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Type 2 diabetes mellitus is a
heterogeneous disease and is probably
characterised by different pathogenic
mechanisms and variable contribution
of insulin resistance and insulin
deficiency.1-4 Moreover, the mix of
insulin resistance and insulin deficiency
is likely to be different in each patient
and in any patient, may vary during the
course of the disease.4,5 In turn, chronic
hyperglycaemia can impair both insulinsecretory response to glucose and
cellular insulin sensitivity (i.e., glucose
toxicity).4,6-8 Epidemiological and clinical
data have unequivocally emphasised the
relationship
between
long-term
metabolic control and the incidence and
progression of diabetic microvascular
complications such as retinopathy,
nephropathy and neuropathy in both
Type 1 and Type 2 diabetes.9-10 There are
several associations and correlations
between
hyperglycaemia
and
11-23
macrovascular disease and a role for
hyperglycaemia in the pathogenesis of
atherosclerosis and thrombosis is
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postulated.24-34 Epidemiological studies
have found that insulin is integral to the
management of about 30% to 40% of
patients with Type 2 diabetes.35-36 Insulin
is temporarily required to control
hyperglycaemia during severe stress
(e.g., injury, infection, surgery) or in
pregnancy, but
in majority insulin
therapy is aimed at reducing long-term
complications. Data from long-term
interventional studies37-39 and others
from short-term interventional studies40-51
have shown that intensive glycaemic
control is feasible and beneficial in
reducing microvascular complications
among patients with Type 2 diabetes.
The aim of this review is to provide
evidence for the importance of good
glycaemic control in Type 2 diabetes,
with a focus on insulin therapy.
The effects of
intensive insulin
therapy on insulin secretion and
insulin action
Several studies have considered the
influence of short-term intensive insulin
therapy on insulin secretion in Type 2
diabetic patients. The results of these
clamping studies are variable but there
seems to be a consensus on the concept
that induction of a short period of
normal blood glucose by insulin therapy
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improves insulin secretion and reduces
insulin resistance.46-50 In support of this
consensus, the result of a recent study
has shown that temporary intensive
insulin treatment in insulin-requiring
Type 2 diabetics decreases insulin
requirement and improves sensitivity to
insulin.51 More recently short-term
continuous
subcutaneous
insulin
infusion treatment has been found to
improve insulin resistance, and increase
insulin secretion in overweight Type 2
diabetic patients with oral antidiabetic
treatment failure.34 Similarly, in Type 1
diabetes, intensive insulin therapy helps
to sustain endogenous insulin secretion
which, in turn, is associated with better
metabolic control.52 In cases of Type 2
diabetic patients who are at high risk for
slowly progressive β-cell failure due to
the development of pancreatic autoimmunity, treatment with subcutaneous
small doses of insulin may result in
improvement of serum c-peptide.44
Moreover, the results of a recent study
suggest that in a significant proportion of
newly diagnosed Type 2 diabetic
patients who fail to respond to dietary
measures, short-term intensive insulin
therapy
effectively
establishes
45
responsiveness.

However, critics suggested the UGDP
trial lacked power to assess this issue.55-56
The results of the recently concluded
landmark United Kingdom Prospective
Diabetes Study 33 (UKPDS 33)39 have
emphasized that intensive glycaemic
control has substantially decreased the
risks of microvascular complications in
newly diagnosed Type 2 diabetic
patients. Moreover, epidemiological
analysis of the data of this study has
shown a continuous relationship
between the risk of microvascular
complications and glycaemia, such that
for every percentage point decrease in
HbA1c (e.g., 9 to 8%) there is a 35%
reduction in the risk of microvascular
complications. Similar results have been
observed in the Japanese Kumamoto
Study,37 but were in patients with Type 2
diabetes of recent onset and who were
being treated with conventional insulin
therapy. The recently started long-term
prospective
Veterans
Affairs
Cooperative Study on Glycaemic control
and complications in Type 2 Diabetes
Mellitus 39,57 (VACSDM) is likely to
yield more data in this regard.

Micro-vascular disease and intensive
insulin therapy in Type 2 diabetes

Regarding the effect of long-term
intensive insulin therapy on macrovascular disease, the UGDP study
suggested that improved glycaemic
control with insulin was neither harmful
nor beneficial. The UKPDS 33 showed
that intensive glycaemic control by
insulin neither decreases macrovascular
disease substantially nor has adverse
effect on cardiovascular outcome as
suspected in several previous reports.56,5860
However, in the UKPDS 33 there was
evidence, albeit inconclusive, of a 16%
risk reduction for myocardial infarction,
which included non-fatal and fatal
myocardial infarction and sudden death.
Both the UGDP and UKPD 33 studies

According to the results of the landmark
Diabetes Control and Complication Trial
(DCCT),53 the significance of intensive
glycaemic control to retard the onset and
the progression of diabetic microvascular complications in Type 1
diabetes has been firmly established.
There are recent large-scale clinical trials
that bear on the issue of intensive
glycaemic control in Type 2 diabetes.
Previously, the results of the University
Group Diabetes Program trial (UGDP)54
showed that intensive insulin therapy
was neither beneficial nor harmful.

Macrovascular disease and intensive
insulin therapy
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were designed to compare the effect of
diet, oral drug therapy, and insulin on
glycaemic regulation and vascular events
in newly diagnosed Type 2 diabetic
patients.
However, Hellman et al
observed that a long-term (>11 years)
intensive insulin therapy was associated
with
significantly
lower
cardiac
mortality than a short-term (<1 year)
intensive treatment.61 In the Belfast diet
study, a 10 year prospective follow-up of
insulin treatment significantly reduced
ischaemic heart disease mortality
compared with patients treated with diet
alone.62 In the feasibility study of VA
CSDM trial, with an average follow up
of 27 months, the pooled total and
major cardiovascular event rates, were
26% (11.6% per year) and 16.3% (7.3%
per year) respectively.57 The high
cardiovascular event rates in the
feasibility study of VACSDM trial might
be explained by the long duration of
Type 2 diabetes in these group of
patients together with the contribution of
preexisting
cardiovascular
disease.
However, it is anticipated that the end
results of the VACSDM trial will
determine the risk-benefit ratio of
intensive insulin therapy on progression
of macrovascular disease in the
population with Type 2 diabetes.
In the context of acute myocardial
infarction,63,64 recently, the Diabetes
Mellitus Insulin Glucose infusion in
Acute Myocardial Infarction (DIGAM1)
study showed a major advantage of
improved glycaemic control during and
after myocardial infarction in diabetic
patients. In this study insulin and glucose
infusion during the hospital admission,
followed by multiple injection therapy
thereafter, reduced mortality after
myocardial infarction by around onethird, both at 12 months65 and at around
3½ years.66 Whether this advantage is
due to early or late glycaemic control39 or
direct effect of insulin67 as opposed to
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sulfonylurea 54,68-72 is still unclear.
Similarly, as diabetic patients have
worse survival and recovery prospects
after acute stroke than non-diabetic
patients, and hyperglycaemia is a
predictor of poor outcome in acute phase
of stroke,19-21 a randomised trial of
intensive glycaemic control is warranted
in patients with stroke complicated by
hyperglycaemia.
Effects of intensive insulin therapy on
the lipid profile and the parameters of
fibrinolysis
Regarding lipid profile, intensive insulin
therapy caused sustained and significant
reduction in plasma triglyceride levels73-75
and this reduction is likely to be due to
insulin-induced
enhancement
of
76
triglyceride
clearance.
Sustained
decrease in serum cholesterol has been
induced by intensive insulin therapy in
Type 273,74 and Type 1 diabetes.75 Also,
intensive insulin therapy reduced low
density lipoprotein (LDL) cholesterol in
Type 274 and Type 1 diabetes.75 But, other
studies found no reduction in LDL
cholesterol level at any point in the
intensive insulin therapy of Type
2
diabetes.73 However, there are
important compositional changes in LDL
cholesterol particles depending on serum
triglyceride and glucose levels.76-79
Specifically, when serum triglyceride is
maintained below 150 mg/dl, less
atherogenic LDL cholesterol particles
emerge. Insulin treatment in Type 2
diabetes induces profound metabolic
modifications of lipoproteins, resulting
in a significant decrease of the intravascular residence time of very low
density, intermediate density and low
density lipoprotein particles.
These
modifications are likely to make these
particles less harmful.80 It has been
assumed that intensively treated diabetic
subjects, have lower proportion of
glycated LDL cholesterol79,81 and
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consequently less oxidized LDL
cholesterol.82-84 As glycated and oxidized
LDL cholesterol may be more
atherogenic than unmodified LDL
particles, its lowering with tight
glycaemic control retards atherogenesis.
Similarly, the levels of high density
lipoprotein (HDL) cholesterol were
preserved in intensive insulin therapy,
whereas there was a slight, but
significant,
reduction
with
the
conventional insulin therapy.73
But,
intensive glycaemic control did not have
any effect on lipoprotein (a) level.73
Though the improved glycaemic status
with intensive insulin therapy is
beneficial,
the
resultant
hyperinsulinaemia may have deleterious
effects on atherogenesis. It has been
reported that serum fibrinogen is
increased in diabetic patients compared
with non-diabetic subjects85-87 and that the
fibrinogen level correlate positively with
the initial fasting serum insulin level88
and the insulin dosage during therapy.89
In the feasibility study of the VA CSDM
trial, in a cohort of Type 2 diabetic
patients, after 2 years of intensive
insulin therapy there was a transient rise
in serum fibrinogen level— a possible
thrombogenic effect.73 Moreover, it has
been recently reported that a defect in
the fibrinolytic system which results
from an increase in Type 1 plasminogen
activator inhibitor (PAI-1) is more
frequent in Type 2 diabetic patients than
in normal subjects.27,30-33 The plasma PAI1 level strongly correlates with fasting
serum insulin in Type 2 diabetic patients
and in obese subjects.30-33,90-91 This
suggests that insulin plays a major role
in PAI- 1 production. On the contrary,
others reported that in Type 2 diabetic
patients, acute hyperinsulinaemia does
not increase PAI-1 production during
euglycaemic clamping92-96 and insulin
therapy suppresses PAI-1 activity and
proinsulin like molecules independently
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of glycaemic control.67 Elevated serum
insulin level in an environment of
increased glucose and triglyceride
(typical of Type 2 diabetic patients) does
elicit an insulin-dependent increase in
circulating PAI-1.97 Also, Anderson et al
have reported that insulin can stimulate
vascular smooth muscle cell production
of PAI-1, which attenuates fibrinolysis.98
The goals of intensive glycaemic
therapy
The goal of intensive glycaemic therapy
is to reach the glycaemic targets to
prevent the onset and the progression of
diabetic long-term complications. The
goals of the 6-year period of the
Kumamoto study were a fasting blood
glucose < 6.1 mmol/1 (110 mg/dl), a 2-h
postprandial blood glucose <10 mmol/1
(180 mg/dl), and HbA1c <6.5% (normal
range 4.8 to 6.4%). Similarly over the 10
year period of the UKPDS 33, the goals
were fasting blood glucose < 6 mmol/1
(108
mg/dl),
pre-meal
glucose
concentrations of 4-7 mmol/1 (72-126
mg/dl) and HA1c <7% (normal range
4.5-6.2%). In the 27 month period of the
feasibility study of the ongoing VA
CSDM trial, the goal was to achieve an
HbA1c as close to the normal range as
possible (5.1± 1% [mean±2SD]). It also
aimed at fasting blood glucose of 4.446.38 mmol/1 (80-115 mg/dl) and other
preprandial levels to be < 7.22 mmol/1
(130 mg/dl). The European non-insulin
dependent diabetes mellitus policy
group99 has set guideline targets for good
glycaemic control in Type 2 diabetes.
According to these targets, fasting blood
glucose, postprandial glucose, and
HbA1c, must be less than 6.1 mmol/1
(109.8 mg/dl), 8 mmol/1 (144 mg/dl)
and 6.5% respectively. However, the
new goals for glycaemic control of the
entire population of individuals with
diabetes advocated by the American
Diabetes Association (ADA) are
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capillary blood glucose of 4.44-6.66
mmol/1 (80-120 mg/dl) before meals
and of 5.55-7.77 mmol/1 (100-140
mg/dl) at bedtime and HbA1c < 7%
(normal range 4-6% [mean 5%, SD 0.
5%]). Table (1)
Approaches of intensive insulin,
therapy in Type 2 diabetes mellitus
In Type 2 diabetes, a few short-term
studies have evaluated the feasibility of
intensive insulin therapy. Garvey et al
used continuous subcutaneous insulin
infusion therapy over 3 a week period to
normalise serum glucose levels in mildly
obese patients with uncontrolled Type 2
diabetes.40 Henry et al tried conventional
subcutaneous insulin
therapy using
NPH
and regular insulin given before
breakfast and supper for 6 months to
achieve optimal glycaemic control in
obese Type 2 diabetic patients.41 YkiJarvinen et al used NPH and regular
insulin before breakfast and dinner or
NPH insulin at 2100 hour with regular
insulin before breakfast, lunch, and
dinner.42 Chow et al found that twice
daily injection of intermediate-acting
insulin was effective and well-tolerated
form of therapy in Type 2 diabetic
patients with secondary failure of oral
hypoglycaemic agents.102 In the Swin
study, bedtime NPH insulin injection has

been tried to provide good glycaemic
control in Type 2 diabetic patients with
secondary
failure
of
oral
103
hypoglycaemic agents.
Regarding the methods of long-term
intensive insulin therapy, the feasibility
study of the VACSDM trial was started
with single evening intermediate- or
long-acting insulin.38 In the UKPDS 33,
the patients were started on once daily
ultralente insulin or isophane insulin and
if the daily dose of insulin was more
than 14 units or premeal or bedtime
home blood glucose levels were more
than 126 mg/dl, a short-acting insulin
(regular) was
added.39 In
the
Kumomato Study patients were treated
with short-acting insulin at each meal
and intermediate insulin at bedtime.37
The recent recommendations of ADA101
to achieve near normal or normal blood
glucose levels in all Type 1 diabetic
patients and by some Type 2 diabetic
patients are multiple daily injections of
rapid(lispro),
short
(regular),
intermediate(NPH or lente), or longacting insulins or by continuous
subcutaneous
insulin
infusion.
However, two main strategies of insulin
treatment are commonly recommended104
for insulin-treated Type 2 diabetic
patients.
The first strategy is the
injection of a combination of neutral and
intermediate insulin (e.g., 30% regular

Table 1 Glycaemic control for non pregnant adults with diabetes*. (Reference 101)
Biochemical index
Preprandial blood glucose
(mg/dl) +
Bedtime blood glucose
(mg/dl) +
*HbA1c (%)

Normal
<110
<120
<6

Goal

Additional action suggested

80-120
100-140
<7

* HbA1c referenced to a nondiabetic range of 4.0-6.0% (mean 5.0%, SD 0.5%).
+ Measurement of capillary blood glucose

<80 >140
<100 >160
>8
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plus 70% NPH human insulin) before
breakfast and before dinner.
The
second is the injection of regular
insulin before main meals along with
intermediate insulin in the morning or
at bedtime.
Interventional studies
show that giving intermediate acting
insulin at bedtime is either equal or
even more effective than giving it in
the morning.102,103,105-106
Side effects and risks of intensive
insulin therapy
The main side effects of intensive
insulin therapy in Type 2 diabetes are
hypoglycaemia, weight gain, and
hyperinsulinaemia. In the Kumamoto
study the hypoglycaemic episodes were
milder, compared to those seen in the
DCCT. This might be due to the
difference in insulin dosages between
the two studies. Likewise, in the VA
CSDM feasibility study hypoglycaemic
episodes requiring assistance were rare.
Indeed, the rate was at least 20 times
lower than in trials on Type 1
diabetes.53 However, in the UKPDS 33
all intensive treatments increased the
risk of hypoglycaemia. The rates of
major hypoglycaemic episodes per year
were 0.7% with diet control alone,
1.0% with chlorpropamide, 1.4% with
glibenclamide and 1.8% with insulin.
Regarding weight gain, in patients with
Type 2 diabetes it has been shown that
improved glycaemia during insulin
therapy promotes weight gain by
decreasing both basal metabolic rate
and glucosuria.107 There was a slight
but not significant increase in body
mass index in both Kumamoto study
and VA CSDM feasibility study.
Indeed a 2% lowering of HbA1c was
not associated with weight gain in the
VA CSDM feasibility study. In the
UKPDS 33 there was a significant
weight gain in the intensive treatment
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with insulin or sulphonylurea (mean
2.9
kg)
compared
with
the
conventional treatment with diet alone
(p<0.001). The patients assigned
insulin had a greater weight gain (4.0
kg)
than
those
assigned
chlorpropamide
(2.6
kg)
or
glibenclamide (1.7 kg).
A major
concern about the intensive insulin
management of Type 2 diabetes is
weight gain leading to increased
peripheral insulin resistance, which in
turn could result in higher insulin
requirement.
Also, the resultant
hyperinsulinaemia might accelerate
atherosclerosis.56,58 Nevertheless, the
evidence for this hypothesis is
remarkably thin in the current
literature.112 The results of the
prospective UKPDS 33 39 showed that
intensive glycaemic control with
insulin or sulfonylurea have no adverse
effect on cardiovascular outcome. In
fact, the UKPDS observed a 'nonsignificant' trend toward protection.
It has been known that in patients with
Type 1 diabetes, intensive glycaemic
control deteriorates pre-proliferative or
proliferative
retinopathy
and
nephropathy (in those with albumin
excretion of >300 mg/24h).113-115
However, there are a few studies on
intensive
insulin
therapy
and
progression of retinopathy in Type 2
diabetic patients.116-117 Henricsson et al
pointed to an increased risk of
retinopathy progression after start of
insulin therapy, and showed that the
progression was related to the degree
of improvement in glycaemic control.
The change of treatment from oral
drugs to insulin was associated with a
100% increased risk of retinopathy
progression and a 3-fold increased risk
of blindness /visual impairment.116
However, several recent studies failed
to reveal morphological deterioration
of diabetic retinopathy with intensive
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insulin therapy in Type 2 diabetic
patients.37-39 A proper international trial
in Type 2 diabetes is needed to resolve
this issue. The paradoxical worsening
of
advanced
diabetic
retinopathy(known as normoglycaemic reentry phenomenon) appeared to be
more frequent and/or more severe
when improvement in control was
greater or more rapid. In some reports
worsening occurred more frequently in
women.118 Hence, in patients with poor
glycaemic control whose retinopathy is
already approaching the high-risk stage
(very severe non-proliferative diabetic
retinopathy or early proliferative
diabetic
retinopathy),
it
seems
appropriate to do ophthalmologic
monitoring during treatment (at 3month interval for 6 to 12 months) or
to delay the initiation of intensive
treatment until photo-coagulation is
completed. 115,117 There is experimental
evidence to support a possible role for
insulin like growth factor-1 (IGF-1) in
the
‘normoglycaemic
re-entry
phenomenon’. Hence, monitoring of
IGF-1 concentrations might be helpful
before starting intensive insulin
therapy.115
Conclusion
As the association between tight
glycaemic
control
and
prevention/amelioration of microvascular complications in Type 2
diabetes has been proved, intensive
glycaemic control should be instituted
early.
Medical nutrition therapy,
exercise and diabetes education are
essential
components
of
tight
glycaemic control. In obese patients,
the need for weight loss and prevention
of weight regain should be stressed.
Though, oral hypoglycaemic drugs are
effective for a variable period, most
patients with Type 2 diabetes will
ultimately require insulin therapy. In

the UKPDS, 22% of patients
randomised to metformin and 30% of
patients randomised to suphonylurea
were switched to insulin therapy by 6
years.119
The results of Kumamoto
37
study and more recently the landmark
UKPDS 33,39 suggest that starting
insulin earlier in the course of type 2
diabetes, substantially decreases the
risk of microvascular complications. It
is hypothesised that earlier in the
natural history of Type 2 diabetes
insulin treatment is started, the more
endogenous reserve will be available.104
Hypoglycaemia, hyperinsulinaemia and
weight gain are the important side
effects of intensive insulin therapy.
Self home blood glucose monitoring is
generally considered necessary for
prevention and early detection of
hypoglycaemia.
To
prevent
hyperinsulinaemia and weight gain,
every effort should be made to achieve
the best possible glycaemic control
using the lowest dose of insulin. The
fear that intensive insulin therapy will
affect the quality of life 120 is alleviated
in the UKPDS, 121 which showed that
quality of life was more affected by
diabetic complications than by
intensive therapy. However, intensive
glycaemic control of Type 2 diabetes
may increase economic cost, but these
costs must be weighed against the
expected long term benefit of reducing
microvascular complications. The
treatment goals of intensive insulin
therapy should be individually
quantified, taking into consideration of
the age, life expectancy and co-morbid
conditions of the patient.
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