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Abstract

The natural history of type 2 diabetes mellitus (T2DM) is a relentless progression of b-cell failure and dysregulation of b-cell
function with increasing metabolic derangement. Insulin remains the only glucose-lowering therapy that is efficacious
throughout this continuum. However, the timing of introduction and the choice of insulin therapy remain contentious
because of the heterogeneity of T2DM and the well-recognized behavioral and therapeutic challenges associated with this
mode of therapy. Nevertheless, the early initiation of basal insulin has been shown to improve glycemic control and affect
long-term outcomes in people with T2DM and is a treatment strategy supported by international guidelines as part of an
individualized approach to chronic disease management. The rationale for early initiation of insulin is based on evidence
demonstrating multifaceted benefits, including overcoming the glucotoxic effects of hyperglycemia, thereby facilitating ‘‘b-
cell rest,’’ and preserving b-cell mass and function, while also improving insulin sensitivity. Independent of its effects on
glycemic control, insulin possesses anti-inflammatory and antioxidant properties that may help protect against endothelial
dysfunction and damage resulting in vascular disease. Insulin therapy and the achievement of good glycemic control earlier
in T2DM provide long-term protection to end organs via ‘‘metabolic memory’’ regardless of subsequent treatments and
degree of glycemic control. This is evidenced from long-term observations continuing from trials such as the United Kingdom
Prospective Diabetes Study. As such, early initiation of insulin therapy may not only help to avoid the effects of prolonged
glycemic burden, but may also positively alter the course of disease progression.

Introduction

The epoch-making discovery of insulin has saved the
lives of countless numbers of people with diabetes mel-

litus since pancreatic extracts were first used in the early
1920s.1–5 Despite the early and dramatic fall in total deaths
due to diabetic coma following the introduction of insulin,6

diabetes emerged over the subsequent decades as a chronic
disease with accelerated degenerative complications. In the
1930s, Himsworth and Kerr7 described the two main cate-
gories of diabetes: insulin-sensitive and insulin-insensitive (or
insulin-resistant) diabetes. Currently, these are referred to as
type 1 and type 2 diabetes mellitus (T2DM). In the 1950s, the
advent of oral antidiabetic drugs (OADs), such as the insulin
secretagogues (sulfonylureas) and the biguanides (phenfor-
min and metformin), provided additional therapeutic op-
portunities for the management of T2DM. Since then, further
generations of sulfonylureas have become available, and
phenformin has been discontinued. Furthermore, newer
therapeutic modalities have been introduced, including the a-
glucosidase inhibitors, thiazolidinediones, and, more re-
cently, the incretin class of agents. Many more therapeutics

are under development in an attempt to address the wide-
spread pathophysiological deficits relating to pancreatic b-cell
function and insulin resistance.

Clinical inertia, noncompliance, and adverse effects often
result in prolonged glycemic burden for individuals with T2DM
receiving OADs.8 There is too often a delay in advancing ther-
apy when glycemic control is inadequate, with insulin supple-
mentation being commenced when complications are already
evident due to the inability to achieve target glycemic con-
trol.9,10 However, the timing of introduction and the choice of
insulin remain inconsistent owing, in large part, to the hetero-
geneous nature of T2DM, but also to the unwillingness of the
person with diabetes—and often the caregiver—to commence
insulin therapy, which presents both a behavioral (lifestyle) and
a therapeutic challenge. Several management guidelines and
consensus statements have been developed in an attempt to
provide a structured algorithmic approach that is both evi-
dence-based and cost-effective. Despite many attempts, along
with the development of numerous new therapies, the glycemic
outcome for the majority of persons with T2DM remains un-
satisfactory, whereas improvements in the control of hyper-
tension and dyslipidemia are more evident.11,12 Recently, both
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the American Diabetes Association and the European Asso-
ciation for the Study of Diabetes issued position statements for
the management of hyperglycemia in T2DM that emphasize a
patient-centered approach.13,14 These guidelines review the
properties of all currently available glucose-lowering agents to
guide treatment choice by the clinician for individual patients,
taking into consideration the patient’s preferences, tolerance,
needs, and values, representing an individualized approach to
disease management.

The purpose of this article is to review the multifaceted
benefits of insulin therapy in T2DM, as well as to provide an
overview of the clinical evidence for insulin—administered ei-
ther early after failure of OADs or as first-line therapy in certain
clinical situations.13 Originally, before the development of
OADs, insulin was always the first-line treatment for diabetes.
However, data for this period are not examined in this review
because of the many developments that have occurred relating
to the diagnosis and management of diabetes since that time.

Rationale for Early Initiation of Insulin Therapy

Multifaceted benefit of insulin

Aside from glycemic control, insulin treatment can poten-
tially provide additional benefits. The anti-inflammatory and
antioxidant effects of insulin may contribute to protection
against endothelial dysfunction and vascular disease. These
effects include suppression of reactive oxygen species (ROS)
and adhesion molecule expression.15–17 Insulin has also been
demonstrated to induce endothelial nitric oxide synthase ex-
pression in endothelial cells, causing vascular dilatation due
to increased production of nitric oxide.15–17

In general, T2DM is associated with progressive deteriora-
tion of b-cell mass and function, and one of the key goals of
therapy is to preserve b-cells. Factors that are thought to pro-
mote b-cell loss include insulin resistance, glucotoxicity and
lipotoxicity, inflammation, and obesity. It has been known for
nearly 40 years that insulin therapy improves b-cell function as
determined by an enhanced insulin response to glucose.18 This
was first demonstrated in a small study of seven insulin-naive
individuals with T2DM. In their analysis, Turner et al.18 de-
scribed the vicious circle evident in diabetes, in which defec-
tive b-cells lead to hyperglycemia, which subsequently
stresses b-cell function further. The authors postulated that
overcoming glucotoxicity through insulin use facilitates ‘‘b-cell
rest,’’ which in turn allows a store of readily available en-
dogenous insulin to be accumulated for early release to a nu-
trient challenge, resulting in improvement in b-cell function.

Recognizing the importance of the insulin signaling
pathway in b-cell growth, maintenance, and differentiation,
Jetton et al.19 sought to determine the roles of insulin re-
ceptor substrate-2 and protein kinase B/Akt (Akt) in pan-
creatic regeneration following partial (60%) pancreatectomy
in normally insulin-sensitive Sprague–Dawley rats. They
demonstrated that insulin receptor substrate-2 plays an im-
portant role in pancreatic regeneration by mediating the
proliferation of common duct cells and the differentiation of
certain duct cells into b-cells, as well as by maintaining the
phenotype of differentiated b-cells.19 In addition, they found
that expression of activated Akt was restricted to cells of the
common duct epithelium, suggesting that Akt may be in-
volved in pancreatic regeneration by regulating postmitotic
cell-specific gene expression and/or survival, possibly by

signaling through insulin receptor substrate-2.19 Jetton et al.20

went on to examine whether these proteins are also involved
in the b-cell growth response to insulin resistance, using the
Zucker fatty rat (fa/fa) model (a model of insulin resistance,
hyperlipidemia, and obesity caused by mutation of the leptin
receptor gene). Their findings indicate that Akt plays a cen-
tral role in early b-cell mass compensation by regulating new
b-cell development and promoting survival (anti-apoptosis)
of existing b-cells.20

In order to help elucidate whether the insulin signaling
pathway is physiologically important for glucose sensing,
Bouche et al.21 conducted experiments in healthy humans
using combined isoglycemic–hyperinsulinemic and hyper-
glycemic clamps, compared with sham clamps, to assess the
effects of pre-exposure to insulin on glucose-stimulated insulin
secretion. Pre-exposure to insulin over 4 h under isoglycemic
conditions was found to increase the b-cell secretory response
by approximately 40%.21 These findings demonstrate that, in
healthy, insulin-sensitive individuals, insulin potentiates the
b-cell secretory response to glucose, indicating that the human
b-cell is an insulin-responsive tissue. Thus, insulin regulation
of glucose-stimulated insulin secretion might be altered in
persons with insulin resistance or T2DM and might contribute
to the progressive loss of b-cell function that occurs in T2DM.21

Following on from the findings of Turner et al.,18 a study by
Garvey et al.22 of short courses of intensive insulin therapy of
2–3 weeks in duration demonstrated multiple clinical benefits
of insulin therapy in people with T2DM. Using intensive in-
sulin therapy and reducing hyperglycemia enhanced insulin
secretion (predominantly second phase) and improved insu-
lin sensitivity.22 Furthermore, suppression of hepatic glucose
production was observed, resulting in near normalization of
basal hepatic glucose production.22

A study by Engerman and Kern23 examined four groups of
dogs: dogs with alloxan-induced diabetes and poor glucose
control for 5 years, good glucose control for 5 years, or poor
glucose control for 2.5 years followed by good glucose control
for 2.5 years, as well as a group of healthy controls. Retinop-
athy was seen to be worst in the group with poor control but
was also seen to develop in the group with poor control fol-
lowed by good control. In this group, retinopathy was seen to
be absent or equal to that of the good control group at 2.5 years
but developed during the 2.5 years of good control, despite
improved treatment. The group with good control throughout
did not experience retinopathy, showing that earlier intensive
treatment to maintain good glycemic control is beneficial.23

Overall, these early results clearly demonstrate that inten-
sive insulin therapy in people with poorly controlled T2DM
provides multiple benefits beyond glucose control that may
contribute to preservation of b-cell function and improvement
in vascular endothelial health. Earlier initiation of such a
treatment option, before the loss of further function, may be
more effective in providing long-term efficacy against the
complications of T2DM, as suggested by the long-term ob-
servations in the follow-up study of the United Kingdom
Prospective Diabetes Study (UKPDS).10,24

Early intervention to change the course of disease
progression in T2DM

Management of T2DM in the first decade of the 21st cen-
tury was considered largely in the context of evidence from
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landmark studies, such as UKPDS, that clearly demonstrated
the benefits of intensive glucose control therapy in newly di-
agnosed T2DM.25 In the analysis of individuals treated with a
sulfonylurea and/or insulin (n = 2,729), median glycated he-
moglobin (HbA1c) levels over 10 years of treatment were
significantly lower with intensive versus conventional
(n = 1,138; standard treatment with diet modification) thera-
py: 7.0% versus 7.9%, respectively. This difference was asso-
ciated with a significant reduction in the relative risk for the
intensive therapy group of 25% for any microvascular end
point (P = 0.0099), including a 21% reduction in the incidence
of retinopathy (P = 0.015) and a 33% reduction in micro-
albuminuria (P < 0.0001). Furthermore, the relative risk of
non-fatal myocardial infarction (MI) was 21% lower with in-
tensive therapy, although this was not statistically significant
(P = 0.057). It is interesting that there was no significant dif-
ference in mortality rates, although there was a trend in favor
of the intensive group, with a relative risk reduction of 10% for
diabetes-related death and 6% for all-cause mortality.

The UKPDS follow-up 10 years after the end of the orig-
inal study showed that a period of good glycemic control
early in the course of the disease has a lasting benefit inde-
pendent of subsequent glycemic control.24 The relative risks
of non-fatal MI, death related to diabetes, and all-cause
mortality were 15% (P = 0.01), 17% (P = 0.01), and 13%
(P = 0.007) lower in individuals originally treated with in-
tensive therapy compared with conventional therapy. The
reduction in the risk of microvascular complications with
intensive therapy was also maintained (24%; P = 0.001).
These benefits were achieved despite the fact that the dif-
ference in HbA1c levels apparent at the end of intervention
was lost within 1 year and that HbA1c levels were compa-
rable over the remaining follow-up period.

The results of the UKPDS mandate that treatment of T2DM
include aggressive efforts to lower blood glucose to as close to
normal as possible early in the disease process.26 The lasting
benefit could partly be due to metabolic memory, thereby
reducing vascular stresses in diabetes despite deteriorating
glycemic control.27 A legacy effect or ‘‘metabolic memory’’ is
believed to be associated, in part, with the increased forma-
tion of advanced glycation end-products evident in T2DM.
Advanced glycation end-products modify mitochondrial
DNA respiratory proteins, resulting in excess ROS, which
cause further mitochondrial DNA damage and functional
respiratory chain decline. This process perpetuates ROS
generation and overall cellular injury, maintaining oxidative
stress signaling even after normoglycemia is achieved.27 In-
tensive insulin treatment is associated with significantly
lower levels of advanced glycation end-products than con-
ventional treatment,28 supporting the long-term benefits ob-
served with an intensive management strategy.24

Owing to the favorable outcomes observed in the UKPDS
study, several large-scale studies have been undertaken that
assessed the effects of intensive treatment regimens on vas-
cular outcomes in people with advanced T2DM. These in-
clude ACCORD (Action to Control Cardiovascular Risk in
Diabetes),29 ADVANCE (Action in Diabetes and Vascular
Disease: Preterax and Diamicron MR Controlled Evalua-
tion),30 and VADT (Veterans Affairs Diabetes Trial).31 In all
three of these studies, an intensive control regimen resulted in
better glycemic outcomes, including significantly lower
HbA1c, than standard therapy.

However, in these studies, at randomization, subjects were
of an advanced age (mean of 62, 66, and 60 years, respec-
tively), had long-standing disease (mean of 10.0, 8.0, and 11.5
years, respectively), and, particularly in VADT, had poorly
controlled glycemia (mean HbA1c of 8.1%, 7.2%, and 9.4%,
respectively), which may reduce the benefit observed with an
intensive regimen. The benefits of intensive glycemic control
in people with T2DM have been confirmed by several meta-
analyses. These suggest that intensive glycemic control does
not significantly affect all-cause mortality or cardiovascular
(CV) death but is associated with significant reductions in the
risk of non-fatal MI, with an increase in the risk of severe
hypoglycemia, compared with standard treatment. Based on
these observed benefits Duckworth et al.31 suggested that
intensive glycemic control would provide maximal benefits if
initiated earlier in the disease, particularly if severe hypo-
glycemia was avoided.

The INSIGHT (Implementing New Strategies with Insulin
Glargine for Hyperglycemia Treatment) trial was designed to
assess whether early intervention with insulin glargine could
enable people with T2DM who had high glucose levels and
were on either no or suboptimal doses of OADs to safely
achieve an HbA1c target of £6.5% more effectively than the
conventional approach of optimizing OAD therapy.32 After
24 weeks, people treated with insulin glargine in addition to
their existing treatment were significantly more likely to
achieve two consecutive HbA1c levels of £6.5% than those
treated with intensified OAD therapy; these people experi-
enced significantly greater reductions in HbA1c and fasting
plasma glucose (FPG) levels. Insulin glargine was associated
with a significantly greater increase in weight than intensified
OAD therapy, but no between-group differences in hypo-
glycemia were observed.32

The potential benefits of early intervention with insulin
glargine were further investigated in the landmark ORIGIN
(Outcome Reduction with an Initial Glargine Intervention)
study, which assessed the use of insulin glargine to target
normal FPG in people with early T2DM or prediabetes (im-
paired fasting glucose or impaired glucose tolerance; ap-
proximately 12% of the population) and a high risk of CV
events.33 This long-term, prospective, large-scale, random-
ized controlled trial included 12,537 subjects who were fol-
lowed for a median of 6.2 years. The coprimary outcomes
were the incidence of non-fatal MI, non-fatal stroke, or death
from CV causes, as well as these events plus the incidence of
revascularization or hospitalization for heart failure. No in-
crease or decrease in CV outcomes was found between the
insulin and standard care groups, in terms of the coprimary
outcomes and their components (hazard ratio [HR] for first
coprimary outcome, 1.02; 95% confidence interval [CI], 0.94,
1.11; P = 0.63; HR for second coprimary outcome, 1.04; 95% CI,
0.97, 1.11; P = 0.27) (Fig. 1), although those in the insulin group
achieved the target median FPG (£94 mg/dL). There was also
no difference between the insulin and standard care groups in
the incidence of any cancer, or death from cancer (Fig. 1).33 As
in the aforementioned INSIGHT trial, a low rate of hypogly-
cemia and a modest increase in weight were observed with
the use of insulin glargine. It is interesting that despite this
weight gain (which is a known risk factor for diabetes), those
people with prediabetes treated with insulin were 28% less
likely to develop diabetes from the time of randomization
until the first oral glucose tolerance test than those assigned to
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standard care (odds ratio [OR], 0.2; 95% CI, 0.58, 0.91;
P = 0.006). Based on this finding, the ORIGIN authors sup-
ported further research into the effect of insulin regimens on
endocrine pancreatic function.33

The Glucose Reduction and Atherosclerosis Continuing
Evaluation (GRACE) substudy of ORIGIN investigated
whether treatment with insulin glargine within the ORIGIN
trial, compared with standard care, affected the annualized
rate of carotid intima-media thickness change over a median
of 4.9 years.34 Carotid intima-media thickness was used as a
surrogate end point for atherosclerosis. The ORIGIN-GRACE
study included a subset of 1,184 subjects from the ORIGIN
study who had a baseline and subsequent annual carotid ul-
trasound examinations. A modest, favorable, reduction in
carotid intima-media thickness was observed in people trea-
ted with insulin glargine compared with standard care;
however, this was not significant. It was suggested that ex-
tended follow-up is necessary to determine whether the dif-
ferences in atherosclerosis between the study arms persists
and also whether this translates into a reduction in clinical
events.

The lack of a significant effect on CV outcomes with insulin
glargine, despite its anti-inflammatory and antioxidant ef-
fects, in people who have prediabetes or early T2DM could be
because long-term follow up is needed to determine the ef-
fects within this population. In earlier studies, for example,
the UKPDS study, a legacy effect was observed with benefits
seen during the extended follow-up. It could be that owing to
the initiation of insulin early in the disease course, the number

of CV events in both treatment arms is likely to be low, re-
sulting in the similar numbers in the two arms. It is, therefore,
hoped that further analyses of the ORIGIN study, as well as its
2-year extension ORIGINALE (Outcome Reduction with an
Initial Glargine Intervention and Legacy Effect), will provide
further insights into potential long-term outcome reductions
with insulin glargine treatment, including any CV benefits.
However, at present there is no indication for the use of in-
sulin in people with prediabetes.

Overall, data from these long-term studies highlight the
potential benefit of early, aggressive treatment to normalize
metabolic control and minimize long-term complications as-
sociated with T2DM.

Clinical Evidence for Earlier Initiation of Insulin

Early initiation of insulin in T2DM results in improved
glycemic control and protects b-cell function

Several studies have assessed the potential benefits of early
intensive insulin therapy and tried to elucidate the mecha-
nisms by which acute intervention with intensive insulin
therapy confers early and sustained normoglycemia beyond
the acute study treatment period in people with newly diag-
nosed T2DM (Table 1).35–40 A study using continuous sub-
cutaneous insulin infusion (CSII) as intensive therapy over 2
weeks led to long-term glycemic control, improvement in b-
cell function, and restoration of first-phase insulin response,
with many individuals achieving remission.36 Similarly, in a
study by Ryan et al.,39 intensive insulin therapy using

0.5

Insulin glargine
better

Standard care
better

2.01.0

First coprimary outcome  1041 (16.6)  2.94  1013 (16.1)  2.85

Second coprimary outcome  1792 (28.6)  5.52  1727 (27.5)  5.28

Microvascular outcomes  1323 (21.1)  3.87  1363 (21.7)  3.99

Total mortality  951 (15.2)  2.57  965 (15.4)  2.60

Total myocardial infarctions  336 (5.4)  0.93  326 (5.2)  0.90

Total strokes  331 (5.3)  0.91  319 (5.1)  0.88

Death from cardiovascular causes  580 (9.3)  1.57  576 (9.2)  1.55

Hospitalizatlon from congestive heart failure  310 (4.9) 0.85  343 (5.5)  0.95

Revascularization  908 (14.5)  2.69  860 (13.7)  2.52

Angina  709 (11.3)  2.07  743 (11.8)  2.17

    Unstable  238 (3.8)  0.66  261 (4.2)  0.72

    New  100 (1.6)  0.27  138 (2.2)  0.38

    Worsening  455 (7.3)  1.29  446 (7.1)  1.26

Limb or digit amputation  47 (0.8)  0.13  53 (0.8)  0.14

Cardiovascular hospitalization  2081 (33.2)  6.98  2071 (33.0)  6.91

Noncardiovascular hospitalization  2339 (37.3)  7.90  2349 (37.4)  7.93

Any cancer  476 (7.6)  1.32  477 (7.6)  1.32

Death from cancer  89 (3.0)  0.51  201 (3.2)  0.54

1.02 (0.94–1.11)  0.63

1.04 (0.97–1.11)  0.27

0.97 (0.90–1.05)  0.43

0.98 (0.90–1.08)  0.70

1.02 (0.88–1.19)  0.75

1.03 (0.89–1.21)  0.69

1.00 (0.89–1.13)  0.98

0.90 (0.77–1.05)  0.16

1.06 (0.96–1.16)  0.24

0.95 (0.85–1.05)  0.29

0.91 (0.76–1.08)  0.28

0.72 (0.56–0.93)  0.01

1.02 (0.89–1.16)  0.80

0.89 (0.60–1.31)  0.55

1.00 (0.94–1.07)  0.90

0.99 (0.94–1.05)  0.85

1.00 (0.88–1.13)  0.97

0.94 (0.77–1.15)  0.52

Outcome  Insulin Glargine  Standard Care
 (N=6264)  (N=6273)

   no./100  no./100
  no. (%)  patient-yr  no. (%)  patient-yr

Hazard Ratio (95% CI) p Value

FIG. 1. Hazard ratios for the coprimary and other outcomes in the ORIGIN study.33 Hazard ratios are adjusted for the
factorial allocation, baseline diabetes status, and the presence or absence of a history of a cardiovascular event before
randomization. CI, confidence interval.
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multiple daily injections (MDI) over 2–3 weeks resulted in
44% of people maintaining glycemic control for up to 1 year
with diet therapy alone. When MDI was compared with OAD
treatment over 12 months, improvements in HbA1c levels and
higher proportions of individuals achieving HbA1c targets
were observed with the intensive MDI insulin therapy.41

Furthermore, b-cell function was significantly improved with
neutral protamine Hagedorn insulin therapy relative to
treatment with OADs.41 Similar observations were reported
by Weng et al.40 in a study in which early intensive insulin
therapy (either CSII or MDI; treatment stopped when nor-
moglycemia was maintained for 2 weeks) resulted in high
remission rates of approximately 50% (defined by maintained
optimal glycemic control for at least 12 months without
medication) and improvements in b-cell function, as well as
quicker achievement of glycemic control compared with
OADs.

A subanalysis of the Weng et al.40 study examined the
effects of intensive insulin therapy on insulin sensitivity and
b-cell function in people with newly diagnosed T2DM, com-
pared with people with normal glucose tolerance (NGT) or
impaired glucose tolerance (IGT).44 This substudy demon-
strated that intensive insulin therapy not only partially re-
stored b-cell function but also greatly improved insulin
resistance. Before intensive insulin therapy, homeostasis
model assessment for insulin resistance levels were signifi-
cantly higher in people with T2DM than in people with IGT
and NGT. Intensive insulin therapy was shown to signifi-
cantly lower homeostasis model assessment for insulin re-
sistance levels in people with T2DM who achieved glycemic
remission, both immediately after treatment and after 12
months of follow-up (P < 0.05), to a level comparable with
those in the IGT and NGT groups. Intensive insulin therapy
leading to glycemic remission also significantly improved
homeostasis model assessment for b-cell function in people
with T2DM, although function was still significantly lower
than in people with NGT. The authors postulated that nearly
normal restoration of insulin sensitivity could be an important
beneficial mechanism for intensive insulin therapy-induced
remission, as the decrease of insulin resistance would alleviate
b-cell load.44

Another recent study, by Harrison et al.,45 conducted in 58
treatment-naive individuals with newly diagnosed T2DM,
demonstrated the long-term benefits of early intensive ther-
apy with premixed insulin on b-cell function. Following initial
treatment with insulin plus metformin for 3 months, b-cell
function was preserved for 3.5 years, regardless of whether
subjects continued treatment with insulin plus metformin or
switched to triple oral therapy with metformin, glyburide,
and pioglitazone. Both regimens provided favorable glycemic
control over the course of the study, with similar levels of
modest weight gain and a significant decrease in the incidence
of hypoglycemia.45 This study demonstrates that it is possible
to preserve b-cell function long after the initial diagnosis of
T2DM if insulin therapy is initiated in a timely and intensive
manner. The authors suggested that this long-term evidence
supports the use of an initial period of intensive insulin
therapy in order to maximize b-cell recovery in patients with
newly diagnosed T2DM, as opposed to a slower, stepwise
treatment intensification in response to therapy failure.

Taken together, these clinical studies clearly highlight the
impact of early intensive insulin treatment on reducing
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glucotoxicity and consequent improvements in insulin resis-
tance and b-cell function, possibly through inducing b-cell
rest.35 Even though OADs enable glycemic control, these trials
demonstrate that the ability of insulin to rapidly return a
greater number of people to near normoglycemia provides
advantages, as people spend less time without good glycemic
control, reducing the damage that is done during periods
of poor glycemic control. This glycemic control has to be
considered separately from other suggested protective
mechanisms of insulin, based upon its antioxidative and anti-
inflammatory properties.

Early versus late insulin therapy

Many of the studies demonstrating the benefits of early
intensive insulin treatment used CSII or MDI to initiate insulin
therapy (Table 1).36,40,41 As such regimens are expensive and
complex—and therefore unlikely to be adopted in clinical
practice—Zeng et al.46 recently conducted a randomized,
open-label, parallel-group study to assess the effects of early
insulin therapy using basal insulin monotherapy, compared
with CSII, in 59 people with newly diagnosed T2DM. Fol-
lowing 2 weeks of treatment, both insulin regimens signifi-
cantly improved glycemic control, b-cell function, and plasma
lipid profiles compared with baseline, and there were no
significant differences between the two groups, except that
the time to achieve the fasting glycemic target (defined as a
fasting capillary blood glucose level between 4.4 and 6.1
mmol/L, regardless of postprandial blood glucose levels) was
significantly shorter with CSII than with insulin monotherapy
(P < 0.01).46 The results therefore suggest that basal insulin
monotherapy might be a reasonable alternative to CSII for
initial insulin therapy in people with newly diagnosed T2DM.

The importance of correcting basal insulin levels for diurnal
control has long been recognized.47 The Treating-to-Target in
Type 2 diabetes (4-T) study showed that initiating insulin-
based treatment with a basal insulin (once/twice daily insulin
detemir) provides considerable benefits over a prandial in-
sulin (three times daily insulin aspart) or premixed insulin
(twice daily biphasic insulin aspart) regimen in people with
T2DM.48,49 At 3 years, a greater proportion of people ran-
domized to basal or prandial insulin, versus premixed insulin,
had reached an HbA1c target of £ 7.0%, whereas treatment
with basal insulin detemir was associated with significantly
lower rates of hypoglycemia and less weight gain compared
with prandial and premixed insulin regimens.48 This study
supports the principle that basal insulin provides a simple and
convenient method of initiating insulin therapy, with other
studies demonstrating that self-titration provides glycemic
control that is equivalent to physician-led titration, with low
rates of severe hypoglycemia.50

A study by Pennartz et al.51 in 14 people with T2DM and
uncontrolled FPG levels on metformin found that chronic
therapy (8 weeks of treatment) with add-on insulin glargine
resulted in improved b-cell function, as determined by first-
and second-phase insulin secretion. These data demonstrate
that basal insulin therapy improves endogenous insulin se-
cretion via pancreatic rest, potentially partly because of re-
ductions in both glucose and lipotoxicity.

The benefit of earlier versus later insulin initiation is further
illustrated by an evaluation of the addition of insulin glargine
to none to two OADs in people with poorly controlled

T2DM.52 Greater HbA1c reductions with lower risk of hypo-
glycemia were observed with insulin for individuals who
previously failed therapy with none or one versus two OADs.
Furthermore, mean reductions in HbA1c were greater in in-
dividuals previously receiving metformin alone versus a
sulfonylurea alone or metformin plus a sulfonylurea. Despite
a higher insulin dose in the prior metformin-only group, the
incidence of hypoglycemia and weight gain was lowest in this
group. Early insulin therapy has also demonstrated bene-
fits over sulfonylurea-based treatment in terms of long-term
(up to 4 years) glycemic control and endogenous insulin
secretion.53,54

As previously outlined, the INSIGHT study demonstrated
that adding insulin versus avoidance of insulin in people with
T2DM receiving no or submaximal OAD therapy resulted in
greater improvements in HbA1c and FPG levels and no dif-
ference in the occurrence of hypoglycemic events.32 More re-
cently, the GLORY (Insulin Glargine First Line versus
Metformin in Type 2 Diabetic Subjects) study randomized
people with pharmacotherapy-naive T2DM to treatment with
metformin or insulin glargine over 36 weeks and showed that
first-line basal insulin therapy was associated with significant
improvements in glycemic control and b-cell function com-
pared with metformin.55 In this study, insulin did not increase
the risk of symptomatic hypoglycemia versus metformin but
was associated with a higher frequency of asymptomatic
hypoglycemia and significant weight gain.

The efficacy and safety of early insulin therapy in a real-
world clinical setting were recently demonstrated in an open-
label observational study of 1,438 people with T2DM poorly
controlled with the maximal dose of metformin (HbA1c,
> 7.5%). In total, 1,389 individuals were treated with insulin
glargine as a second-step alternative to add-on OADs. After
24 weeks, mean HbA1c and fasting blood glucose were both
significantly reduced (from 8.7% to 7.4% and from 181.7 mg/
dL to 130.5 mg/dL, respectively; both P < 0.01). Average body
weight decreased by approximately 1 kg, and the number of
hypoglycemic events did not increase significantly between
Weeks 12 and 24, despite the increasing insulin dose. Overall,
symptomatic hypoglycemia was reported in only 2.5% of
people.56

Treatment inertia leads to high glycemic burden

As described, there is a wealth of evidence to suggest that
earlier initiation of insulin therapy is likely to be of benefit for
many people with T2DM; however, many individuals and
their physicians are reluctant to start insulin therapy, owing
predominantly to the perceived risk of hypoglycemia and
weight gain. Several barriers to insulin initiation and intensi-
fication exist, both for people with T2DM and for physicians,
including low motivation, lack of familiarity or experience
with treatments, and time constraints.57 Treatment inertia may
result in people treated with OADs experiencing a high gly-
cemic burden for extended periods before initiation of insulin
therapy.8 In a prospective, population-based study using ret-
rospective observational data, Brown et al.8 demonstrated that
people treated with OADs—metformin monotherapy, sulfo-
nylurea monotherapy, and combination OAD regimens—
accumulated nearly 5 HbA1c-years of excess glycemic burden
> 8.0% from diagnosis until starting insulin and about 10
HbA1c-years of burden > 7.0%. Of the individuals initially
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treated with diet and exercise, the majority progressed to
pharmacological treatment with OAD monotherapy (73.6%)
and then subsequently to OAD combination therapy (ap-
proximately 91%). However, HbA1c levels reached, on aver-
age, ‡ 9.6% before combination therapy was initiated, which is
considerably higher than recommended by international
guidelines. Subsequently, almost 90% of individuals who re-
ceived combination therapy eventually received insulin.8 This
pattern of treatment is apparent in observational studies of
clinical practice worldwide, which routinely report that insu-
lin is initiated with a duration of T2DM of approximately 10
years and at a mean HbA1c level in excess of 9%. Inevitably, the
number and extent of diabetes-associated complications in
such a population are extensive.58 However, overcoming
clinical inertia and intervening earlier with insulin therapy
may reduce this burden.

The impact of early insulin therapy on quality of life

Quality of life (QoL) is an important measure of the success
of T2DM treatment. There is some perception that insulin
therapy can negatively impact QoL, and this may deter some
physicians from initiating insulin therapy earlier. Studies in-
cluding QoL outcomes with up to 4 years of follow-up in
people with T2DM have demonstrated, however, that early
initiation of insulin has no negative effect on QoL.53,54,59

Asche et al.60 conducted a systematic review of articles
published between 2000 and 2010 that reported clinical and
economic outcomes associated with early insulin initiation or
intensification. Their analysis concluded that the addition of
insulin to OADs did not significantly affect individuals’
treatment satisfaction or QoL and that the improved glycemic
control obtained by adding insulin to OADs had, in fact, a
positive impact on QoL outcomes.60 A 24-week questionnaire-
based study assessed treatment satisfaction and QoL for early
insulinization at bedtime compared with adjusted oral therapy
in 366 people with T2DM. QoL was measured by the Audit of
Diabetes-Dependent Quality of Life (ADDQoL), which com-
prises 13 items relating to physical functioning, symptoms,
psychological well-being, social well-being, role activities, and
personal constructs. Evaluation of the ADDQoL demonstrated
a significant improvement in QoL for individuals treated with
early insulin at Week 12 (P = 0.025) and Week 24 (P = 0.024)
compared with adjusted oral therapy.61

A more recent study used two QoL measures to evaluate
the effect of short-term (4–8 weeks) intensive insulin therapy
on QoL in 34 people with T2DM receiving none to two OADs.
The Diabetes Quality of Life Measure demonstrated a signif-
icant improvement in QoL outcomes including global health
perception (P = 0.02), diabetes worry (P = 0.006), and treat-
ment satisfaction (P = 0.007). The Diabetes Symptoms Check-
list-Revised revealed a significant improvement in the
diabetes-related total symptom score (P = 0.01).62

Together, the results of these studies indicate that insulin
therapy initiated early in the management of people with
T2DM has no negative impact on QoL and may actually lead
to improvements in QoL through improved glycemic control.

Conclusions

Clinical (treatment) inertia with OADs leads to excessively
high and prolonged glycemic burden prior to the initiation of
insulin therapy. Many people with T2DM remain poorly

controlled on OAD treatment for extended periods, despite
the observations that loss of b-cell function and mass are
potentially preventable and that early intensive insulin
treatment, enabling people to more rapidly obtain normo-
glycemia, may halt, or at least delay, progression of the dis-
ease. Basal insulin therapy confers improved glycemic control
through suppression of hepatic glucose production and pro-
tection of b-cell function through reduced gluco- and lipo-
toxicity and consequently ‘‘pancreatic rest.’’ Clinical evidence
demonstrates that early insulin therapy in T2DM maximizes
the potential to nearly normalize glucose control, to prevent
progression of glucose intolerance, to restore b-cell function,
to improve metabolic memory, to offer long-term protection
to end organs, and to enhance individuals’ QoL. Recent clin-
ical data from the ORIGIN trial confirm the efficacy and safety
of early insulin therapy with only modest increases in hypo-
glycemia and weight gain. Treatment with insulin may also
provide independent protection against vascular endothelial
dysfunction through its anti-inflammatory and antioxidative
stress actions; however, longer-term follow-up of trials is
needed to determine whether this protection results in clini-
cally relevant changes to outcomes.

Although it is widely recognized that achieving lower HbA1c

levels earlier in the management of T2DM results in better long-
term outcomes and lower risk of diabetes complications and
mortality—with treatment guidelines generally recommending
earlier insulin initiation as an option—this is not always re-
flected in clinical practice treatment patterns, as many individ-
uals and physicians appear to be reluctant to start insulin
therapy. With the advent of the incretin class of antidiabetes
agents, continued efforts are required to further clarify the place
of early insulin therapy in the treatment of T2DM.

Clinical Implications

As outlined in this review, there is clear evidence to support
the efficacy and safety of early initiation of insulin therapy in
the treatment of T2DM. Such an approach not only provides
rapid and effective glycemic control, but also is associated
with a range of additional effects that may have far-reaching
benefits for the disease progression of individuals with
T2DM.

Although many subjects with T2DM are likely to benefit
from early insulin therapy, there are three groups of indi-
viduals who are particularly suitable for such a treatment
approach. The first group is treatment-naive individuals who
present with marked symptoms of hyperglycemia with an
HbA1c level of > 8.5%, in whom early insulin treatment not
only provides rapid improvement in glycemic control but also
restores b-cell function.40,41,44 Therapy in this population po-
tentially has disease-modifying benefits, with up to 50% re-
maining in remission after 12 months on no therapy after the
short-term intensive insulin therapy in an attempt to achieve
normal glycemia. By directly combating the glucotoxicity,
early intensive insulin treatment can induce ‘‘b-cell rest,’’
thereby optimizing the possibility of restoring b-cell function
and delaying disease progression.35 Following early intensive
insulin therapy, an individual could either continue with in-
sulin-based therapy or switch to OAD therapy, as restoration
of b-cell function by early insulin treatment appears to be
preserved over the long term, regardless of which treatment
approach is subsequently adopted.45
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The second group likely to benefit from early insulin ther-
apy is people with latent autoimmune diabetes of adults
(LADA), also known as type 1.5 diabetes.63 LADA is not
generally regarded as insulin-requiring; however, those with
LADA have islet autoantibodies (most commonly, glutamic
acid decarboxylase antibody) and relatively low C-peptide
secretion, and the rate of progression to insulin dependency is
faster than in people with T2DM.64,65 Although the optimal
treatment strategy for people with LADA is currently unclear,
evidence suggests that, by preserving b-cell function, early
insulin treatment leads to better preservation of metabolic
control and better long-term outcomes than conventional
treatment with OADs.65,66 Initiating therapy with insulin may
therefore be particularly beneficial for those individuals with
LADA who have high titers of glutamic acid decarboxylase
antibody (>20 U/mL).67

Third, as insulin treatment is known to have additional
anti-inflammatory and antioxidant effects, which may con-
tribute to protection against endothelial dysfunction and
vascular disease,15–17 early insulin treatment is particularly
suitable for individuals already at high risk for vascular
complications, such as those with hyperlipidemia, hyperten-
sion, or both. In individuals with protracted disease who
remain inadequately controlled on a multitude of other anti-
diabetic drugs, careful introduction of insulin is required to
avoid hypoglycemia. In contrast, introduction of insulin in
subjects at high CV risk early in the course of diabetes before
they are on multiple OADs does not exaggerate the CV risk,
with a minimal risk of hypoglycemia and only moderate
weight gain. It is important that long-term studies, such as the
10-year follow-up to the UKPDS, have demonstrated that a
period of good glycemic control early in the course of T2DM
has a lasting benefit, independent of subsequent glycemic
control.24 Similar CV benefits were seen in the Diabetes
Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications study in persons with type 1
diabetes mellitus.68 The extension of the ORIGIN trial will
provide additional information relating to the longer-term
value of early insulin therapy in our subjects with T2DM.

The early use of insulin in these three populations needs to
be investigated in clinical studies, so that treatment algorithms
can be developed that allow for the optimal choice of diabetes
management strategy in every individual with diabetes.
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