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Abstract

Diabetic microvascular and macrovascular complications arise from hyperglycemia, presenting an increasing healthcare burden as the diabetic population continues to

grow. Clinical trial evidence indicates that antihyperglycemic medications are beneficial with regard to microvascular disease (retinopathy, renal impairment, and perhaps
neuropathy); however, the benefit of aggressive use of these medications with regard to cardiovascular risk has been less clear in recent studies. These studies were confounded
by the propensity of the antihyperglycemic medications involved to cause hypoglycemia, which itself presents cardiovascular risk. This article presents additional context for
these seemingly discordant results and maintains that the achievement of glycemic targets is warranted in most patients and provides cardiovascular benefit, provided that
hypoglycemia is avoided and the treatment regimen is tailored to the needs of the individual patient. A treatment approach that is driven by these principles and emphasizes diet
and exercise, a combination of noninsulin antidiabetic agents, not including sulfonylureas and glinides, and judicious use of insulin is also presented.
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Introduction
Diabetes (diagnosed and undiagnosed) affects approximately
25.6 million adults in the US; 90-95% of these individuals have
type 2 diabetes mellitus (T2DM) [1]. An additional 79 million
US adults have prediabetes, defined by fasting plasma glucose
(FPG) 100-125 mg/dL or glycated hemoglobin (HbA, ) levels
of 5.7-6.4% [1]. Compounding the problem, the number of in-
dividuals with diagnosed diabetes has increased steadily since the
1990s, and it is projected to double by 2050 [2].

Because hyperglycemia is associated with the development
of micro- and macrovascular complications, achieving glycemic
control is crucial to reduce the risk for diabetic complications.
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However, the potential for medication-induced hypoglycemia
and its negative sequelae present a barrier to achieving glycemic
targets. Insulin and the sulfonylureas (SUs) are the main cause
of hypoglycemia in patients with T2DM [3]. An estimated
9.7% of overall adverse drug events treated in emergency depart-
ments over the 2-year period 2004-2005 were attributable to
insulin and oral antihyperglycemic agents [4]. Moreover, in
the elderly, these drugs accounted for 24.6% of such events in
the 3-year period 2007-2009, of which 94.6% were ascribed to
hypoglycemia [5].

The purpose of this article is to discuss recent data regarding
the optimal degree of glycemic control in light of the possibility
of medication-induced hypoglycemia, and to discuss appropriate
goal setting that considers patient-specific factors. Treatment rec-
ommendations that address the balance among glycemic control,
the risk of hypoglycemia, and the individual needs of the patient
are discussed.
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Clinical consequences of treatment-
induced hypoglycemia

Symptoms

A decline in blood glucose (to 65-70 mg/dL) leads to suppres-
sion of insulin production, accompanied by a rise in the counter-
regulatory hormones glucagon, growth hormone, steroids, and
epinephrine [6,7]. Symptoms of hypoglycemia are initiated by
epinephrine release and may begin when blood glucose falls [6,7].
Neuroglycopenic symptoms include faintness, dizziness, blurred
vision, impaired concentration, and tingling, whereas autonomic
symptoms include anxiety, palpitation, hunger, sweating, irrita-

bility, and tremor [8].

Cardiovascular effects

Acute cardiovascular (CV) effects of hypoglycemia are secondary
to epinephrine release and include increased blood flow, heart
rate, systolic blood pressure, stroke volume, and cardiac output.
Hypoglycemic episodes have been associated with prolonged
electrocardiogram QT intervals, rhythm disturbances, and car-
diac ischemia; these mechanisms link hypoglycemia with poor
CV outcomes [9,10]. Hypoglycemia has been documented at the
time of sudden death in type 1 diabetes and has been linked to
ECG and rhythm abnormalities [10,11].

Neurologic effects

The neurologic effects of hypoglycemia include altered hypogly-
cemic responses and dementia. Recurrent hypoglycemia affects
counter-regulatory mechanisms such that a larger reduction in
blood glucose is required to trigger hormonal counter-regulation
and onset of symptoms [6]. This response results in increased
hypoglycemia unawareness, promoting further hypoglycemic
episodes. The relationship between severe hypoglycemic episodes
(resulting in an emergency department visit or hospitalization)
and dementia in an older (mean age 65 years) cohort of T2DM
patients was examined in a diabetes registry study [12]. Risk of
dementia increased as the number of hypoglycemic episodes in-
creased from one episode (HR: 1.26, 95% CI: 1.1-1.49) to =3
episodes (HR: 1.94, 95% CI: 1.42-2.64) during the 22-year ob-

servation period.

Risk factors for hypoglycemia

Age is an important risk factor for hypoglycemia, as biochemical
studies have documented impaired counter-regulatory epinephrine
and glucagon responses to hypoglycemia in elderly patients [13,14].
Hypoglycemia unawareness is also more common in the elderly;
in a study involving experimentally induced hypoglycemia, elderly
T2DM patients reported lower autonomic and neuroglycopenic
symptom scores than did middle-aged T2DM patients [8].

Other risk factors for hypoglycemia include missing meals,
coronary artery disease, renal impairment, insulin or SU treat-
ment, and a history of severe hypoglycemia. A retrospective chart
review of 244 T2DM patients (mean age 74 years) admitted to
the hospital for hypoglycemia demonstrated that — after con-
trolling for age and gender — significant risk factors for hypo-
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glycemia were skipping a recent meal (odds ratio [OR]: 3.93,
95% CI: 1.82-8.50; p<0.001) and coronary artery disease (OR:
2.3, 95% CI: 1.04-5.10; p=0.041) [15]. An Australian study of
616 patients with diabetes (mean age 67 years) indicated that
determinants of severe hypoglycemic episodes included diabetes
duration =8 years (HR: 2.92, 95% CI: 1.6-5.32; p<0.001), treat-
ment with an SU (HR: 2.50, 95% CI: 1.16-5.38; p=0.019) or
insulin (HR: 4.29, 95% CI: 2.44-7.55; p<0.001), duration of
insulin treatment (HR: 1.42, 95% CI: 1.24-1.63; p<0.001), re-
nal impairment (HR: 2.39, 95% CI: 1.37-4.15; p=0.002), and
history of severe hypoglycemia (HR: 5.66, 95% CI: 2.21-14.50;
<0.001) [16]. Exercise increases the risk of hypoglycemia be-
cause it increases glucose utilization [6]. Additional risk factors
include higher HbA, , lower FPG, and psychiatric problems, par-
ticularly dementia and cognitive impairment [17].

Importance of optimizing glycemic

control

It is well established that hyperglycemia increases the risk of
microvascular (e.g., nephropathy, retinopathy, neuropathy) and
macrovascular (e.g., stroke, myocardial infarction [MI], CV
death) complications in patients with T2DM. The United King-
dom Prospective Diabetes Study (UKPDS) documented that
the rates of diabetes-related complications — including mortality,
stroke, MI, amputation, and heart failure — steadily increase as
HbA, _level increases from <6% to 210% [18]. These compli-
cations are thought to be caused by metabolic pathways down-
stream from intracellular hyperglycemia that include oxidative
stress, endothelial dysfunction, and inflammation, among other
mechanisms [19].

There is also evidence that macrovascular complications —
such as coronary heart disease, M1, and stroke — may occur in
patients who are hyperglycemic but have not yet reached the
glycemic threshold for diagnosis of T2DM (American Diabetes
Association [ADA] diagnostic criteria for T2DM, FPG
2126 mg/dL or HbA,_=6.5%; definition of prediabetes, HbA _
5.7-6.4% [20]). For example, a meta-regression analysis of
20 studies in more than 95,000 subjects found a relationship
between blood glucose levels and the occurrence of CV events
when analyzed over a 12-year follow-up period, even in non-
diabetic subjects (for subjects with impaired glucose tolerance
[2-hour postprandial glucose [PPG] threshold level 140 mg/
dL], relative risk [RR]: 1.58, 95% CI: 1.19-2.10) [21]. Con-
sistent with this finding, a study of a Japanese population-based
cohort >40 years of age (N=2534) found that patients with
impaired glucose tolerance had a higher risk of CV death com-
pared with those with normal glucose tolerance (OR: 2.303,
95% CI: 1.022-5.188) [22]. Taken together, these studies
support the idea that hyperglycemia is a continuous risk fac-
tor for CV mortality: risk gradually increases as the duration
and level of hyperglycemia increase, rather than being associ-
ated with a specific glycemic level above the diabetic threshold.
These observations support the rationale for early treatment
of hyperglycemia.

An early study confirmed the prediction that lowering HbA _
levels with pharmacotherapy would positively impact vascular
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outcomes. The UKPDS initially found a reduced risk for vascu-
lar complications among patients treated with an SU or insulin
compared with dietary intervention alone; pharmacotherapy re-
duced microvascular risk by 25% (»=0.0099) and macrovascular
risk by 16% (p=0.052) [23]. A subsequent follow-up study of
the UKPDS found that the reduction in risk for vascular com-
plications among patients receiving pharmacotherapy compared
with dietary intervention was maintained after 10 years [24]. For
patients who had received SU or insulin, there was a significant
reduction in risk for any diabetes-related outcome (RR: 0.91,
95% CI: 0.83-0.99; p=0.04), and in microvascular risk (RR:
0.76, 95% CI: 0.64-0.89; p=0.001) at 10 years. These results
emphasize an important role for establishing glycemic control in
reducing the long-term risk of vascular sequelae [24].

In contrast, several recent, large trials have provided conflict-
ing evidence in T2DM patients [25-27]. The use of intensive
therapy to achieve lower glycemic targets in these studies failed
to show a demonstrable benefit with regard to macrovascular
complications; however, interpretation of these results was com-
plicated by adverse effects (e.g., hypoglycemia, weight gain) as-
sociated with the particular therapies used in the intensive treat-
ment groups (i.e., SUs and insulin). Results of these studies are
summarized in the following section.

The Action to Control Cardiovascular Risk in Diabetes (AC-
CORD) study evaluated 10,251 patients with a mean age of 62
years, mean T2DM duration of 10 years, and baseline HbA,_
levels of 8.3%; target HbA, _levels for the intensive therapy and
standard therapy groups were <6.0% and 7.0-7.9%, respec-
tively [25]. More patients in the intensive therapy group than
in the standard therapy group were treated with glimepiride
(78.2 v5 67.6%), repaglinide (50.2 vs 17.7%), and insulin (77.3
vs 55.4%). Patients in the intensive therapy group experienced
a greater incidence of hypoglycemia (16.2 vs 5.1%; p<0.001)
than those in the standard therapy group. Further, patients in
the intensive therapy group experienced greater weight gain
than those in the standard therapy group (3.5 kg 25 0.4 kg), and
a larger proportion of patients in the intensive therapy group
gained >10 kg (27.8 vs 14.1%, respectively; p<0.001). The risk
of death from CV causes was significantly higher for the inten-
sive therapy group compared with the conventional therapy
group (2.6 vs 1.8%; HR: 1.35, 95% CI: 1.04-1.76; p=0.02),
as was the risk of death from any cause (5.0 v5s4.0%; HR: 1.22,
95% CI: 1.01-1.46; p=0.04), leading to early termination of
the study [25].

The Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation (AD-
VANCE) study evaluated 11,140 patients with a mean age of
66 years and T2DM duration of 8 years; the glycemic target for
the intensive therapy group was =6.5%), whereas that of the stan-
dard therapy group was based on local guidelines. At the end
of follow-up, mean HbA _levels had decreased from a baseline
of 7.51% and 7.52% to 6.5% and 7.3% for the intensive and
standard therapy groups, respectively [26]. Compared with the
standard therapy group, the intensive therapy group had a re-
duced risk of microvascular complications (HR: 0.86, 95% CI
0.77-0.97; p=0.01) but no change in risk of macrovascular com-
plications (HR: 0.94, 95% CI: 0.84-1.06; p=0.32). SUs were
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used to treat 92.4% of patients in the intensive therapy group
and 58.7% in the standard therapy group; insulin use was re-
ported by 40.5% and 24.1% of patients in the intensive therapy
and standard therapy groups, respectively. Compared with the
standard therapy group, the intensive therapy group experienced
a greater rate of minor hypoglycemia (120 »s 90 events per 100
patient-years) and severe hypoglycemia (0.7 v50.4 events per 100
patient-years; p<0.001). Moreover, whereas both intensive and
standard therapy groups had similar body weights at baseline
(78.2 and 78.0 kg, respectively), the intensive therapy group had
significantly greater mean body weight versus the standard ther-
apy group during the follow-up period (0.7 kg greater; p<0.001)
[26]. Factors of weight gain and hypoglycemia may have limited
the extent of macrovascular benefits of antihyperglycemic thera-
py in the intensive therapy group.

Similarly, the Veterans Affairs Diabetes Trial (VADT) of 1791
veterans with diabetes and mean baseline HbA _of 9.4% report-
ed greater weight gain (8.2 kg vs 4.1 kg; p=0.01) and more hy-
poglycemic events (1566 vs 432 per 100 patient-years; p<0.001)
in the intensive therapy group compared with the standard
therapy group. HbA _targets for these patients were 1.5 percent-
age points lower than the standard therapy group. This goal was
reached; mean HbA _in each group was 6.9% and 8.4%, respec-
tively [27]. Compared with the standard therapy group, the rate
of CV events in the intensive therapy group was 11.9% lower
(29.5 vs 33.5%). However, no significant differences between
groups were observed in the time to first CV event (HR: 0.88,
95% CI: 0.74-1.05; p=0.14) or in the time to CV-related death
(HR: 1.32, 95% CI: 0.81-2.14; p=0.26) [27].

Relationship between hypoglycemia and

negative CV outcomes

Further examination of data from the ACCORD, ADVANCE,
and VADT studies has linked the occurrence of hypoglycemic
episodes and persistently high HbA,_ with negative CV out-
comes, underscoring the need to optimize glycemic control by
lowering HbA,_while minimizing the risk of hypoglycemia. In
ACCORD and ADVANCE, episodes of severe hypoglycemia
were associated with microvascular events, macrovascular events,
and death [28,29]. Furthermore, a single episode of severe hypo-
glycemia may be sufficient to raise the risk of negative outcomes.
In ADVANCE, there was no dose-response relationship between
the number of severe hypoglycemic episodes and macrovascular
events, microvascular events, cardiovascular death, or death from
any cause [29]. The authors concluded that, if not causative, se-
vere hypoglycemia could be a marker for vulnerability to negative
vascular outcomes [29]. It should also be noted that antihypergly-
cemic treatment failure was also linked to negative CV outcomes
in the ACCORD study. Post hoc analyses showed that increased
mortality occurred primarily in patients who failed to respond
to intensive therapy rather than in those who achieved glycemic
control with intensive therapy [30]. In sum, these analyses sug-
gest that with intensive therapy, both hypoglycemic episodes and
failure to adequately reduce blood sugar, rather than aggressive
glycemic control per se, are associated with negative outcomes
[30]. These data also raise the point that these two groups of pa-
tients — those with treatment failure and those with a propensity
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for severe hypoglycemia — may be higher-risk groups that require
special consideration when selecting a treatment regimen.

Recent meta-analyses of these and other trials using various
treatment regimens for T2DM have also assessed the impact
of improved glycemic control on CV outcomes. Several analy-
ses of five trials (ACCORD, ADVANCE, UKPDS, and VADT,
plus the Prospective Pioglitazone Clinical Trial in Macrovascular
Events [PROACTIVE], which compared pioglitazone with pla-
cebo) revealed that intensive therapy reduced the incidence of MI
(OR: 0.849, 95% CI: 0.778-0.926), non-fatal MI (OR: 0.83,
95% CI: 0.75-0.93), and coronary heart disease (OR: 0.85, 95%
ClI: 0.77-0.93), but not stroke (OR: 0.93, 95% CI: 0.81-1.06)
or all-cause mortality (OR: 1.02, 95% CI: 0.87-1.19) [31,32].
There was also a significant correlation between the risk of severe
hypoglycemia and that of CV mortality with intensive treatment
[31,32]. Another meta-analysis of 13 trials compared intensive
oral or insulin therapy with standard care, less intensive treat-
ment, or placebo and found similar results: intensive treatment
reduced the risk of non-fatal MI and microalbuminuria, and
increased the risk of severe hypoglycemia more than two-fold
compared with the less intensive alternatives. There was no ef-
fect on CV death or all-cause death [33]. Together, these analyses
demonstrate the CV benefit of tighter glycemic control, while
suggesting that avoidance of hypoglycemia is important for fully
realizing that benefit.

Although ACCORD, ADVANCE, VADT, and UKPDS all
used therapies that have the potential to induce hypoglycemia and
weight gain, differences among the study populations may explain
why better outcomes were observed with respect to macrovascular
risk and intensive therapy in UKPDS versus the other three stud-
ies. Compared with ACCORD, ADVANCE, and VADT, UK-
PDS participants were younger (mean age 53 years vs 62, 66, and
60 years, respectively) and had lower baseline HbA, (achieved
after a dietary run-in period in UKPDS; 7.1 v5 8.3%, 7.5%, and
9.4%) [23,25-27]. Notably, the duration of time from diagnosis
of T2DM among patients in the ACCORD (median, 10 years),
ADVANCE (approximate mean 8.0 years), and VADT (mean
11.5 years) was considerably longer than those enrolled in the
UKPDS, as the UKPDS patients were newly diagnosed [23,25—
27]. Thus, age, disease duration, and severity may have ampli-
fied the negative effects of medication-induced hypoglycemia on
macrovascular risk in ACCORD, ADVANCE, and VADT. Con-
sequently, clinicians might consider pursuing glycemic control in
elderly patients and those with preexisting CV disease or more
advanced T2DM with medications that effectively treat hypergly-
cemia but strictly avoid hypoglycemia and weight gain [34].

Treatment approach and considerations

The American Diabetes Association/European Association for
the Study of Diabetes (ADA/EASD) position statement and the
American Association of Clinical Endocrinologists and American
College of Endocrinology (AACE/ACE) guidelines emphasize
the importance of individualizing diabetes treatment based on
the safety profile and level of glycemic control achieved with vari-
ous agents [35-37]. Metformin remains the standard first-line
agent based on its HbA, -lowering efficacy and low incidence of
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hypoglycemia and weight gain; however, in patients for whom
metformin is contraindicated or not tolerated, other agents may
be used as first-line therapy, including incretin-based thera-
pies (e.g., glucagon-like peptide [GLP]-1 receptor agonists and
dipeptidyl peptidase-4 [DPP-4] inhibitors), pioglitazone,
a-glucosidase  inhibitors, colesevelam, and bromocriptine
[36,37]. ADA/EASD also suggest that SUs may be used as first-
line therapy in these patients, although the AACE/ACE guide-
lines do not. In patients advancing to combination therapy, a
DPP-4 inhibitor, GLP-1 receptor agonist, pioglitazone, SU,
or basal insulin may be added to metformin according to the
ADA/EASD recommendations; however, the AACE/ACE guide-
lines do not recommend insulin as a second-line agent and note
the risk of hypoglycemia associated with SUs. The AACE/ACE
guidelines also suggest combining metformin with colesevelam
or an o-glucosidase inhibitor [36]. Finally, the AACE/ACE
guidelines specify that in patients requiring insulin, analog in-
sulins are preferred, as the time course of the action of regular
human insulin and neutral protamine Hagedorn (NPH) insulin
does not adequately mimic the normal physiologic time course
of insulin, making them more likely to cause hypoglycemia [36].

With respect to avoiding hypoglycemia, The Endocrine
Society guidelines recommend consideration of conventional risk
factors (insulin dosing, decreased glucose production or delivery,
increased glucose utilization or insulin sensitivity, decreased insu-
lin clearance) and factors indicating compromised hypoglycemia
response mechanisms (history of severe hypoglycemia, hypogly-
cemia unawareness, degree of endogenous insulin deficiency)
when selecting therapy [38].

Special populations

Current guidelines emphasize that risks of each medication
should be considered together with patient-specific factors
[36,37]. Pioglitazone should be avoided in patients with Class 3
or 4 congestive heart failure (CHF) and chronic kidney disease,
as it may cause weight gain, fluid retention, and CHF [36,39].
SUs and insulin have a propensity to cause hypoglycemia and
weight gain, and should be avoided especially in patients at
risk for hypoglycemia (e.g., patients with renal impairment)
[37]. For patients with renal disease, metformin should not be
used if glomerular filtration rate (GFR) is <30 mL/minute, and a
reduced dose is advised for GFR <45 mL/minute [37]. Further,
the National Kidney Foundation recommends that exenatide
not be used in patients with GFR <30 mL/minute and liraglu-
tide not be used in patients with GFR <60 mL/minute. Most
DPP-4 inhibitors require dose adjustment for patients with renal
impairment [39].

Author’s perspective on treatment approach

The following approach to T2DM treatment has been gleaned
from the author’s experience (Table 1 and Figure 1). This ap-
proach stresses the importance of diet and exercise, as well as
the judicious use of antidiabetic medications to reduce HbA,
while avoiding hypoglycemia and weight gain. It is emphasized
that this perspective is the author’s personal opinion based on his
clinical experience and should be balanced against the recom-
mendations of current clinical guidelines [35-37].
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Table 1. Author’s general principles of treatment for type 2
diabetes*

« TargetHbA, <6.5%'

- Lifestyle modification is essential; no smoking

+  Minimize risk/severity of hypoglycemia and weight gain

+ Address FPG and PPG

- Fast therapeutic change (1-2 months)

« Combination therapy frequently required; choose drugs with
complementary mechanisms of action

» When using insulin, add insulin-sensitizing agent(s)

« Safety and efficacy most important; cost addressed on an individual
basis

« Therapeutic choice should match drug characteristics with patient
characteristics

*Based on author’s clinical experience; not evaluated in a clinical trial.
HbA, _goals should be set as close to 6.5% as possible while still
considering comorbidities and clinical characteristics.

Abbreviations

FPG, fasting plasma glucose; HbA, , glycated hemoglobin A, ; PPG, post-
prandial glucose.

doi: 10.7573/dic.212255.t001

The choice of therapy, as well as the speed and extent to which
glycemic control is achieved, must be tailored to the individu-
al patient, with special consideration given to those with renal
impairment or who are elderly, obese, or have a longer history
of T2DM. In addition to guidance on special populations put
forth by the ADA/EASD and ACE/AACE, the author adds that

pioglitazone should be used carefully and in conjunction with

Figure 1. Author’s approach to T2DM treatment.

Drugs in Context

a low-salt diet in patients with peripheral edema, and avoided
in patients with a history of bladder cancer. Intensive glycemic
control (with patient-specific modifications) is warranted as long
as drugs that have the potential to induce hypoglycemia (i.e., SUs
and insulin) are avoided or are carefully monitored if they are to
be part of the therapeutic regimen. Management goals in T2DM
should also address issues of overweight/obesity and other cardio-
vascular risk factors to improve long-term outcomes.

The author’s preferred approach is to try several therapies that
have a low potential to cause hypoglycemia before resorting to
insulin use. Seven classes of antihyperglycemic agents are asso-
ciated with a neutral or low risk of hypoglycemia (biguanides
[metformin], DPP-4 inhibitors, GLP-1 receptor agonists, thia-
zolidinediones, a-glucosidase inhibitors, bile acid sequestrants,
and dopamine-2 agonists), primarily because they do not act di-
rectly to increase insulin levels in a glucose-independent manner.
Although not indicated for T2DM, the anti-anginal ranolazine
has been shown to further decrease HbA_when added to current
T2DM treatment, also in a glucose-dependent manner [40].

In most situations, avoiding hypoglycemia is accomplished
empirically, based on the clinician’s experience, with careful at-
tention to comorbid conditions that can modify these risk fac-
tors (e.g., liver and renal disease, exercise, other medications).
Questioning and evaluation of the patient for indications of pos-
sible hypoglycemic unawareness (e.g., a pattern of high FPG for
several days and normal FPG for several days; morning wakening
with a headache, nightmares, vivid dreams, or sweats, even after

Prevention/
Pre-diabetes/IGT
5.7-6.4%*

Diabetes
6.5-7.5%

Diabetes
>9.0%

Diabetes
7.6-9.0%

Diet, exercise, no smoking
1

If no improvement over
several months on diet
and exercise, consider
pharmacologic therapy
for high-risk patients
(metformin, pioglitazine,
or incretin-based
therapy)

Monotherapy' that
avoids hypoglycemia
and weight gain,
advancing therapy every
1-2 months* until the
goal of lowest possible
HbA, without undue
hypoglycemia or weight
gain is met

*HbA,_

Initial dual combination
therapy' that avoids
hypoglycemia and
weight gain, advancing
therapy every 1-2
months* until the goal of
lowest possible HbA,
without undue
hypoglycemia or weight
gain is met

Asymptomatic:

Initial triple combination
therapy' that avoids
hypoglycemia and
weight gain

Symptomatic:

Initial triple therapy; if
still symptomatic after

3 days, add insulin and
maintain 1-3 other
therapies. Use
incretin-based therapies
to reduce need for bolus
insulin

fPotential agents: metformin, DPP-4 inhibitor, GLP-1 receptor agonist, colsevelam, acarbose, ranolazine, bromocriptine, and sodium-glucose

cotransporter-2 inhibitors could be considered.

*Early therapeutic changes (every 1-2 months) can be identified with agreesive monitoring.

Abbreviations
IGT, impaired glucose tolerance
doi: 10.7573/dic.212255.f001
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sleeping through the night; terrible hunger prior to meals requir-
ing increased food intake/extra snacks) is critical.

Author’s stepwise approach to adjusting insulin
and diet to prevent hypoglycemia

Regardless of the particular guidelines used, selection of the
therapeutic regimen should be tailored to the needs of the indi-
vidual patient. Insulin should be avoided or delayed in patients
not adhering to a minimum no-concentrated-sweets (NCS) diet
(Table 2) unless they are symptomatic. Patients with symptom-
atic diabetes (e.g., polydipsia, polyuria, and polyphagia) should
be treated with insulin in conjunction with diet. If insulin is
necessary, non-insulin therapies (especially agents that have a
PPG-lowering effect) should be maintained to reduce glycemic
variability and the need for bolus insulin [36].

In patients who come to a physician already receiving insulin
and consuming simple sugars, the author’s goal is to try to re-
duce or discontinue the use of bolus insulin dosing. If the patient
is willing to commit to the NCS diet, the insulin dose may be
decreased by 25%; if the physician ascertains (through careful
questioning) that the patient has likely experienced hypoglyce-
mia, consider decreasing the insulin dose by an additional 25%.

Table 2. Author’s no-concentrated-sweets diet*

Allowable carbohydrates (in moderation)’

Bread
Rice
Potatoes
Pasta
Corn

1 whole fresh fruit (apple, pear, banana, hard plum, hard peach) or
handful of small fruit (grapes, cherries) taken with meal

“Sugar-free” or “no sugar added” foods with <10 kcal per serving

Not recommended*

Candy
Cookies
Cake

Ice cream
Pies

Sweet sodas

Juices, unless they are “sugar-free” or “no sugar added” with <10 kcal per
serving

“Sugar-free” or “no sugar added” foods with >60 kcal per serving®

Watery fruits (watermelon, honeydew, oranges, ripe cantaloupe, ripe
peaches, ripe plums, applesauce, fruit cocktails)

Dried fruits

*Based on author’s clinical experience; not evaluated in a clinical trial. List
is not all-inclusive.

fInduce a slow glycemic rise that can be controlled with available oral
therapies.

fInduce a rapid glycemic rise uncontrolled by oral therapies; avoidance of
these foods will also help decrease body weight.

SUsually contain other simple sugars (i.e., fructose, sucrose, maltose).

doi: 10.7573/dic.212255.t002

Drugs in Context

Incretin-based therapies can be used to prevent or reduce the
need for bolus insulin. Some patients may be titrated off insulin
as the clinician adds or switches to therapies that reduce the insu-
lin requirement (metformin, DPP-4 inhibitors, GLP-1 receptor
agonists, or pioglitazone) or as the patient achieves weight loss.

For patients on a stable dose of insulin who undertake weight
loss efforts, the insulin dose may be decreased proportionally to
the reduction in caloric intake. Reductions in insulin dose are
especially warranted in patients who began insulin therapy with-
out strict dietary changes or when the newer antihyperglycemic
agents were not yet available.

Summary

It is well established that hyperglycemia is associated with mi-
crovascular and macrovascular complications in patients with
T2DM. Glycemic control may reduce the risk of macrovascular
complications; however, recent studies suggest that this benefit
may depend in part on selecting appropriate therapeutic regi-
mens with a lower risk of causing hypoglycemia. Management
strategies that employ diet and exercise interventions, early treat-
ment, and combination therapy with metformin, incretin-based
therapies (DPP-4 inhibitors and GLP-1 receptor agonists), co-
lesevelam, and/or bromocriptine, as well as judicious use of in-
sulin, may help patients to avoid hypoglycemia and weight gain
and therefore maximize the CV benefits of glycemic control.
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