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Abstract The treatment of type 2 diabetes mellitus remains controversial. Since most

patients are overweight or obese, regimens based on dietary modification and
increased physical exercise are logical and safe treatment approaches. However,
the long term impact of these interventions is frequently disappointing and phar-
macotherapy is therefore required in the majority of patients. Oral antidiabetic
agents, principally the sulphonylureas and biguanides, are often only partially
effective, even in combination.

Insulin is the treatment of choice for certain clinical situations, for example,
pregnancy. Often insulin will be a temporary measure. Safety considerations will
also point to the preferential use of insulin in other circumstances, for example,
in patients with pronounced renal impairment. In addition, a significant propor-
tion of patients with type 2 diabetes mellitus will ultimately require insulin ther-
apy in the long term because of failure of oral agents to provide adequate
glycaemic control (i.e. secondary failure). Reservations about insulin therapy in
patients with type 2 diabetes mellitus, particularly elderly patients with cardio-
vascular complications, include hypoglycaemia and bodyweight gain. However,
severe hypoglycaemia occurs with considerably lower frequency than in patients
with type 1 diabetes mellitus. To date, no clear evidence has emerged implicating
exogenous insulin therapy in the promotion of cardiovascular disease. On the
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contrary, recent clinical and experimental studies suggest anti-atherogenic ef-
fects.

Insulin therapy can be successful in type 2 diabetes mellitus if patients are
carefully selected. Twice daily isophane (neutral protamine Hagedorn; NPH) or
pre-mixed insulin is used routinely in many centres. The role of combinations of
insulin and oral agents remains an area of controversy. Combined therapy with
sulphonylureas may be more expensive and clear clinical advantages have not
been consistently demonstrated. Bodyweight gain may be lessened by the con-
comitant use of metformin and troglitazone may improve glycaemic control in
obese patients.

Procrastination about transfer to insulin is not uncommon. Patient acceptance
may be facilitated by a positive attitude from the diabetes care team and discus-
sion of the possibility at a relatively early stage. Adequate support from a multi-
disciplinary team is important for safe and effective insulin therapy. Even so, in
the long term, attainment of glycaemic targets may prove difficult to sustain with
present therapeutic strategies.

1. The Syndrome of Type 2 (approximately 1 to 2%) prevalence amongst de-
Diabetes Mellitus veloping societies; the appearance of affluence-
. L . . related obesity appears to be largely responsible for
Type 2 d|_abete_s mellitus is predomlnantlyadls-the explosive increase in diabetes mellitus which
_order affecting middle-aged and elderl_y people. Ity 55 heen described in terms of a developing global
Is by far the most prevalent form of d'abetes_ac'epidemic. Higher rates of micro- and macrovascu-
counting _for r_nore_than 85%_ of cases _Worldw'de'lar complications amongst South Asianimmigrants
Bydgﬂnmon, |nsuI|nt'herapy|s n.ot required tp SUS- {5 the UK, relative to the indigenous population,
tain life, compareo_l W'.th type 1 d|abgtes mell|ﬂ@b_ may reflect factors such as earlier onset of disease
Nonetheless, a significant proportion of patients | 4 consequently longer exposure to hyperglycae-

with type 2 dla_betes melh_tus will not attain ade'_mia. A higher prevalence of cardiovascular risk
guate glycaemic control with measures such as dal

i ) . actors related to insulin resistance may also be im-
etary manipulation and exercise programmes. Or ortant3
antidiabetic agents often prove to be only partially '
or temporarily effective; in these patients exoge-

nous insulin is used, usually as a last resort. 12 Metabolic Characteristics

Established type 2 diabetes mellitus is charac-
terised metabolically by abnormalities in the regu-
lation of glucose metabolism. Logical therapy requires

Type 2 diabetes mellitus is a heterogeneous mean adequate understanding of the pathophysio-
tabolic syndrome. Some of this heterogeneity relogy of the disorder:
flects racial difference®:3 Populations with nota- ¢ Impaired insulin action: resistance to the actions
bly high rates of diabetes mellitus include the Pima  of insulin in target tissues, primarily skeletal
Indians, who interestingly do not share the in- muscle and adipocytes; excessive rates of endo-
creased risk of cardiovascular disease observed in genous glucose production.
some other diabetic populations, and the Nauruans. Relative insulin deficiency: quantitative and
These populations have experienced rapid West- qualitative defects ifs cell function.
ernisation during the 20th century. The high prev-  While chronic hyperglycaemia is the metabolic
alence (30 to 40%) of type 2 diabetes mellitus inhallmark of all forms of diabetes mellitus, abnor-
these groups contrasts dramatically with the lowmalities also exist in other key aspects of metabo-

1.2 Clinical Heterogeneity in
Type 2 Diabetes Mellitus
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lism. Complex interactions exist between theseHowever, even during this compensated phase, de-
metabolic defects. For example, chronic hyper-fects in the dynamics of insulin secretion and pro-
glycaemia may have adverse effects on insulin ac€essing of its precursor molecule, proinsulin, are
tion and endogenous insulin secretion. This effect,demonstrabl&] As hyperglycaemia proceeds be-
termed glucose toxicity, has obvious therapeuticyond the intermediate stage of impaired glucose
implications[4! Metabolic heterogeneity is mani- tolerance, type 2 diabetes mellitus becomes estab-
fested as the less common lean (impaired insulinished and the exaggerated insulin response to glu-
secretion predominating) and more usual obes€0se challenge starts to decline; when fasting
(insulin resistant) subtypd4. plasma glucose levels exceed 9 to 10 mmol/L the

Excessive or inappropria‘[e hepatic g|ucose profesponse is reduced when ComparEd with matched
duction is the principal determinant of fasting control participants without diabetes mellitus, that
hyperglycaemid® Impaired insulin-mediated glu- IS, absolute insulinopenia is present.
cose disposal in skeletal muscle exacerbates post-
prandial hyperglycaemia; failure of suppression of
endogenous glucose production, resulting from a
combination of insulin resistance, relative hypo-
insulinaemia and hyperglucagonaemia also con- The principal aims of treatment of patients with
tributesl®! It should be noted that suppression of type 2 diabetes mellitus include:
endogenous glucose production by insulin nor-« alleviation of diabetic symptoms
mally occurs at lower plasma insulin levels than e« avoidance of major metabolic decompensation
those required to stimulate glucose disposal. Im-= minimisation of the risk of microvascular
paired regulation by insulin of adipocyte lipolysis,  and neurological complications
another process sensitive to relatively low plasmas reduction in the risk of macrovascular disease
insulin levels, may in turn exacerbate hyper-+ avoidance of iatrogenic disease.
insulinaemia, hepatic glucose production and glu- The first 2 objectives are readily accomplished
cose disposdrl.8lIn addition, increased delivery of in the majority of patients with current therapeutic
non-esterified fatty acids to the liver results in in- strategies. In contrast, reducing the risk of micro-
creased production of very low density lipoprotein and macrovascular complications presents a more
(VLDL) triglycerides, a prominent component of formidable challenge, not least since tissue com-
the dyslipidaemia which is frequently associatedplications are often established by the time of
with type 2 diabetes mellitug! diagnosis. This reflects the long asymptomatic pe-

While it is widely accepted that defects exist in fiod of hyperglycaemia which precedes the diag-
both insulin action and insulin secretion there is NOsis in the majority of patients with type 2 diabe-
controversy about the primacy of these factors tol€S mellitusH!
the metabolic disturbance in type 2 diabetes melli-
tus! It is, however, recognised that overt type 2

diabetes mellitus represents a late stage in a pro- Djetary measures and regular aerobic exercise
cess that has its origins in either genetic predispoare the nonpharmacological cornerstones of man-
sition or an adverse intrauterine environm&ht. aging type 2 diabetes mellitus. Calorie restriction
This predisposition can be modified by other fac- in the overweight and obese, with the emphasis on
tors, notably the development of obesity-relatedlimited fat consumption, is the principal compo-
insulin resistance in adult lifé% Initially, insulin  nent of dietary manipulation. Physical exercise has
resistance is countered by increased rates of endogr number of potential benefits for patients with
enous insulin secretion; glucose tolerance is nortype 2 diabetes mellitus. These include improved
mal and circulating insulin levels are elevatéld. insulin sensitivity, assistance with bodyweight

2. Treatment of Type 2 Diabetes Mellitus

2.1 Objectives of Treatment

2.2 Diet and Exercise
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control, enhanced cardiovascular fitness, lowerfor the obese patient in whom insulin resistance is
blood pressure, improved lipoprotein profiles and thought to be a major factor since significant body-
enhanced fibrinolysis. Unfortunately, only a mi- weight gain is not a feature of their uB4l
nority of patients are able to achieve and maintainBiguanides can be usefully combined with sul-
good glycaemic control without resort to pharma- phonylureas. The effect is synergistic and this is a
cotherapy with oral antidiabetic agents; moreover,frequently-employed strategy. Drugs in this class
the maintenance of control in the longer term isinclude metformin, which is the only biguanide
problematic whatever therapy is employed with available in the UK and US. Phenformin, which
polypharmacy, that is, 2 or more agents from dif- carries a considerably higher risk of lactic acidosis,
ferent classes, often being required to attain glycaeis also still available in some countri€g! Trog-

mic targets. litazone, the first in a new class of insulin-sensitis-
ing drugs — the thiazolidinedion&%d — was with-
2.3 Oral Antidiabetic Agents drawn a few months after its launch in the UK
following reports of severe hepatotoxicity. The
2.3.1 General Principles drug remains available in a number of other coun-

The use of drugs for the treatment of type 2 di- tries; other agents in this class (rosiglitazone, pio-
abetes mellitus aims to counter the cardinal metaglitazone) are under development. To date, no evi-
bolic disturbances of relative insulin deficiency dence of hepatotoxicity has emerged for these
and insulin resistance. However, currently avail- particular drugs.
able agents are at best only partially effective in the
majority of patients$!!] The principal actions and 2.3.2 Contraindications to Oral Agents
adverse effects of the major classes of oral anti- There are a number of clinical situations in
diabetic agents are presented in table I. In generalwhich oral agents are contraindicated; these are
sulphonylureas are used in patients with lesspresented in table Il. In most of these circumstan-
marked degrees of obesity since bodyweight gainces insulin is preferred, either as a temporary mea-
is a frequent feature of their use. These drugs aresure or as long term therapy. With resolution of the
thought to be most suitable for patients in whom contraindication any subsequent decision to use
relative insulin deficiency is promineff-131  oral agents requires careful consideration; good
However, more severe degrees of insulin defi-glycaemic control with a relatively small insulin
ciency, which will limit a therapeutic response to dose and absence of a propensity to ketosis are sug-
sulphonylureas, are an indication for insulin. Non- gestive, if not entirely reliable, pointers to success-
sulphonylurea secretagogues are entering the clinful transfer to oral agents. However, in the absence
ical arena, for example, the meglitinide drug, of major problems such as hypoglycaemia insulin
repaglinide. Biguanides are a more logical choicewould be preferred, particularly in younger pa-

Table I. Principal modes of action and adverse effects of currently available oral antidiabetic agents

Oral agent Principal mode of action Principal adverse effects
Sulphonylureas Stimulation of endogenous insulin secretion Bodyweight gain

Risk of hypoglycaemia: uncommon, but potentially fatal if
severe

Biguanides Inhibition of hepatic glucose production Gastrointestinal symptoms

Lactic acidosis: rare, but associated with high mortality; risk is
significantly higher with phenformin

Acarbose Reduction in intestinal carbohydrate Gastrointestinal symptoms: caution in bowel disease
absorption Rare reports of hepatotoxicity
Troglitazone Enhanced insulin action Severe hepatotoxicity: careful monitoring of liver function
required

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)
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Table 1l. Cautions and contraindications to oral antidiabetic agents in patients with type 2 diabetes mellitus

Condition?

Drugs to avoid

Reason

Ketosis and/or hyperosmolar state

Pregnancy

Severe sepsis, acute myocardial

cardiac failure
Renal impairment

Radiological contrast studies
Hepatic impairment

Alcoholism

All
All

Sulphonylureas,
biguanides

Biguanides,
chlorpropamide,
glibenclamide

Biguanides
Biguanides
Troglitazone
Biguanides

Severe insulin deficiency mandates insulin treatment
Considerations of direct effects on fetus and limited capacity of oral agents to
attain excellent glycaemic control

Stress hormone response may necessitate insulin; infarction, risk of lactic
acidosis with metformin

Risk of severe hypoglycaemia — short-acting sulphonylureas are safer but
should be avoided if creatinine level is >200 umol/L; risk of lactic acidosis
with biguanides

Risk of lactic acidosis (rare)

Risk of lactic acidosis

Risk of severe hepatotoxicity

Risk of lactic acidosis

Surgery, major trauma Biguanides, Risk of lactic acidosis

chlorpropamide, Risk of hypoglycaemia with long-acting agents
glibenclamide

Chronic pulmonary disease Biguanides Risk of lactic acidosis
a Insulin is usually the treatment of choice in all of these circumstances, either as a temporary or permanent measure.

tients, if better long term metabolic control could By convention, the principal indication for in-
be attained. sulin in type 2 diabetes mellitus remains the failure
of oral agents, usually in combination, to sustain

2.3.3 Therapeutic Failure of Oral Agents . glycaemic control. Failure of oral therapy after a

Ina proportion of patients their diabetes will fail e yiqq of apparently satisfactory control affects ap-
to respond to oral antidiabetic agents. It has r-proximately 5 to 10% of patients per annii#3l
cently been recognised that in some of these pri-There is no universal agreement on how secondary
mary therapeutic failures, patients have humorakgajjure should be defined nor does a consensus ex-
autoimmune markers directed against islet cell CY-ist Concerning its management_ The reasons for
toplasm and glutamic acid decarboxyld$éln a  secondary failure are incompletely understood and
report from the United Kingdom Prospective Dia- may be multifactorial; dietary noncompliance with
betes Study (UKPDS), patients with positive anti- continuing obesity and progressive deterioration
bodies were at higher risk of requiring insulin treat- of B-cell secretion have both been implicat&d.
ment by 6 years compared with those who wereSince sulphonylureas act by stimulating insulin se-
antibody-negativ&® Prediction of primary fail-  cretiod'23 and metformin requires the presence
ure in routine clinical practice remains problematic of adequate insulin for its antihyperglycaemic ef-
but the patient with marked fasting hyperglycae- fect*213l the re-emergence of significant fasting
mia who is either normal bodyweight or under- hyperglycaemia usually marks the point where in-
weight is unlikely to show a satisfactory responseSulin is required.
to oral agents. Assuming adherence to diet, it . )

S 2.3.4 Glycaemic Targets in

should be clear within a week or 2 whether sulf Type 2 Diabetes Mellitus
phonylurea treatment has been successful. Partial gxpert reportd?.18l have suggested broad ther-
therapeutic responses are common. Howevergpeytic targets for type 2 diabetes mellitus. How-
doses of sulphonylureas are often escalated beyongver, decisions should be made in the light of indi-
the point where any further benefit will be gained. vidual circumstances which may modify risk-
Metformin or another oral agent may be added orto-benefit relationships of therapy. In the younger,
oral agents abandoned and insulin commenced iffitter patient at risk of long term microvascular
recognition of therapeutic failure. complications, tight glycaemic control will usually

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)
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be indicated. On the other hand, for elderly patients Epidemiological data from the Wisconsin Epi-
with cognitive impairment, major diabetic compli- demiological Study of Diabetic Retinopatfs}
cations or concomitant life-limiting illness, the firmly implicate glycaemic control in the develop-
principal therapeutic target might reasonably bement of the microvascular complications associ-
limited to the avoidance of osmotic symptoms; ated with type 2 diabetes mellitl?8:2 In this
minimising the risk of severe hypoglycaemiais of- study, baseline haemoglobin (Hb)Aevel was re-
ten regarded as being paramount in such circumiated to the incidence or progression, or both, of
stances. When the decision to use insulin has beegjapetic retinopathy, the incidence of clinical pro-
taken —and accepted by the patient — the improvergjnyria and incidence of loss of measures of neural
ment in glycaemia will be influenced by factors gensory integrity. The Diabetes Control and Com-
such as the degree of obesity and compliance withyjications Trial (DCCT) demonstrated unequivo-

Icontmumg. d|eftary measures. Psych|atr|§ Prob-cally that in patients with type 1 diabetes mellitus,
ems, ranging from temporary anxiety or erjres'improved glycaemic control can reduce the inci-

sion to major psychoses or Chron!c.drug-dep'end-dence and progression of microvascular complica-
ence are relatively common in clinical practice;

; e tions22l However, type 1 diabetes mellitus is char-
these may impose limitations on the level of gly- . . : L )
: . . acterised by absolute insulin deficiency with
caemic control that can be attained in the long term.. . . . . .
insulin resistance being a relatively minor and re-
' o versible defect. In addition, and in contrast to most
2.4 Prevention of Long Term Complications patients with type 2 diabetes mellitus, the partici-
pants in the DCCT were young, non-obese, normo-
common with other forms of diabetes mellitus, at tens';’? an_d largely free fr_om macrovas_cular dis-
easd?3! Evidence for benefits of glycaemic control

risk of developing long term tissue complications; : o . .
the duration and degree of chronic hyperglycaemiaon rmcrovascular complications |n.type 2 dlabgtes
are very important, but not sole, determinants.mellltus has come from 2 randomised trials; first,

PAT i )
Blood pressure is an important modifier and otherthe Kumamoto trid#*l which involved a relatively

factors may also be operative in some ethnic groupS™Mall sample of 110 lean Japanese patients with
who appear to be at higher risk of tissue complica-YP€ 2 diabetes mellitus randomised to conven-
tions. For the purposes of discussion, the COmp”_uonal or intensified insulin treatment in a study

cations may be subdivided into microvascular andd€sign analogous to the DCCT. More recently, the

macrovascular, or atheromatous, complications. results of the larger, longer term UKPB%*¢Ihave
confirmed that improved glycaemic control is as-

2.4.1 Microvascular Complications sociated with reduced rates of microvascular com-
Retinopathy and nephropathy, together with plications. However, the UKPDS did not confirm
diverse neurological complications, constitute sych a beneficial effect on macrovascular dis-
the specific microvascular complications of diabe- g35d261 The UKPDS has the advantage over the

tes mellitus. Leading ultimately to visual impair- Kuymamoto trial of including typical overweight

ease, respectively, these complications are a majo(fiegrees of insulin deficiency.

cause of morbidity and premature mortality. The high

prevalence of complications at diagnosis together 2.4.2 Macrovascular Complications

with the development of new therapeutic  Although microvascular complications are a
agent8213.151has rekindled interest in postponing Major cause of morbidity, the leading causes of pre-
the transition from impaired glucose tolerance to mature mortality amongst patients with type 2 di-
type 2 diabetes mellitus through pharmacologicalabetes mellitus are macrovascular complica-
intervention(10.19] tions[27.281 These include:

Patients with type 2 diabetes mellitus are, in

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)
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» coronary heart disease — the leading cause otiated with insulin resistance and hyperinsulinae-
death mia, is known as Syndrome X or the metabolic
« cerebrovascular disease — risk of stroke is doublegsyndromé?] However, much of the increased risk
 peripheral vascular disease — causing claudicaef cardiovascular disease associated with type 2
tion and contributing to diabetic foot disease. diabetes mellitus appears to be attributable to the
The high rates of cardiovascular events in typediabetic stateper se.Moreover, epidemiological
2 diabetes mellitus are illustrated by prospectiveevidence is accumulating which implicates hyper-
studies such as the Diabetes Intervention Steily. glycaemia as an independent predictor of cardio-
This multicentre trial in Germany recorded myo- vascular diseasé’*! The effects on macrovascu-
cardial infarctions in 15% of patients over an 11- lar complications of type 2 diabetes mellitus are
year period with a 20% mortality rafé®] Another therefore a major consideration in determining
study of newly-diagnosed patients with type 2 di- benefits and risks of therapy. However, it is gener-
abetes mellitus documented a 10-year age-stanoa”y accepted that reduction of cardiovascular dis-
ardised cardiovascular mortality of 15% for men €@Se requires attention to multiple potentially mod-
and 16.6% for women, both rates being signifi- [fiaPle risk factors including hypertension,
cantly higher than those observed in matched condYslipidaemia and smoking (table 10B-31
trol participants without diabetes (5.2 and 2.2%,
respectivelyJ3! In the UKPDS, 9 years after the 2.5 Glycaemic Confrol and
diagnosis of diabetes mellitus, 20% of patients had Macrovascular Disease
experienced a fatal or nonfatal clinical macro-

L ) Several cross-sectional and prospective studies
vascular complication, coronary heart disease pre-Support the existence of a relationship between
dominatingl!!! Patients in the UKPDS with bor-

. . ) long term glycaemic control and cardiovascular
derline or mild hypertension were randomly

llocated. in a factorial desian. to differing level complications in patients with glucose intolerance
afgfaz » In atactoria le_?r'?n’ Ob mering gversl or type 2 diabetes mellitud?-21.27.34The putative
ofblood pressure control. This subgroup study, the lycaemic threshold is lower than that for micro-

Hypertension in Diabetes Study, demonstrated thaf oo, jar complications of diabetes mellitus, being
hypertension at the time of the diagnosis of d'abe'only marginally above normal valug$:34l Evi-

tes mellitus, which was presentin 39% of the par-yence for a linear relation between glycaemic con-
ticipants, increased the risk of a diabetes-relatedyo| and coronary heart disease risk has come from
death or a major clinical complicatid®t! Further- 5 Einnish studies in middle-aged and elderly pa-

more, tighter control of hypertension led to signif- tjents with type 2 diabetes mellitd#:36 However,
icant reductions in both macro- and microvasculargyerall hyperglycaemia emerges as a less potent
complications, including diabetes-related de&s. predictor than dyslipidaemia or hypertension.

The increased risk of cardiovascular disease, several plausible mechanisms have been pro-
which is generally 2- to 4-fold higher in patients posed by which hyperglycaemia could initiate or
withtype 2 diabetes mellitus, is partially accounted promote atherosclerosis (table 1%yl In the
for by conventional risk factors for atheromatous Kumamoto studi4 which, incidentally excluded
disease, notably hypertension and dyslipidaemiapatients with hypertension or hypercholesterolae-
which are also operative in individuals without di- mia, intensive insulin therapy was associated with
abeted3334 However, the effects of these factors a lower incidence of macrovascular events (@6
are magnified by the presence of diabetes. Consid1.3 events per 100 patient-years). Although lipid
erable attention has been directed towards the coresults were not presented, insulin therapy pro-
segregation of glucose intolerance and type 2 diaduces potentially beneficial effects on lipoprotein
betes mellitus with other major cardiovascular risk metabolism in other populations with at higher risk
factors. This constellation, which is closely asso-of hyperlipidaemia-associated atherofita.

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)
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Table 11I. Potentially modifiable risk factors for cardiovascular disease in type 2 diabetes mellitus

Risk factor? Comments
Hyperglycaemia® Increased risk apparent even with relatively minor degrees of hyperglycaemia
Long term normalisation of glucose difficult in practice
Hypertension Major risk factor; part of the insulin resistance or metabolic syndrome
High LDL-cholesterol Risk magnified by the presence of diabetes mellitus; glycation and decreased clearance implicated
Small dense LDL particles in insulin resistance and type 2 diabetes mellitus particularly prone to oxidation
Low HDL-cholesterol? Important modifier of risk; a component of the characteristic dyslipidaemia associated with type 2
diabetes mellitus
Hypertriglyceridaemia® Closely associated with low-HDL cholesterol levels; increased delivery of fatty acids results in enhanced

hepatic VLDL triglyceride synthesis
Prothrombotic/antifibrinolytic Evidence for disturbances of fibrinolytic system and platelet function; aspirin (acetylsalicylic acid)
recommended for high-risk patients with type 2 diabetes mellitus

Obesity Present in majority of patients with type 2 diabetes mellitus
Aggravates disturbances in carbohydrate and lipid metabolism, particularly abdominal obesity
Microalbuminuria® Microalbuminuria is a marker for cardiovascular disease

Associated with greater insulin resistance
a All these risk factors are components of the insulin resistance or metabolic syndrome.

b Factor with potential for improvement by insulin, either directly or via improved glycaemic control.
HDL = high density lipoprotein; LDL = low density lipoprotein; VLDL = very low density lipoprotein.

2.5.1 Sulphonylureas or Insulin for the levels decreased significantly in both groups dur-
Prevention of MGC’OVGS_CU’;’" Disease ing follow-up, the reduction being greater in the
in Type 2 Diabetes Mellitus? o ... intensively-treated group at the 3 and 12 month
Favourable changes in hepatic lipase aCt'V'tyfollow-up

an_d plasma triglyceride and high density Ii_popr_o- During the first year of follow-up, a relative re-
tein (HDLy) levels haye peen obser\{ed with |n.suI|n duction in mortality of 30% was observed in the
thgrapy gven when similar glycaemlc control is ob- intensively-treated group, mainly after discharge
tained with a sulphonylure! Insulin therapy has from hospital. After nearly 3.5 years, a significant
also been demonstrated to preferentially reduce theg 4, ction (p < 0.05) in mortality of 11% was still
activity of plasminogen activator inhibitor-1 and g,ijgent. Of particular interest, the reduction in
levels of proinsulin-like molecules, which have mortality was most pronounced in a pre-defined
also been implicated in atherogenesis, when comgypgroup who had not previously received insulin
pared with a sulphonyluré®) These studies pro- (reatment and were at lower cardiovascular risk as
vide theoretical support for the use of insulin in 53 consequence of being younger (<70 years) with
patients at high risk of cardiovascular events. no prior history of myocardial infarction or conges-
Evidence favouring insulin therapy comes from tjye cardiac failure. In view of the greater mortality
a Swedish multicentre randomised trial of insulin of patients with diabetes mellitus post-myocardial
therapy following myocardial infarction in patients infarctiorf4?! these results have important implica-
with diabetes mellitus (the DIGAMI studyj*!  tions for clinical care. While improved glycaemic
Over 600 study participants, more than 80% of control is a plausible explanation for the improve-
whom were considered to have type 2 diabetes melment in survival, insulin-mediated improvements
litus, were randomly assigned to intensive treat-in plasma fatty acid? and lipoprotein metabolism
ment with an intravenous insulin/glucose infusion are of potential relevance.
on the coronary care unit followed by multiple  Another intriguing possibility that has been
daily insulin injections, or to a control group who raised is that the reduced mortality in the inten-
received insulin only if clinically indicated. HbA  sively treated patients might, at least in part, have
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resulted from withdrawal of sulphonylurea treat- lar effectsl#>46 More recently, the UKPDS inves-
ment. Concerns about the cardiovascular safety ofigators found no evidence of a difference (p =
sulphonylureas were initially raised by the find- 0.66) in rates of myocardial infarction between sul-
ings of the University Group Diabetes Program phonylurea- and insulin-treated patients on an in-
(UGDP) in the 1970&3] This controversial study tention-to-treat analysi8®! However, a subgroup
reported an increased risk of cardiovascular mor-analysis sulphonylurea-treated patients given
tality in patients randomised to tolbutamitélLAl- metformin at early stage had a significant increase
though the UGDP received much criticism for fail- in all-cause mortalit}*4l The mechanisms respon-
ings in randomisation procedure, ascertainmentible and the interpretation of this observation are
and complianc&”! the possibility of an adverse uncertain2¢l

e_f'fect of sulphonylureas on CarQIovascuIar dlsegse 2.5.2. Exogenous Insulin and Cardiovascular

finds some support from studies of myocardial iy in Type 2 Diabetes Mellitus

ischaemia in experimental animal mod&f Sul- At this juncture it is appropriate to consider the
phonylureas stimulate insulin secretion by actingcontroversy concerning hyperinsulinaemia as a
via specific receptors to close ATP-dependent K risk marker for cardiovascular disease. A relation-
channels in the islef cells; this results in calcium  ship between hyperinsulinaemia and atherogenesis
entry and depolarisation of the cell with release of was first postulated in the late 1960s; the issue has
insulin. It has been suggested that sulphonylurearemained contentiou4?! Discrepancies between
induced closure of similar channels in the vascula-different prospective studies of patients without di-
ture of the acutely ischaemic myocardium might abetes mellitus in the nature and consistency of the
amplify ischaemic damadé! However, there are relationship between plasma insulin levels have
reservations about the validity of extrapolations undermined this relationshiff! Reavek! has ar-
from animal experiments to clinical diabetes mel- gued that insulin resistance, rather than compensa-
litus. Moreover, this disadvantageous effect musttory hyperinsulinaemia, is the fundamental defect
be set against evidence of a potentially protectivewhich in any case may increase the risk of cardio-
effect of K" channel closure on post-infarct ar- vascular disease through its associations with other
rhythmias and positive effects of sulphonylureasrisk factors. Since elevated plasma insulin levels
on glycaemia, lipoproteins and other cardiovascu-are a surrogate marker for tissue insulin resis-
lar risk factors in diabetes mellitds*44 Clinical ~ tancé!? the cardiovascular risk factors which co-
studies in participants with lesser degrees of glu-segregate as components of the insulin resistance
cose intolerance suggest that early treatment witrsyndromé&! are likely to have been operative in
sulphonylureas may have beneficial cardiovascustudies of patients who do not have diabetes mel-

Table IV. Potential mechanisms by which hyperglycaemia may contribute to accelerated atherogenesis

Mechanism Comments

Glycation of proteins Glycation of LDL, HDL and platelets may accelerate atherogenesis
Advanced glycation end-products of collagen may result in loss of vascular compliance

PAI-1 This inhibitor of plasminogen activator is released by vascular endothelium by hyperglycaemia
Release of PAI-1 from platelets is higher in patients with type 2 diabetes mellitus than control
individuals
Tissue plasminogen activator and plasminogen may also be glycated

Endothelial dysfunction Implicated in atherogenesis; demonstrable in patients with type 2 diabetes mellitus
May be associated with microalbuminuria

Oxidative stress Increased in diabetes mellitus; small, dense LDL particles are more easily oxidised and hence more

atherogenic
HDL = high density lipoprotein; LDL = low density lipoprotein; PAI-1 = plasminogen activator inhibitor-1.
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litus. Not all studies have taken such factors, nota-of blood pressure, exacerbation of dyslipidaemia,
bly dyslipidaemia, into accouft’l However, are- severe hypoglycaemia or excessive bodyweight
cent prospective study in Canadian men withoutgain. However, mild and moderate hypoglycaemia
diabetes mellitus demonstrated in multivariate was more common in the intensive treatment group
analysis that fasting hyperinsulinaemia was an in-at 16.5vs1.5 episodes per patient perannum. Mean
dependent risk marker for coronary evefsDi- insulin dose was significantly (23%) lower in the
rect effects of insulin on processes involved in ath-standard treatment arl¥b! Although there was no
eroma formation have been demonstrated difference in total and cardiovascular mortality be-
vitro.51 However, the relevance of the pharmaco-tween the groups (n =5 and n = 3, for the intensive
logical levels of insulin employed in some studies and standard groups, respectively) there was a non-
is of dubious relevance to the situation in humans.significant (p = 0.10) trend towards more new car-
More recent clinical and experimental data contra-diovascular events in the intensive treatment group
dict the view that exogenous insulin accelerates(32 vs 20%). In Cox regression analysis, the only
atherogenesié®521 Nonetheless, concerns have significant correlate for new cardiovascular events
been expressed about the use of exogenous insuliwas previous cardiovascular disease. Although no
in type 2 diabetes mellitus for fear of exacerbating cardiovascular event was temporally associated
atheromd37:33! Cross-sectional studies have beenwith hypoglycaemia, an obvious ifinfrequently en-
reported in which plasma insulin levels and/or in- countered concern in clinical practice, there was a
sulin dose have correlated with the presence of athtrend towards more cardiovascular events in pa-
eromatous disea$¥] However, these observations tients with lower HbA. levels.
have not been confirmed in prospective studies. The investigators speculate intriguingly about
Clearly, the nature of the relationship betweenthe possibility that intensification of glycaemic
insulin and atheroma is of relevance to the treat-control may have had a transient effect on cardio-
ment of type 2 diabetes mellitus and randomisedvascular events in a manner analogous to that ob-
clinical trials have been advocated as the only reli-served in clinical trials of retinopathy, a microvas-
able means of resolving this issdé37:21The fea-  cular complication, in patients with type 1 diabetes
sibility trial of the Veterans Affairs cooperative mellitus. For example, inthe DCCT secondary pre-
study (VA CSDM) involved 153 men, 80% of vention group, that is, patients with early retinop-
whom were overweight, average age 60 years withathy at baseline, retinopathy worsened transiently
a mean duration of type 2 diabetes mellitus of 7.8during the initial 3 year period of the trial. The
years with suboptimal glycaemic control. The par- conventional and intensive treatment groups then
ticipants were randomly allocated to standard ordiverged, the subsequent progression of retinopa-
more intensive insulin treatmel# Standard thy being reduced in the latter group providing
treatment comprised a single daily injection of in- overall benefit during the remainder of the
sulin whereas the intensive treatment arm used atudy?? If a similar effect operated in the VA
stepped therapy regimen designed to produce neakcSDM trial, the implication is that benefit would
normoglycaemia. This began with a single eveninghave ultimately accrued with intensive therapy.
injection of insulin, escalating to include additional This phenomenon, which has been termed normo-
daytime sulphonylurea therapy, followed by 2 and glycaemic re-entr{z8! has also been implicated in
then 3 (or more) injections per day if required. A cases of acute symptomatic neuropathy which oc-
statistically significant separation between the 2casionally follow the initiation of insulin treat-
groupsin HbA.of 2.07% was sustained foramean ment. Arecent report from Sweden highlighted the
follow-up of 27 months. Of note, improved glycae- increased risk of deterioration in per-existing reti-
mic control in the intensive insulin therapy groups nopathy following improvement in glycaemic con-
was attained without causing significant elevationstrol with insulin in patients with type 2 diabetes
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mellitus[*”1 However, rather than being an argu- levels®¥ Similar incremental progression has
ment for therapeutic inaction this report empha-been reported in other studies.

sises the need for careful surveillance and timely Itis suggested that combination therapy may be
photocoagulatioff®! Finally, in the UKPDS, in- useful in elderly patients who have reservations
tensified therapy with either sulphonylureas or in- about transfer to insulif3 To some extent, this
sulin was associated with a borderline (p = 0.052)may reflect an effect of the attitudes, expressed
reduction in myocardial infarction over 15ye®&P  hoth overtly and tacitly, of the diabetes care team.
with no evidence of a deleterious effect of intensi- Many patients are understandably concerned about
fied therapy on any of the macrovascular end-the inconvenience, discomfort and potential risks

points studied??! of insulin6%! insulin treatment may be regarded
either as a semi-punitive measure or as repre-

2.6 Strategies for the Use of Insulin senting a deterioration in an individual's diabetes

in Type 2 Diabetes Mellitus which carries adverse prognostic implications.

Combination therapy could be regarded as some-

Insulin is used either as monotherapy in patientsthing of a half-way measure and in our experience,
with type 2 diabetes mellitus, usually as a once orinsulin therapy can be remarkably well accepted
twice daily injection or, less commonly, in combi- and successful even by elderly patients. A positive

nation with oral antidiabetic agents. approach to the prospect of insulin treatment,
raised at an early stage and avoiding any sugges-
2.6.1 Combination Therapy with tion of culpability on the patients’ part, may assist

Insulin and Oral Agents
Both sulphonylureas and metformin are used in
e R L oral agents ensué%®]
conjunction with insulin, albeit with widely vary-

ing degrees of enthusiasm. Proponents of combi;/oi'zghcc;ung;rggt;abcx[s glf Cﬁgﬂg?tloﬂléhﬂﬁ%
nation therapy can point to evidence from clinical polyp Y

trials of reduced insulin requirements and Iessand biochemical heterogeneity of type 2 diabetes

marked bodyweight gain when sulphonylureas aremellitus suggests that there may be merit in tailor-

combined with insulif5-69 Daytime suiphonyl- ing treatment to the indiv_idual. With an expanding
urea therapy with a morning or evening injection '@nNge of oral agents this approach may become
of isophane insulin provides comparable short™More popular. Combination therapy may be more
term glycaemic control to 2 daily injections of pre- €XPensive than insulin as monotherapy and this is
mixed insulinl162l However, it is uncertain Not invariably associated with advantages in terms
whether advantages in terms of bodyweight gain®f fisk of bodyweight gair®”) There is some evi-
described for sulphonylurea plus evening insulindence for less marked bodyweight gain when insu-
are independent of improvements in glycaemiclin is combined with metformii§l although the
control[®3! Residual endogenous insulin secretion clinical implications of effects on other cardiovas-
is regarded as a prerequisite for successful combicular risk factors remain uncertali?! A recent
nation therapy!3:54evidence from the UKPDS in- randomised trial showed that in combination with
dicates that insulin reserves decline with tiffé.  bedtime insulin, metformin was associated with a
In the relatively short VA CSDM feasibility trial, favourable triad of improved glycaemic control,
64% of patients had advanced to 2 or more injec-prevention of bodyweight increase and a relatively
tions per day, although the additional benefit in low rate of hypoglycaemi&® The introduction of
HbA1. was marginal®¥ In their latest report, the troglitazone has added another agent which may be
authors report that maximal effect of glipizide was useful in combination with insuliff}l Studies in
observed at a dosage of 10 mg/day; higher dosethe US indicate that glycaemic control may be im-
were associated with a trend towards higher HibA proved thereby allowing a reduction in insulin

the transfer to insulin when secondary failure of

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)



18 Evans & Krentz

dose. However, the long term gains from this ap-acting insulin analogues such as lispro in patients
proach are unknown and must be set against thavith type 2 diabetes mellitus is presently uncertain.
small risk of hepatotoxicity with this particular

drugl™ 2.7 Potential Adverse Effects

of Insulin Therapy
2.6.2 Insulin as Monotherapy

.Twice-daily ipsulin, given as isophang Or pré- 5 7 1 Hypoglycaemia
mixed preparations (e.g. 30% short-acting, 70%  Hypoglycaemia is the most-feared adverse con-
iSOphane orin5050 Combination), is often effec- sequence of insulin therapy_ Severe hypog|ycae-
tive in patients with type 2 diabetes mellitus. Pen mja, which may be associated with incapacity, sei-
injectors may improve acceptability and compli- zures or injury, is a particularly unwelcome
ance, although elderly patients may experienceprospect in the elderly patient who has a high prob-
practical difficulties resulting from limited dexter- ability of significant atherosclerotic disease. Clin-
ity or visual impairment. Important issues of super- ical studies generally indicate that the risk of severe
vision and support are raised by patients who arehypoglycaemia in patients with type 2 diabetes
unable to safely self-inject. In addition, home- mellitus is several-fold lower in insulin-treated pa-
monitoring of capillary blood glucose levels is re- tients with type 2 diabetes mellitdf$! This may
garded as an essential prerequisite to safe insulimeflect, at least in part, the setting of less strict
therapy!358land if this is not possible therapeutic glycaemic targets and reserves of endogenous in-
targets may have to be relaxed. The pharmacokisulin secretion which may result in a lower dose of
netics of isophane insulin are such that once-dailyinsulin; insulin resistance may offset the latter ef-
injections will rarely produce glycaemic control fect. However, patient selection may be an impor-
that is satisfactory throughout the day. In particular, @@nt factor in studies comparing type 1 and type 2
adequate suppression of overnight endogenou§iabetes mellitus.

glucose production, principally by the liver, isnec- ~ FOr €xample, in a study in which 104 patients
essary to control of fasting hyperglycaemia. In- with type 2 diabetes mellitus were matched for du-

creasing a single daily dose runs the risk of hypo_ration of insulin therapy with patients who had type

glycaemia at other times, especially in non-obesel diabetes mellitus, thereby reducing differences

. . . . . ._attributable to residual endogenous insulin secre-
patients with less marked insulin resistance. Insulin- 9

: ) . . tion between the groups, the frequency of severe
mediated suppression of fatty acids may contnbuteh oalvcaemia was similaf! Hvooalvcaemia
to reductions in hepatic glucose productiéf. ypogly " YPOgy

L ting insuli ; | itralent was reported in over 70% of the middle-aged pa-
onger-acting Insufins, for example, ultralente, ;o g assigned to insulin in the UKPDS with major

hav_e been used as the basis of_so-called ba_sal'bOI'“Ilﬁ/poegcaemia requiring third party assistance or
regimens wherein the long-acting preparation pro-yqyitajisation occurring in 11% over 6 yeds.
vides background low level insulin upon which yai6r hynoglycaemic events occurred at rates of
pre-meal boluses of short-acting insulin are superg 7 and 2.3% per annum for sulphonylureas and
imposed:*:#/ Such regimens, which are more de- jnsylin, respectively. Despite a relatively low inci-
manding and may not result in better control thangence of hypoglycaemia, approximately one-
twice-daily injectiond?? are rarely indicated in  quarter of that for patients with type 1 diabetes mel-
patients with type 2 diabetes mellitus. This appliesiitus, the UKPDS suggests that this is a limiting
to other strategies such as pump-delivered confactor in sustaining target levels of glycaemia; even
tinuous subcutaneous insulin infusidfd. Im-  adding short-acting insulin pre-meals did not pre-
plantable insulin pumps remain experimelfdhs  vent a gradual progressive rise in HpAevels

do novel approaches such as insulin-like growthfrom the end of the first year of the study on-
factor-1 therapy’> The potential role of shorter- wardsl! In part, this may reflect the fact that, un-

O Adis International Limited. All rights reserved. Drug Safety 1999 Jul; 21 (1)



Benefits & Risks of Insulin in Type 2 Diabetes Mellitus 19

like the highly selected and motivated participants In a 6 month trial of insulin in 14 patients with
in the DCCT, not all of the insulin-treated patients a mean body mass index of 31 kg/emd secondary
in the UKPDS were willing or able to monitor a failure of oral agents, Henry et dl7] aiming for
multiple injection regimen. tight glycaemic control using twice-daily mixtures
Interestingly, in the Kumamoto study, intensive of insulin, found that bodyweight gain was in-
insulin therapy did not result in any episodes of versely related to the pre-treatment glucose dis-
severe hypoglycaemia over 6 years; mean IbA posal rate as determined using the glucose clamp
level was 7.1% in this group, higher than that of téchnique. Thus, on average, the more insulin-re-
the UKPDS intensive therapy grold! In a ran-  Sistant the patient at baseline, the greater the gain
domised study of elderly patients, mean age 68N bodyweight. In addition, bodyweight gain,
years, no episodes of severe hypoglycaemia werdvhich averaged 9% of initial bodyweight, was di-

observed during 6 months in patients assigned td€ctly correlated with both mean day-long serum
twice-daily insulin6” Nonetheless, factors such insulin levels and total insulin dose. In another

8 . .
as social isolation and cognitive impairment aresmdy’ Shank et 4l found that bodyweight gain

. . . . . following the initiation of insulin treatment was
important considerations in elderly patients. . S
almost entirely accounted for by the reduction in

2.7.2 Bodyweight Gain glycosuria.

Bodyweight gain is a predictable effect ofinsu-  The morbidly obese patient inadequately con-
lin therapy; increases in both adipose tissue androlled with oral agents remains a particularly dif-
lean body mass contribute. Although this may beficult problem; there is a paucity of clinical trial
disadvantageous in patients who are already overdata to guide cliniciang?! Such patients may re-
weight or obese insulin treatment should not bequire substantial doses of insulin which may prove
withheld for this reason; control of hyperglycae- daunting for doctor and patient alike; even so,
mia must take precedent in the long term. Duringglycaemic targets may not be attained. There is
the first 9 years of the UKPDS, mean bodyweight €merging evidence suggesting that the thiazo-
increased by 5 and 7Kg, respectively, in patientslidinediones may be particularly useful in such cir-

assigned to sulphonylureas or insulin, compareccumstance&?l In such patients the reduction of
with 3kg in those who continued with diet. Fasting 9!ycaemia should be the primary goal, rather than

plasma insulin levels were higher in the insulin- éduction of insulin dose.
and sulphonylurea-treated groups. Obese patients
assigned to metformin and to conventional therapy

had increases of only 1K4t!

2.7.3 Effects on Quality of Life

Improvement in glycaemic control in patients

: D with type 2 diabetes mellitus who have osmotic
Inarandomlged studly, Ykl-Jarv!nen eﬂ‘iﬂ:re- _ symptoms can be expected to bring rapid symp-
ported a mean increase of 2.9kg in a multiple in-y, 1 vic penefit. However, many patients with type
jection group although follow-up continued for 5 yiahetes mellitus have elevated renal thresholds
only 3 months. This was associated with a 39%s, glucose which protect them from osmotic
increase in diurnal serum free insulin levels. '”thesymptoms. Nonetheless, hyperglycaemia in pa-
most recent publication from these investigators,ijents with type 2 diabetes mellitus may be associ-
combining metformin with bedtime insulin in pa- ated with other vague symptoms of chronic ill-
tients poorly controlled with sulphonylureas re- health that improve with the institution of insulin
sulted in bodyweight gain at 1 year of only therapy. This hyperglycaemia-associated mal-
0.9kg[" In the aforementioned trial in which 34 aisd8 may be multifactorial; unwanted effects of
elderly patients were treated with twice-daily insu- oral antidiabetic agents, notably metformin, may
lin, mean bodyweight increased significantly over contribute. There is evidence from cross-sectional
6 months from 67.4 to 71.4K§’! studies that higher HB4 levels in patients with
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type 2 diabetes mellitus are associated with higheiinsulin regimens and combinations of insulin and
negative scores for physical symptoms, mood andral agents are indicated.

wellbeing!81]l Despite the perceived inconvenience
associated with insulin therapy transfer from oral
agents, with improved glycaemic control, does not -
necessarily result in reduced treatment satisfac- 2.
tion 82 Insulin treatment may have potentially se-
rious consequences for employment prospects. The
implications of transfer to insulin for holders of
vocational driving licences and patients whose oc-
cupations preclude insulin therapy must be borne
in mind. These restrictions reflect concerns about
risks posed by insulin-induced hypoglycaemia.

3. Conclusion

Insulin therapy improves the major disturbances
in glucose metabolism which characterise type 2
diabetes mellitus. Furthermore, insulin has poten-
tially beneficial effects on other risk factors for ath-
eroma (table Ill). However, the inconvenience of
delivering and monitoring insulin therapy together 10.
with concerns about severe iatrogenic hypoglycae-
mia and bodyweight gain have led to underutilisa-
tion of this treatment. Certain clinical situations
demand insulin as the treatment of choice, but for 12,
many patients insulin is regarded as a last resort,
not infrequently after years of inadequate metabo-
lic control. The benefits of insulin therapy should
prompt consideration of insulin earlier in the
course of type 2 diabetes mellitus. This approach
would seem particularly applicable to patients with 15
early onset of disease and a high propensity for
chronic complication$:83!

The evidence that good glycaemic control isim-
portant is now overwhelming; improvements in
control are particularly beneficial for individuals
with higher HbA . levels. Moreover, recent studies
suggest that intensive treatment of type 2 diabetesls.
mellitus appears to be a well tolerated and effective
option for many patients. The potential health ben- 19.
efits are large. However, careful patient selection
and provision of high quality multidisciplinary
care are required; therapy should be tailored to the
individual if the benefit-to-risk ratio is to be max-
imised[84.85] Further studies comparing different

9.

14.

16.

17.
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