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Optimizing diabetes treatment
in the presence of obesity
■ ABSTRACT
Evidence of a neurophysiologic mechanism that involves
hormones from adipocytes, pancreatic islet cells, and
the gastrointestinal tract implicated in both obesity and
diabetes has led to a search for drugs that not only either
target obesity and diabetes or reduce hemoglobin A1c,
but also have weight loss as a potential side effect. The
authors review medications approved for the treatment
of type 2 diabetes mellitus (including pramlintide, also
approved for type 1 diabetes) that also have weight loss
as a side effect. Drugs discussed include glucagon-like
peptide-1 (GLP-1) receptor agonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, neuroendocrine
peptide hormones, alpha-glucosidase inhibitors, and
metformin. Where appropriate, the authors comment on
the cardiovascular effects of these drugs.

■ KEY POINTS
The rationale for GLP-1 receptor agonists is that peripheral
GLP-1 activates a cascade of centrally mediated signals
that ultimately result in secretion of insulin by the
pancreas and slowing of gastrointestinal motility. It also
exerts an anorexic effect by acting on central pathways
that mediate satiation.
SGLT-2 inhibitors have relatively weak glycemic efﬁcacy.
Inhibition of SGLT-2 alleviates hyperglycemia by decreasing glucose reabsorption in the kidneys and by increasing
excretion in the urine, suggesting urinary loss of glucose
(and hence caloric loss). This is thought to contribute to
weight reduction in addition to initial weight loss from
ﬂuid loss due to osmotic diuresis.
Meta-analyses so far have shown that alpha-glucosidase
inhibitors have either a neutral or a beneﬁcial effect on
body weight.
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iabesity was a term coined by Sims et al1
in the 1970s to describe diabetes occurring
in the setting of obesity. Today, the link
between type 2 diabetes mellitus (DM),
obesity, and insulin resistance is well recognized, and
80% of people with type 2 DM are overweight or
obese.2,3 Unfortunately, weight gain is a known side
effect of most agents used to treat type 2 DM (eg,
insulin, sulfonylureas, thiazolidinediones), and this
often leads to nonadherence, poor glycemic control,
and further weight gain.
During the past several years, evidence has emerged
of a neurophysiologic mechanism that involves hormones from adipocytes, pancreatic islet cells, and
the gastrointestinal tract implicated in both obesity
and diabetes.2 This has led to research for drugs that
not only either target obesity and diabetes or reduce
hemoglobin A1c (HbA1c), but also have weight loss
as a potential side effect.
In this paper, we review medications approved for
the treatment of type 2 DM (including pramlintide,
also approved for type 1 DM) that also have weight
loss as a side effect. Drugs we will discuss include
glucagon-like peptide-1 (GLP-1) receptor agonists,
sodium-glucose cotransporter-2 (SGLT-2) inhibitors,
neuroendocrine peptide hormones, alpha-glucosidase
inhibitors, and metformin. Where appropriate, we
also comment on the effects of the drugs on cardiovascular outcomes.
■ GLP-1 RECEPTOR AGONISTS
Mechanism of action
GLP-1 is a hormone produced from the proglucagon
gene in the alpha cells of the pancreas, in the L cells
of intestinal mucosa (predominantly in the ileum and
distal colon), and in structures of the nervous system
including the brainstem, hypothalamus, and vagal
afferent nerves.4 Food in the gastrointestinal tract,
especially if high in fats and carbohydrates, stimulates secretion of GLP-1 in the L cells, which in turn
amplifies insulin secretion in a glucose-dependent
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manner (the incretin effect).4 GlucaTABLE 1
gon secretion is inhibited by GLP-1
Sites of action and physiologic effects of glucagon-like peptide-1
during times of hyperglycemia but
not hypoglycemia, thereby preventSite of action
Physiologic effects
Remarks
ing inappropriately high levels of
the hormone.5 Peripheral GLP-1
Pancreas
Stimulates insulin secretion
These actions are
Inhibits glucagon secretion
glucose-dependent
activates a cascade of centrally mediated signals that ultimately result in
Vagal afferent
Slows gastric emptying
Effects mediated via vagal
neurons
Decreases gastric acid secretion
signaling to the gastroinsecretion of insulin by the pancreas
Stimulates pancreatic insulin
testinal tract and the
and slowing of gastrointestinal motilsecretion
pancreas
ity.5 Lastly, GLP-1 exerts an anorexic
Central nervous
Suppresses appetite and
Satiety and reward centers
effect by acting on central pathways
system
reduces food intake
of the brain
that mediate satiation.6
Recent studies suggest that GLP-1
Based on data from Iepsen et al.
receptor agonist drugs have proliferative, anti-apoptotic, and differentiation effects on pancreatic beta cells,
(−2.8 ± 0.5 kg) compared with placebo (−0.3 ± 0.3
thereby leading to improved glycemic control.7 Table
kg; P < .001).15 A meta-analysis of 14 trials with 2,583
1 summarizes the sites of action and physiologic effects
7
patients showed significant weight reduction with
of GLP-1.
both exenatide 5 μg twice daily (a difference of −0.56
Bioactive forms of GLP-1 are rapidly degraded in
kg, 95% confidence interval [CI] −1.07 to −0.06, P
the circulation by the dipeptidyl peptidase-4 enzyme.
= .0002) in 8 trials and exenatide 10 μg twice daily
GLP-1 receptor agonists have slightly altered molecu(a difference of −1.24 kg, 95% CI −1.69 to −0.78,
lar structure and longer duration of action than native
P < .001) in 12 trials, after treatment for more than
GLP-1. Short-acting GLP-1 agonists (eg, exenatide,
16 weeks.16
lixisenatide) have more effect on gastric emptying
Liraglutide. Liraglutide has a longer half-life than
and lower postprandial blood glucose levels, whereas
exenatide and is administered once daily. It is not a
long-acting GLP-1 agonists (eg, liraglutide, albigfirst-line therapy for type 2 DM and is recommended
lutide, dulaglutide, semaglutide, exenatide) have a
as an add-on. Approved daily doses for type 2 DM are
greater effect on fasting glucose levels.4
1.2 mg and 1.8 mg.
Effects on HbA1c and weight loss
Multiple studies of glycemic control and weight loss
with liraglutide have been conducted since its introAs a class, GLP-1 receptor agonists have been proven
duction to the US market in 2010. In the Liraglutide
to cause significant reduction in HbA1c levels. In
Effect and Action in Diabetes (LEAD) series of tria meta-analysis of 17 randomized controlled trials
als, liraglutide use as monotherapy or in combination
involving patients with type 2 DM with suboptiwith oral agents was associated with significant dosemal control on 1 or 2 oral agents, GLP-1 agonists
dependent weight loss.17 Liraglutide monotherapy (at
decreased HbA1c levels by 1% (treatment differ8
1.2 mg and 1.8 mg) compared with glimepiride in the
ence 0.5% to 1.6%) compared with placebo. HbA1c
LEAD-3 trial led to significant weight reduction (2.1
reductions from each GLP-1 agonist along with doskg and 2.5 kg, respectively, P < .001) after 16 weeks,
ing, administration, and weight loss benefit are shown
and was sustained up to 52 weeks.18 Addition of lirain Table 2.9–14
glutide (at 1.2 mg and 1.8 mg) to metformin plus
Of the current GLP-1 agonists, exenatide and
rosiglitazone resulted in significant weight loss (1.02
liraglutide have been on the market the longest, thus
kg and 2.02 kg, respectively) whereas the addition
studied more in terms of weight reduction.
of placebo caused a 0.6-kg weight gain (P < .001).19
Exenatide. Exenatide BID was the first GLP-1 agoThe SCALE study randomized 846 adults with type 2
nist, approved by the US Food and Drug AdministraDM who were overweight to obese (body mass index
tion (FDA) in 2005 for the treatment of type 2 DM.
[BMI] ≥ 27 kg/m2), were taking 0 to 3 oral antihyperIn a 30-week triple-blind, placebo-controlled study
glycemic agents (metformin, thiazolidinedione, and
of 336 patients already on background therapy with
a sulfonylurea), and had stable body weight and an
metformin, progressive weight loss was noted with
HbA1c of 7% to 10% to liraglutide 1.8 mg, liraglutide
exenatide 5 μg (−1.6 ± 0.4 kg) and exenatide 10 μg
7
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TABLE 2
Currently approved glucagon-like peptide-1 receptor agonists for diabetes mellitus
Generic name
(Brand name)

Administrationa

Dose

Exenatide BID
(Byetta)9

Within 60 minutes before breakfast and dinner

Liraglutide
(Victoza)10

Once daily at any time of day

Exenatide QW
(Bydureon)11

Hemoglobin A1c
reduction (%)

Weight change
(kg)

5 μg BID
10 μg BID

0.5 to 0.7
0.7 to –1.7

–1.1 to –2.7
–1.5 to –2.9

0.6 mg QD
1.2 mg QD
1.8 mg QD

0.8 to 1.1
0.5 to 1.5

+0.3 to –2.6
–0.2 to –2.8

Once every 7 days at any time of day

2 mg QW

1.3 to 1.6

–2.0 to –2.7

Albiglutide
(Tanzeum)12

Once every 7 days at any time of day

30 mg QW
50 mg QW

0.7 to 0.8
0.6 to 0.9

–0.4 to –1.2

Dulaglutide
(Trulicity)13

Once weekly at any time of day

0.75 mg QW
1.5 mg QW

0.7 to 1.6
0.8 to 1.6

+0.2 to –2.8
–0.9 to –3.1

Lixisenatide
(Adlyxin)14

Within 60 minutes before main meal

10 μg QD
20 μg QD

0.6 to 0.9

+0.31 to –2.7

a
All drugs administered by subcutaneous injection.
BID = twice daily; QD = once daily; QW = once every 7 days

Data based on package inserts.9–14

3.0 mg, or placebo. Mean weight loss after 56 weeks
was 6.0% (6.4 kg) with liraglutide 1.8 mg, 4.7% (5.0
kg) with liraglutide 3.0 mg, and 2.0% (2.2 kg) with
placebo.20
In 2016, high-dose once-daily liraglutide 3.0 mg
(Saxenda) was approved by the FDA for weight loss.
In a double-blind randomized trial of liraglutide 3.0
mg vs placebo in patients who had a BMI of at least
30 or who had a BMI of at least 27 plus treated or
untreated dyslipidemia or hypertension, Pi-Sunyer et
al21 reported a mean weight reduction of 8.4 ± 7.3
kg with liraglutide vs 2.8 ± 6.5 kg with placebo (a
difference of −5.6 kg, 95% CI −6.0 to −5.1, P <
.001) after 56 weeks. Furthermore, 63.2% of patients
in the liraglutide group lost at least 5% of body weight
vs 27.1% with placebo, and 33.1% in the liraglutide
group lost 10% or more of body weight vs 10.6% in
the placebo group (P < .001).21 Of note, liraglutide
3.0 mg is not indicated for type 2 DM per se.
In a 2012 meta-analysis of randomized controlled
trials of adults with and without type 2 DM, with a
BMI of 25 or greater, and who received GLP-1 receptor agonists at clinically relevant doses (exenatide ≥
10 μg/day, exenatide ≥ 2 mg/week, or liraglutide ≥ 1.2
mg/day), those taking GLP-1 receptor agonists had
more weight loss than those on a control intervention (oral antihyperglycemic, insulin, or placebo) at a
S24
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minimum of 20 weeks, with a weighted mean difference −2.9 kg (95% CI −3.6 to −2.2) in 21 trials and
6,411 participants.22
GLP-1 agonists currently being investigated for
obesity treatment are lixisenatide, albiglutide, taspoglutide, and oxyntomodulin.23
Cardiovascular outcomes
The presence of GLP-1 receptors in blood vessels and
myocardium has led to the hypothesis that GLP-1
receptor agonists can improve cardiovascular disease
outcomes.24 In the pivotal Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) trial, 9,340 patients
with type 2 DM and increased cardiovascular disease
risk were randomized to liraglutide vs placebo.25 The
hazard ratio (HR) for time to the primary end point of
cardiovascular death, nonfatal myocardial infarction,
or nonfatal stroke was 0.87 (P = .01 for superiority,
P < .001 for noninferiority) for liraglutide compared
with placebo after 3.8 years. The incidence of death
from any cause or cardiovascular cause was also lower
with liraglutide.25
Adverse effects
Tolerable transient nausea and vomiting are reported
adverse effects; these symptoms occur early in therapy, usually resolve in 4 to 8 weeks, and appear to
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be associated with greater weight loss.26 Although no
causal relationship between GLP-1 receptor agonist
use and pancreatitis or pancreatic cancer has been
established to date, several cases of acute pancreatitis
have been reported.25 Alternative therapies should be
considered in patients with a history of or risk factors
for pancreatitis.
Combined with insulin
A product that combines insulin glargine and lixisenatide (Soliqua) is FDA-approved for patients
with type 2 DM. In a 30-week randomized controlled
trial of the combination product vs insulin glargine
alone in patients with type 2 DM not controlled on
basal insulin with or without up to 2 oral agents, the
combination product resulted in an HbA1c reduction
from baseline of 1.1% vs 0.6% for insulin glargine
alone (P < .001).27 Mean body weight decreased by
0.7 kg with the combination product and increased
by 0.7 kg with insulin glargine (P < .001).27 In a
24-week study of a lixisenatide-insulin glargine combination vs insulin glargine in insulin-naïve patients
taking metformin, there was a reduction in HbA1c
of about −1.7% from baseline in both groups, while
the combination group had a 1-kg weight reduction
compared with a 0.5-kg weight increase in the insulin
glargine group (P < .001).28
■ SGLT-2 INHIBITORS
Mechanism of action
In a healthy normoglycemic person, about 180 g of
glucose per day is filtered into the glomerular filtrate
and reabsorbed into the circulation.29 SGLT-2 facilitates the reabsorption of glucose in the proximal convoluted tubule of the kidneys. Approximately 90% of
glucose reabsorption is mediated by SGLT-2 found
in the S1 and S2 segments of the proximal convoluted tubule, and the remaining 10% by SGLT-1
in the S3 segment. At serum glucose levels above
180 g, the reabsorptive capacity of the nephron is
overwhelmed, resulting in glycosuria.30 SGLT-2
expression is also increased in patients with diabetes,
thus leading to increased glucose reabsorption into
the circulation, further contributing to hyperglycemia.30 Inhibition of SGLT-2 alleviates hyperglycemia
by decreasing glucose reabsorption (30% to 50%
of filtered glucose) in the kidneys and by increasing excretion (50 mg to 80 mg of glucose) in the
urine.31 SGLT-2 inhibitors currently FDA-approved
are canagliflozin (Invokana), dapagliflozin (Farxiga),
and empagliflozin (Jardiance).

HbA1c
SGLT-2 inhibitors have relatively weak glycemic
efficacy. A meta-analysis of SGLT-2 inhibitors vs
other antidiabetic medications or placebo found that
SGLT-2 inhibitors appeared to have a “favorable
effect” on HbA1c, with a mean difference vs placebo
of −0.66% (95% CI −0.73% to −0.58%) and a mean
difference vs other antihyperglycemic medications of
−0.06% (95% CI 0.18% to 0.05%).32
Weight loss
The same meta-analysis found that SGLT-2 inhibitors
reduced body weight (mean difference −1.8 kg, 95%
CI −3.50 kg to −0.11 kg).32 And in a randomized controlled trial, monotherapy with canagliflozin 100 mg/
day and 300 mg/day resulted in body weight reduction
of 2.2% (1.9 kg) and 3.3% (−2.9 kg), respectively,
after 26 weeks.33 A Japanese study showed a doserelated total body weight loss with empagliflozin vs
placebo ranging from 2.5 ± 0.2 kg (5-mg dose) to 3.1
± 0.2 kg (50-mg dose) after 12 weeks.34 Bolinder et al35
reported that adding dapagliflozin 10 mg to metformin
in patients with type 2 DM reduced total body weight
by −2.96 kg (95% CI −3.51 to −2.41, P < .001) at
week 24. Whole-body dual-energy x-ray absorptiometry and magnetic resonance imaging findings in this
study revealed a decrease in fat mass and visceral and
subcutaneous adipose tissue after treatment with dapagliflozin, thus suggesting urinary loss of glucose (and
hence caloric loss) contributing to weight reduction
in addition to initial weight loss from fluid loss due to
osmotic diuresis.35 A continuous decline in total body
weight was observed in a 78-week extension study
resulting in −4.54 kg (95% CI −5.43 to −3.66 kg) at
week 102, along with further reduction in total body fat
mass as measured by dual-energy x-ray absorptiometry.36
Cardiovascular outcomes
The landmark study Empagliflozin, Cardiovascular
Outcomes and Mortality in Type 2 Diabetes (EMPAREG) involving 7,020 patients was the first large
cardiovascular outcomes trial in patients with type 2
DM and overt cardiovascular disease. A relative risk
reduction of 14% (12.1% to 10.5%, HR 0.86, 95% CI
0.74 to 0.99) in major adverse cardiovascular events
(cardiovascular death, nonfatal myocardial infarction,
and nonfatal stroke) was observed with empagliflozin.37
Rates of all-cause mortality and hospitalization for
heart failure relative risk reductions were 32% (8.3%
to 5.7%; HR 0.68 [0.57, 0.8]) and 35% (4.1% to 2.7%;
HR 0.65 [0.50, 0.85]), respectively, with empagliflozin.
The mechanism behind this cardiovascular benefit is
unknown but is currently being explored.37
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Adverse effects
Increased risk of urinary tract and genital infections
are known adverse effects of SGLT-2s. Other effects
noted include postural hypotension from volume
depletion and a transient increase in serum creatinine
and decrease in glomerular filtration.29

Cardiovascular outcomes
Cardiovascular outcomes in patients treated with
pramlintide have not been studied to date, but reductions have been observed in markers of cardiovascular
risk including high-sensitivity C-reactive protein and
triglycerides.46

■ NEUROENDOCRINE PEPTIDE HORMONE:
AMYLIN ANALOGUES

Adverse effects
Transient mild-to-moderate nausea is the most common adverse effect of pramlintide. Hypoglycemia has
also been reported, more frequently in patients with
type 1 DM, which is possibly associated with inadequate reduction in insulin.

Mechanism of action
Amylin is a 37-amino-acid neuroendocrine peptide
hormone secreted primarily by pancreatic beta cells.
It promotes early satiety, and its anorexigenic effects
are mediated by its action on the neurons of the area
postrema in the brain.38 After a meal, amylin decreases
gastric acid secretion and slows gastric emptying. It is
co-secreted with insulin in a 1:20 amylin-to-insulin
ratio and inhibits glucagon secretion via a centrally
mediated mechanism.39
Pramlintide (Symlin) is an amylin analogue administered subcutaneously immediately before major
meals. It decreases postprandial glucose levels and has
been approved by the FDA as an adjunct to prandial
insulin in patients with type 1 and type 2 DM.40
HbA1c
Amylin secretion is impaired in type 1 and type 2 DM,
and small but significant reductions in HbA1c have
been observed with addition of pramlintide to usual
insulin regimens. In patients with type 1 DM, HbA1c
levels were reduced by 0.4% to 0.6% after 26 weeks
on 30 μg 3 times daily to 60 μg 4 times daily of pramlintide added to insulin.41,42 And pramlintide 120 μg
added to usual antihyperglycemic therapy in patients
with type 2 DM has been reported to decrease HbA1c
by 0.7% at week 16 or 26.43,44
Weight loss
A meta-analysis of 8 randomized controlled trials
assessed the effects of pramlintide on glycemic control and weight in patients with type 2 DM treated
with insulin and in obese patients without diabetes.45
In these trials, patients took at least 120 μg of pramlintide before 2 to 3 meals for at least 12 weeks; a
total of 1,616 participants were included. In the type
2 DM group, pramlintide reduced body weight by
2.57 kg (95% CI −3.44 to −1.70 kg, P < .001) vs
control, over 16 to 52 weeks.45 The nondiabetic obese
group had a weight loss of −2.27 kg (95%CI −2.88 to
−1.66 kg, P < .001) vs control.45
Pramlintide and a pramlintide-phentermine combination are currently under investigation for treatment of obesity.23
S26
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■ ALPHA-GLUCOSIDASE INHIBITORS
Mechanism of action
Alpha-glucosidase inhibitors competitively inhibit
the alpha-glucosidase enzymes at the brush border of
the small intestine. Taken orally before meals, these
drugs mitigate postprandial hyperglycemia by preventing the breakdown of complex carbohydrates into
simpler monosaccharides, thus delaying their absorption.47 These agents may be used as monotherapy or
in combination with other antihyperglycemic agents.
They work independently from insulin, although they
have been shown to potentiate GLP-1 secretion.48
Acarbose and miglitol are currently approved in the
United States. Acarbose has been more extensively
studied worldwide.
HbA1c
Alpha-glucosidase inhibitors have been reported to
reduce mean HbA1c by 0.8% (95% CI −0.9% to
−0.7%), as well as fasting and postprandial glucose,
and postprandial insulin levels.49
Weight loss
There is conflicting evidence on whether alpha-glucosidase inhibitor therapy has a neutral or beneficial
effect on body weight. A Cochrane meta-analysis
observed significant BMI reduction with acarbose,
although no effect on body weight was noted,49
whereas in another meta-analysis, body weight was
significantly reduced by 0.96 kg (95% CI −1.80 to
−0.12 kg) when acarbose was added to metformin.50
A review of pooled data from worldwide post-marketing studies for acarbose reported a weight reduction after 3 months of 0.98 ± 2.11 kg in overweight
patients and 1.67 ± 3.02 kg in obese patients.51
Cardiovascular outcomes
In the Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (STOP-NIDDM), when compared with
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placebo, treatment of patients with impaired glucose
tolerance with acarbose significantly reduced the incidence of cardiovascular events (HR 0.51, 95% CI 0.28
to 0.95, P = .03), myocardial infarction (HR 0.09, 95%
CI 0.01 to 0.72, P = .02), and newly diagnosed hypertension (HR 0.66, 95% CI 0.49 to 0.89, P = .006).52
Adverse effects
Although mild, gastrointestinal effects of flatulence
and diarrhea can be bothersome and result in discontinuation of the drug in most patients.
■ METFORMIN
Mechanism of action
Metformin is the first-line antihyperglycemic agent
for type 2 DM recommended by the American Diabetes Association and European Association for the
Study of Diabetes.53,54 The main action of metformin
is to decrease glucose production in the liver. In the
small intestine, metformin stimulates the L cells to
produce GLP-1, and in skeletal muscle, it increases
glucose uptake and disposal.55
HbA1c
As monotherapy, metformin has resulted in HbA1c
reductions of 0.88% to 1.2%.55
Weight loss
Reduced food intake56,57 and gastrointestinal intolerance58 occurring early in therapy have been noted to
account for weight loss in short-term studies of nondiabetic obese patients treated with metformin.59
Long-term trials of patients with and without diabetes have yielded mixed results on weight reduction
from metformin as monotherapy or adjunct therapy.
In the United Kingdom Prospective Diabetes Study
(UKPDS), metformin had resulted in approximately
1.5 kg of weight gain (slightly less than the 4-kg weight
gain in the glibenclamide group).60 Improved antihyperglycemic efficacy of other antihyperglycemic agents
(insulin, sulfonylureas, and thiazolidinediones) with
addition of metformin led to dose-lowering of the antihyperglycemic agents, ultimately resulting in amelioration of weight gain; this has also led to small weight
reductions in some studies.59 In the Diabetes Prevention Program study of patients with impaired glucose
tolerance, metformin treatment resulted in an average
weight loss of 2.1 kg compared with placebo (−0.1 kg)
and lifestyle intervention (−5.6 kg; P <.001).61
Cardiovascular outcomes
Metformin has been observed to decrease micro- and
macrovascular complications. Compared with diet

alone, metformin was associated with a 39% reduction in the risk of myocardial infarction, and a 30%
lower risk of a composite of macrovascular diseases
(myocardial infarction, sudden death, angina, stroke,
and peripheral disease).60
Adverse effects
The most common adverse effect of metformin is gastrointestinal intolerance from abdominal pain, flatulence, and diarrhea.62 Metformin-associated lactic
acidosis is a serious and potentially life-threatening
effect; and vitamin B12 deficiency may occur with
long-term treatment.62
■ TAKE-HOME POINTS
As more medications and interventions are being
developed to counter obesity, it also makes sense to
select diabetes medications that do not contribute to
weight gain in patients who are already overweight
or obese. The effects of available medications can be
maximized and treatment regimens individualized
(based on patients’ needs and preferences, within the
limitations of drug costs and side effects), along with
lifestyle modification, to target diabesity.
■ REFERENCES
1. Sims EAH, Danforth E Jr, Horton ES, Bray GA, Glennon JA,
Salans LB. Endocrine and metabolic effects of experimental obesity
in man. Recent Prog Horm Res 1973; 29:457–496.
2. Scheen AJ, Van Gaal LF. Combating the dual burden: therapeutic
targeting of common pathways in obesity and type 2 diabetes. Lancet
Diabetes Endocrinol 2014; 2:911–922.
3. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity
to insulin resistance and type 2 diabetes. Nature 2006; 444:840–846.
4. Iepsen EW, Torekov SS, Holst JJ. Therapies for inter-relating diabetes and obesity—GLP-1 and obesity. Expert Opin Pharmacother
2014; 15:2487–2500.
5. Meier JJ, Nauck MA. Glucagon-like peptide 1(GLP-1) in biology
and pathology. Diabetes Metab Res Rev 2005; 21:91–117.
6. Turton MD, O’Shea D, Gunn I, et al. A role for glucagon-like peptide-1 in the central regulation of feeding. Nature 1996; 379:69–72.
7. Drucker DJ. Glucagon-like peptides: regulators of cell proliferation,
differentiation, and apoptosis. Mol Endocrinol 2003; 17:161–171.
8. Shyangdan DS, Royle P, Clar C, Sharma P, Waugh N, Snaith A.
Glucagon-like peptide analogues for type 2 diabetes mellitus. Cochrane
Database Syst Rev 2011; 10:CD006423. doi:10.1002/14651858.
CD006423.pub2.
9. Byetta [package insert]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; 2015. Available at http://www.azpicentral.com/byetta/
pi_byetta.pdf. Accessed June 22, 2017.
10. Victoza [package insert]. Bagsvaerd, Denmark: Novo Nordisk A/S;
2016. Available at http://www.novo-pi.com/victoza.pdf. Accessed
June 22, 2017.
11. Bydureon [package insert]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; 2015. Available at http://www.azpicentral.com/
bydureon/pi_bydureon.pdf. Accessed June 22, 2017.
12. Tanzeum [package insert]. Wilmington, DE: GlaxoSmithKline;
2016. Available at https://www.gsksource.com/pharma/content/
dam/GlaxoSmithKline/US/en/Prescribing_Information/Tanzeum/
pdf/TANZEUM-PI-MG-IFU-COMBINED.PDF. Accessed June 22,
2017.

CL E VE L AND CL I NI C J OURNAL OF MED IC INE

VOLUME 84 • SUPPLEMENT 1

JULY 2 0 1 7

S27

DIABETES TREATMENT WITH OBESITY

13. Trulicity [package insert]. Indianapolis, IN: Eli Lilly and Company
2014. Available at http://pi.lilly.com/us/trulicity-uspi.pdf. Accessed
June 22, 2017.
14. Adlyxin [package insert]. Bridgewater, NJ: Sanofi-Aventis U.S.
LLC; 2016. Available at http://products.sanofi.us/adlyxin/adlyxin.
pdf. Accessed June 22, 2017.
15. DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, Baron
AD. Effects of exenatide (exendin-4) on glycemic control and
weight over 30 weeks in metformin-treated patients with type 2
diabetes. Diabetes Care 2005; 28:1092–1100.
16. Nikfar S, Abdollahi M, Salari P. The efficacy and tolerability of
exenatide in comparison to placebo; a systematic review and metaanalysis of randomized clinical trials. J Pharm Pharm Sci 2012;
15:1–30.
17. Blonde L, Russell-Jones D. The safety and efficacy of liraglutide
with or without oral antidiabetic drug therapy in type 2 diabetes:
an overview of the LEAD 1-5 studies. Diabetes Obes Metab 2009;
11(suppl 3):26–34.
18. Garber A, Henry R, Ratner R, et al; LEAD-3 (Mono) Study
Group. Liraglutide versus glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a randomised, 52-week, phase III, doubleblind, parallel-treatment trial. Lancet 2009; 373:473–481.
19. Zinman B, Gerich J, Buse JB, et al; LEAD-4 Study Investigators.
Efficacy and safety of the human glucagon-like peptide-1 analog
liraglutide in combination with metformin and thiazolidinedione in
patients with type 2 diabetes (LEAD-4 Met+TZD). Diabetes Care
2009; 32:1224–1230.
20. Davies MJ, Bergenstal R, Bode B, et al. Efficacy of liraglutide for
weight loss among patients with type 2 diabetes: the SCALE Diabetes
Randomized Clinical Trial. JAMA 2015; 314:687–699.
21. Pi-Sunyer X, Astrup A, Fujioka K, et al; SCALE Obesity and
Prediabetes NN8022-1839 Study Group. A randomized, controlled trial of 3.0 mg of liraglutide in weight management. N Engl J
Med 2015; 373:11–22.
22. Vilsboll T, Christensen M, Junker AE, Knop FK, Gluud LL.
Effects of glucagon-like peptide-1 receptor agonists on weight loss:
systematic review and meta-analyses of randomised controlled trials.
BMJ 2012; 344:d7771.
23. Valsamakis G, Konstantakou P, Mastorakos G. New targets for
drug treatment of obesity. Annu Rev Pharmacol Toxicol 2017;
57:585–605.
24. Sivertsen J, Rosenmeier J, Holst JJ, Vilsboll T. The effect of glucagon-like peptide 1 on cardiovascular risk. Nat Rev Cardiol 2012;
9:209–222.
25. Marso SP, Daniels GH, Brown-Frandsen K, et al; LEADER
Steering Committee; LEADER Trial Investigators. Liraglutide
and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;
375:311–322.
26. Lean ME, Carraro R, Finer N, et al; NN8022-1807 Investigators.
Tolerability of nausea and vomiting and associations with weight
loss in a randomized trial of liraglutide in obese, non-diabetic adults.
Int J Obes (Lond) 2014; 38:689–697.
27. Aroda VR, Rosenstock J, Wysham C, et al; LixiLan-L Trial
Investigators. Efficacy and safety of lixilan, a titratable fixed-ratio
combination of insulin glargine plus lixisenatide in type 2 diabetes
inadequately controlled on basal insulin and metformin: the LixiLan-L Randomized Trial. Diabetes Care 2016; 39:1972–1980.
28. Rosenstock J, Diamant M, Aroda VR, et al; LixiLan PoC Study
Group. Efficacy and safety of LixiLan, a titratable fixed-ratio combination of lixisenatide and insulin glargine, versus insulin glargine
in type 2 diabetes inadequately controlled on metformin monotherapy: the LixiLan Proof-of-Concept Randomized Trial. Diabetes
Care 2016; 39:1579–1586.
29. Monica Reddy RP, Inzucchi SE. SGLT2 inhibitors in the management of type 2 diabetes. Endocrine 2016; 53:364–372.
30. DeFronzo RA, Davidson JA, Del Prato S. The role of the kidneys
in glucose homeostasis: a new path towards normalizing glycaemia.
Diabetes Obes Metab 2012; 14:5–14.
31. Liu JJ, Lee T, DeFronzo RA. Why do SGLT2 inhibitors inhibit
only 30-50% of renal glucose reabsorption in humans? Diabetes

S28

C L E V E L A N D CL I NI C J OURNAL OF ME DI CI NE

2012; 61:2199–2204.
32. Vasilakou D, Karagiannis T, Athanasiadou E, et al. Sodiumglucose cotransporter 2 inhibitors for type 2 diabetes: a systematic
review and meta-analysis. Ann Intern Med 2013; 159:262–274.
33. Stenlof K, Cefalu WT, Kim KA, et al. Efficacy and safety of canagliflozin monotherapy in subjects with type 2 diabetes mellitus inadequately controlled with diet and exercise. Diabetes Obes Metab
2013; 15:372–382.
34. Kadowaki T, Haneda M, Inagaki N, et al. Empagliflozin monotherapy in Japanese patients with type 2 diabetes mellitus: a randomized,
12-week, double-blind, placebo-controlled, phase II trial. Adv Ther
2014; 31:621–638.
35. Bolinder J, Ljunggren O, Kullberg J, et al. Effects of dapagliflozin
on body weight, total fat mass, and regional adipose tissue distribution in patients with type 2 diabetes mellitus with inadequate
glycemic control on metformin. J Clin Endocrinol Metab 2012;
97:1020–1031.
36. Bolinder J, Ljunggren O, Johansson L, et al. Dapagliflozin maintains glycaemic control while reducing weight and body fat mass
over 2 years in patients with type 2 diabetes mellitus inadequately
controlled on metformin. Diabetes Obes Metab 2014; 16:159–169.
37. Zinman B, Wanner C, Lachin JM, et al; EMPA-REG OUTCOME
Investigators. Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. N Engl J Med 2015; 373:2117–2128.
38. Lutz TA. Effects of amylin on eating and adiposity. Handb Exp
Pharmacol 2012; (209):231–250.
39. Hieronymus L, Griffin S. Role of amylin in type 1 and type 2 diabetes. Diabetes Educ 2015; 41(suppl 1):47S–56S.
40. Aronoff SL. Rationale for treatment options for mealtime glucose control in patients with type 2 diabetes. Postgrad Med 2017;
129:231–241.
41. Ratner RE, Dickey R, Fineman M, et al. Amylin replacement with
pramlintide as an adjunct to insulin therapy improves long-term
glycaemic and weight control in type 1 diabetes mellitus: a 1-year,
randomized controlled trial. Diabet Med 2004; 21:1204–1212.
42. Edelman S, Garg S, Frias J, et al. A double-blind, placebo-controlled
trial assessing pramlintide treatment in the setting of intensive insulin therapy in type 1 diabetes. Diabetes Care 2006; 29:2189–2195.
43. Riddle M, Frias J, Zhang B, et al. Pramlintide improved glycemic
control and reduced weight in patients with type 2 diabetes using
basal insulin. Diabetes Care 2007; 30:2794–2799.
44. Hollander PA, Levy P, Fineman MS, et al. Pramlintide as an
adjunct to insulin therapy improves long-term glycemic and weight
control in patients with type 2 diabetes: a 1-year randomized controlled trial. Diabetes Care 2003; 26:784–790.
45. Singh-Franco D, Perez A, Harrington C. The effect of pramlintide
acetate on glycemic control and weight in patients with type 2 diabetes mellitus and in obese patients without diabetes: a systematic
review and meta-analysis. Diabetes Obes Metab 2011; 13:169–180.
46. Wysham C, Lush C, Zhang B, Maier H, Wilhelm K. Effect of
pramlintide as an adjunct to basal insulin on markers of cardiovascular risk in patients with type 2 diabetes. Curr Med Res Opin 2008;
24:79–85.
47. Bischoff H. Pharmacology of alpha-glucosidase inhibition. Eur J
Clin Invest 1994; 24(suppl 3):3–10.
48. Lee A, Patrick P, Wishart J, Horowitz M, Morley JE. The effects
of miglitol on glucagon-like peptide-1 secretion and appetite
sensations in obese type 2 diabetics. Diabetes Obes Metab 2002;
4:329–335.
49. van de Laar FA, Lucassen PL, Akkermans RP, van de Lisdonk
EH, Rutten GE, van Weel C. Alpha-glucosidase inhibitors for
patients with type 2 diabetes: results from a Cochrane systematic
review and meta-analysis. Diabetes Care 2005; 28:154–163.
50. Gross JL, Kramer CK, Leitao CB, et al; Diabetes and Endocrinology
Meta-analysis Group (DEMA). Effect of antihyperglycemic agents
added to metformin and a sulfonylurea on glycemic control and
weight gain in type 2 diabetes: a network meta-analysis. Ann Intern
Med 2011; 154:672–679.
51. Schnell O, Weng J, Sheu WH, et al. Acarbose reduces body weight
irrespective of glycemic control in patients with diabetes: results of

VOLUME 84 • SUPPLEMENT 1

JULY 2017

ESQUIVEL AND LANSANG

52.

53.

54.
55.
56.
57.

a worldwide, non-interventional, observational study data pool. J
Diabetes Complications 2016; 30:628–637.
Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M;
STOP-NIDDM Trial Research Group. Acarbose treatment and
the risk of cardiovascular disease and hypertension in patients with
impaired glucose tolerance: the STOP-NIDDM trial. JAMA 2003;
290:486–494.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management
of hyperglycemia in type 2 diabetes, 2015: a patient-centered
approach: update to a position statement of the American Diabetes
Association and the European Association for the Study of Diabetes.
Diabetes Care 2015; 38:140–149.
American Diabetes Association. Pharmacologic approaches to
glycemic treatment. Diabetes Care 2017; 40:S64–S74.
Tan MH, Alquraini H, Mizokami-Stout K, MacEachern M. Metformin: From research to clinical practice. Endocrinol Metab Clin
North Am 2016; 45:819–843.
Paolisso G, Amato L, Eccellente R, et al. Effect of metformin on
food intake in obese subjects. Eur J Clin Invest 1998; 28: 441–446.
Lee A, Morley JE. Metformin decreases food consumption and
induces weight loss in subjects with obesity with type II noninsulin-

dependent diabetes. Obes Res 1998; 6: 47–53.
58. Scarpello JH. Optimal dosing strategies for maximising the clinical
response to metformin in type 2 diabetes. Br J Diabetes Vasc Dis
2001; 1: 28–36.
59. Golay A. Metformin and body weight. Int J Obes (Lond) 2008;
32:61–72.
60. UK Prospective Diabetes Study (UKPDS) Group. Effect of
intensive blood-glucose control with metformin on complications
in overweight patients with type 2 diabetes (UKPDS 34). Lancet
1998; 352:854–865.
61. Knowler WC, Barrett-Connor E, Fowler SE, et al; Diabetes Prevention Program Research Group. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J
Med 2002; 346:393–403.
62. Fujita Y, Inagaki N. Metformin: new preparations and nonglycemic
benefits. Curr Diab Rep 2017; 17:5.
Correspondence: M. Cecilia Lansang, MD, MPH, Department of Endocrinology, Diabetes, and Metabolism, F20, Cleveland Clinic, 9500 Euclid Avenue,
Cleveland, OH 44195; lansanm@ccf.org

CL E VE L AND CL I NI C J OURNAL OF MED IC INE

VOLUME 84 • SUPPLEMENT 1

JULY 2 0 1 7

S29

