
intolerance and to avoid moderate to large quantities of
alcohol; intolerance of small quantities of alcohol more
likely with chlorpropamide. Educate patient to maintain
adequate nutrition

Advise patients with diabetes mellitus taking
sulphonylureas against usage of anabolic steroids

Avoid these combinations or monitor for hypoglycaemia
closely

Likely to be a problem with compounds extensively
metabolised in the liver (e.g. tolazamide, tolbutamide,
glibenclamide, acetohexamide). Avoid occasional use of
barbiturates as hyponosedatives. Substitute a
benzodiazepine or consider cognitive or relaxation
therapies as alternatives

Avoid this combination. Substitute another antibacterial
drug (but not sulfonamides or ciprofloxacin; see below)
Avoid combination if possible. Warn patient of possible
increased risk of hypoglycaemia and increase frequency
of blood glucose monitoring

A reduced dose of tolbutamide may be needed in some
patients. Increase frequency of blood glucose monitoring
Modify dose of sulphonylurea if necessary

Avoid this combination; use of warfarin may decrease
risk of interaction

oy
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doses 14 times greater than the therapeutic dose
used in humans. There was no deterioration in car-
diac function observed with these changes. Sub-
sequently, cardiac size was specifically examined
in clinical studies of up to 96 weeks duration. In
those studies, no clinically significant differences
in heart size (or function) were noted with
troglitazone therapy.

Since the introduction of troglitazone, a number
of cases of hepatic failure been reported with its
use. Areview of placebo-controlled data indicates
that elevations in ALT levels to 3 times the upper
limit of normal developed in 1.9% of patients
treated with troglitazone compared with 0.6% of
patients receiving placeti#}] In all patients, ces-
sation of troglitazone therapy resulted in sub-
sequent normalisation of ALT levels. As a result
of this liver toxicity, troglitazone has been volun-
tarily withdrawn by the manufacturer in the UK
and in the US current prescribing recommenda-
tions suggest that ALT levels should be measured
before therapy, the monthly for the first 6 months
of treatment, every 2 months for the remainder of
the first year and periodically thereaft&t.

Because of the ability of the agents to augment
the hypoglycaemic action of either insulin or sul-
phonylurea therapy, combination therapy using
these agents with troglitazone should be ap-
proached cautiously.

2.3.2 Acarbose

Acarbose is a reversible inhibitor af-
glucosidase, acting principally in the small intes-
tine to reduce the rate of glucose production and
absorption thereby blunting the postprandial glu-
cose peak. Though antihyperglycaemic, acarbose
does not itself induce hypoglycaemia but may pre-
dispose to it if coadministered with insulin or a
sulphonylurea. The adverse effects of acarbose are
mostly the result of intestinal carbohydrate fer-
mentation reflecting the pharmacology of the drug,
and include flatulence, diarrhoea, abdominal dis-
comfort and borborygmi in approximately two-
thirds of patient$3 However, these symptoms
tend to improve within several weeks of continued
acarbose therapy. In addition abnormal liver func-

Drug Safety 1998 Jun; 18 (6)
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Fluconazole Hypoglycaemia reported with fluconazole at a dose of
Ketoconazole 100 mg/day and various sulphonylureas, and with
ketoconazole and tolbutamide

Fluoxetine Enhanced or prolonged hypoglycaemic response to
Nonselective MAQI (e.g. phenelzine, sulphonylureas
isocarboxazid, tranylcypromine)

Oxyphenbutazone Hypoglycaemic coma has been reported on

Phenylbutazone many occasions with phenylbutazone and
chlorpropamide, acetohexamide, glibenclamide or
tolbutamide

Salicylates (large doses) Hypoglycaemic activity of chlorpropamide enhanced

Sulfonamides Hypoglycaemia secondary to decreased clearance of

Sulfinpyrazone tolbutamide, chlorpropamide, glipizide and

glibenclamide

Use alternative antifungal such as itraconazole if
possible, or instruct patient to anticipate hypoglycaemia
with dose adjustment to sulphonylurea based on blood
glucose monitoring

Monitor blood glucose closely when MAOISs or fluoxetine
are added to a stable oral antidiabetic drug regimen

Avoid this combination. Substitute another NSAID such
as ibuprofen, indomethacin or naproxen

Avoid this combination. Substitute another NSAID such
as ibuprofen, indomethacin or naproxen

Avoid these combinations. Substitute another
antibacterial agent (except chloramphenicol or
ciprofloxacin which, under certain circumstances, can
increase the activity of the sulphonylureas)

Note: This risk of drug-induced hypoglycaemic reactions
is increased in the presence of associated renal
impairment or liver dysfunction, with restricted food
intake, and in the elderly

Abbreviations: MAOI = monoamine oxidase inhibitor; NSAID = nonsteroidal anti-inflammatory drug.
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tion tests have also been reported in associatiolispro is not associated with any greater likelihood
with acarbose therapy, though the clinical signifi- of hypoglycaemia than is conventional short-act-
cance of these reversible changes is uncédin. ing soluble insulid4’! Indeed several studies sug-
gest a reduction in hypoglycaemic reactions with

2.4 Insulin this agent?]

Although drug-induced hypoglycaemia is less 3. Drugs Used to Treat Diseases
frequent in type 2 diabetes mellitus compared with  Associated with Diabetes Mellitus
type 1 diabetes mellitus, a proportion of the ob-
served difference between the two diabetes melli- 3.1 Anfihypertensive Therapy
tus types may reflect different goals for long term L _ . .
glycaemic control. Prospective studies do suggest . Hypertensmn IS twice as common In patients
that oral hypoglycaemic agents are less likely to bé’v'th diabetes mellitus as |r} the age and gender-
associated with severe hypoglycaemia when commatChed general populatiéi! Furthermore, com-

pared with insulin, though the risk of hypoglycae- plications (_)f diabetes mellitus (e.g. atherosclerotic
mia may differ according to the sulphonylureavascmar disease and nephropathy) are greatly ac-

used. For instance, in a stUéfj,patients with type celerated in the presence of hyperten$i®iThus,

2 diabetes mellitus that was not controlled by dietacmevement and maintenance of normotension via

were randomly assigned to receive treatment with!S€ _Of ant:hypﬁrtehnswe the_rapy IS a mqjcl?]r;_hira-
either insulin or sulphonylurea. Althoughthetreat-peUtIC goal in the hypertensive patient with diabe-

ment goal, a fasting plasma glucose level of <g.g€s Mellitus. .
mmol/L, was the same in both groups, the fre- There are a considerable number of treatment

quency of severe hypoglycaemia was 6.6% in in_options in the management of the patient with dia-

sulin-treated patients — more than double that of€t€S mellitus and systemic hypertension. All
those receiving glibenclamide (3.7%) or chlor- classes of antihypertensives effectively lower

propamide (2.0%) over a 3 year peri¢d. blood pressure. Therefore the choice of agent is

In type 1 (and probably also type 2) di(,:lbe,[esdependentupon specific benefits to the patient with

mellitus the likelihood of severe hypoglycaemiadiabetes mellitus wgighed up_against the potential
increases commensurately with the goals offor adverse effects in that patient group.
glycaemic control. For instance, the 2% difference  3.1.1 ACE Inhibitors

in haemoglobin Aclevel between the intensiveand ~ ACE inhibitors are frequently indicated in pa-
conventionally treated groups in the Diabetes Contients with diabetes mellitus because in addition
trol and Complications Trial (DCCT§! was asso- to their antihypertensive action, ACE inhibitors
ciated with a 3-fold difference in the likelihood of have been shown to have renoprotedfittecar-
significant hypoglycaemia requiring assistance.dioprotectivé®?l and possibly retinoprotective
Furthermore, the incidence of severe episodes witlctions®3.541 Moreover, they have been demon-
seizure or coma was also substantially higher in thatrated to improve insulin sensitivif?] Neverthe-
intensively treated group at 16 and 5 episodes/10({ess, care must be exercised with the use of ACE
patient years, respectivefy! inhibitors in patients with diabetes mellitus.

While short-acting soluble insulins may be Diabetes mellitus is associated with the syn-
more likely to cause hypoglycaemia, their use isdrome of hyporeninaemic hypoaldosteronism.
necessary in the vast majority of patients with typeThis syndrome usually presents as unexplained
1 diabetes mellitus and insulin-requiring type 2 di-hyperkalaemia and is particularly common if renal
abetes mellitus in whom at least fair glycaemicimpairment is also preseftf] Therefore, the
control is contemplated. However, the relatively hyperkalaemia accompanying hyporeninaemic
new ultra short-acting insulin analogue insulin hypoaldosteronism can be exacerbated by concom-

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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itant use of ACE inhibitors. However, in patients tine investigation to exclude RAS prior to the ini-
without pre-existing problems (plasma potassiumtiation of treatment
level <6 mmol/L) the likelihood of significant Nevertheless, there are several clinical features
hyperkalaemia may be lower than anticipated. Fomwhich should alert the treating clinician that an in-
instance, in a study of patients with type 1 diabeteslividual patient with diabetes mellitus may be at
mellitus and chronic renal impairment, only 3 of higher risk of RAS. These factors include male
207 patients treated with captopril developedgender, old age, history of smoking and evidence
hyperkalaemidll However, it is possible that of peripheral or coronary artery dise&$&There-
higher rates may be found in patients with type Jfore, in the setting of clinical suspicion of RAS
diabetes mellitus and extreme caution is needed i#PpPropriate investigation prior to commencing
concomitant therapy with potassium Sparing d|_ACE inhibitor therapy seems prudent. In addition,
uretics or potassium supplements is undertakerPlasma potassium and creatinine levels should be
Indeed, the regular measurement of plasma eledneasured routinely in all patients prior to and
trolytes is warranted in all patients with diabetesWithin 1 week of commencing treatment with ACE
mellitus receiving treatment with ACE inhibitors. Inhibitors to determine whether a significant dete-
Diabetes mellitus is associated with acceleratedioration in renal function has developed as a con-

atherosclerosiB! Therefore, diseases such as bi-Sedquence of bilateral renal artery stenosis. The

lateral renal artery stenosis (RAS) or unilateral stemMarked elevation in plasma creatinine level that

nosis in a solitary kidney may, theoretically beoccurswith the use of ACE inhibitors in the context

more common in this disease. The introduction Opf bilateral RAS needs to be differentiated from the
an ACE inhibitor in this setting may critically re- More minor elevations that may occur with the use

duce glomerular filtration by reducing efferent ar- of these agents, partlcularly in the se_ttlng of .VOI'
teriolar ton&7 leading to lowered filtration pres- ume depletion and concomitant diuretic, situations

sure and potentially, acute renal failure. which do not necessitate withdrawal of therapy.

While autopsy studies have suggested that RA?t Most ACEénh|p|torf| (and thfl:jac_twtehmtla:gbo—
may be more common in diabetes mellf@lstis es) are predominantly excreted via the kidney.

likely that the reported stenoses were not function:rherefore’ in the setting of significant renal im-

allv sianificant. Few studies have been erformedpairmem in patients with diabetes mellitus, adjust-
y sig ' P ment of ACE inhibitor dose may be required.

to screen for RAS in patients with diabetes mellitus
and hypertension. In 1988 Ritchie and col- ;,, Calcium Antagonists

league&® noted that RAS was a common finding  The effect of calcium antagonists on the pro-
in a cross-sectional study of patients with hyper-gression of diabetic nephropathy has not been fully
tension and type 2 diabetes mellitus. Howevergelineated. Nevertheless, these agents do not im-
more detailed assessment by the same group usifgir glucose tolerance or have adverse effects on
functional studies such as radioisotopic renal scantipid profileds1-621 and may therefore be suitable
ning and bilateral synchronous renal vein reninfor patients with diabetes mellitus and hyperten-
measurements suggested that RAS was unlikely tgion, particularly those intolerant of ACE inhibi-
be a major cause of the patients’ hypertensiontors.

Thus, since there are no clinically convincing data  Controversy regarding the use of calcium antag-
to support the notion that patients with diabetesonists has arisen in the context of a recent case-con-
mellitus and hypertension have a much highetrol study of antihypertensive therapies which sug-
prevalence of RAS compared with nondiabetic pagested an excess mortality in patients taking
tients with hypertension, the presence of diabetesalcium antagonists. However, in the study of
mellitus per sedoes not represent a contraindica-Psaty and co-workef] the excess mortality ap-
tion to the use of ACE inhibitors nor warrant rou- pears to be confined to short-acting calcium antag-
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onists and only a small number patients includedand lowering high density lipoprotein (HDL) cho-
in the study had diabetes mellitus. lesterol leveld”] These effects are particularly rel-
More recently, the results of a trial comparing evant to patients with type 2 diabetes mellitus
the effectiveness of a long-acting dihydropyridinewhere these increased triglyceride and decreased
calcium antagonist nisoldipine with the ACE inhib- HDL levels may form part of the syndrome of in-
itor enalapril on the development and progressionsulin resistanc&8! Additional concerns with the
of complications of type 2 diabetes mellitus [the yse off-blockers in patients with diabetes mellitus
Appropriate Blood Pressure Control in Diabetesjnclude a reduction in hypoglycaemic awareness
(ABCD) trial] were published® This study, and diminished counter-regulatory metabolic re-
which included patients with symptomatic heartgyonses such as glycogenolysis.
disease and nephropathy, had a normotensive ancs)-rhe effects op-blockers on the cardiovascular

a hypertensive treatment arm. The investigatorgystem are complex. For instanBeblockers may
terminated the trial in the hypertensive arm of the

i shorten claudication distance and worsen symp-
study (470 patients) because there were fewer Ml

. o foms in patients with peripheral vascular dis-
(fatal and nonfatal) n the ACE 'T‘h'b'tor treate_d easd®] However, favourable effects may be seen
group compared with the calcium antagonist

in patients with ischaemic heart disease or those
group.

Subsequently, the results of another trial com with cardiac failure as described recently in pa-
paring an ACE inhibitor with a dihydropyridine tients screened for participation in the Bezafibrate

calium antagonis have also been publisfétn 22T PECTL B T TR v
this study, the Fosinopril and Cardiovascular. y y

Events Trial (FACET), 380 patients with type 2 indicated that the use Bfblockers in patients with
diabetes mellitus and’ hypertension, but withoutdiabetes mellitus and coronary artery disease was

known heart disease or nephropathy Wereass_ociated With a total mortality rate of 7.8%_ in
randomised to receive either fosinopril or amlodip-Patients receivin@-blockers compared to 14% in
ine. However, if blood pressure was inadequately0S€ Who were not (44% relative reductigh).
controlled, the other study drug was added. AfterSubgroup analyses from several other trials also
3.5 years follow-up, patients randomised to receivesuggest that the ability d3-blockers to reduce
fosinopril had significantly fewer major vascular POst-MI mortality is at least similar if not greater
events (stroke, MI, hospitalised angina) comparedn patients with diabetes mellitus compared with
with those treated with amlodipine. This improved patients without diabetes mellitii8! Furthermore,
cardiovascular outcome in ACE inhibitor—treated though previously contraindicated-blockers
patients was also seen in patients who receivethay be of more benefit to patients with diabetes
both fosinopril and amlodipine. These findings mellitus and post-MI cardiac failure, than to those
suggest that the better cardiovascular outcome ipatients with diabetes mellitus who have normal
patients who received fosinopril may reflect a ben-cardiac functiort’?! Indeed, in a recent study with
eficial effect of fosinopril rather than a detrimental the B-blocker carvedilol, patients with diabetes

effect of amlodipine. mellitus and cardiac failure derived even greater
mortality benefits than did nondiabetic heart fail-
3.1.3 B-Blockers ure patienté7.3]

B-Blockers are effective blood pressure lower-
ing agents, but are associated with adverse meta- 3.1.4 Diurefics
bolic effects of relevance to patients with diabetes Diuretics may also impair glucose tolerance, al-
mellitus. For instanceB-blockers may worsen though this is generally dose-dependéhand, at
glycaemic contrdf®! and have adverse effects on low doses, a degree of antihypertensive efficacy
plasma lipid levels by increasing triglyceride levels may be maintained without loss of glycaemic con-
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trol. An additional problem with both thiazide di- tients without diabetes mellitus extend to those
uretics and3-blockers is erectile dysfunctidfp! with diabetes mellitu$3.84 Furthermore, the
safety and tolerability of the HMG CoA reductase

3.1.5 Other Antihypertensive Drugs : inhibitors appears similar in patients with and
a-Blockers are relatively free of major metabo- . . L roe o7
without diabetes mellitu§>-87]

lic adverse effects and are therefore suitable for The most common safety concern in patients
antihypertensive therapy in patients with diabetes o o .
yp py in p eceiving HMG CoA reductase inhibitors is abnor-

mellitus. Indeed, these agents mayimproveinsulir[ | liver function test icipally elevated t
sensitivityl’8] However, first dose postural hypo- mal liver function tests, principally elevated trans-

tension may be particularly problematic in the pa_ammase levels. While mostly mild, transammase
tient with diabetes mellitus and orthostatic hypo-€VelS €xceed the apparent safe level of 3 times the
tension secondary to autonomic neuropathy. upper limit of the reference range in approximately
Potassium sparing agents such as spironola(}-'5% o_f patlen'@s] Although CI|n|ca_1IIyS|_gn|f|cant
tone and amiloride should be used with caution iVl disease is extremely rare in this group of
patients with diabetes mellitus because of the posd"Ugs; their cessation is recommended if the safety
sibility of triggering severe hyperkalaemia in asso-imit is exceeded and in all reported cases liver
ciation with hyporeninaemic hypoaldosteronismfU”Ct'O” tests have returned to normal. Since ab-

(see section 3.1.1). normal liver function test results are not uncom-
mon in patients with diabetes mellitus, possibly as
3.2 Lipid Lowering Drugs a consequence of fatty infiltration, these should be

measured prior to commencing drug treatment and

Cardiovascular disease is the commonest causghecked periodically thereafter.
of morbidity and mortality in patients with diabe-  Less common, but more significant is the devel-
tes mellitus. Patients with diabetes mellitus andopment of myopathy. This adverse effect may take
heart disease have a worse prognosis comparafle form of a poorly understood nonspecific mus-
with their nondiabetic counterpalf8 and may cle aching with normal plasma creatinine kinase
also respond less favourably to revascularisatiomevels(®® or the combination of muscle pain, weak-
by angioplasty’® 79 The reasons for the increased ness and elevated creatinine kinase levels [>10
risk of cardiovascular disease in patients with diatjmes the upper limit of normal (ULN)] which oc-
beteS me”itus iS incomplete|y Understood. HOW'Casiona“y progresses to rhabdomyo'ysis W|th
ever, quantitative and qualitative abnormalities i“myoglobinuric acute renal failure. In many other
serum lipid levels are likely to be contributory. Al- hatients the creatinine kinase level is coinciden-
though a large number of different lipid lowering a1y mildly elevated as a consequence of exercise
drugs are available, the 2 groups of drugs which, iniyry and returns to normal with cessation of
are most commonly used |n.d_|abetels m.elll'tus Al'%xercise and recovery from injury. Myopathy with
the HMG CoA reductase inhibitors (‘statins’) and ¢ e atinine kinase levels >10 times ULN is fortu-
the fibric acid derivatives. nately rare with reported incidence rates of 0.08 to

3.2.1 HMG CoA Reductase Inhibitors 0.09% for lovastatin, simvastatin and prava-

Several large clinical trials have demonstratedstatint® The risk of myopathy is increased with
the beneficial effects of the HMG CoA reductaseconcurrent use of cyclosporin, erythromycin,
inhibitors in reducing cardiovascular and total gemfibrozil and nicotinic acid.
mortality when used as either prim& or sec- With regard to the newer HMG CoA reductase
ondary preventative strategi€&82 More re- inhibitors, fluvastatin and atorvastatin, more wide-
cently,post hocanalyses of secondary intervention spread usage will be needed before the relative
trials with simvastatin and pravastatin have con<isks of myopathy with these agents can be ascer-
firmed that the beneficial effects observed in pa-tained.

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)



452 Gilbert et al.

3.2.2 Fibric Acid Derivatives More recently studies on the safety and efficacy

In clinical practice the fibric acid derivatives are of fluvastatin with either gemfibro23f! or beza-
commonly used particularly in the mixed dys- fibratd®! have also been undertaken. The overall
lipidaemia which commonly develops in patientsincidence of drug-related myopathy was approxi-
with type 2 diabetes mellitus. Their use was metmately 1.0% and in no cases did rhabdomyolysis
with concern following the increased mortality re- or myoglobinuria develop. Although most cases
ported with the use of clofibrate in the WHO Co- of severe myopathy have incriminated either
operative Trial for primary prevention of coronary lovastatin or simvastatin in combination with
heart diseas@!! This reported increase in cancer gemfibrozil, this may simply reflect the greater
and noncardiovascular death with clofibrate hasclinical exposure of patients to these drugs. The
not been adequately explained. In the Helsinkirelative myotoxicity of individual HMG CoA re-
Heart Study, the reduction in cardiovascular event§luctase inhibitors or fibric acid derivatives remains
described in the study group was also noted in &Ncertain. Indeed, as drug-induced myopathy is
post hocsubgroup analysis of patients with diabe- "¢latively rare, most reports will come from post-
tes mellitug92! marketing surveillance.

Gemfibrozil treatment was associated with a
minor increase in surgery for gall stones, appendi- 4. Conclusion
citis, cataracts and skin cancers. In addition, more
cases of intracranial haemorrhage and deaths due Diabetes mellitus is a common disease associ-
to violence or accidents were also found in theated with chronic complications. Hypoglycaemic
gemfibrozil-treated grouf§3! More recently, an drug therapy is mostly well tolerated provided that
8.5 year follow-up study of the Helsinki Heart appropriate precautions are taken. Treatment of as-
Study found the number of adverse events to b&ociated cardiovascular disease is also a major pri-
mostly similar in the 2 treatment groups with 32 ority in the patient with diabetes mellitus. Drugs

versus 37 strokes, 16 versus 14 violent deaths jS€d t0 treat concomitant hypertension and dys-

gemfibrozil- and placebo-treated patients, respecI_|p|daem|a are mostly well tolerated. Current evi-

tively.l94 51 patients in each group were diagnosead.ence suggests th‘."lt suph dru.gs are e-quallly and pos
with cancefodl sibly more effective in patients with diabetes

mellitus and are not accompanied by any signifi-
3.2.3 Combination Therapy with Fibric Acid and cant worsening of their safety profiles.
HMG CoA Reductase Inhibitors
Combination therapy with fibric acid deriva-
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