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Abstract

Objective—Recent advances in lifestyle intervention programs, pharmacotherapy, and bariatric

surgery have enabled the development of medical models for the treatment of obesity. Regarding

pharmacotherapy, in 2012 the U.S. Food and Drug Administration approved two new effective

and safe weight-loss medications, phentermine/topiramate extended release and lorcaserin, which

has greatly augmented options for medically assisted weight loss.

Methods—The rationale for advantages of a complications-centric medical model over current

body mass index (BMI)-centric indications for therapy is examined.

Results—Currently, the baseline BMI level is the principle determinant of indications for obesity

treatment using medication and surgery. However, the BMI-centric approach fails to target

therapy to those obese patients who will benefit most from weight loss. In contrast, a

complications-centric medical model is proposed that will earmark the modality and intensity of

the therapeutic intervention based on the presence and severity of complications that can be

ameliorated by weight loss.

Conclusion—The complications-centric approach to “medicalizing” obesity care employs

weight loss primarily as a tool to treat obesity-related complications and promotes the

optimization of health outcomes, the benefit/risk ratio, and the cost-effectiveness of therapy.

INTRODUCTION

Obesity is a disease with genetic, environmental, and behavioral determinants that confers

increased morbidity and mortality (1). Obesity prevalence rates began to sharply increase

approximately 3 decades ago, and obesity has emerged as a critical public health crisis

worldwide. Currently, in the United States, 35% of the adult population is obese (body mass

index [BMI] ≥30 kg/m2), and an additional ~35% of the population is overweight (BMI of

25 to 29.9 kg/m2) (2). Obesity adversely affects mortality, morbidity, and quality of life
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(3,4) as a consequence of its complications. Foremost among obesity-related complications

in terms of the public health burden are those that relate to cardiometabolic disease, which

encompasses metabolic syndrome, prediabetes, type 2 diabetes mellitus (T2DM), and

cardiovascular disease (CVD) (5,6).

Therapy for obesity has included lifestyle modification and bariatric surgery, whereas

pharmacologic options have been relatively limited (4). Phentermine (and several other

sympathomimetic drugs) suppress appetite by increasing neuronal release of norepinephrine

and are approved for short-term therapy (<3 months), which does not address treatment of

obesity as a life-long disease (7,8). Orlistat is approved for long-term therapy and is an

intraluminal gastrointestinal lipase inhibitor that promotes weight loss by inducing fat

malabsorption (9). Sibutramine, a serotonin-norepinephrine re-uptake inhibitor, had been

available but was withdrawn from the market in 2010 after the Sibutramine Cardiovascular

Outcomes Trial (10) showed an increase in composite CVD events in patients with

preexisting vascular disease. These medical options are or were modestly effective. In the

summer of 2012, however, the U.S. Food and Drug Administration (FDA) approved two

new medications for treatment of overweight (BMI ≥27 and <30 kg/m2) patients with

comorbidities such as diabetes, hypertension, and dyslipidemia and for treatment of obesity

(BMI ≥30 kg/m2) regardless of whether comorbidities are present or not. These medications,

phentermine/topiramate extended release (ER) (Qsymia®) and lorcaserin (Belviq®), are

indicated as adjuncts to lifestyle modification (11) and are described below in more detail.

Currently available weight loss medications are listed in Table 1.

The future holds great promise for additional weight-loss drugs. Phase III trials have been

completed for two other mediations seeking an obesity indication: naltrexone/buproprion

(12) and high-dose liraglutide (13). Furthermore, there have been substantial advances in our

understanding of the molecular mechanisms that regulate energy balance since the discovery

of leptin in 1994, resulting in the identification of multiple targets for new drugs.

Development has included: (1) mimetics or antagonists of peripheral signals that provide

input to the arcuate nucleus of the hypothalamus and register systemic fuel storage/

availability; these signals can originate from adipose tissue (leptin), the pancreas (amylin,

insulin), stomach (gherlin), upper intestine (cholecystokinin), lower intestine (peptide YY),

and colon (glucagon-like peptide-1); (2) drugs that act directly in the hypothalamus to either

inhibit orexigenic (neuropeptide Y receptor antagonists) or stimulate anorexigenic pathways

(serotonin receptor agonists, opioid receptor antagonists); and (3) drugs that act on

ascending pathways and higher cortical centers controlling appetite (melanin-concentrating

hormone-1R antagonists). Thus, not only have the recently approved drugs greatly enhanced

options for pharmacotherapy, but we can anticipate that additional safe and effective

medications will become available over time for the treatment of obesity.

These exciting developments in pharmacotherapy have been accompanied by the evolution

of effective lifestyle intervention programs for weight loss as well as options for bariatric

surgery. Clinical trials have established that diet and exercise can be used to produce and

sustain weight loss, leading to prevention and treatment of diabetes and improvements in

cardiovascular risk factors (14–16). Principles embodied in these clinical trials have been

translated into community-based programs for weight loss (17) and have been incorporated
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into effective structured treatment programs that can be remote or web-based (18), offered

commercially (19,20), or used in multidisciplinary clinic-based programs (21). In addition,

bariatric surgical approaches have been developed and refined, together with pre- and

postoperative care practices, which have expanded options and enhanced outcomes (22–24).

Thus, there have been advancements in all three treatment modalities for obesity.

In summary, the recently approved weight-loss medications have greatly enhanced

capabilities for pharmacotherapy, and this has been accompanied by advances in lifestyle

therapy and bariatric surgery. These expanded options in all three modalities of obesity

treatment can be utilized to produce a broad range of weight loss in patients and have

enabled the development of robust medical models for obesity treatment. As described

below, the medical model that will achieve good patient outcomes with optimal benefit/risk

ratio and cost-effectiveness will involve a complications-centric as opposed to a BMI-centric

approach.

RECENTLY APPROVED WEIGHT-LOSS MEDICATIONS

Table 2 documents the relative efficacy of weight-loss medications in published clinical

trials. In each instance, all patients were placed on a lifestyle intervention program and

randomized to drug versus placebo. In the absence of head-to-head studies, the table

highlights values for placebo-subtracted weight loss as the parameter that best reflects

differences in drug-assisted weight loss.

Phentermine/Topiramate ER

Phentermine/topiramate ER is an oral combination of immediate-release phentermine

hydrochloride and ER topiramate (25). Phentermine is a sympathomimetic amine anorectic

agent approved in 1959 for the short-term treatment of obesity at a dose of 30 mg (free base)

by mouth once a day. Topiramate is a sulfamate-substituted monosaccharide approved in

1996 as an anti-epileptic agent and for the prophylaxis of migraine headaches at doses up to

400 mg by mouth once a day. Topiramate promotes satiety and has been associated with

modest weight reduction. Although the drug augments gabaminergic transmission, inhibits

α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor/kainite excitatory

glutamate receptors and has carbonic anhydrase activity, the mechanism by which

topiramate causes weight loss is unknown. Phentermine/topiramate ER combines lower

doses of phentermine and an ER form of topiramate in a once-daily pill to achieve

synergism with respect to weight loss at lower adverse event rates when compared with

higher doses of these individual medications (25).

Phentermine/topiramate ER was approved by the FDA in July 2012 for treatment of obesity

(BMI ≥30 kg/m2) and overweight with complications (BMI of 27 to 29.9 kg/m2). Treatment

begins with an initiation dose of phentermine/topiramate ER of 3.75 mg/23 mg for 2 weeks,

followed by escalation to the treatment dose of phentermine/topiramate ER of 7.5 mg/46

mg. If weight loss has not reached 3% after 12 weeks, phentermine/topiramate ER should be

discontinued or escalated to the top dose of 15 mg/92 mg. In clinical trials, both the

treatment dose and top dose produced significantly more weight loss than the top dose of

either phentermine (15 mg) or topiramate (92 mg) given alone (26).
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The efficacy and safety of phentermine/topiramate ER was demonstrated in three large,

phase III trials: EQUIP (27), CONQUER (28), and the CONQUER extension study known

as SEQUEL (29). In the EQUIP trial, obese patients (BMI ≥35 kg/m2; mean BMI of 42

kg/m2) were all placed on a lifestyle intervention program and randomized to phentermine/

topiramate ER 3.75 mg/23 mg, 15 mg/92 mg, or placebo. After 1 year, patients in the

placebo group had lost an average of 1.6% (1.9 kg) of their baseline body weight compared

to 5.1% (6.0 kg) in the 3.75 mg/23 mg group and 10.9% (12.6 kg) in patients randomized to

the 15 mg/92 mg group (27). The CONQUER study enrolled overweight and obese patients

(BMI of 27 to 45 kg/m2; mean BMI of 36.6 kg/m2) who had at least two other comorbidities

(hypertension, dyslipidemia, prediabetes, or T2DM treated with diet and/or single-agent

metformin). Patients were placed on a lifestyle intervention program and actively managed

to standard targets for glycemia, blood pressure, and lipids and randomized to phentermine/

topiramate ER 7.5 mg/46 mg, 15 mg/92 mg, or placebo. After 1 year, patients in the placebo

group lost 1.2% (1.4 kg) of baseline body weight, and those in the lower- and higher-dose

phentermine/topiramate groups lost 7.8% (8.1 kg) and 9.8% (10.2 kg), respectively (28). In

the SEQUEL trial, patients who had been enrolled in the CONQUER study continued their

blinded study regimen for an additional 52 weeks. The weight loss was sustained over the 2-

year period; at study end, weight had decreased 9.3% (9.6 kg) and 10.5% (10.9 kg) from

baseline in the phentermine/topiramate ER 7.5 mg/46 mg and 15 mg/92 mg groups,

respectively, compared with a loss of 1.8% (2.1 kg) in the placebo group (29).

When compared with the lifestyle intervention plus placebo control group, the amount of

weight loss produced by phentermine/topiramate ER in these trials was associated with

improvements in insulin sensitivity (lower fasting glucose and insulin levels), a profound

effect to prevent progression to diabetes in patients with metabolic syndrome or prediabetes

at baseline, lower blood pressure and reduce the need for antihypertensive agents in patients

with hypertension, lower hemoglobin A1c (HbA1c) values with reduced need for diabetes

medications in actively managed patients with T2DM, improvements in dyslipidemia (lower

triglycerides and higher high-density-lipoprotein cholesterol [HDL-c]), a dramatic reduction

in the apnea-hypopnea index in patients with obstructive sleep apnea, and improvements in

cardiovascular risk biomarkers (C-reactive protein [CRP], fibrinogen, adiponectin) (27–33).

In a phase II study involving actively managed patients with chronic T2DM, weight loss

associated with phentermine/topiramate ER lowered HbA1c from a baseline of 8.8 to 7.2%,

concomitant with net reductions in the doses and number of diabetes medications, compared

with a decrease from 8.6 to 7.4% in the placebo group, which required net increments in

diabetes medications (33).

Lorcaserin

Lorcaserin is a selective serotonin 5-hydroxytryptamine receptor 2C receptor agonist that

acts centrally to promote weight loss by reducing food intake and promoting satiety.

Lorcaserin was approved for treatment of obesity (BMI ≥30 kg/m2) and overweight with

complications (BMI of 27 to 29.9 kg/m2) in June 2012 and is administered at a dose of 10

mg orally twice a day (BID) as an adjunct to lifestyle intervention therapy. After 12 weeks

on treatment, if the patient has not lost ≥5% of baseline body weight, lorcaserin should be

discontinued. The efficacy and safety of lorcaserin were evaluated in three separate
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randomized, double-blind, placebo-controlled phase III trials. In the 1-year Behavior

Modification and Lorcaserin Second Study for Obesity Management (BLOSSOM) Study

(34) and in the 2-year Behavior Modification and Lorcaserin for Overweight and Obesity

Management (BLOOM) trial (35), patients with BMI ≥30 to ≤45 kg/m2 or BMI ≥27 to ≤45

kg/m2 and ≥1 weight-related comorbidity were placed on a lifestyle intervention program

and randomized to receive placebo or lorcaserin 10 mg BID. After 1 year, placebo- and

lorcaserin-treated patients lost 2.8% (2.9 kg) and 5.8% (5.8 kg) of their baseline weight,

respectively, in the BLOSSOM trial, and 2.2% (2.2 kg) and 5.8% (5.8 kg), respectively, in

the BLOOM trial. In the BLOOM trial, at the end of year 1, lorcaserin-treated patients were

rerandomized to either placebo or continuation on the drug for the second year of the study.

By the end of year 2, patients rerandomized to placebo gained weight to the level of patients

treated throughout with lifestyle intervention alone, and there was slight weight regain in the

lorcaserin-treated patients, such that weight loss from baseline was 5.5% (5.6 kg), compared

with 2.4% (2.4 kg) in placebo-treated patients. In the third phase III trial, BLOOM-DM (36),

overweight or obese subjects (BMI ≥27 to ≤45 kg/m2) with T2DM treated with metformin, a

sulfonylurea, or both, were randomized to placebo, lorcaserin 10 mg every day, or lorcaserin

10 mg BID, and the patients were then followed for 1 year. All subjects were managed to

standard of care for their respective comorbidities, including T2DM, and received dietary

and lifestyle counseling. Weight loss from baseline was 4.5% (4.7 kg) in patients treated

with lorcaserin 10 mg BID and 1.5% (1.6 kg) in the diabetics randomized to the lifestyle

intervention and placebo groups.

Lorcaserin-assisted weight loss led to improvements in cardiometabolic disease when

compared with placebo. In the BLOOM trial, lorcaserin improved glycemia and insulin

sensitivity (fasting glucose and insulin), lipids (total and low-density-lipoprotein cholesterol,

triglycerides), blood pressure, and CVD biomarkers (CRP, fibrinogen), although there was

partial deterioration in glycemia and lipids with weight regain in the second year (35). In the

BLOSSOM trial, patients receiving lorcaserin experienced a decrease in triglycerides but no

significant improvements in glycemia or blood pressure (34). In the BLOOM-DM study,

lorcaserin lowered HbA1c from a baseline of 8.1 to 7.2%, compared with a decrease from

8.0 to 7.6% in the placebo group, despite the fact that significantly more lorcaserin-treated

patients were able to decrease diabetes medications (36).

BMI-CENTRIC MODEL AND ITS LIMITATIONS

The recent approval of safe and effective weight-loss medications, together with advances in

lifestyle therapy and bariatric surgery, have provided clinicians with expanded therapeutic

options and enabled the evolution of algorithms for the “medicalization” of obesity

management. Ideally, medical models would identify those patients who would most benefit

from the various treatment options in an evidence-based approach that optimizes the benefit/

risk ratio and patient outcomes in a cost-effective manner. Because pharmacotherapy and

surgery entail risk, these therapies would be initiated and intensified as a function of disease

severity, comorbidities, and mortality risk. The current prevailing model for obesity

management is BMI-centric, as typified by the National Heart, Lung, and Blood Institute

Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and

Obesity in Adults (7). In this algorithm, it is the presenting BMI value that largely dictates
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indications for medical and surgical interventions, as exemplified by all patients with a BMI

≥30 kg/m2 being candidates for pharmacotherapy and those with a BMI ≥40 kg/m2 being

eligible for bariatric surgery. These guidelines are reflected in the FDA-approved

prescribing information for phentermine/topiramate ER and lorcaserin, which are indicated

in all patients with a BMI ≥30 kg/m2 (11). At these BMI levels, medical and surgical

therapies are indicated, without reference to the presence or absence of obesity

complications.

Several salient considerations point to the inadequacy of a BMI-centric model. First, due to

considerations of safety and cost, it is neither desirable nor feasible to treat all overweight

and obese patients with medical or surgical therapy, which is underscored by the fact that

this encompasses 70% of U.S. adults (2). Any intervention entails risk, and medical and

surgical treatments should be targeted to those patients who will derive the greatest benefits

from the intervention and not necessarily everyone above a certain baseline BMI level.

Second, treatment should not be based solely on the reduction in fat mass for a primary

cosmetic outcome. The degree of weight loss that can predictably be achieved with medical,

lifestyle, and surgical therapies will not achieve ideal body weight in the vast majority of

patients. An average weight loss of ~10%, achievable with the new weight-loss drugs, will

not suffice cosmetically or even bring many patients below the BMI threshold for obesity

(i.e., BMI <30 kg/m2); however, this degree of weight loss is sufficient to exert powerful

benefits regarding obesity complications. This brings us to the third point, which is that

moderate weight loss (~10%) is sufficient to lower fasting glucose and insulin, enhance

insulin sensitivity, reduce blood pressure, lower triglycerides, raise HDL-c, decrease levels

of hepatic transaminases, prevent progression to diabetes, lower HbA1c in patients with

T2DM while at the same time reducing the requirements for diabetes medications, and

improve biomarkers of cardiovascular risk, such as CRP, fibrinogen, and adiponectin

(4,9,12–16,25,27–36). In patients with T2DM, weight loss of ~10% can improve control of

glycemia and blood pressure, concomitant with reductions in the dose and number of

diabetes and hypertension medications (15,25,29,30,36,37). Also, in patients with severe

obstructive sleep apnea, weight loss from diet (38) or phentermine/topiramate ER (31) can

markedly reduce the apnea-hypopnea index. Clearly, weight loss can be used to promote the

health of individuals by ameliorating obesity complications. The final point is that not all

patients with obesity have complications. Up to 30% of patients with obesity have been

observed to be insulin sensitive without cardiometabolic disease and thus may not progress

to diabetes or CVD (39,40). In all these aspects, a BMI-centric approach to obesity

management does not discriminate between obese patients with and without complications

and fails to identify those patients who will benefit most from weight-loss therapy.

A COMPLICATIONS-CENTRIC MODEL FOR OBESITY TREATMENT

In the general approach to the overweight/obese patient, clinicians must identify those who

will benefit most from therapy, establish therapeutic targets and goals, and identify the

modality and intensity of treatment in order to optimize the benefit/risk ratio and achieve the

best outcomes for patients. As alluded to above, the patients that will benefit most from

treatment have obesity-related complications that can be ameliorated by weight loss. A
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complications-centric medical model, rather than a BMI-centric model, is more rationally

designed to achieve these goals.

As shown in Figure 1, patients are evaluated for the presence and severity of complications

in step 1. The comorbidities of obesity can be classified into two general categories, namely,

those that relate to insulin resistance and cardiometabolic disease and those that relate to the

mechanical or functional consequences of excess body weight. Not all patients with obesity

have cardiometabolic disease or mechanical complications; therefore, the first step in a

complications-centric approach is to evaluate the patient for the presence and severity of

obesity complications in order to develop an appropriate therapeutic strategy. In patients

with cardiometabolic disease or risk factors, the objective of weight-loss therapy is to reduce

the risk of future T2DM and CVD and to treat patients with overt diabetes and hypertension.

This includes insulin-resistant patients with traits that comprise the diagnosis of metabolic

syndrome (elevated waist circumference, fasting glucose, blood pressure, and triglycerides,

and low HDL-c), patients with prediabetes, and those who have progressed to type 2

diabetes or CVD. The clinician should evaluate patients for metabolic syndrome (41) and

prediabetes (42), as this effectively identifies individuals at high risk of future diabetes and

CVD. However, metabolic syndrome and prediabetes have high specificity but low

sensitivity for identifying patients with insulin resistance and cardiometabolic disease

(43,44), and these entities alone will not identify significant proportions of at-risk patients.

Various indices using information from history and physical examination (45–49) or

commercial products that employ clinical laboratory assays (50–53) can also be used to

stage risk in insulin-resistant patients, whether or not they meet the diagnostic criteria for

metabolic syndrome or prediabetes. The initial evaluation should also screen for other

disease entities that will be affected by weight loss, including nonalcoholic fatty liver

disease and sleep apnea. Finally, obese patients should be evaluated for mechanical

complications, such as problematic degenerative joint disease, gastroesophageal reflux,

stress incontinence, and immobility/disability.

There are two paradigms that have been developed for staging the severity of obesity-

associated comorbidities that can be used to guide the modality and intensity of therapy. The

Edmonton Obesity Staging System incorporates an assessment of cardiometabolic disease,

psychological issues, and mechanical complications (54,55). The Edmonton system features

5 stages, beginning with the metabolically healthy obese (stage 0) and progressing to stage

1, which includes all patients with insulin resistance, prediabetes, metabolic syndrome, and

mild functional impairment. Stage 2 patients have diabetes and/or moderate functional

impairment, whereas stage 3 patients have CVD events and severe functional impairment.

Stage 4 patients are determined to be “end-stage” regarding both cardiometabolic disease

and functional status. The staging system has been shown to discriminate increasing risk for

all-cause mortality using National Health and Nutrition Examination Survey (NHANES)

data (55). We have proposed a second paradigm, Cardiometabolic Disease Staging (CMDS)

(56), as shown in Fig. 2. The 5 stages of CMDS were constructed based on established

physiologic and epidemiologic observations, which take into account: (1) the presence of the

metabolically healthy obese (stage 0) (39,55–57); (2) the fact that patients with one or two

risk factors are at increased risk of diabetes and CVD (58–60), even if they do not meet the
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criteria for metabolic syndrome or prediabetes (stage 1); (3) the documented risk conferred

by the isolated presence of metabolic syndrome or impaired fasting glucose or impaired

glucose tolerance (stage 3) (41,42); (4) the augmented risk of diabetes and CVD in patients

with both metabolic syndrome and prediabetes (59–61) (stage 3); and (5) the observation

that T2DM is a CVD risk equivalent (62) (stage 4). Advancement from CMDS stage 0 to 4

was validated to predict increasing risk of diabetes, based upon data from the national

Coronary Artery Risk Development in Young Adults study cohort, and was validated to

predict the risk of all-cause and CVD mortality based upon NHANES data (56). The CMDS

is a more granular differentiation of risk for all-cause mortality as well as risk for future

diabetes and CVD mortality, as all patients in CMDS stages 1, 2, and 3 would fall into stage

1 in the Edmonton system. Thus, CMDS utilizes information that is readily available to the

clinician in the context of routine clinical practice to quantitatively stratify risk for both

diabetes and CVD.

Two aspects of CMDS are deserving of consideration. First, risk staging requires a 2-hour

glucose value during an oral glucose tolerance test (OGTT). This is necessary for accurate

and comprehensive diagnoses of prediabetes and diabetes. HbA1c was not employed

because we (63) and others (64,65) have shown that HbA1c has low sensitivity for these

diagnoses and is responsible for a high false-negative rate among patients diagnosed using

the gold standard measures of fasting glucose combined with 2-hour glucose values.

Elevated 2-hour glucose is also a strong independent risk factor for CVD (66,67). This

underscores the contention that both fasting and 2-hour OGTT glucose values are important

clinical parameters in evaluating obese and overweight patients for weight-loss therapy in

the context of a complications-centric medical model. Secondly, BMI was not included in

the determination of cardiometabolic disease risk. In addition to the fact that insulin

resistance exists largely independent of generalized adiposity (68,69) and that BMI is a poor

independent predictor of CVD (70–73), adjustment for BMI did not substantially alter risks

predicted by CMDS (56) or the Edmonson Obesity Staging System (55). In contrast, waist

circumference, which is a strong independent predictor of insulin resistance and CVD (70–

73), is incorporated into CMDS.

Step 2 in the complications-centric model is to identify targets for improvements in the

complications that can be ameliorated by weight loss and to select the modality and intensity

of therapy to generate sufficient weight loss to achieve these targets. All three treatment

approaches for obesity are characterized by a wide range of intensity that can be employed

to achieve a greater or lesser degree of weight loss. Furthermore, there is a dose-response

relationship between weight loss and improvements in cardiometabolic disease. For

example, following both lifestyle intervention in the diabetes prevention program and in

clinical trials employing phentermine/topiramate ER, prevention of future diabetes was

progressive until maximal benefits were achieved at ~10 to 15% weight loss (14,30). In

contrast, in the Look Action for Health in Diabetes (AHEAD) Study (15), improvements in

HbA1c, fasting glucose, triglycerides, HDL-c, and blood pressure were progressive up to

>15% weight loss, without evidence of a threshold effect; with these latter parameters, the

more weight loss the better. The baseline BMI and the number of pounds lost are less

important than the presence and severity of complications at baseline and the degree of
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improvement in these complications with the ensuing weight loss following initiation of

weight-loss therapy.

In Step 3, patients are re-evaluated for improvements in complications after equilibrating at

a lower body weight. If the targets for improvement in complications are not reached, then

the weight-loss therapy should be intensified, for example, by proceeding to a more highly

structured intensive lifestyle therapy program or increasing the daily treatment dose of

phentermine/topiramate ER 7.5 mg/46 mg to the top dose of 15 mg/92 mg. Alternatively,

additional medication could be employed that is specifically targeted to the complication.

The American Association of Clinical Endocrinologists (AACE) has proposed a

complications-centric medical model for obesity (74). In this scenario, the presence and

severity of complications dictate the aggressiveness of the intervention and the rational

application of recent advances in lifestyle therapy, medications, and bariatric surgery. The

baseline BMI is less important than the presence or absence of obesity-associated

complications, and the number of pounds lost is less germane than whether the degree of

weight loss achieved has been sufficient to produce the desired improvement in

complications. Therapeutic interventions are intensified based on efficacy and safety

commensurate with the severity of complications and risk of morbidity and mortality. The

complications-centric approach is designed to optimize the benefit/risk ratio of treatment,

thus enhancing patient outcomes and the cost-effectiveness of the intervention.

Application to Prediabetes and T2DM

Perhaps the greatest potential benefit of a complications-centric approach, in terms of public

health and containment of heath care costs, is the use of weight loss to prevent diabetes in

high-risk individuals (6). Weight loss produced by lifestyle intervention (14,16), bariatric

surgery (22–24), or medications (9,29) has been shown to prevent or delay progression to

diabetes. For example, in clinical trials, patients with metabolic syndrome and/or prediabetes

who were treated with phentermine/topiramate ER plus lifestyle modification experienced

an ~80% reduction in the progression to diabetes over 2 years when compared with patients

randomized to placebo plus lifestyle modification (29,30). Given the high cost of diabetes

care and the morbidity and mortality that accompany this disease, the targeted treatment of

overweight/obese patients with metabolic syndrome and prediabetes would have a

pronounced impact in reducing the burden of diabetes.

The new weight-loss drugs have been approved to treat obese patients, including those with

diabetes. The benefits of weight loss in T2DM have been well documented. In short, weight

loss, whether induced by diet and exercise (15), bariatric surgery (22–24), or medications

(33,36), can improve control of glycemia, blood pressure, and lipids while at the same time

reducing the need for other medications to specifically treat these metabolic abnormalities.

The clinical trials programs for both phentermine/topiramate ER (33) and lorcaserin (36)

included studies in T2DM and consistently demonstrated lower HbA1c with medication-

assisted weight loss, together with a reduced need for medications in actively managed

patients, when compared with patients treated with lifestyle modification alone. It could be

argued that weight-loss medications should be considered for any overweight or obese

patient with overt T2DM who fail to achieve moderate weight loss (i.e., ~10%) with lifestyle
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modification. Although additional clinical trials involving diabetes are necessary, weight-

loss drugs could be effective second-line drugs in patients who fail metformin, or weight-

loss drugs could be used in conjunction with metformin as initial dual therapy or as first-line

therapy in newly diagnosed patients. Indeed, these drugs could change the landscape of how

we therapeutically approach T2DM and expand the notion of “diabetes drugs” beyond those

that act primarily to increase insulin secretion and action. The comprehensive algorithm for

diabetes recently advocated by AACE (74) not only established a complications-centric

model for the treatment of obesity but also incorporated the obesity-treatment algorithm,

including medication-assisted weight loss, in the treatment of prediabetes and T2DM.

Cost-Effectiveness and Health Care Policy

A complications-centric model for obesity assures that treatment is targeted to those patients

who will benefit most from weight loss, specifically, those patients with complications that

are remediable through weight loss. Such a model will promote the cost-effectiveness of

medical care for the obese patient. Studies in middle-aged adults (75) and in the older

Medicare population (76) have demonstrated cost savings resulting from both transient and

permanent moderate weight loss equal to what can often be achieved with the combination

of lifestyle intervention plus weight-loss medications. In addition, the cost of quality-of-life

year gained as a result of weight loss achieved through diet and exercise was shown to be

favorable in the Diabetes Prevention Program (77). A complications-centric model would

further enhance cost savings over those predicted in these studies by targeting medical and

surgical care to those patients based on the presence and severity of complications, as

opposed to the indiscriminate application of therapy in all obese subjects based only on

BMI. Health care policy will need to integrate coverage of the costs of obesity therapy if we

are to reduce the burden of this disease in our society. Payers will more readily accept these

costs in health care systems if they are confident that the interventions will be targeted to

obese patients based on the health benefits of weight loss. Hopefully, the implementation of

a complications-centric algorithm will accelerate the covered access to obesity care. This

model, which emphasizes weight loss as a tool to ameliorate the cardiometabolic and

mechanical complications of obesity, will serve to optimize the benefit/risk ratio and achieve

the best outcomes in overweight/obese patients in a manner that considers both patient

safety and the cost of therapy.

CONCLUSION

The BMI-centric approach, using baseline BMI as the principal determinant of indications

for therapy, fails to target therapy to those obese patients who will benefit most from weight

loss. In contrast, a complications-centric medical model will earmark the modality and

intensity of the therapeutic intervention based on the presence and severity of complications

that can be ameliorated by weight loss. CMDS uses data readily available to the clinician to

predict risk for future diabetes as well as all-cause and CVD mortality and can be used as a

guide to treatment intensity for obesity based on the risk and severity of cardiometabolic

disease. The complications-centric approach to “medicalizing” obesity care employs weight

loss primarily as a tool to treat obesity-related complications and promotes the optimization

of health outcomes, the benefit/risk ratio, and the cost-effectiveness of therapy.
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Fig. 1.
A Complications-centric approach to obesity treatment. The figure shows the basic elements

of a complications-centric approach to obesity treatment. The presence and severity of

complications that can be ameliorated by weight loss are the critical determinants for the

selection of treatment modality and intensity. The BMI cutoff of 27 kg/m2 reflects the U.S.

Food and Drug Administration indication threshold for medications at which point expanded

treatment options are available to the clinician. BMI = body mass index.
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Fig. 2.
The Cardiometabolic Disease Staging System. The figure delineates criteria for stages 0 to 4

of Cardiometabolic Disease Staging (CMDS) (56). The risks for future diabetes, all-cause

mortality, and cardiovascular disease mortality have been validated to increase progressively

with each advancing stage. The CMDS can be used by clinicians to estimate the severity of

cardiometabolic disease as a guide to the selection of treatment modality and intensity for

obesity. CVD = cardiovascular disease; FPG = fasting plasma glucose; IFG = impaired

fasting glucose; IGT = impaired glucose tolerance; T2DM = type 2 diabetes mellitus.
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Table 1

Weight-Loss Medications

Generic Proprietary Mechanism FDA Approval

Phentermine/Topiramate ER Qsymia (Vivus) Sympathomimetic amine/gabaminergic, carbonic
anhydrase inhibitor 2012

Lorcaserin Belviq (Arena/Esai) 5HT2c serotonin receptor agonist 2012

Orlistat Xenical (Roche) Intra-intestinal lipase inhibitor 1999

Phentermine Adipex-P, (Gate)
Suprenza (Akrimax) Sympathomimetic amine 1959

Phendimetrazine Bontril (Valeant) Sympathomimetic amine 1982

Diethylpropion (generic) Sympathomimetic amine 1959

Benzphentamine Didrex (Pfizer) Sympathomimetic amine 1960

Methamphetamine Desoxyn (Lundbeck) Sympathomimetic amine 1943

Naltrexone SR/Buproprion SR Contrave (Orexigen/Takeda) Opioid antagonist/ dopamine-norepinephrine re-uptake
inhibitor Phase III

Liraglutide (3 mg) (Novo Nordisk) GLP-1 agonist Phase III

Abbreviations: 5HT2c = 5-hydroxytryptamine 2C; ER = extended release; GLP-1 = glucagon-like peptide 1; SR = sustained release.
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