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Abstract

The incidence of diabetes mellitus is projected to continue to increase worldwide over the next 20 years leading to increased
costs in the management of the disease and its associated co-morbidities. Insulin replacement is one of many treatment
options that can help to bring about near normoglycemia in the patient with type 2 diabetes mellitus (T2DM). Glycemic
control as close to normoglycemia as possible can help to reduce the risk of microvascular and macrovascular complica-
tions, yet less than one-half of patients with T2DM achieve glycemic targets as recommended by practice guidelines. The
purpose of this review is to provide guidance to primary care physicians for the initiation and intensification of basal-
bolus insulin therapy in patients with T2DM. Two treatment algorithms that can be both patient- and physician-driven
are proposed: a stepwise approach and a multiple daily injections approach. Evidence shaping the two approaches will be
discussed alongside management issues that surround the patient treated with insulin: hypoglycemia, weight gain, patient

education, and quality of life.

Key words: Basal-bolus, insulin, intensification, type 2 diabetes mellitus

Introduction

Approximately 246 million people worldwide are
presently afflicted with diabetes mellitus, and this
number is expected to exceed 350 million within
20 years (1,2). Glycemic control is a vital factor in
the effective management of both type 1 and type
2 diabetes mellitus (T1DM and T2DM, respec-
tively); studies have demonstrated that maintenance
of glycemic levels close to the non-diabetic range is
associated with a reduction in diabetes-related co-
morbidities, particularly microvascular complica-
tions (3-8). Based on the strength of clinical evi-
dence, the American Diabetes Association (ADA),
the American Association of Clinical Endocrinolo-
gists, and the International Diabetes Federation rec-
ommend that patients with diabetes be as near to
normoglycemia as possible (9-11).

Despite guideline recommendations, at least 43%
of patients are still unable to achieve glycemic

control, thus emphasizing the on-going need for
improvement in diabetes management (12). The
purpose of this review is to address the role and
timeliness of intensive insulin therapy in both achiev-
ing glycemic targets and matching the progression of
the disease, which is associated with increasing -cell
dysfunction. The advantages of a basal-bolus insulin
regimen early in treatment will be discussed, and two
regimens for the initiation and intensification of
insulin therapy will be proposed: a stepwise approach
and a multiple daily injections (MDI) approach.

Glycemic control in diabetes
mellitus management

The United Kingdom Prospective Diabetes Study
(UKPDS) demonstrated that tight glycemic control
in patients with new-onset T2DM is associated with
a reduced risk of diabetes-related complications,
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Key messages

e Basal insulin therapy combined with oral
antidiabetic agents may not suffice for the
achievement of guideline-recommended
glycemic goals, thus necessitating the addi-
tion of prandial insulin.

e Intensification of a basal insulin-only regi-
men can occur in a stepwise process or can
become fully intensified to multiple daily
injections by following an algorithm that is
both patient- and physician-driven.

e Issues impacting the patient, such as weight
gain, hypoglycemia, and quality of life, are
equally as important to the success of an
insulin treatment regimen as is the choice of
the treatment algorithm.

including a 25% relative risk reduction for microvas-
cular complications compared with conventional
treatment (7). Long-term follow-up data over 10
years demonstrated continued significant reductions
in the risk of microvascular disease (2= 0.001) and
significant long-term risk reductions for myocardial
infarction (P=0.01) and death from any cause
(P=0.007) despite the inability to maintain glyco-
sylated hemoglobin (HbA, ) levels achieved by those
treated intensively during the original study (13).

For many patients with T2DM, initial treatment
involves diet and lifestyle modifications plus initiation
of metformin therapy, followed by additional oral
antidiabetic drugs (OADs), including insulin secret-
agogues, thiazolidinediones, dipeptidyl peptidase-IV
inhibitors, and/or o-glucosidase inhibitors (14). The
injectable incretin mimetics (i.e. exenatide and lira-
glutide) have become available and may be used as
monotherapy, but more often they are added to met-
formin monotherapy or combination therapy with
metformin and a sulfonylurea.

Insulin therapy for the management of hyperglycemia

Data from UKPDS revealed that 3 years after diag-
nosis of T2DM, 50% of patients required treatment
with more than one antidiabetic agent in order to
achieve glycemic goals, with more than 75% of
patients requiring multiple agents after 9 years of
follow-up (15). Insulin therapy, alone or in combina-
tion with OADs, should be considered when more
intensive glucose lowering is needed to achieve
HbA,  targets (14,16). A therapeutic strategy that
includes early initiation of insulin therapy to control
both fasting and postprandial hyperglycemia
may translate to long-term benefits (17). Weng et al.

Abbreviations

ADA American Diabetes Association
FPG fasting plasma glucose

HbA,,  glycosylated hemoglobin
MDI multiple daily injections
NPH neutral protamine Hagedorn

OAD oral antidiabetic drug

SMBG  self-monitored blood glucose
TIDM  type 1 diabetes mellitus
T2DM  type 2 diabetes mellitus

UKPDS United Kingdom Prospective Diabetes Study

demonstrated that early, intensive insulin therapy
with continuous subcutaneous insulin secretion or
by MDI significantly improved glycemic remission
rates compared to patients treated with oral hypo-
glycemic agents alone (18). Remission rates, defined
as the achievement of both fasting capillary blood
glucose and 2-hour postprandial glucose targets for
a 2-week period, were 51.1% for continuous subcu-
taneous insulin, 44.9% for MDI, and 26.7% for oral
hypoglycemic agents (P=0.0012 for insulin groups
compared to oral agents).

When patients fail to achieve glycemic control
with OAD therapy, the question for practitioners is
which strategy is best for starting insulin replace-
ment. The 4-T study group sought to compare the
safety and efficacy of three regimens (biphasic insu-
lin aspart twice daily, prandial insulin aspart three
times daily, or basal insulin detemir once daily (twice
if required)) in 708 patients who failed prior OAD
therapy (19). The primary outcome in this random-
ized study was the HbA,  level at 3 years. After the
first year of study, however, intensification of treat-
ment occurred in subjects who were not at their
HbA |, goal. At study end for biphasic insulin, pran-
dial insulin, and basal insulin, median HbA,,
decreased to 7.1%, 6.8%, and 6.9%, respectively,
from a baseline of 8.6%, 8.6%, and 8.4%, with no
significant difference between the three groups
(P=0.28). The proportion of patients achieving
HbA,=7% was significantly greater with prandial
insulin and basal insulin compared with biphasic
insulin (67.4% and 63.2% versus 49.4%; P=0.001
and P=0.02, respectively). Though median HbA, .
levels were near goal in the three treatment groups,
67.7% to 81.6% of patients across treatment arms
required the addition of a second type of insulin to
their regimen to achieve these outcomes. This seems
to indicate that the choice of initial insulin therapy
is not as important as recognizing the need to inten-
sify initial therapy.

Insulin therapy is commonly initiated with a
strategy to increase a patient’s endogenous basal
insulin level with injected basal insulin (20), admin-
istered as a once-daily, long-acting insulin analogue
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preparation or as an injection of intermediate-acting
human insulin administered once- or twice-daily
(Figure 1A).While this approach leads to suppression
of hepatic glucose production overnight and between
meals, it does not mimic normal prandial insulin
secretion and may not be sufficient to achieve and
maintain HbA . targets (21). The Treat-to-Target
Trial randomized patients with T2DM (n = 756) who
had poor glycemic control on OAD therapy to insu-
lin glargine or human neutral protamine Hagedorn
(NPH) insulin using specific titration schedules based
on self-monitored mean fasting plasma glucose
(FPG). Insulin glargine helped 58.0% of patients to
reach HbA, . =7% compared with 57.3% for human
NPH insulin (22). Nonetheless, approximately 40%
of patients still did not achieve HbA, ; targets, indi-
cating the need to intensify basal insulin.

Premixed preparations of intermediate- and rap-
id-acting insulin analogues in a single injection are
one option to intensify a basal-only insulin regimen
(23).The 1-2-3 Study investigated whether the addi-
tion of biphasic insulin aspart 70/30 in patients fail-
ing OADs, with or without basal insulin, would help
increase achievement of guideline-recommended
glycemic targets (24). The ADA goal achievement
rate was 41% with one injection and increased to
70% and 77% with twice-daily and thrice-daily
injections, respectively. Another option for basal-
only intensification of insulin would be to consider
twice-daily administration of a long-acting insulin
analogue. In an open-label randomized study of
943 patients with T2DM, Swinnen et al. sought to

determine whether insulin detemir given twice daily
would be non-inferior to insulin glargine given once
daily (25). Patients randomized to twice-daily
detemir saw a smaller proportion of patients achieve
the primary outcome of HbA, .= 7% without symp-
tomatic hypoglycemia compared with insulin glargine
(25.6% versus 27.5%, respectively). The treatment
difference of 1.85% (95% confidence interval (CI),
-3.78% to 7.48%) indicated the non-inferiority
of this treatment option. Compared with insulin
glargine, a larger proportion of patients treated with
twice-daily detemir achieved the secondary end-
points of HbA | =7% (47.8% versus 44.1%, respec-
tively; P=0.254) and HbA, . =6.5% (22.7% versus
16.5%;P=0.017). Premixed preparations and twice-
daily long-acting insulin are options to consider in a
patient who fails to achieve glycemic control with
once-daily long-acting insulin and who may not want
to begin self-administration of mealtime insulin. For
all basal-only insulin regimens, however, dose titra-
tion to achieve fasting blood glucose targets should
occur before considering this regimen a treatment
failure. In clinical practice, basal insulin doses may
not come close to the end-of-study doses used
in clinical trials that treat towards specific glycemic
targets (26).

While premixed preparations and twice-daily
long-acting insulin analogues offer an effective option
for intensification of basal insulin, an even more
physiologic approach is to add a rapid-acting insulin
analogue at one or more mealtimes (or bolus insulin)
to basal insulin analogue therapy in the form of an
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Figure 1. Insulin replacement regimens for the management of hyperglycemia. A: Once-daily, long-acting insulin analogue (black) or
twice-daily, intermediate-acting human insulin (dashed) as basal replacement therapy. Insulin regimens can be intensified with the
administration of a rapid-acting insulin analogue (light grey) at mealtimes in addition to long-acting (B) or intermediate-acting basal
insulin (C). Arrows indicate insulin injections at mealtimes or bedtime. *As per the package insert, long-acting insulin glargine may be
given at any time in the day, and insulin detemir once daily should be given in the evening. Adapted from De Witt et al. (21) with

permission.



MDI regimen (Figure 1 B and C) (21,27,28). The
benefits of such regimens have been demonstrated in
clinical trials. Relevant end-points and parameters of
these trials are presented in Table I. Rosenstock et al.
randomly assigned 187 patients each who had failed
prior insulin glargine with OAD therapy to prandial
premixed therapy (50% lispro protamine/50% lispro)
and to more traditional basal-bolus therapy with bed-
time insulin glargine and prandial lispro (29). Tradi-
tional basal-bolus insulin was associated with a
significantly greater difference in the achievement of
the primary outcome compared with prandial pre-
mixed therapy, change in HbA,; (-2.09% versus
—1.87%, respectively; 90% CI —-0.38% to —0.07%)
from baseline HbA, - values of 8.89% and 8.83%. A
significantly larger proportion of patients achieved
HbA,-<7.0% in the basal-bolus therapy group
(69% versus 54%, respectively; P= 0.009), although
both groups were associated with statistically signifi-
cant reductions in HbA,, from baseline. The inci-
dence of severe hypoglycemia was 2.1% for
basal-bolus treatment and 3.2% for prandial pre-
mixed therapy, and the incidence of all hypoglycemic
events was 88.8% and 90.4%, respectively.

The GINGER study group compared the effi-
cacy and safety of an intensified basal-bolus regimen
(insulin glargine once daily and prandial pre-meal
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insulin glulisine) with a regimen of twice-daily pre-
mixed insulin (NPH and lispro (70/30) or insulin
NPH and aspart (75/25)) in 376 patients (30). After
52 weeks of treatment, the change in HbA . for the
basal-bolus insulin regimen and twice-daily pre-
mixed regimen was —1.31% and —0.80%, respec-
tively, from a baseline of 8.62% and 8.51%
(P=0.0001 for the adjusted mean difference). The
incidence of severe hypoglycemic events was nearly
equal at 7.8% and 7.6%, respectively (P=0.9459),
and the rate of all hypoglycemic events was 75.8%
and 73.9% (P=0.5641). In a subanalysis of AT.
LANTUS, patients with T2DM who had been
switched from a premixed insulin regimen to a regi-
men of a long-acting insulin glargine, with or with-
out prandial insulin injections, demonstrated a
significant reduction in mean HbA,; of 1.0% from
a baseline value 0f 9.0% = 1.3% (P<0.001). HbA, -
reductions of 1.22%, 1.61%, and 1.43% were
observed for once-, twice-, and thrice-daily prandial
insulin added on to insulin glargine, respectively,
compared to 0.67% for insulin glargine alone. A sig-
nificant reduction in mean FPG of 3.3 = 2.8 mmol/L.
(60.2+50.3 mg/dL) from a baseline value of
9.3 +2.8 mmol/L (167.1 =50.0 mg/dL) (P=0.009)
was also observed in the study (31). The incidence
of severe hypoglycemia was little changed, ranging

Table I. Parameters reported in studies involving insulin intensification or optimization.

Mean HbA, ., Mean FPG, Hypoglycemia, Weight gain,
Study % mmol/L? %P kg Basal insulin Prandial insulin
4-T (19) BL: 8.4-8.6 BL: 9.6 Minor: 44.0-49.4 +3.6-6.4 BL: Not given BL: Not given
Final: 6.8-7.1 Final: 6.8-7.0 Major: 0.9-2.6 Final: 24-42 U Final: 28-62 U
Treat-to-Target BL.: 8.56-8.61 BL: 10.8-11.0 Minor: Not given® +2.8-3.0  BL: Not given No prandial
(22) Final: 6.96-6.97 Final: 6.5-6.7 Major: 1.8-2.5 Final: 41.8-47.2 U insulin used
1-2-3 (24) BL: 8.6-8.7 BL: 9.7-10.0 Minor: 84 +5 Values not given Values not given
Final: 6.6 Final: 6.4-6.7 Major: 79
L2T3 (25) BL: 8.7 BL: 10.4-10.5 Minor: ~30% +0.6-1.4 BL: Not given No prandial
Final: 7.1 Final: Not given Major: Not given Final: 43.5-76.5 U insulin used
Rosenstock et al. BL: 8.83-8.89 BL: 9.5-10.1 Minor: 88.8-90.4 +4.0-4.5 BL:52.5-549U BL: None
(29) Final: 6.78-6.95 Final: 8.2-8.8 Major: 2.1-3.2 Final: 70 U Final: 76 U
GINGER (30) BL: 8.5-8.6 BL:9.7-9.8 Minor: 73.9-75.8 +2.2-3.6  Values not given Values not given
Final: 7.3-7.7 Final: 7.4-8.0 Major: 7.6-7.8
AT.LANTUS BL: 8.80-9.30 BL: 9.3 Minor: 22.4-25.5 +0.8 BL: 25.9-33.1 U BL: 10.1-23.8 U
31) Final: 7.65-8.17 Final: 5.9 Major: 0-1.7 Final: 46.1-52.1 U Final: 11.5-31.1 U
OPAL (39) BL: 7.3-7.4 BL: 5.9-6.0 Minor: 34.2-37.1 +0.9-1.0 BL:26.5-30.9 BL: 4.6-5.0
Final: 6.9-7.0 Final: 6.3-6.7 Major: 0.5-2.0 Final: 26.9-32.4 Final: 11.2-12.0
TITRATE BL: 7.94-7.99 BL: 9.0 Minor: 41-52 +0.12-0.89 BL: Not given No prandial
(45) Final: 6.77-7.00 Final: 5.9-6.2 Major: 0-0.8 Final: 0.51-0.57 U/kg insulin used
STEP-Wise BL: 8.7-8.9 BL: 8.1-8.3 Minor: 63-68 +2.0-2.7 BL:0.58-0.59 U/kg BL: 0.05 U/kg
(46) Final: 7.5-7.7 Final: 7.4-7.5 Major: 1 Final: 0.72-0.84 U/kg Final: 0.53 U/kg
Bergenstal et al. BL: 8.1-8.3 BL: 9.0 Minor: Not given® +2.4-3.6 BL:50.5-53.9 BL: 50.5-53.9
41 Final: 6.5-6.7 Final: 5.7-6.2 Major: Not given® Final: 88.9-108.7 Final: 86.4-102.5

BL = baseline; FPG = fasting plasma glucose; HbA, = glycosylated hemoglobin; U = units.
aTo convert mmol/L to mg/dL, divide by 0.0555.
bHypoglycemia was classified differently per each study as either minor (or all) hypoglycemia or major (or severe) hypoglycemia.

‘Reported as events per patient-year.
dCalculated value.
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from 0.0% to 1.7% in prandial insulin treatment
arms compared to <1% in patients receiving only
basal insulin glargine. The rate of minor hypoglyce-
mia ranged from 22.4% to 25.5%.

Intensifying insulin therapy in patients with
using a basal-bolus regimen

For many patients with T2DM who are treated with
insulin, the progressive decline of B-cell function will
necessitate the eventual addition of prandial insulin.
When given before meals, rapid-acting insulin ana-
logues reduce postprandial glucose excursions and
should reduce the risk of hypoglycemia compared
with regular human insulin (32-36). In a random-
ized trial comparing pre-meal administration of
regular human insulin versus a rapid-acting insulin
analogue in patients with T2DM, patients receiving
the rapid-acting analogue demonstrated a smaller
postprandial rise in serum glucose and a lower rate
of hypoglycemia overall (P=0.01) (34,35).

To identify patients who are candidates for basal-
bolus therapy, an HbA,; level should be obtained
in addition to reviewing blood glucose monitoring
records. If HbA . and glucose values are above the
target individualized for the patient, prandial insulin
injections should be added to basal insulin therapy.
Owens et al. proposed more stringent criteria, stating
that bolus insulin should be initiated in patients who
do not reach an HbA,, <7.0% in spite of lifestyle
modifications, OAD therapy, and optimized basal
insulin, which is defined as a fasting blood glucose
< 5.6 mmol/L. and/or a dose of > 0.7 units/kg (37).
Insulin replacement is one of many treatment options
that can help to bring about near normoglycemia in
the patient with T2DM. Herein, we propose two
treatment algorithms for use in ambulatory patients
for the addition of bolus insulin to a basal insulin
regimen: a stepwise approach and an MDI approach.
These approaches provide a framework for individu-
alizing patient therapy during the insulin intensifica-
tion process.

Optimizing basal-bolus insulin therapy

Stepwise approach

The progressive nature of diabetes mellitus suggests
that a stepwise intensification of therapy would be a
logical approach to treatment (28). Figure 2 depicts
the process of a stepwise approach. The simplest
means of introducing bolus mealtime insulin, par-
ticularly in patients who may be reluctant to increase
the number of self-injections, is to begin with a sin-
gle injection before the largest meal of the day
(28,38). The OPAL study demonstrated that a single

dose of rapid-acting insulin administered either
at breakfast or at the largest meal was effective in
reducing HbA,  from baseline levels of 7.3%—7.4%
to 6.9%-7.0% (39). There was a non-significant
trend towards better response when given at the
main meal versus at breakfast (33.8% versus 27.8%).
Of note, subgroup analysis showed that for patients
whose HbA . was >7.0% at baseline, there was a
significantly greater rate of patients achieving a tar-
get HbA . of =7.0% in the group that received
bolus insulin at the main meal versus at breakfast
(52.2% versus 36.5%; P=0.028).

Figure 3 details a recommended stepwise
approach for adding on the first bolus insulin dose
to an existing basal insulin regimen. Self-monitoring
of blood glucose levels (SMBG) 2 hours after meals
for a period of up to 1 week before adding bolus
insulin doses will help the practitioner to target
which meal has the largest impact on postprandial
blood glucose levels. We suggest an initial single dose
of 4 units (14) of insulin administered with the larg-
est meal; for patients taking <40 units/day of basal
insulin, a starting dose of 3 units may be more
appropriate. Patients should be maintained on their
current basal insulin regimen when starting the step-
wise approach. As an alternative to the above, bolus
insulin has also been initiated on the basis of weight
and 2-hour post-meal SMBG values (40).

As weekly adjustment of basal-bolus insulin
based on SMBG testing has been shown to produce
significant reductions in HbA . levels (41,42), the
bolus dose at the largest meal should be adjusted at
least every 7 days to achieve glycemic targets. Faster
titration may be desirable in some clinical situations,
although we recommend titrating bolus insulin no
more frequently than every 2 days. Glycemic targets
that we recommend using for the adjustment of
bolus insulin doses, some of which are also recom-
mended by ADA 2012 guidelines, include pre-meal
SMBG of 5.0-7.2 mmol/L. (90-130 mg/dL) and
bedtime SMBG of 6.1-7.8 mmol/L. (110-140 mg/dL)).
Dose titrations of = 1-2 units or no change can be
made according to the next pre-meal SMBG results
(i.e. pre-lunch or pre-dinner for bolus insulin given
before breakfast or lunch, respectively) or bedtime
SMBG if bolus insulin is given before dinner. These
glycemic targets should be individualized for the
patient and viewed as flexible or adjustable by
the clinician in certain situations (i.e. in elderly
patients, some clinicians may prefer a higher range
to target for pre-meal SMBG). Bolus insulin dose
adjustment in fixed increments or based on 2-hour
post-meal SMBG values is another option for
optimizing insulin. Ampudia-Blasco et al. proposed
an increment of 1 unit of bolus insulin if post-meal
SMBG values were >7.8 mmol/LL (> 140 mg/dL)
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Figure 2. Stepwise approach to the treatment of patients with type 2 diabetes mellitus. HbA, . = glycosylated hemoglobin. Adapted from

Raccah et al. (28) with permission.

or increments of 1, 2, and 3 units for post-
meal SMBG values in the range of 7.5-8.5 mmol/LL
(136-153 mg/dL), 8.6—10.0 mmol/L. (154-180 mg/
dL), and > 10 mmol/L (> 180 mg/dL), respectively
(40). Finally, dosing adjustments based on SMBG
values could also be made on the basis of the size of
the previous mealtime insulin dose, as has been
performed in a randomized multicenter study by
Bergenstal et al. (41).

The decision to escalate in the stepwise approach
from one pre-meal bolus dose to two and then pos-
sibly three doses should be made on the basis of
HbA,  levels. ADA 2012 guidelines recommend tar-
geting HbA | <7.0% as the goal for the treatment

Begin bolus insulin

of hyperglycemia in patients with T2DM, or as close
as possible to goal, provided one can do so safely and
take individual circumstances into account (9). A
target HbA | of <7.0% may not be appropriate for
all patients. In light of data from outcomes studies
such as the UKPDS, ACCORD (Action to Control
Cardiovascular Risk in Diabetes), ADVANCE
(Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified-release Control Evalua-
tion), and VADT (Veterans Affairs Diabetes Trials),
HbA,  values should be individualized to the patient
to minimize potential risks of clinical complications
such as hypoglycemia, weight gain, and increased
mortality (43). Higher HbA | - values should be con-

« Begin with 3 to 4 units of bolus insulin before largest meal

» Maintain current basal insulin regimen

» Maintain insulin sensitizers; discontinue insulin secretagogues

Check SMBG ) Becommended )
before meal after —> insulin dose correction:
bolus dose (or Pre-meal (bedtime)’
bedtime for dinner)
and evaluate trend

<6.0 (<6.1) mmol/L —> —1-2 units

5.0-7.2 (6.1-7.8) mmol/lL —> No change

>7.2 (>7.8) mmol/L —> +1-2 units

Dose titration every
2-7 days until
pre-meal (bedtime) ~
glycemic targets* ~
achieved If after dose titration
FPG is 3.9-7.2 mmol/L and
bedtime SMBG is <10.0 mmoliL,
but HbA( is not at targets

« Add 3- to 4-unit bolus injection
at next largest meal

+ Continue SMBG with dose
corrections as needed

Figure 3. A stepwise method for the introduction of basal-bolus insulin therapy and bolus dose adjustment. *For a patient on <40 units/
day basal insulin, a starting dose of 3 units may be appropriate; TDose corrections based on self-monitored blood glucose (SMBG) values
at pre-meal (lunch and dinner) and bedtime; ¥Glycemic targets: pre-meal SMBG of 5.0-7.2 mmol/L (90-130 mg/dL); bedtime SMBG
of 6.1-7.8 mmol/L (110-140 mg/dL); targets should be individualized; SADA 2012 recommends treating to HbA, . <7.0%; target should
be individualized to the patient. FPG = fasting plasma glucose; HbA . = glycosylated hemoglobin.
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sidered for the elderly, patients at high risk for hypo-
glycemia, patients with multiple co-morbidities,
patients who are less motivated, or in patients who
exhibit poor self-care. If patients have achieved rec-
ommended glycemic targets after their largest meal
but continue to have an HbA, . above target, a sec-
ond 3- to 4-unit injection may be added before the
next largest meal. The second bolus dose should be
titrated in the same manner as the first dose, and, if
necessary, a third bolus injection of 3 to 4 units may
be added and titrated. It should be noted that, in
some cases, it may also be necessary to adjust the
basal insulin dose during the stepwise approach to
avoid nocturnal hypoglycemia and to maintain an
acceptable daily insulin ratio of approximately 50%
basal insulin/50% bolus insulin (17,28,38). These
adjustments should be made by the clinician in the
course of normal office visits.

The stepwise addition of insulin to meals eases
the transition from basal insulin therapy to a fully
intensified regimen (17,44). It is also a process that
can be patient-driven. In addition to serving as a
guide for practitioners, the algorithm in Figure 3
(and also Figure 4) can serve as a hand-out or guide
for patients on how to conduct their own bolus insu-
lin dose adjustments. Previous studies involving
patient-driven insulin regimens for basal insulin (45)
and prandial insulin (46) have been associated with
reductions in mean HbA, levels (Table I). In the
TITRATE trial, 244 insulin-naive patients with
T2DM who failed oral therapy received once-daily
insulin detemir for 20 weeks and self-titrated doses
on the basis of two FPG targets (3.9-5.0 and 4.4-6.1
mmol/L (70-90 and 79-110 mg/dL)) (45). At study
end, HbA,, was reduced in both treatment arms
from 7.94% and 7.99%, respectively, to 6.77% and
7.00%.The STEP-Wise study in 296 patients poorly
controlled on basal insulin and OADs also utilized
self-titration for insulin detemir and add-on insulin
aspart (46). The basis of dose changes were SMBG
values before meals in the SimpleSTEP group and
2-hours post-meal SMBG values in the ExtraSTEP
group. HbA | . values decreased from 8.7% and 8.9%
at baseline to 7.5% and 7.7%, respectively, after
36 weeks. To ensure that the patient is able to per-
form their own bolus dose adjustments, practitioners
should review the algorithm with the patient, stress-
ing that the trend in SMBG values (i.e. consistent
readings at least 2 of the past 3 days) should serve
as the basis for this decision. A daily log or diary of
SMBG values can help to facilitate this process.

Multiple daily injections approach

In the MDI approach (Figure 4), insulin therapy
rapidly progresses from basal only to basal plus three

bolus doses of insulin. We recommend maintaining
the same amount of basal insulin while adding on 3
to 4 units of regular insulin before each meal. As in
the stepwise approach, bolus insulin doses will be
adjusted according to pre-meal and bedtime glucose
values at least every 7 days, but no faster than every
2 days. The same glycemic values used for adjust-
ment of pre-meal bolus insulin in the stepwise
approach can be used for the MDI approach. In a
fully intensified basal-bolus regimen the total daily
insulin dose will resemble a ratio of approximately
50% basal insulin (intermediate- or long-acting ana-
logue) and 50% divided into three equal bolus doses
of rapid-acting insulin (38,47). As in the stepwise
approach, adjustment of basal insulin during therapy
may be required to achieve a desired 50%/50% ratio
and to avoid nocturnal hypoglycemia; however, we
recommend that these adjustments be handled by
the practitioner.

If specific glycemic goals are not met, the cor-
responding pre-meal bolus doses should be adjusted
by £ 1-2 units, with dose titration occurring every 3
days (Figure 4). If SMBG levels are consistently high
before breakfast, the bedtime dose of long-acting
insulin should be increased to compensate, provided
the glucose has not dropped below 3.9 mmol/L
(70 mg/dL) during the night; if SMBG levels are
high at lunchtime or dinner, increase the breakfast
insulin dose or lunchtime dose, respectively. The same
type of reasoning is applied if blood glucose testing
indicates hypoglycemia, in which case insulin doses
should be reduced accordingly. Thus, the dose of bolus
insulin may vary from meal to meal, depending on
fluctuations in blood glucose levels throughout the
day, as well as mealtime carbohydrate intake (38,48).

The MDI approach to insulin therapy intensifi-
cation offers the same opportunity for an individual-
ized treatment regimen through titration of bolus
doses similar to the stepwise approach. However, the
immediate transition from once- or twice-daily injec-
tion of basal insulin to a complex regimen consisting
of 4-5 total daily injections with the addition of three
injections of bolus insulin may be initially challeng-
ing for some patients, thus making the stepwise
approach a more attractive option. The success of
the MDI approach outlined above also assumes con-
sistent carbohydrate intake at each meal. For patients
who wish to vary their carbohydrate intake from
meal to meal and day to day, carbohydrate counting
is recommended.

Bergenstal et al. conducted a study in patients
with T2DM that compared the effectiveness of a
simple algorithm to adjust bolus insulin dosing
based on a weekly average of pre-meal SMBG levels
versus an algorithm based on mealtime carbohy-
drate counting (41). Both approaches resulted in
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Figure 4. Dose adjustment for multiple daily injection insulin therapy.

similar levels of glycemic control (approximately a
1.5% reduction in HbA ), with a low risk for severe
hypoglycemia (4.9 versus 8.0 events/patient-year,
respectively) (41). Patients in the carbohydrate-
counting group displayed a trend towards greater
weight loss and lower daily insulin requirements,
perhaps due to better matching of insulin doses to
carbohydrate intake at each meal. Carbohydrate
counting is an important aspect of managing insulin
dosing and can provide patients with greater flexibil-
ity in food choices. However, for the method to be
truly effective, the patient’s ability and willingness
to track carbohydrate intake and perform the neces-
sary, sometimes complex, calculations should be
considered (41,49).

Additional concerns
Insulin intensification and OADs

A common concern with progressing from basal
insulin to adding on bolus insulin doses is whether
to continue or discontinue OAD therapy. Treatment
guidelines uniformly recommend to continue insulin
sensitizers (biguanides and thiazolidinediones), but
they recommend that insulin secretagogues be either
discontinued from a regimen (14) or else continued
in patients with close monitoring for hypoglycemic
events (50). The same pattern is true in clinical trials.
Sulfonylureas were discontinued from OAD therapy
in the STEP-Wise study when initiating bolus insu-
lin (46), while patients in the OPAL study remained
on their existing OAD regimen (39). While each
patient case must be handled individually, we would

conservatively recommend discontinuing insulin
secretagogues when adding on bolus insulin to a
basal insulin regimen.

Hypoglycemia

Unique hypoglycemic concerns may be associated
with each of the two insulin intensification options.
Although basal-bolus insulin therapy strives closely
to approximate physiologic insulin secretion, patients
may still experience hypoglycemia. Table I highlights
the incidence of hypoglycemia in several studies
involving intensification of insulin therapy and/or
optimization of treatment. With the exception of the
1-2-3 Study, rates of major hypoglycemia events
were relatively low, ranging from 0.0% to 1.7% com-
pared with 7% in the 1-2-3 Study.

Patient education is key, as the inability to rec-
ognize an impending hypoglycemic event is an
important risk factor for severe hypoglycemia,
potentially requiring emergency intervention (51).
The use of rapid-acting insulin analogues with
improved pharmacokinetic/pharmacodynamic pro-
files, and more convenient dosing closer to meal-
times (including immediately after meals) than
regular human insulin, can also help to reduce the
risk of hypoglycemia. Hypoglycemia may be a con-
cern following missed or delayed meals, when the
carbohydrate content of the meal is lower than
usual, or when there is an expectation that the
upcoming meal will be carbohydrate rich and is not.
These conditions may necessitate a change in the
bolus insulin dose and require an appropriate
diet strategy to complement insulin therapy
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(e.g. consistent carbohydrate intake or carbohydrate
counting). The involvement of a nutritionist and
certified diabetes educator registered nurse or reg-
istered nurse practitioner is often helpful in teaching
and implementing such strategies.

Increased or unexpected exercise may also lead
to hypoglycemic episodes, particularly when exoge-
nous insulin levels are at their peaks and physical
activity is prolonged; however, this does not mean
that exercise should be avoided (52-54). The ADA
recommends that patients monitor blood glucose
levels prior to and during activity, and for several
hours after being active, to map the glycemic response
to exercise (53). If pre-exercise glucose levels are
<5.6 mmol/L (<100 mg/dL), then 15 g of addi-
tional carbohydrates should be ingested. If exercise
is planned, then a conservative reduction in insulin
may be considered (55).

Weight gain

Weight gain is often a common side-effect of insulin
usage. More intensive therapy aimed at tighter glu-
cose control is usually associated with more weight
gain when compared with less intensive treatment.
In the 1-2-3 Study, the mean body-weight increase
across the once-daily through thrice-daily biphasic
insulin aspart 70/30 treatment arms was found to be
5 kg (24), while in STEP-Wise and AT.LANTUS,
weight gain increases were smaller with intensifica-
tion (31,46). In STEP-Wise, increases of +2.0-2.7
kg were observed in patients who were receiving
prandial insulin in addition to once-daily insulin
detemir (46), while in the AT.LANTUS subanalysis
a statistically significant increase from baseline in
body-weight of + 0.8 kg (< 0.001) was observed in
patients treated with prandial insulin in addition to
insulin glargine (31).

Patient educarion and qualiry of life

Instruction in insulin management and diabetes self-
care skills, including self-adjustment of insulin dose,
exercise, and appropriate treatment of hypo- and
hyperglycemia, has been shown to be associated with
improvements in HbA |, patient empowerment, and
quality of life (56). In patients newly switched to
insulin therapy, participation in a diabetes treatment
and teaching program contributed to reported
improvements in quality of life, fewer daily struggles,
and fewer worries about the future (57). Thus, the
availability of education and support programs can
impact patient treatment satisfaction, and may play
a significant role in the overall success of a basal-
bolus insulin regimen.

Conclusion

Although the benefits of good glycemic control in
T2DM are well known, many patients do not achieve
and maintain recommended HbA . goals (58,59).
It is essential that patients and physicians are aware
of the need to achieve these goals in order to reduce
the morbidity and mortality associated with T2DM.
While there are a number of different approaches to
the intensification and optimization of insulin ther-
apy, the stepwise approach may be the easiest to
implement. Gradual introduction of bolus insulin at
mealtimes helps to ease the transition to full inten-
sive therapy, while patient-directed dose titration
provides a measure of flexibility in terms of diet- and
exercise-related insulin needs. The recommenda-
tions presented here for the stepwise and MDI
approaches are meant to serve as a guide-post. Ulti-
mately, an approach that individualizes patient goals
and proceeds conservatively and with great care
when adding on and titrating insulin will help to
increase the success of insulin therapy in the achieve-
ment of recommended goals.
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