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ABSTRACT

Background: The benefits of tight glycemic control in preventing the onset and progression of microvascular compli-
cations in patients with type 2 diabetes mellitus (DM) are unarguable. The majority of patients with type 2 DM will even-
tually require insulin to achieve adequate glycemic control. Using insulin earlier rather than later in the course of type 2
DM may diminish the deleterious effects of hyperglycemia on B-cell function and therefore help prolong good glycemic
control and prevent the occurrence of microvascular complications. However, weight gain is a potential adverse effect of
insulin therapy.

Objective: The goal of this article was to describe the benefit of insulin therapy early in the course of type 2 DM, review
the association of weight gain with insulin therapy, and examine potential detrimental effects that insulin-associated
weight gain could have in patients with type 2 DM.

Methods: Materials used for this article were identified through a search of MEDLINE (1966-2006). English-language
articles were chosen using the search terms diabetes mellitus type 2, insulin, and obesity.

Results: Intensive insulin therapy is often associated with weight gain. Although there is concern that weight gain in
patients with type 2 DM may have adverse effects on risk factors for cardiovascular disease, unfavorable changes in blood
pressure and lipid levels have not been consistently observed in clinical trials. Furthermore, clinical evidence, including
data from the United Kingdom Prospective Diabetes Study, supports the view that intensive insulin therapy does not
increase the risk for cardiovascular disease.

Conclusions: Early insulin therapy in patients with type 2 DM may be a strategy that will help patients achieve and
maintain good glycemic control, thereby reducing the risk of developing microvascular complications. Although weight
gain is commonly associated with insulin therapy, it does not appear to put these patients at greater risk for cardiovas-

cular disease. (Insulin. 2007;2:31-36) Copyright © 2007 Excerpta Medica, Inc.
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INTRODUCTION

The United Kingdom Prospective Diabetes Study (UKPDS)
demonstrated that intensive treatment leading to tight con-
trol of glucose delays the onset and progression of microvas-
cular complications in patients with type 2 diabetes mellitus
(DM).! Based on such evidence, the current clinical practice
recommendations of the American Diabetes Association
state that the glycosylated hemoglobin (A1C) goal for patients
in general is <7.0%, and the A1C goal for the individual
patient is a value as close to normal (<6.0%) as possible with-
out significant hypoglycemia.?

The goal of this article was to describe the benefit of
insulin therapy early in the course of type 2 DM, review the
association of weight gain with insulin therapy, and examine
potential detrimental effects that insulin-associated weight
gain could have in patients with type 2 DM.
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MATERIALS AND METHODS

Materials used for this article were identified through a
search of MEDLINE (1966-2006). English-language articles
were chosen using the search terms diabetes mellitus type 2,
insulin, and obesity.

THE POTENTIAL VALUE OF INSULIN THERAPY IN
OBESE PATIENTS WITH TYPE 2 DIABETES MELLITUS
The UKPDS reported that glucose control deteriorated over
the course of study, even in the intensively treated patients.?
Measurement of B-cell function in this group of newly diag-
nosed type 2 DM patients showed that a loss of ~50% of
B-cell function had already occurred by the time of diagnosis
and that there was a steady decline of B-cell function there-
after.’> Thus, the waning of control over the course of the
study was attributed to the decline in insulin secretion by
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the B-cells. This progressive nature of B-cell impairment sug-
gests that most patients with type 2 DM will ultimately need
insulin to maintain acceptable glycemic control.

Insulin has often been regarded as the treatment of last
resort in patients with type 2 DM.* However, there is evi-
dence that earlier and more intensive therapy with insulin
may preserve f3-cell function and therefore maintain the abil-
ity of the B-cell to secrete insulin as it should.>? In addition,
one study found that early insulin therapy in newly diag-
nosed type 2 DM patients (N = 39), in contrast to treatment
with a sulfonylurea, had the effect of prolonging endoge-
nous insulin secretion.!! The treatment with insulin also pro-
moted better glycemic control.

|nsu|in has often been regarded as the treatment of last
resort in patients with type 2 DM. However, there is evi-
dence that earlier and more intensive therapy with insulin
may preserve B-cell function and therefore maintain the
ability of the B-cell to secrete insulin as it should.

Early insulin therapy may ameliorate or even reverse the
toxic effect of glucose and free fatty acids on B-cell structure
and function. Any preservation or improvement of the
B-cells should, in turn, help sustain glycemic control. Thus,
early use of insulin in patients with type 2 DM may prove to
be an important tactic for providing good long-term control.
All of these studies showing the benefit of using early inten-
sive insulin therapy in patients with type 2 DM included
overweight and/or obese patients>!!; one study'? involved
nonobese patients. Thus, a strategy of early intensive insulin
use could offer advantages to typical type 2 DM patients.

WEIGHT GAIN WITH INTENSIVE INSULIN THERAPY
Unfortunately, the benefits of good control with insulin ther-
apy also come with the potential adverse effect of weight
gain. The UKPDS and other studies in patients with type 2
DM have demonstrated that improvement of glycemic con-
trol with insulin is often accompanied by weight gain.!1>-15
Weight gain on the order of ~3% to 9% over pretreatment
body weight, depending on the study duration and intensity
of control, may be seen after the initiation of insulin thera-
py.1o In the UKPDS, patients in all treatment groups gained
weight. Weight gain was significantly greater in the inten-
sively treated group than in the conventionally treated
group (P < 0.001).! Among those in the intensively treated
group, patients treated with insulin had a greater mean
weight gain (4 kg) than those treated with chlorpropamide
(2.6 kg) or glibenclamide (1.7 kg).!

Several factors influence how much weight patients with
type 2 DM will gain with insulin therapy. Weight gain is
directly correlated with both the mean daylong serum
insulin level and the total exogenous insulin dose.!? Thus,
the higher the dose—and consequently the higher the serum
insulin level—the greater the weight gain may be. In addi-
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tion, it has been estimated that weight gain in type 2 DM
patients during the first year of insulin therapy is ~2 kg for
every 1-point reduction in A1C."7 This would suggest that
the magnitude of improvement in glucose control is also a
predictor of the amount of weight gained.

Long-term studies of insulin therapy in patients with
type 2 DM suggest that most of the weight gain occurs dur-
ing the first 3 years of insulin therapy."'#18 After this, the
weight gain tends to level off.

MECHANISMS OF WEIGHT GAIN ASSOCIATED
WITH INSULIN THERAPY
Various mechanisms are involved in the weight gain associ-
ated with insulin therapy. Insulin has anabolic effects on
muscle (causing muscle protein synthesis) and fat (causing
lipogenesis).!>20

A potentially major contributor to weight gain is the
reduction of glycosuria. Improved glycemic control results
in retention of calories previously lost as glucose in the
urine.’® If insulin therapy is started after glycosuria has
developed, weight gain will occur with improved control
unless the caloric intake is reduced by an amount commen-
surate with the reduction of glycosuria.

Improved glycemic control results in retention of calories
previously lost as glucose in the urine. If insulin therapy is
started after glycosuria has developed, weight gain will
occur with improved control unless the caloric intake is
reduced by an amount commensurate with the reduction of
glycosuria.

Obviously, patients will gain weight with insulin therapy
if they increase the number of calories consumed. There is
some evidence that hyperinsulinemia, at least when it is
induced by IV glucose and insulin infusion, may result in
increased appetite.?! Increased caloric intake may occur if
extra calories are eaten in response to—or out of fear of—
hypoglycemia.?

Improved glycemia may promote weight gain by reducing
the basal metabolic rate (BMR).!3 It has been reported that
the BMR decreases by 5% when fasting glucose is reduced
by 5.9 mmol/L (106 mg/dL).!® Thus, the degree of glycemic
control may be a determinant of BMR.

Part of the weight gain seen during insulin therapy may
simply be due to patients regaining weight they had previ-
ously lost. Weight loss often precedes the diagnosis of type 2
DM.1823 A longitudinal study of Pima Indians (N = 816)
found that patients steadily gained weight before the diag-
nosis of type 2 DM.? After the diagnosis, weight loss was
generally seen before any therapy was initiated. A retrospec-
tive study of patients with type 2 DM (N = 58) whose disease
was poorly controlled (mean A1C, 10.9%) on oral agents also
showed that weight loss had started at the time of diagno-
sis.’® The mean weight at diagnosis was 80 kg, whereas the
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previous mean maximum weight was 86 kg. Mean weight at
the start of insulin therapy was 73.8 kg. Although these
patients gained a large amount of weight after beginning
insulin treatment (ie, 7.6 kg during the first 2 years of therapy),
they were still 4.6 kg less than their maximum prediagnosis
weight. The weight these patients reached after starting on
insulin was highly correlated with their maximum pretreat-
ment weight.!8

Often patients are started on insulin after they have had
a period of poor control of their disease using oral agents.
Thus, some of the weight gain they experience with better
control may be a reflection of their “re-equilibrating” back to
their pre-DM weight.

CONSEQUENCES OF INCREASED WEIGHT

WITH INSULIN THERAPY

Most patients with type 2 DM are overweight or obese at the
time of diagnosis. Weight gain, especially in these patients,
would appear to be an unwanted adverse effect of therapy.
Obesity is a risk factor for hypertension and dyslipidemia as
well as cardiovascular disease (CVD), which is the major
cause of death in patients with type 2 DM.?#?5 Thus, weight
gain is not only a cosmetic problem for these patients but
also raises legitimate health concerns.

One argument for avoiding insulin therapy in patients
with type 2 DM is that it leads to weight gain, which would
then exacerbate the insulin resistance that characterizes
patients with type 2 DM, especially those who are over-
weight or obese.? However, there is evidence that intensive
insulin therapy does not worsen insulin resistance and that
it actually can reduce it.2”"? These studies used the glucose—
insulin clamp technique, a method that measures peripheral
insulin sensitivity. Patients who were treated for 2 to 4 weeks
with intensive insulin therapy were found to have improve-
ment in their insulin sensitivity. Thus, the insulin therapy
reduced their insulin resistance. The benefit of intensive
glycemic control on peripheral insulin resistance has also
been reported in patients who gained weight in association
with intensive insulin therapy.!> Whether this improvement
in insulin sensitivity with insulin therapy persists over time
is not known.

Abdominal obesity is a major component of the metabolic
syndrome, a clustering of conditions that is associated with
increased cardiovascular risk even in those without DM.%
Thus, the distribution of any weight that is gained with
insulin therapy may be relevant to the patient’s risk for
CVD. It has been estimated that about one half to two thirds
of the weight gain is adipose tissue and about one third to
one half is lean body mass.3!? It appears that the increase in
adipose tissue is proportionately divided between the
abdominal and peripheral areas.®? Thus, the weight gained
does not appear to have a particular propensity for the intra-
abdominal region.

The Finnish Multicenter Insulin Therapy Study (FINMIS)
of insulin-treated patients with type 2 DM (N = 100) reported
a significant (P < 0.001) 8-point increase in systolic blood
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pressure at 12 months.!® This was weakly positively corre-
lated with the weight gained during the 12 months of the
study (r = 0.22; P < 0.02). Diastolic blood pressure did not
change significantly. A smaller study (N = 21) reported no
significant increase in blood pressure in patients with type 2
DM despite a mean weight gain of 8.6 kg after 27 months of
insulin therapy.'* The Kumamoto Study (N = 102) reported
no significant difference in blood pressure levels between
patients with type 2 DM treated intensively or conven-
tionally with insulin for 6 years; however, it was not noted
if blood pressure changes occurred from baseline to the
study’s end.®

Triglycerides have been reported to decrease significantly
(P < 0.05) with insulin therapy.'#'5 In the FINMIS study, low-
density lipoprotein levels did not increase significantly after
1 year in the obese patients with type 2 DM, although they
did in the nonobese group.'® Levels of triglycerides, choles-
terol, and high-density lipoprotein did not change signifi-
cantly in the Kumamoto Study.®

Thus, despite the weight gain seen in many of these stud-
ies, the data derived from them do not consistently show
an adverse effect on CVD risk factors or components of the
metabolic syndrome. However, more important than look-
ing at specific risk factors for the metabolic syndrome and
CVD is to examine the clinical end point: the development
of CVD. The UKPDS demonstrated that long-term treatment
of patients with type 2 DM using intensive insulin therapy
does not have any adverse effect on cardiovascular outcomes,
despite the fact that it did cause weight gain.! Those ran-
domized to intensive insulin therapy had a nonstatistically
significant (P = 0.052) 16% reduction in risk for myocardial
infarction. The difference in A1C values between the inten-
sively treated and the conventionally treated groups was 0.9%.
Although the risk reduction was not statistically significant,
it did correlate with an epidemiologic study that determined
a 14% relative risk reduction of myocardial infarction for
every 1% decrease in A1C.3

In the Kumamoto Study, no increased risk of cardiovas-
cular events was found in the intensively treated group after
6 years of follow-up.3® Instead, the conventionally treated
group had an ~2-fold increased risk for major cardiovascu-
lar, cerebrovascular, and peripheral vascular events that was
not statistically significant.

The Diabetes Mellitus Insulin-Glucose Infusion in Acute
Myocardial Infarction (DIGAMI) study (N = 620) and the
Diabetes Control and Complications Trial /Epidemiology of
Diabetes Interventions and Complications (DCCT/EDIC)
Study (N = 1394) are other clinical trials which provide evi-
dence that intensive insulin therapy is not associated with
increased cardiovascular risk.?% The DIGAMI study showed
that patients with type 2 DM who received an insulin—
glucose infusion at the time of an acute myocardial infarc-
tion and were managed with intensive insulin therapy after-
wards had a reduced risk of mortality that persisted through
5 years of follow-up.3® The DCCT/EDIC study, a long-term
observational study of the DCCT cohort, found after a mean



Insulin

follow-up of 17 years that prior intensive glycemic control
was associated with a significant (P = 0.02) 57% relative
risk reduction of nonfatal myocardial infarction, stroke,
or death from cardiovascular causes in these patients with
type 1 DM.%

Altogether, this group of studies supports the view that
intensive insulin therapy does not increase the risk of CVD
or have an adverse effect on CVD outcomes, despite causing
weight gain. Although it might appear that weight gain
associated with insulin therapy would worsen risk factors
for CVD and therefore increase its risk, this has not been
observed in clinical trials. It is also important to keep in
mind that microvascular complications are associated with
hyperglycemia, regardless of the size of the patient. Tight
glycemic control with insulin prevents patients from devel-
oping microvascular complications, and this is true even if
they gain weight because of the therapy.!

POSSIBLE STRATEGIES TO AMELIORATE WEIGHT
GAIN WITH INSULIN THERAPY

First, it is important to recognize that although weight gain
with insulin therapy occurs commonly in studies, it is not a
universal observation.?83% In the Kumamoto Study, weight
gain with insulin therapy was not statistically significant.3®
The authors did not comment on whether specific measures
were taken to prevent weight gain in their patients. The
study was conducted in Japan, and the patients as a group
were not overweight, so the results may represent a different
group of patients from what is typically seen in the United
States. Another study using intensive insulin therapy in 13 pa-
tients with type 2 DM was able to accomplish substantial
improvement in glycemic control without any weight gain
despite using large amounts of insulin (mean dose,
198 U/d).?® After starting insulin therapy, the daily caloric
intake was reduced a mean of 270 kcal/d. Before starting
insulin, the patients were losing ~280 kcal/d of glucose in
their urine. The patients remained in the hospital’s meta-
bolic ward throughout the 1-month study, so it was possible
for the researchers to be sure that the diet was strictly fol-
lowed. Thus, this study proved that it is possible for patients
with type 2 DM to be controlled with insulin without gain-
ing any weight. However, achieving this requires adequate
reduction in caloric intake and/or increase in calories
expended. If the patient could start and maintain compli-
ance with a weight-reducing diet and a program to increase
physical activity, weight gain should be limited with insulin
therapy.

f the patient could start and maintain compliance with a
weight-reducing diet and a program fo increase physical
activity, weight gain should be limited with insulin therapy.

Insulin analogues are newer forms of insulin that are
available. Short-acting (aspart, lispro, glulisine) and long-
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acting (detemir, glargine) insulin analogues provide a more
physiologic insulin profile than older formulations (lente,
regular, neutral protamine Hagedorn [NPH], ultralente).
Trials in patients with type 2 DM have shown that the degree
of control achieved with rapid- and long-acting analogues is
similar to that seen with regular and NPH insulin, but the
incidence of hypoglycemia appears to be reduced.’* Some
studies in patients with type 2 DM have found that the long-
acting analogues are associated with less weight gain than
NPH insulin,®#? while others have not.?® Although the dif-
ferences in weight gain were not large (ie, ~0.8-1.0 kg over
the 26-28 weeks of study), they were statistically significant
(P < 0.007 and P = 0.017, respectively).340

Weight gain with insulin may be limited by combining
insulin with metformin.'**! One study randomized patients
whose DM was poorly controlled with treatment using a sul-
fonylurea to treatment with a bedtime intermediate-acting
insulin plus glyburide, metformin, glyburide plus metformin,
or a second injection of intermediate-acting insulin in the
morning.*! At 1 year, the mean weight gain in patients receiv-
ing bedtime insulin plus metformin was 0.9 kg but increased
by 3.9, 3.6, and 4.6 kg in patients receiving bedtime insulin plus
glyburide, bedtime insulin plus glyburide and metformin, and
bedtime insulin plus morning insulin, respectively (P < 0.001
for the metformin group vs all other groups). In addition, the
greatest decrease in the A1C value was observed in the bed-
time insulin plus metformin group (P < 0.05 vs all other
groups). Combinations of other oral agents with insulin are
not as successful with respect to their effect on weight.!”

Two new classes of glucose-lowering agents may improve
glucose control in conjunction with weight reduction.
Exenatide is a long-acting analogue of the gut hormone
glucagon-like peptide-1. It has several effects that contribute
to its ability to lower glucose, including glucose-dependent
stimulation of insulin secretion, suppression of glucagon
secretion, and delay of gastric emptying.*? There is also evi-
dence that it has an anorectic effect with an accompanying
weight loss.*? Currently, exenatide is approved for use in
patients with type 2 DM who are also being treated with a
sulfonylurea and/or metformin. Pramlinitide is an analogue
of the B-cell hormone amylin. Pramlinitide may exert its
glucose-lowering effect by suppressing postprandial gluca-
gon secretion and delaying gastric emptying.*? Studies in
patients with type 2 DM have shown that pramlinitide is
able to improve glycemic control while inducing weight
loss.*> Pramlinitide is approved for patients with type 2 DM
being treated with insulin.*? Both exenatide and pramlinitide
are taken subcutaneously before meals.

The weight loss agents sibutramine and orlistat have been
shown in clinical studies to enhance weight loss in patients
on pharmacologic therapy for type 2 DM, including
patients taking insulin.** These studies have also shown
improvement in glycemic control that was associated with
the weight loss. Diet drugs may be an appropriate option for
some patients; however, weight is commonly regained after
the medication is discontinued.
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CONCLUSIONS

Introducing insulin therapy early in the course of treatment
of type 2 DM may, because of its potential benefit on B-cell
function, provide a therapeutic advantage beyond an acute
improvement of glycemic control. Commonly, however,
insulin treatment is associated with weight gain. Because
these patients are often overweight or obese when insulin
therapy is started, further weight gain is a valid concern.
Obesity is a risk factor for hypertension, dyslipidemia, and
CVD. However, the available evidence does not suggest
that intensive therapy—even with associated weight gain—
places these patients at greater risk for CVD. Furthermore,
although weight gain is an undesirable effect of insulin
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