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Insulin treatment in non-insulin dependent diabetes mellitus
A. MISRA

ABSTRACT
Non-insulin dependent diabetes mellitus (NIDDM) is an
important cause of morbidity and mortality, both in
developed as well as in developing countries. The eyes,
kidneys, and cardiovascular and neurological systems are
predominantly affected by this chronic disease, leading to
loss of employment and sometimes life. The most common
setting is uncontrolled glycaemia after dietary restriction,
exercise and oral hypoglycaemic drug therapy.
Insulin may be needed for treating NIDDM some time

during the course of the disease. Insulin therapy results
in improved beta-cell function, a decrease in the hepatic
glucose output and an improvement of the lipoprotein
profile. Some of these beneficial effects are due to nullifica-
tion of 'glucose toxicity'. Objective evidence of a link
between tight metabolic control and chronic complications
of NIDDM is still not established, despite the results of
recent trials. Many insulin regimes have been tried.
Recently, attention has been focused on combination

therapy with sulphonylureas and insulin, using long-acting
insulin at bedtime only. This regime improves the glycaemic
profile (due to a reduction of hepatic glucose output),
using lower doses of insulin and sulphonylureas. However,
experience with this regime suggests that it is only suitable
for a subset of NIDDM patients. Adverse effects of insulin
therapy include weight gain and hypoglycaemia, which can
usually be easily managed. It is hyperinsulinaemia, with
its complex array of adverse metabolic effects, that has
recently concerned physicians. Acceleration of athero-
sclerosis, hypertension and worsening of the lipoprotein
profile have been cited as possible adverse effects. The
presence of such dysregulation is included in the recently
described syndrome X. These issues merit further study;
till then insulin therapy should be used when required.
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INTRODUCTION
An overview of epidemiological characteristics of various
diseases in both developed and developing countries reveals
that non-insulin dependent diabetes mellitus (NIDDM) is
emerging as an important cause of morbidity and mortality.
Increasing awareness of the disease in the general population
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and the knowledge that it may occur in ~symptomatic sub-
jects has led to widespread and early attempts at blood
glucose estimations in individuals with high-risk profiles.
The complications which develop slowly affect nearly all
vital organs of the body, e.g. the eyes (retinopathy), kidneys
(nephropathy), and blood vessels (coronary artery disease,
cerebrovascular disease). The National Diabetes Data
Group, USA found a prevalence of 6.6% in the population
(age: 20-74 years).' Another study of 120000 people from
the same country indicated a prevalence rate of 2.6% for
all age groups, 5.5% for those aged 45-64 years and 9.2%
for those aged 65 years and above.? No reliable data are
available from developing countries but prevalence rates
based on several epidemiological surveys range from 2-4 %.3

The three essential constituents of the comprehensive
therapy of NIDDM are: (i) dietary restriction, (ii) exercise,
and (iii) drug/insulin therapy. The initial modes of treatment
for both obese and non-obese NIDDM patients are dietary
alterations and exercise. Appropriate selection of these and
other forms of therapy for optimal response requires careful
assessment of the lifestyle of the individual, complications
of the disease, associated illnesses and a clear definition of
individual aims of therapy and response. The algorithm for
rational application of various modalities of treatment in
NIDDM is shown in Fig. 1. Each mode of therapy should
be individually tailored, keeping in mind these guidelines.

THE NEED FOR INSULIN
Insulin may be needed (exclusively or as a part of a combined
regime) at some point during the course of the disease and
it is prescribed to approximately 35% of the patients with
NIDDM above 30 years of age." In the USA, 29% of all
individuals with diabetes mellitus are treated with insulin
and NIDDM patients contribute to 76% of the insulin-
treated patients with diabetes."

EFFECTS OF INSULIN TREATMENT
Exogenous insulin therapy affects a complex array of
metabolic functions. Most of these metabolic variables are
closely interlinked and affect each other in many ways.

1. The effect of insulin on beta-cell function is of paramount
importance. Studiess? have indicated that beta-cell func-
tion is suppressed during the period of exogenous insulin
treatment. However, there is evidence of improvement
in endogenous insulin response to glucose or to meals
after a period of exogenous insulin therapy+" and a
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Proved NIDDM

1
Carefully assess disease, complications, associated illnesses,
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1
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if no contraindication

1
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Combination therapyIInsulin therapy
of oral hypoglycaemic :.J
agents and insulin
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Secondary failure

FIG 1. Algorithm for the management of NIDDM
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decrease or normalization of excessive hepatic glucose
output occurs. II ,12 An increase in insulin-stimulated
glucose utilization has also been reported.P'J" It is also
of relevance that after several weeks of insulin treatment
there is a partial improvement in insulin resistance,
despite the fact that insulin downregulates its own
receptors. 15

Similar pathophysiological alterations have also been
observed after administration of a moderate dose of
intermediate-acting insulin at bedtime .16,17These include:
(i) decrease in plasma free fatty acids and glycerol,
(ii) improved fasting plasma glucose and decreased
hepatic glucose production, and (iii) improved post-
prandial glycaemia. Even a minimal amount of insulin
in the circulation can suppress free fatty acid release and
hepatic glucose production; hence, a small dose of insulin
given at bedtime does influence nocturnal hepatic glucose
production. The clinical relevance of this phenomenon
is discussed later.

There is experimental evidence that moderately severe
hyperglycaemia causes damage to beta-cell function and
insulin responsive pathways of glucose metabolism; this
is termed 'glucose toxicity'. 18It can be argued, therefore,
that reversal of most of the adverse pathophysiological
events after insulin therapy in NIDDM is secondary to
improvement of blood glucose brought about by the
removal of 'glucose toxicity'.

2. Patients on insulin therapy show an improvement in their
lipoprotein profile. There was a 60% reduction in the
level of very low density lipoprotein (VLDL), a 24%
increase in high density lipoprotein-cholesterol (HDL2-
cholesterol) and a 13% decrease in HDL3-cholesterol.19
These changes, together with a decrease in Apo-B, have
important anti-atherogenic effects. It is still a matter of
speculation whether hyperinsulinaemia produced by
exogenous insulin therapy, especially in obese patients
with insulin resistance, exacerbates atherogenesis.

TIGHT METABOLIC CONTROL AND LONG TERM
COMPLICATIONS
The targets for metabolic control in patients with NIDDM
are given in Table 1,20 The range of values indicating
good control closely approximates that seen in normal
individuals. However, good control may be difficult or
unnecessary to achieve in certain patients. The term 'tight
metabolic control' is often used synonymously with good
control, but definitions of these differ in different studies.
Acute complications of diabetes such as ketoacidosis and
hyperosmolar coma, are prevented by optimal control of
glycaemia. Whether good metabolic control can prevent
and/or retard the chronic complications of diabetes remains
controversial.

In a randomized study of the effect of intensive treatment
on patients with NIDDM,21 it was observed that despite the
differences in the levels of glycaemic control among patients
on a variable dose of insulin (based on daily blood sugar
levels) and of those on standard insulin therapy or placebo,
the changes in the optic fundus (except exudates) were
similar in all the groups. In an Indian study, metabolic
correlates of beta-cell function and glycaemic control were
found to be similar in NIDDM patients with background or
advanced proliferative retinopathy. 22 Some correlation

171

TABLEI. Targets for metabolic control of patients with non-
insulin dependent diabetes mellitus-?

Measure Good' Acceptable Poor

Fasting blood glucose (mg/dl) 80-120 <140 >140
Postprandial blood glucose (mg/dl) 80-160 <180 >180
HbAJCt
Urine glucose (%) 0 <0.5 >0.5
Total cholesterol (mg/dl):j: <200 <250 >250
High-density lipoprotein cholesterol >40 >35 >35

(mg/dl)
Fasting serum triglycerides (mg/dl) <150 <200 >200
Body mass index (kg/m2)§

Women <25 <27 >27
Men <24 <26 >26

• Ideal levels which may be difficult or unnecessary to achieve in certain patients
t Since reference laboratory ranges for HbAJC vary, targets are expressed as
mean±SD; good: <mean±2SD; acceptable: <mean±4SD; poor: >mean±4SD
~ lower targets may be desirable in younger patients § values may be different
in developing countries

between control of glycaemia and peripheral neuropathy
has also been observed.P Nephropathy in NIDDM is usually
multifactorial in origin, with hyperglycaemia, hypertension
and urinary tract infection each contributing to renal
impairment. The US University Group Diabetic Project
(UDPG) study 24did not demonstrate any differences in the
development of neuropathy or nephropathy of patients
in the variable insulin group, although these patients main-
tained blood glucose at a substantially lower level than the
other treatment groups over a period of 6 years. It has
been argued that the UDPG study design may not have had .••
sufficient power to observe putative differences in treatment
outcomes if it did not use the most sensitive statistical
rnethods.P

Many researchers have attempted to establish an
association between macrovascular disease and hyper-
glycaemia, but no definite pattern has emerged." Recently,
an association between glycosylated haemoglobin and
cardiovascular disease in females has been described in a
Framinghan cohort. 27

Pulsinelli.P in a retrospective study, has demonstrated
that prognosis of ischaemic stroke is worsened by hyper-
glycaemia, and patients with stroke having blood glucose
values more than 120 mg/dl have a significantly lower chance
of returning to work. Increased mortality from stroke has
also been seen in patients with diabetes." It can be explained
to some extent by the results of a study which showed
excessive lactic acid production associated with hyper-
glycaemia and in the presence of insulin; this augments
neuronal injury due to acidosis.P

Currently, there is insufficient evidence to suggest that
tight metabolic control in NIDDM patients prevents other
complications of NIDDM, such as acute infections or
retarded wound healing.

RESULTS OF RECENT TRIALS
The Diabetes Control and Complication Trial (DCCT),
carried out on the patients with IDDM, examined the effect
of intensified insulin treatment on long term complications
of IDDM. In this study, a total of 1441 subjects were
randomly assigned to two treatment arms-(i) intensive
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therapy using an insulin pump or using 3 or more daily
insulin injections with frequent blood glucose monitoring,
and (ii) conventional therapy with one or two daily insulin
injections. In the primary prevention cohort, intensive
therapy reduced the adjusted mean risk of development of
retinopathy by 76% compared with the conventional therapy
arm. Similarly, in the secondary prevention cohort, there
was a reduction in the progression of retinopathy, develop-
ment of proliferative or severe retinopathy, occurrence of
micro albuminuria , albuminuria and clinical neuropathy
with intensive therapy." It also reduced the development
of hypercholesterolaemia. Combined cardiovascular and
peripheral vascular events were reduced by 41%. Occur-
rence of hypo glycaemia was approximately three times
higher in patients on intensive therapy. In another study
conducted on 102 patients with IDDM, long term intensified
therapy retarded the microvascular complications as
compared to standard therapy. 31

These studies suggest that there are definite benefits from
intensified insulin therapy in patients with IDDM. It is hoped
that the benefits of a similar nature and magnitude can be
duplicated in similar studies on patients with NIDDM.
Although the results of the DCCT study may be extrapolated
to patients with NIDDM, caution should be exercised in
doing so and special consideration should be given to elderly
patients, and to other factors such as the presence of coexist-
ing diseases. Every effort should be made to maintain
euglycaemia in NIDDM patients, with the hope that some
of the long term complications may be prevented, or their
progression retarded.

HUMAN INSULIN
Human insulin is being increasingly used in the treatment
of diabetic patients, including those with NIDDM. Therapeutic
preparations of insulin have been obtained from the bovine
or porcine pancreas. Because of the immunological compli-
cations associated with the use of these insulins, considerable
efforts were made to increase their purity. Human insulin
became available in mid-1980 in western countries and has
been available in India for the last 8 years. Initially there
were problems in obtaining sufficient amounts by extraction
from the pancreas of cadavers. Such human insulin could
only be used for investigative and research purposes (e.g.
as a standard for assays). Subsequently, human insulin was
synthesized chemically by the amino acid substitution of
heterospecific insulin (semi-synthetic) and later by using
recombinant DNA technology ('biosynthetic insulin').
Biosynthetic insulin has been produced commercially in
recent years by using artificial 'genes' coding for A and
B chains of the molecule separately, or by reverse trans-
cription.

Since 1983, human insulin has been increasingly used in
general practice. Experimental and clinical observations
reveal that this insulin is far less immunogenic than
bovine and porcine insulin. However, several anecdotal and
controlled studies33-35have raised concern regarding relative
'unawareness of hypoglycaemia' in patients receiving human
insulin. Neuroglycopenic symptoms appear to be more
common than sympathoadrenal symptoms in patients
developing hypoglycaemia on human insulin therapy. In
addition, the development of hypoglycaemia is quicker, and
there is an increased risk of severe hypoglycaemia.v-v
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However, these results have not been corroborated by all
workers-" One hypothesis has been put forth that porcine
insulin is more lipophilic than human insulin, so that it can
rapidly diffuse into the brain in high concentrations trigger-
ing off a central hypothalamic counter-regulatory process.
Kern et al," have shown differential effects of these two
insulins on central neuronal functions. This controversy
continues and no definitive conclusion has yet been reached.
However, patients with diabetes should be told that human
and animal insulin may differ with regard to symptoms of
hypoglycaemia.

The following guidelines have been suggested in a recent
symposium held in LiverpooJ.38

1. Patients who are satisfactorily treated with animal insulin
should not be transferred routinely to human insulin. If
transfer is indicated on medical grounds (for example,
hypersensitivity to animal insui ins) the doctor should
discuss this with the patient and monitor the changeover
carefully. Patients should not be transferred to human
insulin by pharmacists.

2. Patients receiving human insulin should be transferred
back to animal insulin if they so wish.

3. Animal insulin preparations must, therefore, remain
available; they should include cartridges for the pen-
injection devices, which are increasingly popular with
patients (only human insulin cartridges are available for
commonly used devices).

4. Adequately designed studies should be performed to
determine the specific adverse effects of human insulin.

INSULIN USE IN NIDDM
The objectives for initiating insulin therapy in patients with
NIDDM are listed below. All of these may not be realized,
and some of these are controversial and not uniformly
accepted.

1. To reduce blood glucose levels which would otherwise
lead to ketoacidosis or hyperosmolar coma.

2. To eliminate symptoms of glycosuria (e.g. polyuria,
polydipsia), deterioration of visual acuity and other
symptoms such as polyphagia.

3. To decrease the feeling of fatigue and improve work
tolerance.

4. To reduce the frequency of acute infections (e.g. urinary
tract infection and Gram-negative septicaemia).

5. To develop a sense of general 'well being'. (The term is
vaguely defined, but frequently reported by patients after
administration of insulin.)

6. To accelerate wound healing and reduce wound infection
after major operations.

7. To improve the function of beta-cells by ameliorating the
'glucose toxicity' factor. Abnormal functioning of .beta-
cells is indicated by (i) ketonuria or ketonaemia, and
(ii) markedly depressed fasting C-peptide levels, or
C-peptide response to glucose or glucagon challenge. 39-43
The practical utility of this test is limited.

8. To prevent, arrest or delay micro- and macrovascular
long term complications.

INSULIN THERAPY
There are three ways in which insulin can be administered
to patients. Each has different indications. Long term
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therapy is most commonly used while the benefit of inter-
mittent therapy is still unclear.

TEMPORARY INSULIN THERAPY
This may be used in the following situations:

1. It is essential to maintain strict glycaemic control in
pregnant patients as the outcome of pregnancy is directly
dependent upon the maternal blood glucose concentra-
tions. Every effort should be made, with the use of
intensive insulin therapy, to control blood glucose before
pregnancy and to remove adverse effects of hyper-
glycaemia during conception. Moreover, the use of
sulphonylureas (SUs) or biguanides is contraindicated
in such patients.

2. Severe and fulminating systemic infections.
3. Patients who are haemodynamically unstable.
4. Before, during and after major surgical procedures.
5. Patients with severe vomiting, diarrhoea, or highly

variable oral fluid, electrolyte and caloric intake.

LONG TERM INSULIN THERAPY
Failure of treatment with dietary alterations alone
Patients not responding to dietary alterations or with poor
compliance need to be treated either with SUs or insulin.
Both are equally effective+v" in short term glycaemic
control. However, the long term benefits of these therapies
are as yet not known. It is understandable that the patients'
acceptance of insulin is less compared to SUS.44 The
incidence of hypoglycaemia is also the same with both.44--47
Although the UDPG study indicating higher cardiovascular
mortality in NIDDM patients on chronic SU therapy"
has been severely criticized, it should still serve as a
cautionary note.

Failure of treatment with dietary alterations and SUs
In patients with uncontrolled glycaemia not responding to
strict diet and SU therapy, insulin is needed in moderately
large amounts, especially in obese patients. But i~ the~e
patients, further weight gain may occur on account of insulin
therapy. Very obese patients and chronic diabetics benefit
-only minimally or do not respond at all. .

Combined insulin and SU therapy
SUs were used along with insulin for treating patients with
NIDDM resistant to exogenous insulin because of their
extrapancreatic effects. The most plausible explanation of
the beneficial effects of combination therapy are:48

1. SUs stimulate insulin secretion in those patients who
possess partially suppressed beta-cells due to feedback
inhibition, as a result of long term exogenous insulin
therapy.

2. The decrease in hepatic glucose production and improve-
ment of peripheral glucose utilization as a result of
additional insulin improves beta-cell function and
partially ameliorates glucose toxicity in patients on
maximal SU therapy.

In a randomized trial;" patients with NIDDM and failure
to respond to glyburide alone were assigned therapy with
insulin alone or insulin and glyburide; Interestingly, it was
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observed that the frequency of insulin dosing was decreased
and it was possible to decrease the total dose of insulin by
50% in the combination therapy group to achieve the same
result. Further, in another study the mean insulin dose could
be decreased by 44% with the use of combination therapy,
compared to no change with insulin therapy alone.P The
insulin and glyburide therapy resulted in an increase in meal-
related sensitivity to insulin and a mixed meal.

The results of a number of recent studies have been
summarized in a meta-analysis by Pugh. 51Seventeen eligible
randomized controlled trials of combination therapy in
NIDDM had the following entry criteria: minimum duration
of NIDDM of 8 weeks and at least one of the three outcome
measures-fasting blood glucose, HbAIC, or C-peptide
levels. Most of these were short term studies and could not
assess the long term benefits of combined treatment. Of the
three trials with a duration of 46-52 weeks,50.52.53two showed
a favourable response. Stimulation of insulin secretion by
SUs was observed to decline 1-18 months after therapy. 54-56
Some interesting findings emerged regarding predictive
characteristics of patients likely to show response to a
combination regimen. Fasting C-peptide levels, degree of
hyperglycaemia, duration of insulin therapy and obesity
were found to be important factors. Whether lower doses
of insulin in the combination therapy reduced the develop-
ment of hypertension and atherosclerosis remains conjec-
tural. It is also not clear if aggressive insulin therapy alone
is better than combination therapy. The authors conclude;"
on the basis of the meta-analysis, that combination therapy
is superior to insulin alone in the treatment of. patie':lts w~th
NIDDM, but there is a need for further studies to Identify
predictors of individual response. They further envisage that
future large-scale randomized trials should include the
use of a maximal dose of SUs (or placebo) and an insulin
dose varied by a standard algorithm in order to achieve
euglycaemia but avoid hypoglycaemia.

Combination of morning or bedtime long-acting
insulin with SUs
The rationale for using bedtime NPH insulin in combination
with daytime SUs has been advocated primarily to s,uppress
nocturnal hepatic glucose production, thereby reducing fast-
ing blood glucose levels. Once fasting glucose levels a~e
reduced, the downward spiralling effect decreases glycaemic
.excursions during the day, leading to overall improvement
in metabolic control.

Obese NIDDM patients were administered 36 units of
bedtime NPH insulin along with SUs, compared with insulin
alone and placebo in a double-blind, randomized crossover
fashion.V An improvement in blood glucose control was
observed. In another study, NIDDM patients not responding
to oral agents were given morning or evening NPH insulin
as well as 3.5 mg glibenclamide twice daily.58 The combina-
tion was found to be effective, but there was normalization
of blood glucose in a small group of patients only. In an
uncontrolled study, additional bedtime administration of
0.2 unitslkg of NPH insulin to patients who had not res-
ponded to SUs alone, led to a decrease in fasting blood
glucose from 241 to 117 mg/dl.>?

Yki-Jarvinen=' treated 153 patients with NIDDM using
five regimens--SU therapy alone, two regimens of SU and
insulin therapy, and two regimens of insulin therapy alone
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for a duration of 3 months. When improvement of glycaemic
control was used as a criterion of success, several insulin
therapy and combination therapy regimes were found to be
equally effective. When other factors, such as weight gain
and hyperinsulinaemia were taken into account, the combi-
nation of SU with NPH insulin administered in the evening
appeared to be more advantageous.

Opinions differ on the role of combination therapy in
NIDDM patients not responding to SU therapy. Available
data indicate that this form of treatment can improve
glycaemic control with a lower insulin dose; however, serious
doubts persist regarding its superiority over intensive treat-
ment with insulin alone, especially where improvement of
long term complications are concerned. Moreover, lipid
abnormalities do not improve after combination therapy.

It is worthwhile trying combined modality treatment in
the following subset of patients:

1. Patients with failure of SU treatment, and responding
inadequately to multiple daily insulin injections.

2. Patients receiving large doses (>100 units per day) of
insulin so as to reduce the total insulin dose.

3. Addition of a single, small dose of long-acting insulin at.
bedtime or in the morning in patients with SU therapy
failure in an effort to improve overall metabolic control.

INTERMITTENT INSULIN THERAPY
Several investigators have used intermittent intensive insulin
therapy to partially restore insulin secretion and responsive-
ness." Some of these workers have used intravenous insulin
infusion for a short period (4-14 days),62,63and found that
it led to improved glycaemic control lasting for one to several
months and subsequent restoration of control with SUs
alone. However, other researchers= have not been able to
reproduce these results-the gains from initial treatment
disappearing with discontinuation of insulin. Frequently,
there was recurrence of uncontrolled hyperglycaemia with
increased hepatic glucose output and insulin resistance.

Therefore, intermittent insulin therapy should not be
used for NIDDM patients with uncontrolled hyperglycaemia
till further studies demonstrate its effectiveness.

NIDDM IN THE ELDERLY
Elderly patients with NIDDM should be considered
separately since in them the goals of therapy are different.
The age-related factors that need to be considered are:

1. The onset and risk of hypoglycaemia in the elderly may
be rapid and severe, and potentially detrimental to
already compromised cardiovascular and neurological
function.

2. Alterations in absorption, metabolism and excretion of
various drugs necessitate dose adjustments,

3. Decreased visual acuity may cause. difficulty in taking
insulin or tablets.

4. Therapy for co-existing diseases may lead to undesirable
drug interactions.

5. The benefits of intensive. metabolic control may not be
evident during their life span.

For the elderly, the management algorithm (Fig. 1) should
generally be followed but aggressive management aimed at
achieving tight metabolic control is. not required. Both
undertreatment and vigorous insulin treatment should be
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avoided. The permissible upper limit of blood glucose levels
should be increased by 20-30 mg/dl. The treatment should
be planned with individualized guidelines for each patient
aimed at preventing moderate and severe hyperglycaemia.
Oral hypoglycaemic agents can occasionally lead to severe
and prolonged hypo glycaemia in elderly patients and should
be used with caution. Glibenclamide-associated hypo-
glycaemia has resulted in a mortality rate of 17% in patients
with a median age of 75 years." If insulin is necessary, an
intermediate-acting insulin should be given once daily. While
this may not achieve satisfactory control, it is easy for those
patients who are visually or physically handicapped or who
may be living alone. However, compliance with daily insulin
injections has been observed to be similar to that observed
with the use of oral drugs.w Combination therapy with
insulin and SUs has been tried in the elderly and a subgroup
of poorly controlled subjects showed improvement in
metabolic control with a reduction in the dose of SUs.

Hyperglycaemia in the elderly with NIDDM should be
treated cautiously. New modalities of therapy should be
introduced after careful consideration. The doses of oral
drugs or insulin should be increased slowly and symptoms
of hypoglycaemia should be carefully looked for.

ADVERSE EFFECTS OF INSULIN TREATMENT
Weight gain
Early weight gain results from water retention, salvage
of calories previously lost as urine glucose and a positive
nitrogen balance.s? Insulin treatment continued for 6 months
led to an average weight gain of 5 kg, two-thirds of which
was due to fat accumulation, and one-third to an increase
in the lean body mass." There was a weight gain of
3.4 kg/year on insulin compared to a decrease of 0.5 kg/year
and 6.1 kg/year with SUs and strict diet therapy respec-
tively." Obesity in a patient with NIDDM is possibly linked
to insulin resistance and acceleration of atherosclerosis.
However, the degree of insulin resistance in obese NIDDM
patients is found to be equivalent to that in non-obese
NIDDM patients.69,7o It is speculated that further weight
gain with insulin administration will not lead to' an increase
in insulin resistance.

Insulin produces long term weight gain by one, or a
combination of the following mechanisms: (i) Hyper-.
insulinaemia and recurrent hypoglycaemia, leading to excess
caloric intake,(ii) its lipogenic action, and (iii) other
postulated mechanisms such as its effects on appetite and
energy expenditure." ,72

Hypoglycaemia
In patients with NIDDM, insulin-induced hypoglycaemia
develops less frequently than in IDDM.48,73 In a study by
Floyd et al., 74 intensified insulin therapy caused a mild
hypoglycaemic reaction once per patient per month. How-
ever, severe reactions were seen in 2 out of 26 patients over
a period of 6 months." Less exercise, lower amounts of
drugs, less autonomic neuropathy, and a better glucagon
response, are some of the factors which protect NIDDM
patients from severe hypoglycaemia due to insulin. Elderly
NIDDM patients may experience severe episodes of hypo-
glycaemia. With long-acting insulins these occur at night.73,75
Hypoglycaemia caused by SUs is more dangerous than that
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caused by insulin as it may be very severe, prolonged, and
occasionally lethal. 'Unawareness' of hypoglycaemia with
the use of human insulin has been emphasized earlier.

Hyperinsulinaemia
There has been concern with regard to the metabolic
consequences of hyperinsulinaemia. This has been mostly
investigated in the setting of the natural disease process,
e.g. diabetes mellitus, coronary artery disease, hyper-
tension, atherosclerosis and hyperlipidaemia, Several
experimental and clinical studies indicate hyperinsulinaemia
to be the focal point in bringing about these metabolic
alterations, and has been termed 'syndrome X'. 76.77The
relationship of hyperinsulinaemia with cardiovascular disease
and other related metabolic derangements has been convinc-
ingly shown in several studies ,76-80including those performed
on a cohort of patients from northern India.19•8OHowever,
it is not clear whether the state of hyperinsulinaemia
produced by exogenous insulin administration results in
similar metabolic derangements.

Atherosclerosis. Janka et al. have shown that the daily
insulin dose predicts subsequent 5-year prevalence of major
macrovascular complications in patients with diabetes
mellitus.f However, they were neither able to demonstrate
that the insulin dose was an independent risk factor, nor
could they show a cause and effect relationship. In contrast,
no increase in cardiovascular risk has been conferred with
the use of exogenous insulin therapy. 82

Hypertension. Epidemiological evidence exists to
show that hyperinsulinaemia or insulin resistance is closely
related to, and leads to an increase in blood pressure,83.84
and that non-obese patients with hypertension have hyper-
insulinaemia.8O·8>-85 Tedde et al.86 observed that a 20%
reduction in insulin dose in obese and hypertensive patients
with NIDDM increased sodium excretion and decreased
weight and blood pressure. However, there is insufficient
evidence to suggest that the blood pressure increases as a
result of chronic insulin administration.

Lipoprotein profile. It has been argued that endogenous
hyperinsulinaemia contributes to an atherogenic lipid profile
(increase in very low density lipoproteins and low density
lipoproteins and a decrease in high density lipoproteins); it
exists in patients with NIDDM as a part of syndrome X.
When exogenous insulin is administered in these patients,
all the abnormal lipoprotein levels improve.87,88 The avail-
able data do not suggest further induction of atherosclerosis
due to deranged lipoprotein fractions brought about by
chronic exogenous irisulin administration.

No definite link has been established between hyper-
insulinaemia (by exogenous insulin administration)
and atherosclerosis and other metabolic derangements.
Treatment with insulin should not be withheld on account
of the potential risks mentioned earlier. To prevent increase
in peripheral insulin levels, some workers advocate a com-
bination of SUs and insulin as it entails the administration
of lower quantities of insulin. However, the protective effect
of this treatment plan remains uncertain.

CONCLUSIONS
A number of patients with NIDDM require insulin to control
hyperglycaemia. This is especially true. of those who have
failed to respond to SUs. With the use of insulin, patients
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frequently benefit symptomatically, have improved beta-cell
function and lipid profile. Combination therapy with SUs
and bedtime long-acting insulin has been used successfully
in some patients with uncontrolled hyperglycaemia. With
the widespread use of human insulin, allergic manifestations
have been encountered less often. The acceptability of
insulin therapy has increased with the use of pen-injection
devices. Insulin therapy is relatively safe, however, hypo-
glycaemia should be monitored closely, especially in the
elderly. Peripheral hyperinsulinaemia due to exogenous
insulin therapy may, theoretically, lead to accelerated
atherosclerosis.
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