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Abstract
Patients with type 2 diabetes, approximately 85% of whom are overweight or obese, often have an
increased incidence of cardiovascular disease (CVD) risk factors such as hypertension and
dyslipidemia. Both type 2 diabetes and obesity are independent risk factors for CVD. Unfortunately,
many therapies aimed at maintaining and improving glucose control are associated with weight gain.
Among the older antidiabetes agents, most, including the insulin secretagogues and sensitizers, can
lead to weight gain, except for metformin, which is weight-neutral. Among the newer agents, the
dipeptidyl peptidase-4 inhibitors generally are weight-neutral in addition to lowering glucose, while
the glucagon-like peptide–1 receptor agonists lead to weight reduction. Patients with type 2 diabetes
are at an increased risk for both diabetes-and CV-related outcomes, and weight reduction is an
important component of diabetes management. Weight gain in patients with type 2 diabetes can
contribute to patient frustration and may negatively impact their compliance to therapeutic regimens.
The selection of antidiabetes agents that not only improve glucose control but reduce or have a neutral
effect on weight with beneficial effects on lipids are ideal options for managing patients with type 2
diabetes.
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Introduction
Type 2 diabetes mellitus, the predominant form of diabetes, is a complex metabolic disorder
characterized by hyperglycemia and inextricably linked to both weight gain and cardiovascular
disease (CVD). Obesity, which is an independent CV risk factor in itself, is also a factor in the
recent increase of newly diagnosed diabetes.1 This review examines the impact of weight gain
on the motivation, compliance, and management of patients with type 2 diabetes. Additionally,
based on a systematic review of clinical studies, it will provide an overview on the effects of
currently approved and future therapies on weight in patients with type 2 diabetes.

Weight Gain/Obesity and CVD Risk in Type 2 Diabetes
According to the Centers for Disease Control and Prevention, 85% of patients with diabetes
(of which type 2 diabetes accounts for > 90%) are overweight or obese.2,3 The growing
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prevalence of excessive visceral obesity and CV risk factors is associated with the increased
incidence of type 2 diabetes and CVD.4,5 In fact, the term “diabesity” was coined several
decades ago to underscore the strong link between diabetes and obesity,6,7 which are both
associated with increased CV risk.8

The Framingham Heart Study showed that weight gain is independently associated with
increased CV risk, morbidity, and mortality.9 Weight gain over the 26-year follow-up, that
could not have resulted from initial patient weight or the levels of risk factors, was predictive
of CVD in both men and women.9 Estimates have shown that a 5-kg weight gain in a man can
increase coronary heart disease (CHD) risk as much as 30%.10 Data from the original and
offspring cohorts of the Framingham study showed a high lifetime risk of CVD in men and
women with diabetes, which was further increased by obesity. The 30-year risk of developing
CVD among patients who were obese and had diabetes was 78.8% in women and 86.9% in
men.8

A recent Swedish National Diabetes Register study showed that both overweight and obesity
independently increase the risk of CVD in patients with type 2 diabetes.11 Analysis of data
among overweight/obese type 2 diabetes patients who gained weight during the study showed
a 13% increased risk of fatal and nonfatal CHD per 1 unit increase in body mass index (BMI).

Glucose-Lowering, CVD, and Weight: Lessons From Recent Large-Scale
Trials

Hyperglycemia, due to type 2 diabetes, is an independent risk factor for CV morbidity and
mortality.12,13 The benefits of intensive glycemic control in reducing the risk of microvascular
complications have been demonstrated conclusively in several type 2 diabetes CV outcomes
studies.14,15 However, the effects of intensive glucose control on macrovascular
complications (eg, myocardial infarction, heart failure, stroke) is not as clearly understood.
15–17 Data from recently published Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified-Release Controlled Evaluation (ADVANCE)17 and Action to Control
Cardiovascular Risk in Diabetes (ACCORD)16 trials have shown inconsistent results
regarding the effect of intensive glucose lowering on macrovascular complications.16,17
Approximately one-third of the patients in these studies had concomitant CVD.16,17

While intensive glucose control (defined as the use of the modified-release sulfonylurea,
gliclazide, or other agents to achieve a hemoglobin AIC [Hb AIC] ≤ 6.5%) in the ADVANCE
study (which had a 5-year median follow-up) was associated with a reduced incidence of major
microvascular events and combined major microvascular and macrovascular events, there was
no statistically significant difference between groups in the incidence of major macrovascular
events, CV-related death, or all-cause mortality.17

In contrast, the ACCORD study found an increased risk of all-cause mortality in patients
randomized to intensive therapy (ie, target HbAlc of < 6%), resulting in early termination of
this study arm with a shift to standard therapy (ie, target HbAlc of 7%–7.9%) prior to the
scheduled end of the study.16 Intensive treatment, over a 3.5-year mean follow-up, was
associated with higher rates of CV death but a lower rate of nonfatal myocardial infarction,
which led to a nonsignificant decrease in the primary outcome after 3 years.

An analysis to explore the relationship between hypoglycemia and mortality outcomes in
ACCORD showed a statistically significant difference between the overall 1.22-fold increase
in mortality and the 0.52-fold adjusted mortality ratio in intensive therapy patients who had
severe hypoglycemia.18 However, since there was no systematic analysis or collection of low
glucose concentrations other than the severe hypoglycemia defined in the study, it was
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concluded that severe hypoglycemia was not related to the higher mortality. Patients in the
intensive treatment group also demonstrated a considerable increase in weight (27.8% gained
> 10 kg with a mean gain of 3.5 kg at 3 years). This increase in weight may be attributed to
the frequent use of thiazolidinediones (TZDs) (almost entirely rosiglitazone) and insulin.19 It
remains undetermined, however, whether the patients with large increases in weight
experienced higher rates of clinical events than patients with less weight gain.19

Reduction in Weight and CVD Risk Factors in Patients with Type 2 Diabetes
The Look AHEAD (Action for Health in Diabetes) study suggests that weight reduction in
patients with type 2 diabetes is related to improvement in type 2 diabetes and CVD risk factors.
One-year data showed that 37.8% of patients in the intensive lifestyle improvement (ILI) group
and 3.2% of patients in the diabetes support and education group lost > 10% of their initial
weight, with noninsulin users being more likely to achieve weight loss goals.20 The percentage
of participants in the ILI group who attained the American Diabetes Association (ADA)
HbAlc goal of < 7% increased from 46% to 73%. The decline in fasting serum glucose and
HbAlc occurred despite the fact that these patients decreased their use of glucose-lowering
medications. Additionally, there was a doubling in the percentage of patients in this group who
met the ADA target goals for blood pressure (BP) and lipids. Results from Look AHEAD
complement the data from the United Kingdom Prospective Diabetes Study (UKPDS) and the
Steno-2 study regarding the benefits of a multifactorial treatment approach (including control
of HbAlc, BP, and lipids).15,20–22

Current treatment guidelines highlight the importance of weight management for patients with
type 2 diabetes.23–26 A position statement from the ADA, in conjunction with the North
American Association for the Study of Obesity and the American Society for Clinical Nutrition,
recognizes that even a modest weight loss (5% of body weight) can lead to improvement in
insulin action, reduced fasting blood glucose concentrations, and decreased need for diabetes
medications.26

The ADA recommends that weight loss programs include reduced carbohydrate and fat intake,
increased physical activity, and lifestyle modifications.24,25 Patients with a BMI > 25 kg/m2

should try to reduce their BMI to ≤ 25 kg/m2. Patients with a BMI between 20 kg/m2 and 25
kg/m2 should maintain their present weight.27 Other specific recommendations include
limiting saturated fat intake to < 7% of total calories and minimizing trans-fat intake.
Carbohydrate intake should be monitored, and use of the glycemic index or glycemic load may
be considered.24 Patients should be encouraged to perform ≥ 150 minutes of moderate-to-
intense aerobic exercise and, in the absence of contraindications, resistance training 3 times
per week.25 Consideration should be given to weight loss medications (combined with lifestyle
modification) or bariatric surgery in overweight/obese patients in need of greater weight
reduction.24

Benefits of weight reduction in overweight/obese patients with type 2 diabetes have been
demonstrated in diet therapy and gastric banding studies. One study found that modest weight
reduction with very-low energy diets was associated with a decrease in fasting plasma glucose
(Figure 1), and significantly greater reductions correlated with increased weight loss.10 In
another study, weight loss was associated with long-term improvements in CV risk factors in
obese patients with type 2 diabetes who underwent laparoscopic gastric banding. One year
after surgery, patients demonstrated a 43% reduction in triglyceride, an 18% increase in high-
density lipoprotein cholesterol (HDL-C), improved BP control, and a reduced need for
antihypertensive medications.28 Dixon et al28 reported remission in diabetes in these patients
following weight loss via improved insulin sensitivity and β-cell function.
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Weight management is an ongoing challenge for patients with type 2 diabetes.29 Intensive
lifestyle management and weight loss have positive short-term effects on decreasing CV risk,
while nutritional education and counseling have low compliance rates, thus making long-term
effects difficult to achieve.30–32

Reviewing the Evidence: Weight, Motivation, Adherence, and Compliance in
Patients with Type 2 Diabetes

One of the factors related to the success of weight loss programs and the pharmacologic
management of type 2 diabetes is patient adherence and compliance.32 Many factors may affect
the degree of adherence and compliance, including demographic, psychological, social, health
care system, and disease-related factors. Knowledge of a patient’s disease and reasons for the
treatment regimen may be lacking; family problems or psychological disorders may affect the
patient’s ability to effectively manage their disease, or patients may become overwhelmed and
feel they do not have the ability to succeed.32

Diabetes is largely a self-managed and self-monitored disease requiring patient motivation for
successful health management.32 Therefore, the concept of patient compliance and adherence
should be considered as it pertains to this population and management model. While
compliance is described as the extent to which patients follow medical advice, adherence has
been defined as active and voluntary patient involvement and a collaborative relationship with
their provider to achieve disease management goals.

Motivation is an important tool in the management of patients with type 2 diabetes.33,34 Self-
care behaviors play a major role in diabetes control and may be negatively impacted by patient
apathy, which is characterized by lack of motivation and initiative.35 Motivated patients are
aware of the importance of taking their medication as directed to control their diabetes and to
prevent the onset of complications.34 A 12-month study showed that when patients with
diabetes perceived their physicians as being autonomy supportive, the patients became more
motivated to regulate their diet and exercise regimens, felt more compelled to manage their
diabetes, and had significant (P < 0.001) reductions in HbAlc.36 Williams et al37 also showed
that autonomy support of patients with diabetes by primary care physicians was related to
perceived competence, depressive symptoms, patient satisfaction, and glycemic control.
Results from recent research by Daly et al33 showed that family support, physician-patient
communication, diabetes knowledge, and motivation and confidence to manage diabetes were
keys to self-care behaviors for patients with type 2 diabetes.

It should also be considered that, while patients may not adhere to some aspects of their
regimen, they may adopt other components. For diabetes management to be successful and
patients to remain adherent, a collaborative care model, where patients are actively involved
in setting their goals based on their willingness to change, and ongoing support and motivation
are provided by the healthcare team, may be the best approach.32

The Diabetes Attitude, Wishes, and Needs (DAWN) study examined regimen adherence in
patients with diabetes and the effect of psychosocial barriers.38 Among patients with type 2
diabetes, there was a 78% rate of medication adherence and a 72% rate of appointment keeping;
however, adherence to diet and exercise was low (37% and 35%, respectively). Another study
found that persistency rates for type 2 diabetes patients taking oral antidiabetes medications
were approximately 68% at 1 year. Lack of adherence had a negative effect on outcomes with
the nonpersistent use of oral antidiabetes agents leading to a 20% decrease in probability of
attaining HbAlc goals in patients with type 2 diabetes.39
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Analysis of data from an open-label, randomized clinical trial showed no significant differences
in treatment satisfaction among patients with type 2 diabetes who received either biphasic or
basal insulin analogs.40 Most (81%) of the 197 patients who completed the treatment
satisfaction assessment did not change their weight status (normal, overweight, or obese), and
no significant relationship between change in BMI classification and treatment satisfaction
was found. However, there was a systematic improvement in treatment satisfaction across all
scores among the 14.5% of patients in whom BMI was reduced, although the only statistically
significant (P < 0.05) difference was in the lifestyle flexibility subscale.40

Sacco et al41 studied the impact of depression on the development and worsening of type 2
diabetes using the hypothesis that diabetes symptoms mediate the effect of behavioral
adherence and BMI on depression. Patients were assessed for depression using the Patient
Health Questionnaire: Nine Symptom Depression Checklist, and for self-efficacy by the diet,
exercise, and weight control items of the Multidimensional Diabetes Questionnaire self-
efficacy subscale (using a scale of 0 to 100, patients assess their confidence in following their
diet and exercise regimen). Results suggest there are 2 independent pathways by which BMI
and adherence could impact depression in patients with type 2 diabetes. The first pathway
suggests the effects of higher BMI and poor adherence are mediated by lower self-efficacy
perceptions, while the second pathway indicates that the effects of higher BMI on depression
are mediated by increased diabetes symptoms. While causality cannot be established, these
findings may help to explain why overweight/obese individuals with type 2 diabetes are
predisposed to experience weight-related negative, self-relevant cognition, medical symptoms,
and depression.41

Weight gain can contribute significantly to the frustration patients feel with their current
antidiabetes therapies and may contribute to early discontinuation or decreased adherence.
42,43 Many established antidiabetes regimens, including insulin secretagogues (eg,
sulfonylureas, meglitinides) and insulin sensitizers or insulin-sparing agents (eg, TZDs) are
associated with weight gain.6,44 The UKPDS showed that, during the first 12 months of
therapy, intensive treatment regimens resulted in better glucose control than conventional
interventions, but were associated with significantly (P < 0.0001) greater increases in weight.
15,42 Patients may not want to take medications knowing there is a potential for weight gain
to begin therapy as they are concerned about the adverse effects.42,43 The initiation of
appropriate therapies, such as insulin, may be delayed due to patient fear of weight gain; this
may lead to noncompliance while the patient is receiving therapy, leading to poor glucose
control.

In patients with type 2 diabetes, weight loss has been associated with improvements in sleep,
mental health, appearance evaluation, and health-related quality of life, which demonstrate
improved psychosocial health.28 Results from a patient-reported outcomes study suggested
that the increased efficacy, and potential for weight reduction, provided by the addition of
injectable medications to patients inadequately controlled on oral agents may lead to improved
patient outcomes including treatment satisfaction and quality of life.45 These improvements,
which have the potential to motivate patients and improve the persistency of therapy, indicate
an important place in therapy for effective antidiabetes agents with weight-neutral or weight-
reducing effects.6

Reviewing the Evidence: Effects of Antidiabetes Agents on HbAlc, Weight,
and Lipids

A literature search was conducted for primary studies on the antidiabetes agents glimepiride,
metformin, acarbose, pioglitazone, rosiglitazone, repaglinide, nateglinide, and sitagliptin (all
oral), and insulin glargine, insulin aspart, insulin detemir, pramlintide, exenatide, and
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liraglutide (all parenteral) to specifically examine the effects of antidiabetes therapies on weight
in patients with type 2 diabetes. Dates were generally limited to 2005 through 2008 (except
for an extension to 2004 in the case of the meglitinides repaglinide and nateglinide for lack of
better data using the original search timeframe). Head-to-head studies and/or monotherapy
studies were preferred as appropriate, and keywords focused on the generic names of the agents
(which were either approved by the US Food and Drug Administration or already had a new
drug application filing at the time of the writing of this review) and “weight.” The comparison
focused on data related to HbAlc, weight effects, and lipids. Findings related to HbAlc, weight,
and lipids among the oral antidiabetes agents are summarized in Table 1,46–61 corresponding
data with parenteral therapies are outlined in Table 2.47,48,52,57,62–78

Findings in the data review of newer agents and their effects on weight and other CV risk
parameters are consistent with and confirm findings from previous reports. Most antidiabetes
agents result in weight gain or are weight-neutral despite attempts at lifestyle and diet
modification interventions.44 In a 2003 literature review of the effects of antidiabetes agents
on weight, insulin, sulfonylureas, and TZDs were associated with increases in BMI and weight
gain while biguanides, such as metformin, and α-glucosidase inhibitors, such as acarbose, had
a weight-neutral effect.44

A recently published review of newer classes of oral/injectable antidiabetes agents, including
the dipeptidyl peptidase–4 (DPP-4) inhibitors, as monotherapy or in combination, reported this
class of agents to be weight-neutral and to have no effects on lipid profiles.79 In a review by
Bolen et al,80 findings confirm that the majority of available oral antidiabetes agents cause a
weight increase of 1 to 5 kg, with the exception of metformin, which does not affect weight in
either direction. In addition, effects on lipids were compared with TZDs increasing low-density
lipoprotein cholesterol (LDL-C), as well as HDL-C. Metformin has been found to decrease
LDL-C while the other agents had no significant effect on LDL-C.80 Rosiglitazone was the
only oral agent shown to increase triglycerides.80

The current review expands on the findings of previous studies and provides new insights by
including additional data from trials of the newer antidiabetes agents, such as incretin-based
therapies—the parenterally administered (ie, subcutaneously) glucagon-like peptide–1 (GLP-
I) receptor agonists and the oral DPP-4 inhibitors. Increases in body weight were greatest
among patients treated with pioglitazone, rosiglitazone, and insulin glargine. Consistent with
the findings of earlier studies, including studies in which these drugs were used as add-on
therapy,58,81 the DPP-4 inhibitors (ie, sitagliptin) were found to be generally weight-neutral.
The largest reduction in body weight from a therapy prescribed to manage hyperglycemia in
patients with type 2 diabetes was seen with the GLP-I receptor agonists (eg, exenatide produced
weight reductions ranging from −1.6 kg at 12 weeks to −5.3 kg at 3.5 years).71

Exenatide may be helpful in patients with the metabolic syndrome because of its effects on
glycemic control and other surrogates of CV risk, including weight, BP, and lipids.82 The
effects of long-term exenatide therapy on diabetes, obesity, CV risk factors, and hepatic
markers were assessed in an open-ended, open-label clinical trial in patients with type 2
diabetes,71 All patients received exenatide 10 µg twice daily for ≥ 3 years. Patients
demonstrated significant reductions in HbAlc and fasting glucose as early as week 12 and these
were sustained throughout the study. In patients who completed 3 years of therapy, HbAlc was
significantly (P < 0.0001) reduced by −1% (46% of patients had an HbAlc ≤ 7%), and fasting
plasma glucose was reduced by −23.5 mg/dL. For patients who continued therapy, exenatide
was associated with a significant and progressive reduction in weight (Figure 2): −1.6 kg at 12
weeks, −2.1 kg at 30 weeks, −4.7 kg at 2 years, and up to −5.3 kg at 3.5 years (P < 0.0001).
71 A total of 84% of patients lost weight over the 3-year follow-up and 50% lost ≥ 5% of
baseline body weight.
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There are other advances in incretin-based therapies. The DPP-4 inhibitor vildagliptin is
approved for use in the European Union and Latin America. Other DPP-4 inhibitors under
development or being investigated include alogliptin and saxagliptin.83 Among the GLP-I
receptor agonists, a new once-weekly formulation of the currently approved agent exenatide
is being investigated in phase III clinical trials, as is liraglutide, an agent which is projected to
be administered once daily.83 To date, there have been several published studies for both once-
weekly exenatide63,65,70 and once-daily liraglutide (Table 2).48,52,72,75,76,78

Integrated Approach to Antihyperglycemic and CV Risk Factor Management
in Type 2 Diabetes

According to data from the National Health and Nutrition Examination Survey (NHANES)
between 1993 and 2004, only approximately 13% of adult US patients with diagnosed diabetes
achieved target goals for HbAlc, BP, and lipids concurrently. The majority of these patients
were overweight or obese.2,84 Unfortunately, most of the traditional hypoglycemic agents for
patients with type 2 diabetes are associated with weight gain.44 Weight gain can lead to
therapeutic noncompliance and, when extreme, further increase CV risk in a population that
already has increased potential for adverse events.30 An open-label study to assess treatment
satisfaction was conducted in patients not reaching glycemic targets with insulin who were
given adjunctive pramlintide. Treatment satisfaction was highest in patients who reported
better clinical outcomes, including improved glycemic control, weight loss, and reduced insulin
requirements.85

The comprehensive and goal-oriented management of type 2 diabetes and associated CV risk
factors is warranted. When selecting treatment regimens, the focus should not be solely on
glucose-lowering effects but also on nonglycemic factors such as weight and other CV risk
factors, as well as ease of use, tolerability, and long-term adherence.30 Although lifestyle
interventions themselves have failed to show long-term success, lifestyle changes, including
increased physical activity and weight reduction, should be part of the management program
of patients with type 2 diabetes and reinforced every visit.24,30 The incorporation of appropriate
therapies to improve risk factors for diabetes and CV-related events should enhance clinical
outcomes of patients with type 2 diabetes.30,86 Given that weight management is an important
part of treating patients with type 2 diabetes and given the challenges these patients face in
reducing and/or maintaining their weight, agents, such as incretin-based therapies, that can
provide beneficial effects on both glucose and weight, represent an important addition to the
antidiabetes armamentarium.24,82

Conclusion
Weight reduction remains a significant challenge in patients with type 2 diabetes, the majority
of whom are overweight or obese. Additionally, weight gain associated with antidiabetes
medications may increase CV risk and reduce adherence to therapy. Weight loss has been
associated with improvements in mental health, self-evaluation of appearance, and health-
related quality of life in patients with type 2 diabetes, as well as correlated with patient-reported
treatment satisfaction. Patient motivation coupled with safe and effective treatment is critical
to achieving optimal management of type 2 diabetes.

Appreciating the different effects that antidiabetes agents have on HbAlc, weight, and lipids
can lead to better agent selection and potentially improved clinical outcomes. In the literature
reviewed, antidiabetes medications were associated with varying effects on weight and other
CV risk factors. Given the increased focus on the importance of weight loss in patients with
type 2 diabetes, the selection of regimens that not only improve glucose control but have
weight-reducing effects (ie, GLP-I receptor agonists), or are at least weight-neutral (ie, DPP-4
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inhibitors) may be the best approach to treatment. Therapies that lead to weight reduction in
addition to effective glucose lowering may motivate patients with diabetes to remain compliant
to their therapies and consequently improve their CV risk profiles.
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Figure 1.
Effects of weight loss (with very low-energy diets) on fasting plasma glucose in patients with
obesity and type 2 diabetes mellitus.
Values (with SEM bars) are expressed as percentages of baseline values. Baseline fasting
plasma glucose values were 14 mmol/L (95% confidence interval, 12–15.9 mmol/L).
Mean values from 10 studies including 152 subjects.
Reprinted with permission from J Am Coll Nutrition.10

Abbreviation: SEM, standard error of the mean.
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Figure 2.
Progressive reductions in weight from baseline (P < 0.0001) in patients with type 2 diabetes
treated with exenatide 10 µg twice daily.
Abbreviation: CI, confidence interval.
Reprinted with permission from Curr Med Res Opin.71
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