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and mortality in patients with T2D.1-3 Even modest weight 
loss (~5% of body weight) in overweight or obese patients 
with T2D has been shown to improve blood glucose con-
trol as well as blood pressure and lipid levels, delay progres-
sion of diabetes, and reduce the need for glucose-lowering 
medication.4-7 Consequently, guidelines from the American 
Diabetes Association (ADA) and the American Association 
of Clinical Endocrinologists/American College of Endocri-
nology (AACE/ACE) recommend that weight loss should be 
considered for any patient with T2D who is overweight or 
obese.4,5 However, patients with diabetes who are overweight 
or obese often struggle to achieve sustained weight loss with 
lifestyle modification alone. In the opinion of the author, this 
is because the body has a goal to return to its maximal weight, 
and these patients must constantly work against this goal to 
first reduce and then maintain a lower weight. 

Maintenance of weight reduction was assessed in the 
Action for Health in Diabetes (Look AHEAD) study, which 
compared intensive lifestyle intervention with usual care in 
a large cohort of overweight and obese patients with T2D.6,7 
Although weight loss was significantly greater in the group 
receiving intensive intervention at all time-points up to  
8 years, weight loss started to drop off after the first year, 
even in this group. At 1 year, there was a mean 8.6% reduc-
tion from baseline in weight in the intensive lifestyle inter-
vention group, declining to 4.7% at year 8.6,7 The tendency for 
weight regain is likely to be at least partly due to physiological 
adaptations that favor weight gain in response to a reduced- 
calorie and reduced-fat diet.8 Therefore, primary care physi-
cians should consider the psychological implications associ-
ated with advising their patients on losing weight and ensure 
that realistic expectations are set. Physicians should also 
encourage improved health and lifestyle rather than making 
weight loss the main focus.

Moreover, for many patients with T2D, lifestyle modi-
fications are unlikely to be enough to achieve glycemic tar-
gets, and guidelines recommend that pharmacotherapy 
should also be employed to improve glycemic control.4,5 With 
a wealth of different agents available, it is now possible to 
tailor therapy to the needs of the individual. This is particu-
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CASE STUDY
JB is a 61-year-old, non-Hispanic Caucasian man diagnosed 

with type 2 diabetes (T2D) in June 2015. His body mass index 

(BMI) at diagnosis was 31.* To control his blood glucose, JB 

was prescribed metformin combined with a sulfonylurea, which 

has reduced his fasting plasma glucose and glycated hemoglo-

bin (HbA1C) levels. He received dietary advice to help him lose 

weight; however, after initial success, JB has been unable to 

keep the weight off in the long term. Although he felt well, he also 

had elevated blood cholesterol and is receiving a statin. 

In March 2018, JB attended a scheduled clinic appointment. 

His HbA1C was 7.6% and his BMI was 30.8. JB tells you he has 

read that some diabetes medicines can cause weight gain, and 

he is concerned that the drugs he is taking are making it more 

difficult for him to lose weight. 

What advice would you give him, and would you make any 

changes to his diabetes medications?

*Calculated as weight in kilograms divided by height in meters 
squared.

Note: This is a hypothetical case study for educational purposes.

INTRODUCTION
Obesity is linked to insulin resistance, development of met-
abolic syndrome, and progression to diabetes, as well as 
increased risk of morbidity, including cardiovascular disease, 
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larly important for patients who are struggling to lose weight, 
because several commonly used antidiabetic medications 
can actually promote weight gain: namely, insulin, sulfonyl-
ureas, and thiazolidinediones.4,5,9 In addition, concomitant 
medications may also be associated with an increase in body 
weight. For example, antipsychotic and antiepileptic medica-
tions, including some that are used to manage diabetic neu-
ropathy, may contribute to an increase in weight.10-12 Further-
more, other medications commonly prescribed in primary 
care, such as beta-blockers and selective serotonin reuptake 
inhibitors, may also lead to weight gain.13,14 

The aim of this article is to review the impact on body 
weight of new classes of antiglycemic therapies and pro-
vide practical guidance on the most appropriate strategies 
for glycemic control in the overweight or obese patient  
with T2D.

EFFECT OF TYPE 2 DIABETES  
THERAPIES ON BODY WEIGHT
Therapies associated with weight gain
Sulfonylureas and thiazolidinediones effectively reduce 
blood glucose and HbA

1C
 levels, and may be used as add-

on therapy in patients with T2D who do not achieve tar-
gets with metformin alone. However, they are also associ-
ated with weight gain.9 In addition, insulins, which may 
be used in patients with T2D who require additional  
control, are also associated with weight gain. For example, in 
the United Kingdom Prospective Diabetes Study (UKPDS), 
insulin therapy was associated with a 4-kg increase in weight, 
and sulfonylureas with an increase of 1.7 to 2.6 kg, over  
10 years.15 Similar results were observed in other prospec-
tive studies involving patients with T2D,16,17 with treatment 
combinations containing insulin associated with a mean 
3.2-kg increase in weight; thiazolidinediones, with a 3.1-
kg increase; and sulfonylureas, with a 0.7-kg increase, over  
5 years.16 Moreover, weight gain can be additive when dif-
ferent agents are used. Pioglitazone was associated with an 
increase in body weight of 0.9 to 2.6 kg, depending on dos-
age, in monotherapy studies (16 to 26 weeks), with larger 
increases seen when used in combination with insulin (2.3 to 
4.1 kg) and sulfonylureas (2 to 4.1 kg).17 Insulin acts through 
a number of mechanisms, including lowering blood glucose 
levels by increasing uptake of glucose into fat and muscle 
cells.9 Sulfonylureas promote the release of insulin from beta 
cells in the pancreas. These mechanisms of action by insu-
lin and sulfonylureas improve glycemic control, but can also 
lead to weight gain by decreasing excretion of glucose in the 
urine (glycosuria).9 In addition, insulin and sulfonylureas 
are associated with a risk of hypoglycemia, and patients con-
cerned about this may increase food intake as a protective 

strategy.9 Unlike other insulins, insulin detemir is associated 
with modest weight loss (~0.5 kg over 26 weeks) rather than 
weight gain.18 Weight increase with pioglitazone may result 
from increases in both water retention and fat storage.17 

Therapies associated with weight neutrality or loss
Metformin is usually the first-line treatment option for T2D, 
due to its well-established efficacy and safety profile deter-
mined through decades of use in Europe and since 1995 in 
the United States.5,19 Metformin is generally considered to 
have a neutral effect on weight,9 although in the Diabetes 
Prevention Program Outcomes Study, it was found to induce 
weight loss over the trial period (2 years; mean 2.1% decrease 
from baseline) and the open-label extension period (7 to  
8 years; mean 2% decrease from baseline),20 most likely 
resulting from reduced food intake.21 However, if HbA

1C
 tar-

gets are not met with lifestyle modifications and metformin 
alone, additional antihyperglycemic agents may be required. 

Newer therapies for T2D, including glucagon-like pep-
tide-1 (GLP-1) receptor agonists, dipeptidyl peptidase-4 
(DPP-4) inhibitors, sodium-glucose cotransporter-2 (SGLT-
2) inhibitors, and amylin mimetics, may be considered for 
overweight and obese patients because they provide gly-
cemic control while having either a neutral effect on body 
weight or an overall weight reduction effect.9,16,17,20,22-28 The 
effects of the various therapies on body weight are summa-
rized in the TABLE.

GLP-1 is an incretin hormone that is secreted from 
the intestinal L cells and is involved in increasing glucose-
dependent insulin secretion as well as the regulation of 
food intake.9,22,29 Native GLP-1 is rapidly (half-life, <2 min) 
degraded in the body by the enzyme DPP-4.29 Injectable ana-
logs of GLP-1 (GLP-1 receptor agonists) used for T2D treat-
ment are resistant to degradation by DPP-4.29 These include 
albiglutide, dulaglutide, exenatide, liraglutide, lixisenatide, 
and semaglutide.22,30,31 GLP-1 receptor agonists reduce HbA

1C
 

by up to 1.9% and also induce weight loss by up to 3.7 kg by 
promoting reduced food intake9,22,30 (in these studies, back-
ground medications differed and may have contributed 
to weight changes). GLP-1 receptor agonists have recently 
been shown to reduce the risk of cardiovascular events and 
all-cause mortality in patients with T2D at high risk of car-
diovascular events while they were taking standard therapy.32 
The most common side effects associated with GLP-1 recep-
tor agonists include gastrointestinal effects, such as nausea, 
diarrhea, and vomiting.19,30 

Decreased food intake with GLP-1 receptor agonists 
is thought to result from their effects in inhibiting gastric 
emptying and promoting a feeling of satiety9 via a variety 
of central effects in the hypothalamus. Animal studies have 
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indicated that weight loss with GLP-1 receptor agonists is 
mediated by the arcuate nucleus in the hypothalamus, which 
is involved in energy intake and expenditure.29,33 A sepa-
rate pathway for increased energy expenditure may involve 
stimulation of the ventromedial nucleus in the hypothala-
mus, resulting in increased metabolism in brown adipose 
tissue.29,34 Other proposed mechanisms for weight loss with 
GLP-1 receptor agonists include increased metabolism in 
white adipose tissue and neuroprotective effects, including 
reduction of hypothalamic inflammation induced by a high 
fat diet.29 Moreover, treatment with a GLP-1 receptor ago-
nist has been shown to inhibit the increase in leptin recep-
tors normally seen during weight loss, resulting in increased 
circulating levels of leptin, which acts to reduce appetite.35 It 
should be noted, however, that despite the beneficial effects 
of the GLP-1 receptor agonists on body weight, they are not 
approved for weight reduction in patients with T2D.4 In 2010, 
a higher dosage (3 mg daily) of liraglutide was approved by 
the US Food and Drug Administration (FDA) in combination 
with a reduced-calorie diet and increased physical exercise 
for weight management.36 However, this dosage is not indi-
cated for the treatment of T2D (usual dosage in T2D is 1.2 mg 
daily, to a maximum of 1.8 mg daily).36

SGLT-2 mediates reabsorption of filtered glucose in the 
kidneys.37 There are several marketed SGLT-2 inhibitors, 
including canagliflozin, dapagliflozin, empagliflozin, and the 
recently FDA-approved ertugliflozin. These agents are admin-
istered orally and promote increased glycosuria, thereby low-
ering blood glucose.37 SGLT-2 inhibitors are associated with 
HbA

1C
 reductions of 0.5% to 1%, with additional beneficial 

effects in patients with T2D, including reductions in blood 
pressure (placebo- or comparator-corrected decreases: sys-
tolic, up to -7 mm Hg; diastolic, up to -3 mm Hg) and body 
weight (~2 to 4 kg).9,24,38 In addition, cardiovascular outcomes 
studies have shown that, like the GLP-1 receptor agonists, 
SGLT-2 inhibitors are associated with a reduction in cardio-
vascular events39,40 and have also reduced all-cause mortality 
in patients with T2D at high risk of cardiovascular events.40 

Side effects associated with SGLT-2 inhibitors include genital 
mycotic infection and urinary tract infection.9,19,38 

Weight loss associated with SGLT-2 inhibitor therapy is 
considered to result from increased glucose excretion. How-
ever, the typical observed weight loss is less than expected, 
considering the number of calories excreted.41 It is thought 
that glycosuria may promote increased food intake, and com-
bining an SGLT-2 inhibitor with a calorie-restricted diet may 
provide greater weight loss.41 

DPP-4 inhibitors (including linagliptin, saxagliptin, 
and sitagliptin) are orally administered agents that reduce  
DPP-4-mediated degradation of GLP-1, resulting in an 
increase in endogenous GLP-1 levels.22 Glycemic efficacy of 
DPP-4 inhibitors (HbA

1C
 reductions of 0.5% to 1%) is typically 

less than that of GLP-1 receptor agonists.22,23 Overall, DPP-4 
inhibitors are considered to have a neutral effect on weight.22,23 
Compared with GLP-1 receptor agonists, DPP-4 inhibitors are 
associated with fewer gastrointestinal symptoms.22

Alpha-glucosidase inhibitors (including acarbose and 
miglitol) delay breakdown of carbohydrates in the small 
intestine, and lower postprandial glucose and insulin lev-
els.27 HbA

1C
 reductions are typically in the region of 0.5% 

to 0.8%.25-27 Clinical trials have reported no or a moderate  
(≤1.2-kg reduction) effect on body weight.25,27 A reduction in 
BMI of 0.17 was reported in a meta-analysis of alpha-gluco-
sidase inhibitor trials; however, no significant effect on body 
weight was found.26 Gastrointestinal effects are typically the 
most common side effects reported with these drugs.

The pancreatic beta-cell hormone amylin is involved in 
regulation of food intake, presenting a therapeutic strategy 
for T2D. The injectable, pramlintide, is currently the only 
amylin analog available. HbA

1C
 reductions of 0.1% to 0.6% 

and weight loss ranging from 1 to 2 kg in patients with T2D 
have been reported with pramlintide.28 

GUIDELINE RECOMMENDATIONS FOR BODY 
WEIGHT MANAGEMENT IN TYPE 2 DIABETES
Overall, guidelines from the ADA and AACE/ACE are similar 

 TABLE   Type 2 diabetes therapies and their effects on body weight

Associated with weight gain Weight-neutral or modest weight  
decrease

Associated with weight loss 

Insulin (3.2-kg increase over 5 years16;  
4-kg increase over 10 years15)

MET (~2-kg reduction over 10 years20) GLP-1RA 
(~1- to 4-kg reduction over 26–52 weeks9,22)

SU (0.7-kg increase over 5 years16;  
1.7- to 2.6-kg increase over 10 years15)

DPP-4i (overall considered weight-
neutral22,23)

SGLT-2i (~2- to 4-kg reduction over 26–52 
weeks9,24)

TZD (3.1- to 4-kg increase over  
3–5 years16,17)

AGI (no effect25,26 or ≤1.2-kg reduction27) Amylin analog (~1- to 2-kg reduction over 
26–52 weeks28)

Abbreviations: AGI, alpha-glucosidase inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; MET, metformin; SGLT-2i, 
sodium-glucose cotransporter-2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione.
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in their approach to treatment of patients with T2D who are 
overweight or obese; however, there are several differences in 
the proposed treatment algorithms, as noted in the text that 
follows. 

Glycemic targets and treatment algorithms  
for improving glycemic control
ADA guidelines recommend a HbA

1c
 target of <7% for nonpreg-

nant adults with T2D or a HbA
1c

 target of <6.5% for those who 
can achieve this target without adverse effects or significant 
hypoglycemia.42 AACE/ACE guidelines suggest an optimal 
HbA

1c
 target of ≤6.5%; if this is not achievable without adverse 

outcomes (eg, in patients with concurrent serious illness at risk 
of hypoglycemia), higher targets should be employed.5 

The treatment algorithm in the 2018 ADA guidelines 
suggests 3 starting points for therapy (in addition to lifestyle 
modification), depending on HbA

1c
 at diagnosis: initiating 

metformin if HbA
1c

 is <9%; initiating dual therapy with met-
formin and another agent if HbA

1c
 is ≥9%; and moving directly 

to metformin plus insulin therapy if HbA
1c

 is ≥10%.19 If the 
target is not reached on monotherapy or dual therapy, one 
of the following treatment options can be considered: sulfo-
nylurea, SGLT-2 inhibitor, thiazolidinedione, GLP-1 recep-
tor agonist, DPP-4 inhibitor, or basal insulin. Rather than 
stating an order of preference for initiating the additional 
agents, ADA guidelines leave this to the physician to decide, 
based on drug-specific effects and patient factors, such as 
glucose-lowering efficacy, the individual’s risk of hypoglyce-
mia, effects on weight, cardiovascular effects, cost, preferred 
route of administration (oral or subcutaneous injection), and 
potential adverse effects.19

In the 2018 AACE/ACE guidelines, in addition to life-
style therapy, patients with HbA

1c
 <7.5% should be started 

on monotherapy; those with HbA
1c

 ≥7.5%, on dual or triple 
therapy; and those with HbA

1c
 >9% and with symptoms at 

entry, on insulin (with or without an additional agent). The 
2018 AACE/ACE guidelines state that the choice of thera-
pies should be individualized.5 However, in contrast to ADA 
guidelines, recommendations are given on the choice of 
therapeutic options, which are listed in hierarchical order 
based on strength of recommendations. Metformin is the 
preferred agent for initiating monotherapy.5 For dual ther-
apy, metformin should be used plus another agent, in the fol-
lowing order of preference: GLP-1 receptor agonist, SGLT-2 
inhibitor, DPP-4 inhibitor, thiazolidinedione, basal insu-
lin, colesevelam (a bile acid sequestrant), bromocriptine (a  
dopamine-receptor agonist), alpha-glucosidase inhibitor, 
and, last, sulfonylurea. Recommendations for triple therapy 
are similar, except that DPP-4 inhibitors come after basal 
insulin in order of preference.5 Caution is advised with regard 

to the use of thiazolidinediones, sulfonylureas, and basal 
insulin, due to their potential for adverse effects.5 

Recommended approaches for managing weight loss
Both ADA and AACE/ACE guidelines agree that weight 
loss management should be employed if patients are over-
weight or obese, due to the known benefits of weight reduc-
tion (eg, improved glycemic control, lipid levels, and blood  
pressure).4,5

The 2018 ADA recommendations for overweight or obese 
patients are as follows4: At each routine visit, BMI should 
be calculated. A BMI ≥25 to 29.9 is classified as overweight  
(≥23 to 27.4 for patients of Asian origin); a BMI above these 
levels is classified as obesity.43,44 All patients with BMI ≥25  
(≥23 for patients of Asian origin) who are ready to lose weight 
should receive advice on lifestyle modification, including 
dietary, behavioral, and physical exercise recommendations. 
Weight-loss medications may be considered for selected 
patients with BMI ≥27, and bariatric surgery may be consid-
ered for those with BMI ≥30 (27.5 for patients of Asian origin). 
Medications approved for weight loss include phentermine, 
orlistat, lorcaserin, phentermine/topiramate, naltrexone/
bupropion, and liraglutide 3 mg daily.4

AACE/ACE guidelines are slightly different from ADA 
guidelines; they propose a “complications-centric” model 
for weight management, in which weight-loss medications 
or surgery may be considered for patients with elevated 
BMI if additional complications (such as diabetes) are pres-
ent.5,45 Addition of weight-loss medication may be considered 
for patients with BMI ≥27 and complications, and for those 
with BMI ≥30 regardless of the presence of complications. 
Bariatric surgery can be used for adults with BMI ≥35 and 
comorbidities, particularly if therapeutic goals have not been 
reached using other treatments. 

Both ADA and AACE/ACE guidelines highlight that the 
choice of antidiabetic medications for patients with T2D 
should involve consideration of the effect of these agents on 
the patient’s weight (TABLE).4,5 From this perspective, thera-
pies that have a weight-neutral or weight-reducing effect 
(metformin, GLP-1 receptor agonists, SGLT-2 inhibitors, 
DPP-4 inhibitors, alpha-glucosidase inhibitors) are pre-
ferred over those that promote weight gain (sulfonylureas, 
insulin, thiazolidinediones).4,5,19 However, the physician 
should also consider the HbA

1C
 target: if this is not reached 

with metformin plus 2 other glucose-lowering agents, insu-
lin may need to be employed. The side-effect profiles of the 
chosen agents should also be considered.5,19 Recommenda-
tions for weight management in patients with T2D, based 
on the ADA and AACE/ACE guidelines, are summarized in 
the FIGURE. 
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CASE STUDY FOLLOW-UP
JB’s primary care physician should inform him that although 

metformin is weight-neutral, sulfonylureas are associated with 

weight gain. Because JB’s HbA1C level (7.6% at his most recent 

clinic appointment) has not met the target of ≤7.5% (accord-

ing to 2018 AACE/ACE guidelines), JB’s physician should con-

sider escalating him to triple therapy. The additional therapeutic 

agent should be one that is associated with weight loss, such 

as a GLP-1 receptor agonist or an SGLT-2 inhibitor. According 

to current guidelines, potential for side effects should also be 

considered. JB should therefore be advised to visit the clinic in  

3 months.

If triple therapy improves JB’s HbA1C level but does not lead 

to weight loss by the next clinic visit, weight-loss medication 

could also be considered. If triple therapy does not control the 

HbA1C level, JB remains at risk of microvascular and macrovas-

cular complications of diabetes; injectable insulin therapy should 

be considered.

Note: This is a hypothetical case study for educational purposes.

IMPLICATIONS FOR PRIMARY CARE
T2D remains a significant cause of morbidity and mortality in 
the United States. Most patients with T2D are overweight or 
obese, and a weight reduction of even 5% to 10% can have sig-
nificant health benefits, improving glycemic control, poten-
tially reducing the risk of cardiovascular events, and also 
reducing pressure on weight-bearing limbs. Primary care 

 FIGURE   Approaches for glycemic and weight control for patients with type 2 diabetes,  
based on ADA and AACE/ACE guidelines4,5,19,42

Abbreviations: AACE/ACE, American Association of Clinical Endocrinologists/American College of Endocrinology; ADA, American Diabetes Association; AGI, alpha-
glucosidase inhibitor; BG, blood glucose; BMI, body mass index; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist;  
HbA1C, glycated hemoglobin; MET, metformin; N/A, not applicable; SGLT-2i, sodium-glucose cotransporter-2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione.
aGoal <6.5% for patients without adverse treatment effects or significant hypoglycemia. 
bGoal >6.5% in cases of serious illness and at risk of hypoglycemia. 
cDepending on patient factors.  
BMI units are kg/m2. Lower BMI thresholds may be appropriate for some ethnicities (eg, patients of Asian origin).  
2018 ADA guidelines do not make recommendations about starting with triple therapy. 

Guideline:  ADA (2018) AACE/ACE (2018)

HbA1C goal: <7%a ≤6.5%b

                                                                                             All patients to receive lifestyle therapy 

Weight-loss program if BMI: ≥25 ≥25

Weight-loss medicationc if BMI: ≥27 ≥27

Bariatric surgeryc if BMI: ≥30 ≥35

Pharmacotherapy (if HbA1C goal not met with lifestyle therapy alone)

Monotherapy (MET)   Initiate if entry HbA1c: <9% <7.5%

If goal not met by 3 months, move to dual therapy

Dual therapy (MET + 1 agent)  Initiate if entry HbA1c: ≥9% ≥7.5%

If goal not met by 3 months, move to triple therapy

Triple therapy (MET + 2 agents)   Initiate if entry HbA1c: N/A >9% (without symptoms)

If goal not met by 3 months, move to insulin therapy

  Insulin therapy (MET and/or 1 agent)  Initiate if entry HbA1c: ≥10% (or BG 
≥300 mg/dl, or 
with symptoms)

>9% (with symptoms)

Order of preference 
(based on AACE/ACE 

recommendations) 
for additional agents 
for dual/triple therapy 
based on effects on 

body weight:

Weight loss: 
GLP-1RA 
SGLT-2i

Weight neutral: 
DPP-4i 

AGI

Weight gain: 
TZD 

Basal insulin 
SU
{
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physicians can play a key role both in counseling patients on 
the benefits of weight reduction and in helping them to find 
the best approach for them to lose weight. Physiological pro-
cesses that make the patient’s own body want to return to its 
maximal weight mean that it can be very difficult for a patient 
to sustain weight loss in the long term. Specific weight-loss 
medication and bariatric surgery should be considered in a 
minority of motivated patients if they are really struggling to 
keep the weight off. Although none of the agents approved for 
the management of blood glucose levels are indicated to help 
patients with T2D lose weight, several of the available agents 
are either weight-neutral or induce weight loss and should 
be considered when selecting the most appropriate manage-
ment strategy in overweight or obese patients with T2D.  l

REFERENCES
	 1. 	� Ginsberg HN, MacCallum PR. The obesity, metabolic syndrome, and type 2 diabetes 

mellitus pandemic: Part I. Increased cardiovascular disease risk and the importance of 
atherogenic dyslipidemia in persons with the metabolic syndrome and type 2 diabetes 
mellitus. J Cardiometab Syndr. 2009;4(2):113-119.

	 2. 	� Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular 
disease. Nature. 2006;444(7121):875-880.

	 3. 	� Kong AP, Luk AO, Chan JC. Detecting people at high risk of type 2 diabetes- How do 
we find them and who should be treated? Best Pract Res Clin Endocrinol Metab. 
2016;30(3):345-355.

	 4. 	� American Diabetes Association. 7. Obesity management for the treatment of type 2 
diabetes: standards of medical care in diabetes—2018. Diabetes Care. 2018;41(Suppl 1): 
S65-S72.

	 5. 	� Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American As-
sociation of Clinical Endocrinologists and American College of Endocrinology on the 
comprehensive type 2 diabetes management algorithm - 2018 executive summary. En-
docr Pract. 2018;24(1):91-120.

	 6. 	� Look AHEAD Research Group. Eight-year weight losses with an intensive lifestyle inter-
vention: the Look AHEAD study. Obesity (Silver Spring). 2014;22(1):5-13.

	 7. 	� Look AHEAD Research Group, Wing RR. Long-term effects of a lifestyle intervention on 
weight and cardiovascular risk factors in individuals with type 2 diabetes mellitus: four-
year results of the Look AHEAD trial. Arch Intern Med. 2010;170(17):1566-1575.

	 8. 	� MacLean PS, Bergouignan A, Cornier MA, Jackman MR. Biology’s response to dieting: 
the impetus for weight regain. Am J Physiol Regul Integr Comp Physiol. 2011;301(3): 
R581-R600.

	 9. 	� Van Gaal L, Scheen A. Weight management in type 2 diabetes: current and emerging 
approaches to treatment. Diabetes Care. 2015;38(6):1161-1172.

	 10. 	� Ness-Abramof R, Apovian CM. Drug-induced weight gain. Drugs Today (Barc). 
2005;41(8):547-555.

	 11. 	� Scheen AJ, De Hert MA. Abnormal glucose metabolism in patients treated with antipsy-
chotics. Diabetes Metab. 2007;33(3):169-175.

	 12. 	� Vinik AI, Nevoret ML, Casellini C, Parson H. Diabetic neuropathy. Endocrinol Metab 
Clin North Am. 2013;42(4):747-787.

	 13. 	� Boxall BW, Clark AL. Beta-blockers and weight change in patients with chronic heart 
failure. J Card Fail. 2012;18(3):233-237.

	 14. 	� Shi Z, Atlantis E, Taylor AW, et al. SSRI antidepressant use potentiates weight gain in the 
context of unhealthy lifestyles: results from a 4-year Australian follow-up study. BMJ 
Open. 2017;7(8):e016224.

	 15. 	� UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control 
with sulphonylureas or insulin compared with conventional treatment and risk of 
complications in patients with type 2 diabetes (UKPDS 33). Lancet. 1998;352(9131): 
837-853.

	 16. 	� van Dieren S, Czernichow S, Chalmers J, et al. Weight changes and their predictors 
amongst 11 140 patients with type 2 diabetes in the ADVANCE trial. Diabetes Obes 
Metab. 2012;14(5):464-469.

	 17. 	� ACTOS (pioglitazone hydrochloride) [package insert]. Deerfield, IL: Takeda Phar-
maceuticals America, Inc. 2011; www.accessdata.fda.gov/drugsatfda_docs/
label/2011/021073s043s044lbl.pdf. Accessed June 5, 2018.

	 18. 	� Meneghini L, Kesavadev J, Demissie M, Nazeri A, Hollander P. Once-daily initiation of 
basal insulin as add-on to metformin: a 26-week, randomized, treat-to-target trial com-
paring insulin detemir with insulin glargine in patients with type 2 diabetes. Diabetes 
Obes Metab. 2013;15(8):729-736.

	 19. 	� American Diabetes Association. 8. Pharmacologic approaches to glycemic treatment: 
standards of medical care in diabetes—2018. Diabetes Care. 2018;41(Suppl 1):S73-S85.

	 20. 	� Diabetes Prevention Program Research Group. Long-term safety, tolerability, and 
weight loss associated with metformin in the Diabetes Prevention Program Outcomes 
Study. Diabetes Care. 2012;35(4):731-737.

	 21. 	� Malin SK, Kashyap SR. Effects of metformin on weight loss: potential mechanisms. Curr 
Opin Endocrinol Diabetes Obes. 2014;21(5):323-329.

	 22. 	� Brunton S. GLP-1 receptor agonists vs. DPP-4 inhibitors for type 2 diabetes: is one 
approach more successful or preferable than the other? Int J Clin Pract. 2014;68(5): 
557-567.

	 23. 	� Dicker D. DPP-4 inhibitors: impact on glycemic control and cardiovascular risk factors. 
Diabetes Care. 2011;34(Suppl 2):S276-S278.

	 24. 	� Vivian EM. Sodium-glucose co-transporter 2 (SGLT2) inhibitors: a growing class of anti-
diabetic agents. Drugs Context. 2014;3:212264.

	 25. 	� Sugihara H, Nagao M, Harada T, et al. Comparison of three α-glucosidase inhibitors for 
glycemic control and bodyweight reduction in Japanese patients with obese type 2 dia-
betes. J Diabetes Investig. 2014;5(2):206-212.

	 26. 	� 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(1): 
154-163.

	 27. 	� Cai X, Han X, Luo Y, Ji L. Comparisons of the efficacy of alpha glucosidase inhibi-
tors on type 2 diabetes patients between Asian and Caucasian. PLoS One. 2013;8(11): 
e79421.

	 28. 	� Hoogwerf BJ, Doshi KB, Diab D. Pramlintide, the synthetic analogue of amylin: physiol-
ogy, pathophysiology, and effects on glycemic control, body weight, and selected bio-
markers of vascular risk. Vasc Health Risk Manag. 2008;4(2):355-362.

	 29. 	� Geloneze B, de Lima-Júnior JC, Velloso LA. Glucagon-like peptide-1 receptor agonists 
(GLP-1RAs) in the brain-adipocyte axis. Drugs. 2017;77(5):493-503.

	 30. 	� Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists: efficacy and 
safety in diabetes and beyond. Drugs Context. 2015;4:212283.

	 31. 	� Ozempic (semaglutide injection) [package insert]. Plainsboro, NJ: Novo Nordisk. 2017; 
www.novo-pi.com/ozempic.pdf. Accessed June 5, 2018.

	 32. 	� Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and cardiovascular out-
comes in type 2 diabetes. N Engl J Med. 2016;375(4):311-322.

	 33. 	� Secher A, Jelsing J, Baquero AF, et al. The arcuate nucleus mediates GLP-1 receptor ago-
nist liraglutide-dependent weight loss. J Clin Invest. 2014;124(10):4473-4488.

	 34. 	� Beiroa D, Imbernon M, Gallego R, et al. GLP-1 agonism stimulates brown adipose tis-
sue thermogenesis and browning through hypothalamic AMPK. Diabetes. 2014;63(10): 
3346-3358.

	 35. 	� Iepsen EW, Lundgren J, Dirksen C, et al. Treatment with a GLP-1 receptor agonist dimin-
ishes the decrease in free plasma leptin during maintenance of weight loss. Int J Obes 
(Lond). 2015;39(5):834-841.

	 36. 	� Saxenda (liraglutide injection) [package insert]. Plainsboro, NJ: Novo Nordisk. 2017; 
www.novo-pi.com/saxenda.pdf. Accessed June 5, 2018.

	 37. 	� Abdul-Ghani MA, Norton L, DeFronzo RA. Renal sodium-glucose cotransporter in-
hibition in the management of type 2 diabetes mellitus. Am J Physiol Renal Physiol. 
2015;309(11):F889-F900.

	 38. 	� Zhang XL, Zhu QQ, Chen YH, et al. Cardiovascular safety, long-term noncardiovascular 
safety, and efficacy of sodium-glucose cotransporter 2 inhibitors in patients with type 2 
diabetes mellitus: a systematic review and meta-analysis with trial sequential analysis.  
J Am Heart Assoc. 2018;7(2). pii:e007165. 

	 39. 	� Mahaffey KW, Neal B, Perkovic V, et al. Canagliflozin for primary and secondary preven-
tion of cardiovascular events: results from the CANVAS program (Canagliflozin Cardio-
vascular Assessment Study). Circulation. 2018;137(4):323-334.

	 40. 	� Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes, and 
mortality in type 2 diabetes. N Engl J Med. 2015;373(22):2117-2128.

	 41. 	� Ferrannini G, Hach T, Crowe S, et al. Energy balance after sodium-glucose cotransporter 
2 inhibition. Diabetes Care. 2015;38(9):1730-1735.

	 42. 	� American Diabetes Association. 6. Glycemic targets: standards of medical care in diabe-
tes—2018. Diabetes Care. 2018;41(Suppl 1):S55-S64.

	 43. 	� Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the man-
agement of overweight and obesity in adults: a report of the American College of Cardi-
ology/American Heart Association Task Force on Practice Guidelines and The Obesity 
Society. J Am Coll Cardiol. 2014;63(25 Pt B):2985-3023.

	 44. 	� WHO Expert Consultation. Appropriate body-mass index for Asian populations 
and its implications for policy and intervention strategies. Lancet. 2004;363(9403): 
157-163.

	 45. 	� Garvey WT, Mechanick JI, Brett EM, et al. American Association of Clinical Endocri-
nologists and American College of Endocrinology comprehensive clinical practice 
guidelines for medical care of patients with obesity. Endocr Pract. 2016;22(Suppl 3): 
1-203.


