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INTRODUCTION

Diabetes mellitus is a chronic disease with one of
the highest social and healthcare costs and is associa-
ted with a 3-fold to 4-fold increment in cardiovascular
morbidity and mortality. In fact, ischemic heart disea-
se is the main cause of death in diabetic patients.1,2

This article places special emphasis on the therapeutic
management of type 2 diabetes, which is the most pre-
valent type and, consequently, the modality that will
cause the greatest cardiovascular morbidity and morta-
lity in absolute figures.

The treatment of diabetes must be based on an un-
derstanding of its pathophysiology. Thus, in type 1

diabetes mellitus a severe insulin secretion deficit
exists and the only treatment, at present, is the admi-
nistration of insulin or insulin analog. However, type
2 diabetes mellitus is a much more complex disease,
in which insulin resistance predominates in the early
stages. In more advanced stages, insulin resistance
persists but the deficit in insulin secretion is more evi-
dent. Therefore, the therapeutic approach will depend
on the stage of the disease and characteristics of the
patient.

GOALS OF TREATMENT

The general goals of the treatment of diabetes are
to avoid acute decompensation, prevent or delay the
appearance of late disease complications, decrease
mortality, and maintain a good quality of life. As for
chronic complications of the disease, it is clear that
good control of glycemia makes it possible to reduce
the incidence of microvascular complications (retino-
pathy, nephropathy, and neuropathy),3,4 whereas good
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control of glycemia per se does not seem to be as de-
terminant in the prevention of macrovascular compli-
cations (ischemic heart disease, cerebrovascular dise-
ase, peripheral arteriopathy).4 In this sense, the
treatment of hyperglycemia should be contemplated
as part of an integral approach to the combined risk
factors present in these patients (arterial hypertension
[AHT], dyslipidemia, smoking). Thus, a treatment
designed to obtain optimal glycemic control that ne-
glects other cardiovascular risk factors is not very ra-
tional. In fact, it will surely be more beneficial to the
diabetic patient to address cardiovascular risk factors
overall, even if goals are not strictly reached for any
of them. The therapeutic objectives are listed in
Table 1.5-7 Glycosylated hemoglobin (HbA1c) is the
best index of the control of diabetes, since it provides
information about the degree of glycemic control in
the last two to three months and should remain below
7%. Nevertheless, in older patient or persons with a
very limited life expectancy, it is not necessary to re-
ach this therapeutic target since it entails a high risk
of causing severe hypoglycemia. As for the target va-
lues for the lipid profile and blood pressure, it should
be remembered that ischemic heart disease is the
main cause of mortality in diabetic patients1,2 and
that the cardiovascular risk of diabetic patients is si-
milar to that of nondiabetic patients who already
have ischemic heart disease.8 Therefore, the target
values required in the diabetic population should be
strict and similar to those demanded in patients with
established coronary artery disease.

GENERAL PRINCIPLES OF TREATMENT

Diet and exercise are fundamental in the treatment
of diabetes. Dietary recommendations must be custo-
mized for each individual to achieve the general objec-
tives of treatment. It should be remembered that obe-
sity is common in type 2 diabetics so one of the main
objectives should be weight reduction. The calorie
content of the diet should be adjusted in each indivi-
dual in accordance with the body mass index and re-
gular physical activity. As far as the nutrient propor-
tions of the diet, it is recommended that proteins
should constitute 10%-20% of calorie intake and fats
less than 30%, with less than 10% saturated fats. With
regard to carbohydrates, emphasis should be placed on
total intake rather than on their origin, although ra-
pidly absorbed carbohydrates should be avoided.9

Physical exercise, aside from constituting a mains-
tay of the treatment of diabetic patients, helps to pre-
vent the development of diabetes in adult life.10-14 In
patients with type 2 diabetes, moderate regular exerci-
se (30 min/day) is very beneficial, since it reduces gly-
cemia by increasing sensitivity to insulin, improves
the lipid profile, lowers blood pressure, contributes to
weight loss, and improves cardiovascular state (decre-
ased heart rate at rest, increased systolic volume, and
decreased cardiac work). In addition, it gives the pa-
tient a sense of well being and better quality of life.
The main disadvantage of exercise in diabetic patients
is hypoglycemia, which can occur several hours later
and should condition adjustments in the therapeutic re-
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TABLE 1. Therapeutic objectives for the prevention

and treatment of vascular disease in diabetic patients

Objective At onset or when 

modifying 

pharmacological treatment

Blood glucose profile

Preprandial glycemia mg/dL* 80-120 <80/>140

Postprandial glycemia mg/dL* 80-140 >140

Glycemia at bedtime mg/dL* 100-140 <100/>160

HbA1c % <7 >8

Lipid profile

C-LDL mg/dL ≤100 >100**/>130

C-HDL mg/dL >45 (M) 55 (W)

Triglycerides mg/dL <200 >200-400***

Blood pressure <130/85 mm Hg >140/90 mm Hg

*Capillary blood; **in the case of previous cardiovascular disease (CVD) and
in diabetic patients without previous CVD but with some other risk factor (low
C-HDL, smoking, arterial hypertension, family history of CVD, microalbuminu-
ria or proteinuria); ***based on clinical judgment. M indicates men; W, wo-
men. These objectives are recommended by the American Society of
Diabetes,5 and are similar to those prepared by the European6 and Spanish7
Diabetes Societies.

TABLE 2. Risks of physical exercise in patients 

with diabetes

1. Hypoglycemia, if the patient is treated with insulin 

or oral hypoglycemic agents

Induced by exercise

Delayed onset after exercise (6-15 h later)

2. Hyperglycemia after extenuating exercise

3. Hyperglycemia and ketosis in patients with an insulin deficit

4. Triggering or exacerbation of cardiovascular diseases

Ischemic heart disease

Arrhythmia

Sudden death

5. Aggravation of late complications of diabetes

Proliferative retinopathy

Vitreous hemorrhage

Retinal detachment

Nephropathy

Increased proteinuria

Peripheral neuropathy

Soft tissue and joint lesions

Neuropathy of the autonomic nervous system

Reduction of cardiovascular response to exercise

Decrease in maximum aerobic capacity

Deterioration of response to dehydration

Postural hypotension



gimen. In addition, in patients with type 1 diabetes and
poor metabolic control, especially after anaerobic
exercise, hyperglycemic decompensation or even keto-
sis can take place. Aside from disturbing glucose me-
tabolism, physical exercise can entail other risks,
which are detailed in Table 2. Therefore, the patient´s
exercise program must be planned individually taking
into consideration physical capacity and potential
risks.15

The diabetological education that the patient recei-
ves from qualified healthcare personnel is essential in
achieving therapeutic objectives. For example, self-
testing of capillary blood glucose informs the patient
about the time of day when glycemic control is worse
and helps to identify undetected hypoglycemia.
Therefore, self-tests are fundamental for making op-
portune modifications in therapy. In addition, the pa-
tient who knows how to modify treatment based on
capillary blood glucose measurements and has recei-
ved advice on how to handle various situations, such
as hypoglycemia or hyperglycemic-ketotic decompen-
sation, will require fewer hospital admissions and have
a better quality of life.

TREATMENT OF TYPE 2 DIABETES
MELLITUS. GENERAL PRINCIPLES 
AND THERAPEUTIC APPROACH

The diet –which generally must be low-calorie due
to the frequency of associated obesity– and a program
of regular exercise are the basis of the treatment of
type 2 diabetes mellitus. When acceptable metabolic
control is not achieved, either because the patient does
not adapt to changes in life style or because, in spite of
complying with the diet and exercising regularly, the-
rapeutic objectives are not attained, pharmacological
treatment must begin. Figure 1 shows a diagram of the
therapeutic approach to type 2 diabetes mellitus.

Pharmacological treatment

Sulfonylureas

In the mid-1950s the first sulfonylureas (SU) were
developed for commercial use (carbutamide and tolbu-
tamide). In the mid-1960s there were already four SUs
on the market (tolbutamide, acetohexamide, tolazami-
de and chlorpropamide), which are currently known as
the first-generation SUs. At the end of the 1960s, se-
cond-generation SUs were introduced (glibenclamide,
glipizide, gliquidone, and gliclazide). In 1970, the re-
sults of the University Group Diabetes Program
(UGDP)16 were published, where it was concluded that
tolbutamide was ineffective in the treatment of the dia-
betes and also increased cardiovascular mortality. This
study had a major impact not only in the U.S., but also
in various European countries, and resulted in a consi-

derable decrease in the use of SUs. Nevertheless, since
the results of the UGDP were much criticized regar-
ding the methodology of the study,17 and there was
evidence of its clinical effectiveness, in 1979 the
American Diabetes Society decided to end restrictions
of the use of SUs and they have been marketed in the
U.S. since 1984. More recently, a new long-acting SU
has been introduced: glimepiride.18

Mechanism of action. The SUs stimulate the second
phase of insulin secretion by pancreatic beta cells, that
is to say, the release of preformed insulin.19 Therefore,
the SUs require the presence of a critical mass of beta
cells with insulin secretory capacity in order to act.
Therefore, the SUs will not be effective in patients
who are pancreatectomized or have type 1 diabetes
mellitus. The SUs act through high-affinity receptors
located in the pancreatic beta cells.20 Binding to these
receptors inhibits the opening of ATP-sensitive potas-
sium channels and avoids potassium outflow from the
cell, thus triggering cell membrane depolarization. As
a result, the calcium channels open, increasing intrace-
llular calcium content and calcium binding to calmo-
dulin, which produces microfilament contraction and
the exocytosis of insulin granules (Figure 2).

In the heart and throughout the cardiovascular sys-
tem there are also SU receptors and ATP-sensitive po-
tassium channels, which have an important cardiopro-
tective effect against ischemia. Closure of these
channels by SUs could contribute to ischemia.21

Nevertheless, although this possible harmful effect se-
ems evident in experimental studies in which high do-
ses of SUs are administered acutely,22 this does not
seem to be clinically relevant, as has been shown in
the UKDPS study.4

Clinical pharmacology. The SU differ in potency,
duration of action, metabolism, undesirable effects,
and other pharmacological properties.23 Some of the
main pharmacological characteristics of the SUs are
summarized in Table 3. The second-generation SUs
are more potent and have less toxicity than the first-
generation SUs. All the SUs are absorbed quickly in
the digestive tract, reaching peak plasma level 2-4 h
after ingestion. They bind mainly to albumin, from
which they can be displaced by other drugs. The meta-
bolism is fundamentally hepatic and its metabolites
are eliminated in urine and, to a lesser extent, in bile.
Gliquidone is eliminated mainly in bile, so it can be
used in cases of moderate kidney failure (creatinine <2
mg/dL).

Undesirable effects. SUs are generally well tolera-
ted. Hypoglycemia is the most frequent adverse effect
and is directly related with the potency and duration of
the effect of the drug administered.24 Thus, it is more
frequent with chlorpropamide or glibenclamide than
with tolbutamide. Hypoglycemia due to SU is less fre-
quent than with insulin, but it is often more prolonged
and can require treatment with intravenous glucose in-
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fusion for several days. Kidney and liver failure are
risk factors for SU-induced hypoglycemia. The decrea-
se in intake and the use of drugs can potentiate the ac-
tion of SUs24 (e.g., aspirin, MAO inhibitors, pyrazolo-
nes, fibrates). All these factors often coincide in
diabetics of advanced age. In addition, in such patients
the typical symptoms of hypoglycemia may be absent
and manifested only by psychiatric or neurological
symptoms. Other undesirable effects are infrequent
(<5%), generally well-tolerated, and reversible25 (Table
4).

Indications, drug selection, and contraindications

SUs are considered drugs of first choice for the tre-
atment of type 2 diabetes mellitus when the patient is

not overweight, as long as the therapeutic objectives
are not achieved by means of an individualized pro-
gram of diet and exercise. The second-generation SUs
are the most frequently used and there is none that cle-
arly surpasses the others, which is why it is more im-
portant that the physician prescribe the preparation she
is most experienced with. Tolbutamide and glimepiri-
de have been recommended for older persons due to
the lower risk of serious hypoglycemia. Treatment
should begin with small doses (generally half a tablet)
to avoid hypoglycemia and to increase the dose at we-
ekly intervals until good metabolic control has been
achieved or the recommended maximum dose has
been reached. When an adequate response is obtained,
the possibility of reducing the doses should be revie-
wed. If a lower dose can be given, it likely that good
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Diet+exercise

Excess weight

No Yes

SU or rapid-action
secretagoguesa MET or TZDb

Poor control

Add other oral antidiabetic

Poor control

Add insulind

Insulinization criteria
– Marked hyperglycemia
   with ketosis
– Pregnancy

Reconsider combined treatment

Poor control Poor control

Insulin+SU or rapid-action
secretagogues

if residual insulin
secretion exists

Insulin in various doses

MET or TZD

If obesity and/or insulin
resistance exists

Fig. 1. Scheme of the therapeutic
approach proposed for type 2 diabe-
tes mellitus. aFast action secretago-
gues are repaglinide and nateglinide.
bAt present, the thiazolidinediones
(TZD) cannot yet be prescribed in
monotherapy. cBased on patient cha-
racteristics. Thus, for example, if ba-
seline hyperglycemia predominates
and the patient was treated with sul-
fonylureas (SU), metformin (MET)
can be added. However, if the patient
follows treatment with MET and poor
control is at the expense of postpran-
dial hyperglycemic peaks, a secreta-
gogue or alpha-glycosidase inhibitor
should be added. dIt is recommen-
ded that insulin treatment begin with
a single nocturnal dose.



control will be obtained with diet alone. If good glyce-
mic control is not achieved with the maximum dose of
SU used, combined treatment with metformin can be
tried or the patient can be switched to insulin.

SUs are contraindicated in patients allergic to sulfo-
namides and, of course, in type 1 diabetics and in pan-
creas-deficient diabetes (e.g., after pancreatitis or pan-
createctomy), since they are only effective when the
patient has some insulin-secreting capacity. They can-
not be prescribed during pregnancy and breastfeeding

because they can cross the placental barrier and be se-
creted in maternal milk. Its use in situations that cause
important stress is not recommended since, in these
cases, the SUs will not be capable of meeting insulin
needs. Thus, in situations such as acute myocardial in-
farction (AMI), severe trauma, or infectious processes
of certain importance, it is preferable to switch to insu-
lin treatment and then reassess SU treatment after
overcoming the period of stress. They should not be
used in the case of major surgical interventions,
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Fig. 2. Schematic representation of the
mechanism of action of the sulfonylure-
as (SU). The SU receptor regulates the
opening and closing of K+ channels
and contains specific binding sites for
ATP, SU, and repaglinide.

– +

K+ Ca++

Ca++K+

Repaglinide
binding site

SU binding
site

ATP binding site

Exocytosis

Membrane potential

RSU

Insulin

TABLE 3. Major pharmacological characteristics of the principal sulfonylureas 

Sulfonylurea Half-life Duration of action Renal elimination Daily dose

Tolbutamide 6-12 h 6-12 h 100% 500-3000 mg

Rastinon®

Chlorpropramide* >24 h 24-60 h 80% 125-500 mg

Diabenese®

Glibenclamide 3-5 h 16-24 h 50% 2.5-15 mg

Daonil®

Euglucon-5®

Norglicem-5®

Glicazide 6-12 h 12-24 h 70% 40-240 mg

Diamicron®

Glipizide 1-5 h 12-24 h 70% 2.5-15 mg

Diabenese®

Minodiab®

Gliquidone 12-24 h 12-24 h 5% 15-90 mg

Glurenor®

Glimepiride 10 h 16-24 h 50% 1-8 mg

Amaryl®

Roname®

*Not recommended due to the high risk of side effect.



which, aside from constituting a stressful situation,
also entails the need for fasting. Therefore, patients
should be switched to insulin treatment and intrave-
nous glucose infusion.

The presence of liver disease is a relative contrain-
dication. Most SUs are metabolized by the liver into
compounds with little or no activity. Therefore, when
impaired liver function exists, deactivation of the SUs
decreases, the half-life becomes longer, and the hy-
poglycemic action increases. Hypoalbuminemia is an
aggravating factor since a larger amount of SU will be
present. If the patient also consumes alcohol, the risk
of hypoglycemia will increase.

Kidney failure results in a decrease in the elimina-
tion of SUs and their metabolites, prolonging their ac-
tion and increasing the risk of hypoglycemia.
Therefore, their use in patients with kidney disease is
not recommended. As has been mentioned, gliquidone,
which is eliminated preponderantly in bile, could be
an alternative in the case of moderate kidney failure
whenever therapeutic objectives are strictly met; if
not, patients should be passed immediately to insulin
treatment.24-26

Other secretagogue drugs: repaglinide 
and nateglinide

Repaglinide and nateglinide are new secretagogues
characterized by a selective action on the first phase of
insulin secretion. From the clinical vantage point, they
have a shorter but more intense action than the SUs,
which produces into a smaller postprandial glucose
elevation and less intense later hypoglycemic action,
meaning that beta-cell stimulation is avoided during
periods of fasting.27,28 This is especially important in
avoiding nocturnal hypoglycemia. These fast-acting
secretagogues, like the SUs, are indicated in type 2
diabetes mellitus when therapeutic objectives are not
reached with diet and exercise.

Repaglinide. Repaglinide (Novonorm®) is a deriva-
tive of carbamoyl methyl benzoic acid (meglitinide fa-
mily). It has a mechanism of action very similar to that
of the SUs, but differs in the specific binding site to
the SU receptor29 (Figure 2). Its insulin-releasing ac-
tion begins within the first 30 min of administration
and the effect disappears in approximately 4 h.
Therefore, it should be taken about 15-30 min before
eating; it is fundamental to coordinate its administra-
tion with the meal schedule. This adjustment reduces
the probability of hypoglycemia when meals are skip-
ped or delayed, in contrast with conventional SU treat-
ment.30 The dose is 0.5-4 mg before each meal and can
be adjusted in accordance with the type of meal inges-
ted. In general, it is a well tolerated drug and its clini-
cal effectiveness in monotherapy is similar to that of
SUs. It also has been shown to be very effective in
combination with metformin.31,32 It is metabolized by
the liver and 90% is excreted in bile as inactive meta-
bolites. Hepatic toxicity has not been described, but
the transaminases can rise temporarily. Therefore, the
dose would have to be reduced in patients with clini-
cally significant liver disease. It is not contraindicated
in the case of mild or moderate kidney failure, but in
severe kidney failure (creatinine clearance 20-40
mL/min) the dose should be reduced.29,33

Nateglinide. Nateglinide (Starlix®) is a derivative of
D-phenylalanine that directly stimulates the beta cell.
Its action is based on the fact that although the respon-
se to glucose is lost in the first phase of insulin secre-
tion, the response to certain amino acids like phenyla-
lanine is conserved. Its pharmacokinetics are very
similar to those of repaglinide, but with a still more ra-
pid onset and disappearance of action, which causes
an earlier and intense peak insulin secretion that disap-
pears sooner. Therefore, the preprandial delay is shor-
ter, as are possible late hypoglycemic crises.28

Although experience is limited, it has been shown to
be effective at a dose of 60-180 mg taken before each
meal. The best dose-response effectiveness is obtained
with 120 mg.34,35

Biguanides

The history of the biguanides dates back to the
Middle Ages, when the legume Galega officinalis,
whose active principle is guanidine or galegin, was
used for the treatment of diabetes mellitus.36

Nevertheless, it was not until 1918 that its utility as a
hypoglycemic treatment was discovered.37 Three deri-
vatives of guanidine have been identified: monoguani-
dines (galegin), diguanidines (sintalin) and biguanides,
formed by the union of two guanidine molecules and
the elimination of an amino radical. Sintalin was intro-
duced in Germany in 1926 but its toxic effects made it
unusable. Between 1957 and 1960, the biguanides
were introduced on the market (fenformin, buformin,
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TABLE 4. Main side effects of the sulfonylureas 

Hypoglycemia

Gastrointestinal disturbances: nausea, vomiting, bloating, diarrhea, 

abnormal liver function tests, and cholestasis

Skin reactions: rash, itching, erythema nodosum, erythema 

multiforme, exfoliative dermatitis, photosensitivity

Hematological disturbances*: hemolytic anemia, agranulocytosis, 

thrombocytopenia, bone marrow aplasia 

Disulfiram-like effect**

Hyponatremia** 

*These effects occur occasionally, generally within the 6 first weeks after be-
ginning treatment; **only with chlorpropamide. Hyponatremia can be severe
and occurs as a result of an increase in the sensitivity of the renal tubule to
antidiuretic hormone (ADH). These side effects make the use of chlorpropami-
de inadvisable.



and metformin) and became very popular.38

Nevertheless, in 1976 these drugs were discontinued
in the U.S. and some European countries (Germany,
Scandinavia) due to their association with lactic acido-
sis.39-41 Nonetheless, cases of lactic acidosis had only
been communicated with fenformin, so metformin and
buformin continued to be prescribed regularly in most
European countries and Canada. It should be noted
that the incidence of lactic acidosis with metformin
use is three cases per 100 000 inhabitants/year, a figu-
re similar to the rate of deaths due to hypoglycemia at-
tributed to glibenclamide.42-44 Because of its effective-
ness and safety, metformin (Dianben®) is currently the
only biguanide recommended for therapeutic use.
Since 1995 metformin has again been made available
on the U.S. market. At present it is one of the drugs
most used in the treatment of type 2 diabetes.42,25

Mechanism of action. The biguanides, unlike the
SUs, do not stimulate insulin secretion by the pancrea-
tic beta cells. Therefore, strictly speaking they cannot
be considered hypoglycemic agents because they only
reduce glycemia in diabetic patients. Their main me-
chanism of action is to reduce hepatic glucose produc-
tion by decreasing both glyconeogenesis and glycoge-
nolysis.42,46,47 They also increase glucose uptake by the
skeletal muscle. Thus, it has been demonstrated that
metformin favors the action of insulin in muscle tissue
at different levels: by increasing the number of recep-
tors and the affinity of insulin for its receptors, facili-
tating glucose transport through an increase in the ex-
pression, or activity, of GLUT-4, and stimulating
non-oxidative glucose metabolism, which translates
into an increase in glycogen deposits. It is clear that
metformin improves sensitivity to insulin and is a drug
of first choice when insulin resistance is the predomi-
nant mechanism in the etiopathogenesis of diabetes.

Aside from reducing glycemia levels, the biguani-
des exercise other effects that are especially beneficial
for diabetic patients. Thus, it has been demonstrated
that they reduce triglyceride concentrations by 20%-
25% and C-LDL by 5%-10%, whereas C-HDL levels
do not vary or rise discretely.42,46,48 Other effects that
have been reported are the improvement of various
rheological variables in blood (decreased platelet ag-
gregability, increased erythrocyte deformability, decre-
ased blood viscosity) and increased fibrinolytic acti-
vity.42 Finally, it has been demonstrated that treatment
with metformin is accompanied by weight loss, espe-
cially compared with patients treated with insulin or
SU.49

Clinical pharmacology. The biguanides are absor-
bed quickly in the small intestine and only fenformin
binds to plasma proteins and suffers partial hepatic
metabolization. Buformin and metformin do not bind
to plasma proteins and are eliminated unchanged by
the kidney. Peak plasma metformin concentration is
reached 2-3 h after it is taken. Its plasma half-life ran-

ges from 2 to 6 h and within 12 h 90% will be elimina-
ted in urine. It can be given two or three times a
day.23,42

Undesirable effects and contraindications. The most
frequent adverse effect of the biguanides are gastroin-
testinal disturbances, which occur in 30% of cases.
These effects include anorexia, nausea, vomiting, ab-
dominal discomfort, and a metallic taste, but undoub-
tedly the most frequent of them is diarrhea.23,48,50

Symptoms generally appear when treatment begins
and are short-lived. A disorder in vitamin B12 absorp-
tion has been reported in patients treated during pro-
longed periods. However, it has scant clinical reper-
cussions.48 Lactic acidosis is the most feared adverse
effect of the biguanides since it is lethal in 30%-50%
of cases.38,42 Nevertheless, this effect is very rare with
metformin, being necessary an overdose of the drug
and/or coexistence of impaired elimination or situa-
tions that produce an increase in lactic acid production
for it to occur. Consequently, it is better not to recom-
mend metformin in patients with kidney failure (crea-
tinine >1.4 mg/dL), advanced liver disease, serious
respiratory and/or cardiac insufficiency, alcoholism,
and situations of major stress (AMI, severe trauma, or
major infectious processes). It is also prudent to dis-
continue the drug temporarily when radiological con-
trast is injected, due to the risk of acute kidney failure.
Although no studies have demonstrated teratogenic ca-
pacity or the ability to cross the placenta, its use is not
recommended during pregnancy or breastfeeding. Age
is not a limiting factor as long as creatinine clearance
is >70 mL/min.42,48

Drug selection and indications. As has been mentio-
ned, the only biguanide recommended for clinical use
is metformin. It is the drug of choice in overweight
type 2 diabetics, since insulin resistance generally pre-
dominates over deficient insulin secretion in such ca-
ses.6,51,52 Of course, it should only be prescribed if the-
rapeutic objectives are not achieved with a suitable
diet and exercise program. It is recommended that tre-
atment begin with a single low dose (500-850 mg)
coinciding with food intake, and that it be gradually
increased at 2-week intervals until therapeutic goals or
a maximum dose of 2550 mg/day is reached (3 ta-
blets/day). This minimizes side effects, especially
diarrhea and other digestive problems, which are the
main cause of withdrawal from treatment. Even so,
5% of patients do not tolerate it.48,50

The therapeutic effectiveness of metformin is un-
questioned and is comparable to that of the SUs.42,53

Metformin has a series of advantages over SUs, such
as the absence of hypoglycemia, improvement of the
lipid profile, and reduction of insulinemia levels. In
addition, it is not associated with weight gain. In the
UKDPS study, metformin was the only medication as-
sociated with a reduction in mortality in diabetic pa-
tients. Aside from reducing microangiopathic compli-
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cations, it also significantly reduced the risk of AMI
and cerebrovascular accidents.54 If the therapeutic ob-
jectives are not attained after reaching the maximum
dose, an SU or fast-acting secretagogue (repaglinide or
nateglinide) can be added. Although this association
has been demonstrated to be very effective,42,53,55,56 due
to the progressive nature of diabetes, the secretory ca-
pacity of the beta cell will deteriorate with time and
many patients will require insulin. In these cases, as
long as a certain insulin secretion capacity persists, it
is preferable to use combined therapy with oral drugs
and to add insulin as a nocturnal dose administered be-
fore bedtime. Another option is to discontinue treat-
ment with secretagogues and to use treatment with
metformin and insulin.57

Thiazolidinediones

This group of drugs of recent appearance have an
action based on increasing sensitivity to insulin. In
1982 the first drug in this group, ciglitazone, was dis-
covered, but it was not marketed due to its elevated to-
xicity. Since the mid-1990s, derivatives with a better
safety profile have been developed: troglitazone, pio-
glitazone, and rosiglitazone.58 Nevertheless, troglitazo-
ne has been withdrawn due to its hepatotoxicity59 and
in Spain pioglitazone (Actos®) is not yet available on
the market, although its commercialization is immi-
nent. Therefore, rosiglitazone (Avandia®) is only thia-
zolidinedione (TZD) that we can prescribe at present
and, for the moment, its use is only authorized in com-
bination therapy.

Mechanism of action, indications, and clinical ef-

fectiveness. The mechanism of action involves bin-
ding to specific nuclear receptors called PPAR-γ (pe-

roxisome proliferator-activated gamma receptor),
whose stimulation regulates the transcription of spe-
cific genes that will lead to an increase in the number
and affinity of insulin receptors, especially the gluco-
se transporters GLUT-4. This causes an increase in
insulin-mediated peripheral uptake of glucose by
muscle and adipose tissue. PPAR-γ stimulation also
causes the transformation of preadipocytes into adi-
pocytes with less capacity to respond to the action of
tumor necrosis factor alpha (TNF-α). This reduces li-
polysis and results in a decrease in circulating free
fatty acids, consequently improving insulin resis-
tance.60-63

Since they act as insulin-sensitizing agents or, what
is the same, reducers of insulin resistance,64-66 their cli-
nical effectiveness is clearly related with the presence
of an insulin reserve. They do not reduce glucose le-
vels in healthy subjects or in diabetics with clear insu-
linopenia unless they are administered in association
with insulin.67 Therefore, like metformin, their main
indication will be patients with type 2 diabetes melli-
tus in which insulin resistance predominates.

The recommended dose of pioglitazone is 30
mg/day, whereas the recommended dose of rosiglita-
zone is only 4-8 mg/day, since it has more affinity for
PPAR-γ receptors.63 As we have mentioned, at present
rosiglitazone is the only TZD that can be prescribed in
Spain. Its maximum concentration is reached within
an hour of intake, plasma half-life is 3.7 h, and it is
metabolized in liver.63 Nevertheless, it is necessary to
consider that, since its mechanism of action is through
the activation of gene transcription, metabolic effects
are not fully reached until 3 to 6 weeks after beginning
treatment.58 Its pharmacokinetics are practically un-
changed by kidney failure68 or age.69 It can be given in
one or two daily doses and it does not matter if it is
administered before or after meals.70

Its hypoglycemic action is dose-dependent and, in
theory, it can be used in monotherapy or combined
with secretagogues, metformin, or insulin.
Nevertheless, the European Agency for the Evaluation
of Medicinal Products so far has only approved its cli-
nical use in combination with metformin in obese pa-
tients, or with SUs in cases in which metformin is con-
traindicated or not tolerated.71 In fact, the effectiveness
of TZDs is superior when they are used in combina-
tion with SUs or metformin than when they are used in
monotherapy. Let us remember that the TZDs, metfor-
min, and SUs act through different mechanisms. The
TZDs stimulate glucose uptake by insulin-sensitive
tissues, whereas the main mechanism of action of met-
formin lies in the inhibition of hepatic glucose produc-
tion and that of the SUs is based on an increase in en-
dogenous insulin levels. Therefore, it is logical that the
combination of TZD with either metformin or SU has
been shown to be very effective.47,72-74 It also is used in
association with insulin therapy in patients with type 2
diabetes mellitus who require high doses of insulin,
improving metabolic control and appreciably reducing
insulin needs.75

Aside from significantly reducing baseline gly-
cemia, postprandial glycemia, insulinemia, and
HbA1c, they change the lipid profile. Thus, they redu-
ce the mean value of free fatty acids and triglycerides
by 15%-20% and produce a slight increase (5%-15%)
in C-LDL and C-HDL.58 It is also known that the
TZDs can have potentially beneficial effects on the
development or progression of arteriosclerosis that
are under study.76,77

Side effects and contraindications. The most serious
toxic effect of the TZDs has been hepatoxicity. Thus,
an increase in transaminases was observed with trogli-
tazone in around 2% of patients. In sporadic cases, se-
vere hepatocellular lesions that caused the death of the
patients was documented, so it was withdrawn from
the market.59,78 Severe hepatoxicity has not been repor-
ted with pioglitazone and rosiglitazone, although iso-
lated cases of nonfatal hepatic lesion have been com-
municated.79,80 Therefore, for the moment it seems
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prudent not to prescribe them in patients with liver di-
sease and it is advisable to closely monitor liver enzy-
mes when it is administered to patients without liver
disease. Mild decreases in hematocrit and hemoglobin
levels have been reported that do not seem to be rela-
ted to disturbances in erythropoiesis and could be attri-
buted to an increase in plasma volume.63 In this sense,
it has been demonstrated that troglitazone produces
water retention, which causes hemodilution and edema
due to a vasodilator effect. In addition, structural and
functional cardiac disorders have also been communi-
cated, but these effects have not been observed with
rosiglitazone.81,82 In any case, until more experience
with the use of TZDs is available, it would be prudent
to avoid administering it to patients with anemia
and/or established heart disease. At present, studies in
humans have not included women who were pregnant
or breastfeeding, or patients under the age of 18 years;
therefore, TZDs cannot be used in such patients.
However, since the metabolism of TZDs is hepatic,
they can be prescribed in cases of mild or moderate
kidney failure. Hypoglycemia is infrequent and it has
been communicated in less than 1% of cases with rosi-
glitazone in monotherapy.83 Finally, due to improve-
ment in the use of glucose by adipose tissue, these
drugs are lipogenic and weight gain is another undesi-
rable effect that must be considered.

Alpha-glycosidase inhibitors

The inhibitors of the alpha-glycosidases (acarbose
–Glucobay®, Glumida®– and miglitol –Diastabol®,
Plumarol®-) competitively and reversibly inhibit intes-
tinal alpha-glycosidases, thus delaying and partly im-
peding carbohydrate absorption. Consequently, their
main effect is to reduce postprandial hyperglycemia.
Their effectiveness in reducing HbA1c is less than that
obtained with the drugs commented above, and would
be especially indicated in patients with an acceptable
baseline glycemia and postprandial hyperglycemia.57

In order to minimize side effects, it is recommended
that treatment begin with 25-50 mg (one-half or one
tablet), which should be swallowed without chewing
before meals. The dose can be increased weekly until
it reaches 300 mg/day, which is the usual dose, and its
maximum effect is observed at 3 months.84 The most
important side effects, which are responsible for the
largest number of withdrawals, are flatulence (30%)
and diarrhea. They are contraindicated in patients with
chronic intestinal disease, pregnancy, breastfeeding, li-
ver cirrhosis, and kidney failure.

Combined treatment with oral antidiabetics

In up to 30% of cases, an insufficient response to any
of the above mentioned drugs takes place within 3
months of initiating treatment; this is known as primary

failure.7,57 It is more frequent in diabetics with high ba-
seline hyperglycemia and the main causes are the lack
of compliance with diet and/or a scant insulin reserve
due to a severe disturbance in insulin secretion capacity
by pancreatic beta cells. On other occasions, patients
stop responding after enjoying good metabolic control
for at least 6 months; this is called secondary therapeu-
tic failure. Every year 5% to 10% of patients cease to
respond favorably. This reflects the progressive deterio-
ration of the capacity for insulin secretion by the beta
cell and forms part of the natural evolution of type 2
diabetes mellitus. It is important to distinguish between
true secondary failure and a transitory loss in the effec-
tiveness of oral drugs due to an intercurrent disease. In
the latter case, good control can return with oral therapy
after temporary insulin treatment.

In the case of primary or secondary failure, the op-
tion of combined therapy with other oral antidiabe-
tics or insulin exists. The basis for this treatment is to
take advantage of the synergic or complementary ef-
fects of their mechanisms of action. Asides from im-
proving glycemic control, combined treatment makes
it possible to reduce the doses of drugs used in mo-
notherapy, which can help to minimize side effects.
The choice of the second oral drug must be made af-
ter analyzing the main causes that condition poor me-
tabolic control after considering the patient´s indivi-
dual characteristics. The pathophysiological bases for
combined therapy and the clinical effectiveness
found in the most representative studies are summari-
zed in Tables 5 and 6.6,7,31,53,55,57,72-74,85-97

TREATMENT OF TYPE 1 DIABETES MELLITUS

Insulin administration is the fundamental treatment
of type 1 diabetes mellitus. Although insulin has been
available for more than 75 years, in the last two deca-
des there have been important changes due to the ge-
neralized use of reflectometers by patients to self-mo-
nitor capillary blood glucose. Control of blood glucose
levels by patients includes adjustment by the patient of
insulin doses based on algorithms prepared by the en-
docrinologist and allows patients more flexibility in
their habits and, without a doubt, an improved quality
of life. As mentioned, this article focuses on the thera-
peutic management of patients with type 2 diabetes
mellitus, which is why we will not discuss specific as-
pects of the treatment of type 1 diabetics in detail.
Therefore, the information given below on insulin tre-
atment is applicable to patients with either type 1 or
type 2 diabetes.

Types of insulin and administration pathways

At present, in Spain the only insulins used are
biosynthetic human insulins that are obtained by gene-
tic recombination techniques from cultures of bacteria
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(Escherichia coli) or yeasts. Insulin is administered
subcutaneously using «pen syringes» with refillable
cartridges, disposable pens, or infusion pumps.
Nevertheless, in situations of severe metabolic decom-
pensation insulin can be administered intramuscularly
or intravenously. According to their action profile, the
various types of insulin can be classified into the three
large groups specified in Table 7.

In recent years fast-acting insulin analogs have be-
gun to be used (lispro insulin), which are obtained by
changing an amino acid in the insulin sequence.98

These analogs have the same hypoglycemic potency
as regular insulin, but they are absorbed faster and
have an earlier (1 h), higher, and briefer (4 h) insuli-
nemia peak than is observed with regular insulin,
which is why they can be administered immediately
before eating. Due to the brief duration of their ac-
tion, they produce less delayed hypoglycemia but, for
the same reason, it will often be necessary to give an
additional dose of intermediate action insulin. There
are also premixed insulins with established percenta-
ges of fast-acting and intermediate action insulin on
the market. They are especially useful and convenient
for type 2 diabetic patients but, in general, do not
adapt to the changing insulin needs of patients with
type 1 diabetes. In addition to the insulins that are cu-
rrently available, in the near future new subcutaneous
analogs will be marketed, including both fast-acting
(aspart, Novorapid®, glulisin) and slow acting (glar-
gin, Lantus®) products, as well as inhaled fast-acting
insulin.

Guidelines for insulin therapy

Generally speaking, insulin therapy can be divided
into conventional and intensive therapy. Conventional
insulin therapy includes the use of one or two injec-
tions of insulin (sometimes more), sporadic blood su-
gar self-testing and occasional modifications by pa-
tients in the insulin regimen depending on blood
glucose measurements, variations in the diet, or physi-
cal activity.

Intensive insulin therapy includes diet and an indivi-
dualized physical exercise program, multiple doses of
insulin (3-4 injections/day), frequent blood sugar rea-
dings (4-7 self-tests/day) and, especially, changes in
the insulin dose in relation to variations in blood glu-
cose, diet, and physical activity. This intensive treat-
ment requires a highly motivated patient, good diabe-
tological training, and the possibility of frequent
contacts with the healthcare team. This type of treat-
ment is indicated especially in patients with type 1
diabetes without advanced diabetic complications and
during pregnancy. Some examples of multiple insulin
injection regimens are outlined in Table 8. Strict blood
glucose control is associated with more frequent hy-
poglycemia but, despite this and the greater effort de-
dicated to metabolic control, the quality of life of the
patients seems to be as good or better in patients with
intensive treatment than in patients undergoing con-
ventional treatment.

The mean dose of insulin used varies widely (0.2-1
U/kg/day) since it depends on endogenous insulin se-
cretion (which is practically null in patients with type
1 diabetes and variable in type 2 patients) and the pre-
sence of insulin resistance. It is recommended that tre-
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TABLE 5. Pathophysiological basis and effectiveness of combined treatments with oral antidiabetics

Sulfonylureas+metformin* Repaglinide+metformin

Pathophysiological principle Sulfonylureas: stimulate insulin secretion Repaglinide: stimulates insulin secretion

MET: ↓ hepatic glucose production MET: ↓ hepatic glucose production

Additional decrease in HbA1c 1.5-2.5 1.4%*

Independent of the first drug used In patients treated previously with MET

Sulfonylureas+alpha-glycosidase inhibitors Metformin+alpha-glycosidase inhibitors

Pathophysiological principle Sulfonylureas: stimulate insulin secretion MET: ↓ hepatic glucose production

Alpha-glycosidase inhibitors: reduce postprandial Alpha-glycosidase inhibitors: reduce 

hyperglycemia postprandial hyperglycemia

Additional decrease in HbA1c 1.5%-2% when sulfonylurea is added 1.5%-2% when MET is added

0.5%-1% when an lα-glycosidase inhibitor is added 0.5%-1% when an lα-glycosidase inhibitor 

is added

Sulfonylureas+TZD Metformin+TZD

Pathophysiological principle Sulfonylureas: stimulate insulin secretion MET: ↓ hepatic glucose production

TZD: ↑ sensitivity to insulin TZD: ↑ sensitivity to insulin

Additional decrease in HbA1c 0.5%-1% when low-dose rosiglitazone is added 1% when rosiglitazone is added

0.7-1.7 when troglitazone is added (600 mg)

*This is the association with which most experience has been acquired and that is presently the most effective. TZD indicates thiazolidinediones;lα-glycosidase in-
hibitors, alpha-glycosidase inhibitors.



atment begin with low doses (0.3-0.5 U/kg/day) admi-
nistered in one or two injections/day of intermediate
action insulin. The total dose is increased and/or the
type of insulin is modified in accordance with the gly-
cemic profile. In type 1 diabetic patients, a regimen of
3-4 insulin injections/day combining fast and interme-
diate action insulin is recommended from the begin-
ning. In hospitalized patients who do not know that
they are diabetics or in known diabetics with poor gly-
cemic control, often motivated by circumstances that
increase their insulin demand (e.g., AMI, surgery, in-
fections, corticoid treatment, emotional stress, etc.), a
good therapeutic approach is to administer subcutane-
ous insulin regularly in relation to blood glucose rea-
dings obtained every 6 h, together with a meal contai-
ning 50 g of carbohydrates. Depending on the amount

of insulin required every 6 h, the units/day that the pa-
tient requires can be estimated and the total dose can
be administered in a single dose or divided it into se-
veral insulin injections (intermediate action or inter-
mediate associated with fast action).

TREATMENT IN SPECIAL SITUATIONS

Treatment in acute myocardial infarction 
or unstable angina

As a result of metabolic response to stress and the
elevation in counter-regulatory hormones (e.g., corti-
sol, catecholamines) that takes place immediately after
an AMI, hyperglycemic decompensation often occurs
in a known diabetic patient, or diabetes may even be
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TABLE 6. Pathophysiological basis and effectiveness of combined treatment with insulin and oral antidiabetics

Sulfonylureas+insulin* Metformin+insulin*

Pathophysiological principle – Sulfonylureas: stimulate insulin secretion – MET: ↓ hepatic glucose production and increases 

sensitivity to insulin

– Nocturnal insulin: ↓ baseline glycemia – Nocturnal insulin: ↓ hepatic glucose production 

by inhibiting hepatic glucose production 

Additional decrease in HbA1c 0.7%-1.1% when insulin is added to SU treatment 1,1%-2,5%

Lα-glycosidase inhibitors**+insulin TZD+insulin*

Pathophysiological principle Improved metabolic control and reduction Improved metabolic control and reduction of

of insulin requirements due to improved insulin requirements due to improved sensitivity to 

postprandial glycemia insulin

Additional decrease in HbA1c 0.69% when lα-glycosidase inhibitors 0.8%-1.4%

are added to insulin treatment when TZD are added to insulin treatment

*The most effective and advisable way to initiate insulin treatment in patients already receiving SU or MET is by administering a nocturnal dose of insulin.
**Alpha-glycosidase inhibitors.

TABLE 7. Classes of human insulin commercialized, by spectrum of action. In addition, premixed preparations

with established percentages of regular insulin/NPH insulin (10/90, 20/80, 30/70, 40/60, 50/50) and insulin

lispro/NPL (25/75, 50/50) are marketed

Onset of action Peak Duration

Fast action insulin

Regular insulin 30-60 min 2-4 h 6-8 h

Actrapid®

Humulin Regular®

Rapid insulin analogs 15-30 min 30-90 min 3-6 h

Humalog®

Intermediate action insulin

NPH 2-4 h 6-10 h 14-18 h

NPL* 2-4 h 6-10 h 14-18 h

Slow Humulin® 2-4 h 6-8 h 22 h

Monotard® 2-3 h 7-15 h 24 h

Prolonged action insulin**

Ultratard® 3-6 h 8-24 h 28 h

Ultraslow Humulin® 3-6 h 8-16 h 36 h

*Analog obtained from the union of insulin lispro to protamine; **only injectable preparations are available.



diagnosed for the first time. The stress-induced hy-
perglycemia that accompanies AMI is associated with
an increment in intrahospital mortality in both diabe-
tics and nondiabetics.99 The therapeutic approach
should aim at achieving glycemia values of 100-150
mg/dL (5.5-8.3 mmol/L). Hypoglycemia must be avoi-
ded because of the important cardiovascular risks in
the period immediately after AMI. The catecholamine
discharges caused by insulin-induced hypoglycemia
have an arrhythmogenic potential that can be fatal du-
ring the phase of increased myocardial irritability that
accompanies infarction.

In a prospective study (DIGAMI Study Group) it
has been demonstrated that the energy control of gly-
cemia achieved by infusing glucose, insulin and ClK
(GIK) in the period immediately after AMI signifi-
cantly improves long-term survival.100,101 Similar re-
sults have been communicated in nondiabetic pa-
tients,102 so this beneficial effect of GIK perfusion
cannot be attributed to an improvement in glycemic
control. The pathophysiological mechanisms by
which GIK infusion improves post-AMI survival are
not exactly known. Nevertheless, it should be noted
that free fatty acids, the substrate of choice for the
healthy myocardium, are toxic for the ischemic myo-
cardium. Free fatty acids can injure the membrane of
cardiac cells and cause a calcium overload and
arrhythmias.103 In addition, in studies of experimental
animals it has been demonstrated that free fatty acids
increase oxygen demand by the ischemic myocar-
dium and reduce myocardial contractility.104 Insulin
administration reduces circulating free fatty acid le-
vels and facilitates myocardial glucose uptake. In ad-
dition, it reduces protein degradation of the myocar-
dium and coagulability by reducing thromboxane A2
production and PAI-I activity.105,106 Evidently, all of
this would be beneficial for the myocardium and
could explain why patients treated with an intrave-
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TABLE 8. Multiple-dose insulin regimens

Breakfast Lunch Dinner

Fast Fast Fast+intermediate*

Fast+intermediate Fast Fast+ntermediate*

Fast+intermediate Fast+intermediate Fast+intermediate*

Fast Fast Fast+prolonged

Fast+prolonged Fast Fast

*Intermediate action insulin can be administered before dinner or at bedtime.

TABLE 9. Protocol for the treatment of diabetic

patients undergoing major surgery 

1. Prepare an insulin solution with 0.5 U/mL fast action insulin (250

U of regular insulin in 500 mL of saline solution) and administer

by infusion pump.

2. Infuse 5% glucose solution (GS) by pump. *In patients at risk of

volume overload, infuse 50% of GS by central venous catheter.

3. Determine glucose concentrations in capillary blood at 1-h

intervals.

4. Adjust infusion using hourly glycemia determinations, according

to the following scheme:

Glycemia Insulin infusion, 5% GS infusion, 50% of GS

(mg/dL) mL/h mL/h infusion,* mL/h

<70 1 150 25

71-100 2 125 22

101-150 3 100 20

151-200 4 100 17

201-250 6 100 12

251-300 8 75 10

>300 12 50 0

TABLE 10. Control of diabetes on the day of a minor surgical intervention or invasive diagnostic procedure 

Intervention that requires fasting Intervention that does not require fasting

1. Do not administer the morning dose of insulin or oral antidiabetic 1. Given the normal morning dose of insulin or oral antidiabetic

2. Determine capillary blood glucose every 4-6 h 2. Determine blood glucose and administer 4-8 U of fast action 

3. Administer fast action insulin subcutaneously every 4-6 h according insulin subcutaneously if glycemia >250 mg/dL

to the following scheme: 3. Administer the next dose (lunch or dinner) of insulin or oral 

Glycemia (mg/dL) Insulin (U)* antidiabetic according to the usual dose and schedule

<150 0

151-200 2

201-250 3

251-300 5

>300 6

4. Administer the usual dose of insulin or oral antidiabetic when 

the patient begins to eat lunch again

*The dose of insulin will depend on the amount of insulin that the patient usually requires. For example, a type 2 patient who requires <50 U of insulin per day or
oral antidiabetics can be controlled with these doses, whereas a type 1 or type 2 diabetic patient who requires more than 50 U/day of insulin would needs higher
doses.



nous infusion of GIK have a better evolution, but stu-
dies confirming the mechanisms involved in this car-
dioprotective effect are lacking.

Treatment during surgery

The treatment to be applied during the perioperative
period will depend on the type of diabetes, degree of
previous glycemic control, treatment that the patient is
receiving, and type of surgery.107 Patients with pre-
vious insulin treatment will always be given glucose
and fast-acting insulin. Nevertheless, in patients not
treated with insulin it is not usually necessary to admi-
nister insulin for minor surgery or noninvasive diag-
nostic processes, although it may be required for ma-
jor surgery. In major surgery, when insulin treatment is
needed, the most advisable approach is continuous in-
travenous insulin administration, which allows more
exact and faster glycemia adjustments. Nevertheless,
this requires hourly capillary blood glucose determina-
tions to regulate the rate of infusion of glucose and in-
sulin. Another alternative that could be indicated in
patients with acceptable metabolic control before sur-
gery, especially when strict monitoring cannot be gua-
ranteed, is to administer subcutaneous insulin every 4-
6 h in combination with the infusion of glucose
solution. In any case, it should be remembered that the
aim of treatment is not to achieve normoglycemia, and
target blood glucose levels of 125 to 200 mg/dL are re-
commended in the perioperative period. Examples of
protocols for major and minor surgery are shown in
Tables 9 and 10.

Recently, it has been demonstrated that intensive
treatment with insulin (GIK infusion to maintain a blo-
od glucose level of 80-110 mg/dL) significantly redu-
ces the morbidity and mortality of critically ill surgical
patients.108 Nevertheless, the mechanisms implicated
in this beneficial effect of GIK treatment, which is un-
related to the existence of a previous history of diabe-
tes, still have to be clarified.
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