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ABSTRACT

In view of new information, we are revising the way we
think about and treat diabetes mellitus. In this new view,
the insulin-producing beta cells are key, and preserving
beta-cell function is paramount. These insights, together
with recent outcome studies provide compelling argu-
ments regarding treatments of choice.

KEY POINTS

494

At least 11 pathways lead to hyperglycemia; of these,
beta-cell dysfunction is central.

As different classes of diabetes drugs act on different
pathways, we can target the pathways contributing to hy-
perglycemia in the individual patient, using fewer agents
and lessening the risk of hypoglycemic episodes.

In selecting treatment, we should favor drugs that are
“gentle” on beta cells, do not cause dangerous hypo-
glycemia, and improve long-term outcomes as shown in
randomized clinical trials.
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I NSIGHTS from basic and clinical research are
changing the way we treat diabetes mellitus.
In 2016, several key diabetes organizations, ie,
the American Diabetes Association (ADA),
the Juvenile Diabetes Research Foundation
(JDREF), the European Association for the Study
of Diabetes (EASD), and the American Asso-
ciation of Clinical Endocrinologists (AACE),
called for bringing therapeutic approaches in
line with our updated understanding of disease
pathophysiology, replacing “one-size-fits-all”
management with a tailored approach.! This
message has since been reiterated.’

Here, we review advances in our under-
standing of diabetes and how these inform a
new model of diabetes treatment.

I BETA CELLS ARE KEY

At the crux of diabetes mellitus are dysfunc-
tion and death of beta cells, the primary defect
from which diabetes mellitus emanates regard-
less of subtype as defined by current classifica-
tions for diabetes mellitus. However, beta-cell
dysfunction is but 1 of 11 known paths leading
to hyperglycemia (Table 1).> Diabetes arises
from the interplay among beta cells and genet-
ics, insulin resistance, environmental factors,
inflammation, and immunomodulation.?

High levels of glucose and lipids damage and
eventually kill beta cells through mechanisms
including that of oxidative stress, so that glucose
control deteriorates over time. The same pro-
cesses are active in the target-organ damage seen
in diabetes.>* These 2 insights—that the disease
arises from combinatorial, nondiscrete pressures
and that it proceeds through common processes
of cell damage—leads us to a more unified un-
derstanding of the mechanism of diabetes, and
may eventually replace current classifications of
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type 1, type 2, or latent autoimmune diabetes in
adults, as well as nomenclature such as “micro-
vascular” and “macrovascular” disease.’

M FIRST-LINE LIFESTYLE INTERVENTIONS

Lifestyle interventions are the first-line thera-
py for elevated blood glucose. Achieving and
maintaining a healthy body mass index is es-
sential to help correct insulin resistance and
minimize beta-cell dysfunction.

Lifestyle modifications for overweight or
obese patients with diabetes mellitus include
optimal caloric intake, decreased intake of
simple carbohydrates, increased physical
activity, and a 3% to 5% reduction in body
weight.” Weight-loss drugs may be indicated
in obese patients. Normalization of lipids and
hypertension should be an early goal.

I RIGHT MEDICATIONS, RIGHT PATIENTS

While all of the drugs approved for treating
diabetes lower glucose levels, some are more
beneficial than others, possessing actions be-
yond their effect on plasma glucose levels,
both good and bad.

The AACE guideline for use of various an-
tidiabetic medications® grades factors such as
risks of hypoglycemia, ketoacidosis, weight gain,
cardiovascular events, and renal, gastrointesti-
nal, and bone concerns. This represents a much-
needed first step toward guidance on selecting
the right medications for the right patients.
Risk factors (such as heart failure) and comor-
bidities (such as nonalcoholic fatty liver disease
and nonalcoholic steatohepatitis) are among the
considerations for choosing treatment.

Two principles
We propose 2 principles when choosing treat-
ment:

Use the fewest agents to treat the great-
est number of mechanisms of hyperglycemia
present in an individual patient (Table 2). A
number of pathways contributing to hypergly-
cemia are likely to be at play in a given pa-
tient, and they may change over the course
of the disease. Mechanisms contributing to
hyperglycemia can be largely determined by
clinical presentation, diagnostic tests, and re-
sponse (or lack thereof) to an agent in terms
of plasma glucose levels. Insulin resistance
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TABLE 1
Eleven pathways to hyperglycemia

Beta-cell dysfunction and death, leading to decreased insulin
secretion

Insulin resistance in liver, leading to increased glucose production
Insulin resistance in fat, leading to increased lipolysis

Insulin resistance in muscle, leading to decreased uptake of
glucose

Brain phenomena, ie, increased appetite, increased sympathetic
tone, decreased morning dopamine surge

Increased SGLT2 effect, leading to increased glucose reabsorption
Alpha-cell defect, leading to increased glucagon secretion

Decreased incretin effect, leading to decreased insulin secretion in
response to food

Decreased amylin, leading to increased rate of glucose absorption
Immune dysregulation and inflammation

Abnormal colonic microbiome, leading to decreased GLP-1
secretion (speculative)

Based on information in reference 3.

may be a major contributor in 1 patient, and
less in another, and so on.

Use “gentle” agents, ie, those that are
least likely to exhaust beta cells or damage the
organs involved in diabetes-related compli-
cations. Since the disease course depends on
the health of the beta cells, give preference to
agents that appear to best support beta cells—
ie, agents that create the least oxidative stress
or wear-and-tear—as will be outlined in this
article.

Diabetes is associated with risks of cardio-
vascular disease, cardiac events, heart failure,
and accelerated renal decompensation. Thus, it
is equally important to prevent damage to the
cardiovascular system, kidneys, and other tissues
subject to damage through glucolipotoxicity.

Agents associated with hypoglycemia,
weight gain, and long-term adverse outcomes
should be avoided in favor of agents with bet-
ter safety profiles and demonstrated benefits
in terms of lower rates of mortality, cardio-
vascular disease, and other comorbid out-
comes.’” Specifically, metformin, pioglitazone,
bromocriptine-QR, glucagon-like peptide 1

All diabetes
drugs lower
glucose,
but some
are more
beneficial
in outcomes
than others
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DIABETES MANAGEMENT

Effects of selected diabetes drugs on diabetes pathways

Incretin regulation Insulin resistance

Stomach, Immune
Beta Alpha Incretin Colon small  dysregulation,
Drugs cells cells defect Muscle Liver Adipose Kidney Brain biome intestine inflammation
Metformin P o v
GLP-1 receptor 7 [V [ [ [ P [ P L v
agonists
DPP-4 inhibitors o [ [
SGLT2 inhibitors .~ [ [ [ [
Thiazolidine- 7 [ [ P
diones
Bromocriptine- P P P
QR
Pramlintide 7 P
Alpha glucosi- .

dase inhibitors

DPP-4 = dipeptidyl peptidase 4; GLP-1 = glucagon-like peptide 1; SGLT2 = sodium-glucose cotransporter 2

Avoid agents

associated with

hypoglycemia,
weight gain,
and long-term
adverse
outcomes
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(GLP-1) receptor agonists, and sodium-glu-
cose cotransporter 2 (SGLT2) inhibitors have
been found in clinical trials to benefit the car-
diovascular system in both the short term and
the long term (Table 3).

Balancing glycemic control and risk

The hemoglobin A, level is the chief target
of care and an important barometer of risk of
diabetes-related complications. In 2018, the
American College of Physicians (ACP) re-
laxed its target for hemoglobin A, from 7% to
8%.8 This move was apparently to give phy-
sicians greater “wiggle room” for achieving
goals in hypoglycemia-prone patients. This,
however, may take a toll.

Hypoglycemia is closely tied to cardiovas-
cular disease. Even mild and asymptomatic
hypoglycemia that goes undiagnosed and un-
noticed by patients has been found to be asso-
ciated with higher rates of all-cause mortality,
prolonged QT interval, angina, arrhythmias,
myocardial dysfunction, disturbances in auto-
nomic balance, and sudden death.*!!

However, the ADA, AACE, American As-
sociation of Diabetes Educators (AADE), and

VOLUME 86 ¢ NUMBER 7

the Endocrine Society jointly issued a strong
indictment of the ACP recommendation.!
They argue that tight glucose control and its
well-documented “legacy effects” on long-term
outcomes should not be sacrificed.'>" Indeed,
there is no need to abandon evidence-based
best practices in care when at least 8 of the 11
classes of antidiabetes agents do not introduce
the same level of risk for hypoglycemia.

Current guidelines argue for tight glucose
control but generally stop short of discrimi-
nating or stratifying the mechanisms of action
of the individual classes of drugs. These guide-
lines also do not stress targeting the particu-
lar pathways of hyperglycemia present in any
given patient. However, the 2016 ADA joint
statement acknowledges the need to “charac-
terize the many paths to beta-cell dysfunction
or demise and identify therapeutic approaches
that best target each path.”

I PROFILES OF DIABETES DRUGS

The sections below highlight some of the re-
cent data on the profiles of most of the cur-
rently available agents.
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TABLE 3
Profiles of antidiabetic medications

MET GLP-1 RA SGLT-2i DPP-4i AGi

HYPO

WEIGHT

REMAL f GU

Passibin
Benalit of
Liraglutide

Passilyhis Benalit
of Empaghifiarin

Meltra

Gl 5x

CHF
CARDIAC
ASCNVD

My
Reduce
Sarohe Risk

BONE

KETOACIDOSIS

1. Liraghutide—FDA approved for prevention of MACE owrts. -

2. Dmpaghifions-- FOA appooved to reduce OF manality, Canaghfians thavwn o reduce WACE ewnis.

L Possible increased hospiakratons for heart fadeee vich Jogiplin ard Lagiptn ¥

AGi = alpha-glucosidase inhibitors, ASCVD = atherosclerotic cardiovascular disease, BCR-QR = bromocriptine quick release, CHF = congestive heart failure, COLSVL
= colesevelam, CrCl = creatinine clearance, CV = cardiovascular, DKA = diabetic ketoacidosis, DPP-4i = dipeptidyl peptidase 4 inhibitors, eGFR = estimated glo-
merular filtration rate, FDA = US Food and Drug Administration, Gl Sx = gastrointestinal symptoms, GLP-1 RA = glucagon-like peptide 1 receptor agonists, GLN =

meglitinides, GU = genitourinary, HYPO = hypoglycemia, MACE = major adverse cardiac events, MET = metformin, PRAML = pramlintide, SGLT-2i = sodium-glucose
cotransporter 2 inhibitors, SU = sulfonylureas, TZD = thiazolidinediones.

B Fow sderse events or podsible benefits [l Likelhood of adverse effecty
Lie il caulsan

Reprinted with permission from American Association of Clinical Endocrinologists, copyright 2019 AACE. Garber AJ, Abrahamson MJ, Barzilay JI, et al.
AACE/ACE comprehensive type 2 diabetes management algorithm 2019. Endocr Pract 2019; 25:69-100.

Metformin: Still the first-line treatment
Current guidelines from the ACP, ADA, and
AACE keep metformin'* as the backbone of
treatment, although debate continues as to
whether newer agents such as GLP-1 receptor
agonists are superior for first-line therapy.

Pathways affected. Metformin improves
insulin resistance in the liver, increases endog-
enous GLP-1 levels via the gut, and appears
to modulate gut flora composition, which is
increasingly suspected to contribute to dys-
metabolism.

Advantages, benefits. Metformin is easy
to use and does not cause hypoglycemia. It
was found to modestly reduce the number of
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cardiovascular events and deaths in a number
of clinical outcome studies.>"’

Disadvantages, adverse effects. In some
patients, tolerability restricts the use of this
drug at higher doses. The most common ad-
verse effects of metformin are gastrointestinal
symptoms (diarrhea, nausea, vomiting, flatu-
lence); other risks include lactic acidosis in
patients with impaired kidney function, heart
failure, hypoxemia, alcoholism, cirrhosis, con-
trast exposure, sepsis, and shock.

GLP-1 receptor agonists
GLP-1 receptor agonists are inject-
able medications approved for adults with

20-25
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GLP-1 drugs
address
multiple
pathways of
hyperglycemia
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type 2 diabetes. Exenatide and liraglutide
lower hemoglobin A, by 1 to 1.5 absolute
percentage points and reduce body weight;
these effects persist over the long term.%
Newer once-weekly GLP-1 receptor ago-
nists (albiglutide,?® dulaglutide,?' and sema-
glutide?””) have similar benefits. In 2019,
new drug applications were submitted to the
FDA for the first-in-kind oral GLP-1 recep-
tor agonists, which would improve conve-
nience and adherence and make this class
even more attractive.

Pathways affected. GLP-1 receptor ago-
nists address multiple pathways of hypergly-
cemia. They increase insulin production and
release, promote weight loss, and reduce insu-
lin resistance, glucagon secretion, and inflam-
mation. They also increase amylin, help over-
come GLP-1 resistance, slow gastric emptying,
and favorably modify gut flora.?’

Advantages, benefits. The cardioprotec-
tive actions of GLP-1 receptor agonists include
reducing inflammation and dysfunction in en-
dothelial and myocardial cells; slowing athero-
sclerosis; reducing oxidative stress-induced in-
jury and scavenging of reactive oxygen species
in coronary endothelial, smooth muscle, and
other cells; and enhancing endogenous anti-
oxidant defenses.?” GLP-1 receptor agonism
has also been found to inhibit apoptosis in car-
diomyocytes, as well as in beta cells.

Several large-scale studies have shown
improved outcomes with GLP-1 receptor ago-
nists. The Liraglutide Effect and Action in
Diabetes: Evaluation of Cardiovascular Out-
come Results (LEADER) trial*® found that
liraglutide reduced major adverse cardiovas-
cular events by 13% and myocardial infarc-
tions by 22% in more than 9,000 adults with
type 2 diabetes who were at high risk of major
adverse cardiovascular events compared with
placebo. Rates of microvascular outcomes
were also reduced.

A retrospective database analysis of 39,275
patients with type 2 diabetes who were treated
with exenatide reported a lower incidence
of cardiovascular events than in patients not
treated with exenatide.”

However, no effect on cardiovascular out-
comes was found with a third GLP-1 agent,
lixisenatide, in a large-scale trial in high-risk
patients with diabetes.”
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The most recently evaluated GLP-1 recep-
tor agonist is semaglutide. The Trial to Evaluate
Cardiovascular and Other Long-term Outcomes
With Semaglutide in Subjects With Type 2 Di-
abetes (SUSTAIN-6) demonstrated a reduced
risk of major adverse cardiovascular events.*

Disadvantages, adverse effects. The most
common adverse effects in this class include
nausea, hypoglycemia, diarrhea, constipation,
vomiting, headache, decreased appetite, dys-
pepsia, fatigue, dizziness, abdominal pain, and
increased lipase. The nausea can be mitigated
by advising patients to stop eating at first sen-
sation of stomach fullness.

DPP-4 inhibitors

Dipeptidyl peptidase 4 (DPP-4) is a ubiqui-
tous enzyme that rapidly degrades GLP-1 and
other endogenous peptides.’! Saxagliptin,*
sitagliptin,” linagliptin,** and alogliptin®® are
approved for use in the United States, and
vildagliptin®® is available in Europe.

Pathways affected. These agents modify 3
pathways of hyperglycemia: they increase in-
sulin secretion, decrease glucagon levels, and
help overcome GLP-1 resistance.

Advantages, benefits. DPP-4 inhibitors
have been used safely and effectively in clini-
cally challenging populations of patients with
long-standing type 2 diabetes (> 10 years).

Disadvantages, adverse effects. As this
class increases GLP-1 levels only 2- to 4-fold,
their efficacy is more modest than that of GLP-1
receptor agonists (hemoglobin A, reductions
of 0.5% to 1%; neutral effects on weight).’’

Outcome trials have largely been neutral.
Saxagliptin has been associated with an in-
crease in admissions for heart failure. There
have been a very small but statistically sig-
nificant number of drug-related cases of acute
pancreatitis.’

The most common adverse effects with
this class include headache, nasopharyngitis,
urinary tract infection, upper respiratory tract
infection, and elevated liver enzymes.

SGLT2 inhibitors

Drugs of this class currently available in

the United States are canagliflozin,*® dapa-

gliflozin,* empagliflozin,*' and ertugliflozin.#
Pathways affected. SGLT2 inhibitors

lower the glucose reabsorption threshold in

the kidney so that more glucose is excreted
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in the urine; they also decrease insulin resis-
tance in muscle, liver, and fat cells (via weight
loss) and possibly preserve beta-cell function
by reducing glucotoxicity. A nonrenal mecha-
nism—delayed gut absorption reducing post-
prandial glucose excursion—has been pro-
posed to contribute to the glucose-lowering
effects of canagliflozin.*

Advantages, benefits. These agents reduce
hemoglobin A, by about 0.5% to 1.0% from
a baseline of about 8%. Because their action
is independent of insulin, they can be used at
any stage of type 2 diabetes, even after insulin
secretion has significantly waned. Additional
potential advantages include weight loss (up
to 3.5% of body mass index) and lowering of
systolic blood pressure (24 mm Hg) and dia-
stolic blood pressure (1-2 mm Hg).**#

Canagliflozin was shown in the Cana-
gliflozin Cardiovascular Assessment Study
(CANVAS)* to significantly reduce the over-
all risk of cardiovascular disease by 14% and
risk of heart failure hospitalization by 33%
while significantly slowing the progression of
renal disease.

In the BI 10773 (Empagliflozin) Car-
diovascular Outcome Event Trial in Type
2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME),* empagliflozin reduced heart
failure hospitalizations by 35%, cardiovas-
cular deaths by 38%, and all-cause mortality
by about 32%. These benefits are thought to
be due to less arterial stiffness, lower sympa-
thetic tone, and decreased arrhythmias. No-
tably, these dramatic benefits accrued in only
about 3 years with use of add-on therapy, even
though the reduction in hemoglobin A, was
modest (0.6%), suggesting that pleiotropic ef-
fects are at work.

Disadvantages, adverse effects. The most
common adverse effects of this class include
urinary tract infections, yeast infections, de-
hydration, and hypovolemic symptoms; these
can often be prevented. A trend toward in-
creased incidence of amputations in earlier
studies was not borne out in a 2018 meta-
analysis of 4 observational databases.*

Thiazolidinediones

There are currently 2 approved thiazolidine-
diones in the United States, pioglitazone*’
and rosiglitazone.®® Only pioglitazone is in
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common use, as rosiglitazone is associated
with safety issues.®

Pathways affected. Pioglitazone reduces
insulin resistance in muscle, liver, and adipose
tissue.

Advantages, benefits. Decreased levels
of low-density lipoprotein cholesterol and
triglycerides and increased high-density lipo-
protein cholesterol levels* could plausibly ac-
count for the cardiovascular benefits reported
in the Prospective Pioglitazone Clinical Trial
in Macrovascular Events.’® Pioglitazone has
also been found to improve insulin secretion,
endothelial function, and diastolic dysfunc-
tion; reduce inflammation; decrease plasmino-
gen activator inhibitor 1; reverse lipotoxicity;
and help correct nonalcoholic fatty liver dis-
ease and steatohepatitis.

Pioglitazone has also been found to reduce
plaque in carotid and coronary arteries’!; im-
prove outcomes in patients with heart failure
and myocardial infarction compared with in-
sulin-sensitizing drugs’’; and reduce stroke and
myocardial infarction in patients with insulin
resistance (but not diabetes) and a recent history
of ischemic stroke or transient ischemic attack
(in the Insulin Resistance Intervention After
Stroke trial).”® It may also help maintain beta-
cell function; the Actos Now for the Prevention
of Diabetes Study found that pioglitazone re-
duced the risk of conversion of impaired glucose
tolerance to frank diabetes by 72%.>*

Disadvantages, adverse effects. The most
common adverse effects seen with this class
include weight gain and salt retention, swell-
ing, edema,” and related cardiovascular con-
sequences in certain patients. While this may
be mitigatable with lifestyle changes or use in
combination with a GLP-1 receptor agonist or
SGLT?2 inhibitor,*® pioglitazone is contraindi-
cated in patients with heart failure, hemody-
namic instability, or hepatic dysfunction.

Concerns that pioglitazone might increase
the risk of bladder cancer seem to have been
put to rest when a study in nearly 200,000 pa-
tients found no statistically significant associa-
tion,”” but the warning remains in the US label.

Long-term use of this class of drugs has
been associated with an increased risk of bone
fractures,’® which warrants a risk-benefit as-
sessment in each patient.
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Before starting
insulin therapy,

consider its side

effects such as

weight gain and

hypoglycemia
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we were able
to eliminate
exogenous
insulin by
incorporating
alternate
glucose-
lowering
agents
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Injected insulin: Less safe than thought
Recent research suggests that injected insu-
lin has a less favorable safety profile than
previously thought.’1** Studies of the
long-term safety of insulin therapy have
had inconsistent results but suggest that
injected insulin is associated with poorer
cardiovascular and renal outcomes (in some
of the same studies that showed metformin
or other agents to improve outcomes),' ™
and the association was dose-dependent.
Several studies attempted to cancel out the
poorer outcomes by adjusting for hemoglo-
bin A, levels, stage of disease,'™1"?67 or
severe hypoglycemic episodes.®® However, it
may be inappropriate to reduce the impact
of these variables, as these may themselves
be the mediators of any deleterious effects
of exogenous insulin.

When exogenous insulin is introduced
into the peripheral circulation it causes a
state of persistent iatrogenic hyperinsu-
linemia, which leads to insulin resistance
and also appears to compromise the cardio-
vascular system. In contrast, endogenous
insulin is released into the portal system in
tightly controlled amounts.>®' This suggests
that the same insulin peptide may not be
equivalently beneficial when introduced in
an artificial manner.

Before starting insulin therapy, consider its
side effects such as weight gain and hypoglyce-
mia. Most (about 85%) episodes of hypoglyce-
mia occur with basal-bolus insulin regimens.®
Moreover, iatrogenic hyperinsulinemia can
damage the vascular system.®¢*

We recommend. Insulin therapy is used
early in the course of the disease as a short-
term intervention for glucolipotoxicity. How-
ever, this can be accomplished without atten-
dant risks of hypoglycemia and weight gain
by using agents such as SGLT2 inhibitors and
incretins. When insulin therapy is necessary,
using it as add-on therapy might be considered
instead of drug-switching. We have found al-
ternate pharmacologic approaches successful
in avoiding or delaying bolus insulin therapy.
And in some patients taking insulin, we have
had success in progressively introducing a
noninsulin agent and were ultimately able to
eliminate insulin altogether.

VOLUME 86 ¢ NUMBER 7

Bromocriptine-QR

Bromocriptine-QR (quick release)® is a short-
acting dopamine agonist that mimics the
morning dopamine surge in the suprachias-
matic nucleus—the biologic clock.

Pathways affected. Bromocriptine ad-
dresses part of the brain contribution to hy-
perglycemia, with resultant reductions in
both peripheral insulin resistance and sym-
pathetic tone. This reduces muscle, liver, and
adipose insulin resistance. It is moderately
effective in glucose-lowering, especially in
patients with significant insulin resistance.®

Advantages, benefits. A 1-year clinical
trial reported that bromocriptine reduced car-
diovascular adverse outcomes by 39%, and the
composite end point of myocardial infarction,
stroke, and cardiovascular death by 52% com-
pared with placebo.®’

Disadvantages, adverse effects. The most
common adverse effects are nausea, rhinitis,
headache, asthenia, dizziness, constipation,
and sinusitis.

Alpha-glucosidase inhibitors
Alpha-glucosidase inhibitors (acarbose,®® mi-
glitol®) work by decreasing the rate of absorp-
tion of glucose from the gastrointestinal tract.
Advantages, benefits. These drugs de-
crease hemoglobin A . by 0.5% to 0.8%.7°
They are weight-neutral and do not pose a risk
of hypoglycemia. Clinical studies suggest that
they may delay or prevent diabetes progres-
sion. They were also found to reduce cardio-
vascular events, acute myocardial infarction,
and the onset of hypertension.®
Disadvantages, adverse effects. Their use
remains limited due to gastrointestinal adverse
effects. They may be contraindicated in patients
with inflammatory bowel disease, partial bowel
obstruction, or severe renal or hepatic disease.

Pramlintide

Pramlintide’™ is an injectable amylin ana-
logue. It is used as monotherapy or in com-
bination with a sulfonylurea, metformin, or
insulin glargine.

Pathways affected. Pramlintide decreases
appetite, reduces glucagon levels, and mini-
mizes absorption of glucose in the gut.

Disadvantages, adverse effects. Common
side effects include mild to moderate hypogly-
cemia and nausea. Nausea may help explain
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the ability of pramlintide to confer weight loss
when used in combination with insulin.

Sulfonylureas and meglitinides
These classes are still widely used in the treat-
ment of type 2 diabetes, although the AACE®
and ADA" guidelines de-emphasize their use
based on associated risks of hypoglycemia,
weight gain, morbidity, mortality, and loss of
effect over time.

Pathways affected. Sulfonylureas stimu-
late insulin secretion from beta cells.

Disadvantages, adverse effects. Sulfonyl-
ureas and glinides are associated with poorer
outcomes than newer agents in clinical tri-
als®125%% and may be generally less beta-cell
friendly.” Their harmful effects are difficult to
measure in vivo, but these drugs sometimes ap-
pear to be associated with more rapid beta-cell
failure and progression to insulin dependence
compared with newer ones. Several large-scale
registry studies have found sulfonylureas and
glinides to be associated with poorer outcomes
(reviewed by Herman et al).™

Adverse effects include asthenia, head-
ache, dizziness, nausea, diarrhea, epigastric
fullness, and heartburn. Although they are of-
ten selected based on their low cost, other fac-
tors may offset their cost-effectiveness, such
as need for glucose monitoring and hospital
charges due to sulfonylurea-induced hypogly-
cemia. Their utility is also limited by depen-
dence on beta-cell function.

Colesevelam

Colesevelam® is a bile acid sequestrant and
low-density lipoprotein cholesterol-reducing
agent that has been approved for use in dia-
betes. The mode of action of colesevelam in
this capacity is under investigation. Its effect
on hemoglobin A,_is modest. It is associated
with gastrointestinal adverse effects, particu-
larly constipation.

Ranolazine

Ranolazine’ is an antianginal drug that also
lowers glucose by increasing insulin release. It
also possesses cardioprotective properties. In
patients with diabetes and non-ST-segment
elevation acute coronary syndromes, rano-
lazine reduced hemoglobin A, by 1.2% and
appeared to be weight-neutral.” Ranolazine
is under clinical development for use in dia-
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betes. Adverse effects include dizziness, head-
ache, constipation, and nausea.

Rational combinations of agents

The ideal strategy would use combinations of
agents that mechanistically complement one
another and address each path of hyperglyce-
mia present in a patient. This approach should
supplant the former approaches of adding-on
agents only after treatment failure or sequen-
tially trying first-, second-, and third-line
treatments.

Examples of synergistic combinations in-
clude those that target fasting plasma glucose
and postprandial glucose, reduce reliance on
insulin with add-on therapies, or manage hy-
perglycemia in specific patient groups, such as
renal-impaired patients.

Large-scale long-term clinical studies are
needed to determine the safety, efficacy, and
outcomes of various combinations and wheth-
er they confer additive benefits. Some studies
have begun to explore possible combinations.

Combined metformin, pioglitazone, and
exenatide was reported to delay progression
of diabetes in early dysglycemia.”"™ Notably,
this combination addresses multiple mediat-
ing pathways of hyperglycemia (Table 1).

A GLP-1 receptor agonist with an SGLT2
inhibitor would be another intriguing combi-
nation, as the mechanisms of action of these
2 classes complement one another. In lim-
ited clinical trials—the DURATION-8 study
(lasting 26 weeks),” the Canagliflozin Car-
diovascular Assessment Study (18 weeks),*
and a 24-week study in nondiabetic obese pa-
tients®'—additive benefits were also seen in sys-
tolic blood pressure, body weight, and cardiac
risk factors by adding an SGLT2 inhibitor to a
GLP-1 receptor agonist, compared with either
agent alone. In theory, these improvements
might slow or reverse cardiorenal compromise.
Lower doses of 1 or more may be possible, and
the regimen could prove cost-effective and life-
sparing should it slow the progression of the
disease and the onset of its complications. A
clinical study of this combination is under way
(Ralph DeFronzo, personal communication,
July 2018). Similarly, the combination of met-
formin, saxagliptin and dapagliflozin has been
shown to be effective.
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I CONCLUSION

Care for diabetes mellitus can be particularly
challenging for the primary care physician.
The progressive nature of diabetes, with wors-
ening hyperglycemia over the course of the dis-
ease, further complicates disease management.

Best practices for care nonetheless need to
evolve with well-evidenced data, and without
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