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Objectives: The National Institutes of Health, led by the National Heart, Lung, and Blood Institute, organized a

working group of experts to discuss the problem of weight regain after weight loss. A number of experts in integra-

tive physiology and behavioral psychology were convened with the goal of merging their perspectives regarding

the barriers to scientific progress and the development of novel ways to improve long-term outcomes in obesity

therapeutics. The specific objectives of this working group were to: (1) identify the challenges that make maintain-

ing a reduced weight so difficult; (2) review strategies that have been used to improve success in previous studies;

and (3) recommend novel solutions that could be examined in future studies of long-term weight control.

Results: Specific barriers to successful weight loss maintenance include poor adherence to behavioral

regimens and physiological adaptations that promote weight regain. A better understanding of how these

behavioral and physiological barriers are related, how they vary between individuals, and how they can

be overcome will lead to the development of novel strategies with improved outcomes.

Conclusions: Greater collaboration and cross-talk between physiological and behavioral researchers is

needed to advance the science and develop better strategies for weight loss maintenance.

Obesity (2015) 23, 7-15. doi:10.1002/oby.20967

Introduction
Obesity or overweight afflicts two thirds of U.S. adults (1) and accounts

for over 20% (200 billion dollars) of annual direct U.S. health-care costs

(2,3). Although many strategies have proven useful for inducing weight

loss and reducing comorbidities, recidivism rates continue to be disturb-

ingly high. Research by diverse groups of scientists over the last two

decades have significantly improved our understanding of the physiology

and behavioral mechanisms underlying the difficulty in weight loss and

maintenance (4-8). Despite these advances, weight regain after weight

loss remains the most substantial problem in obesity therapeutics (9,10).

Recognizing this problem, the National Institutes of Health (NIH),

led by the National Heart, Lung, and Blood Institute (NHLBI),

organized a workshop to discuss the state of the science and develop

interdisciplinary solutions that may be pursued to improve mainte-

nance of weight loss. For this particular effort, the overarching

objective was to merge two groups that have generally studied the

problem from distinct and often isolated perspectives: integrative

physiology and behavioral psychology. Experts recruited to this

panel included basic and clinical scientists with expertise in energy

homeostasis, neuroscience, exercise physiology, pharmaceutical

development, food behaviors, cognitive function, and lifestyle

management.

The specific objectives of this working group were to:

1. identify the challenges that make maintaining a reduced weight

so difficult;

2. review strategies that have been used to improve success in pre-

vious studies; and

3. recommend novel solutions that could be examined in future

studies of long-term weight control.
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The panel was given the charge of focusing on ideas that could

move the field forward in a significant way and hopefully make a

substantial improvement in clinical care. All ideas were welcome,

but the scope of this particular workshop was to focus on solutions

and strategies that could be implemented at the level of the individ-

ual. This limitation was an attempt to avoid extensive discussions

delving into policy changes and the built environment, which would

be better addressed by a separate working group with more relevant

expertise. Given these objectives and this scope of discussion, panel

members participated in a number of pre-meeting activities and met

in Bethesda, MD, in June of 2014.

A foundation for the discussion
Defining success with distinct outcomes
The first issue discussed was the lack of consistency in the defini-

tion of success in intervention studies. Panel members were unani-

mous in asserting that future studies should make following distinc-

tions in study designs and terminology:

Long-term weight loss. Studies focusing on overall or long-term

weight loss involve randomization prior to weight loss and examine

overall weight change—from the start of the program to the end of

the follow-up interval at 12-24 months, or longer (11,12). Typically

these studies use overall mean weight loss or the percent of partici-

pants achieving a 5-10% weight loss at the end of the trial as the

criteria of success, because weight losses of this magnitude have

been shown to produce clinically significant improvements in health

parameters. The group noted that if long-term weight loss is the

aim, strategies that increase initial weight loss are likely to be

important since larger initial weight loss are associated with larger

long-term weight losses (13,14).

Maintenance of weight loss. The alternative approach is to ran-

domize after a period of weight loss and focus on the weight change

that occurs after the initial phase of treatment. This type of design is

used very frequently in pharmacotherapy studies where participants

who achieve a given amount of weight loss during the initial weight

loss phase are randomly assigned to drug or placebo for mainte-

nance (15,16). STOP Regain (17), the Weight Loss Maintenance

trial (18), and the TOURS trial (19), are behavioral studies that also

used this type of design. In these studies, participants who had

achieved a preset criterion of success were randomly assigned to

one of two active interventions or to a control group and followed

for 12-30 months. A variety of different criteria of success were

used in these studies, including mean weight regain, percent regain-

ing a given amount, or percent still maintaining a given amount.

Both approaches have merit, but the working group emphasized that

it is important for researchers to distinguish between the two in dis-

cussions about the problem of weight regain or the success and fail-

ure for specific outcomes. The consensus was that all studies report

at least the following outcomes: (1) absolute weight loss at study

end; (2) maximal observed weight loss and when it occurred; and

(3) absolute weight regain from maximal observed weight loss. This

common reporting would facilitate cross-study comparisons.

Merging disciplines with different perspectives
The interaction between biology, environment, and behavior is cen-

tral to weight loss efforts and the problem of weight regain. These

pressures interact and, ultimately, their collective input dictates a

“steady state weight” in an adult human or animal. A significant

change in any of these inputs has the potential to upset the existing bal-

ance, induce a change in weight, and evoke responses affecting a new

“steady-state” weight. Such is the case when the environment is altered

by dieting. In response to the decreased energy stores and negative

energy balance, there is a coordinated decrease in energy expenditure

(biology) and increase in responsivity to food-related cues (behavior).

The potency of these metabolic and behavioral responses dictates the

degree of weight loss, the duration of sustained weight loss at a lower

steady state, and the ability of the individual to sustain the diet. These

adaptive responses are designed to prevent continual weight loss but

they also create the biological pressure to return the body to its original

weight. One resounding recommendation from this panel is that to pro-

duce more effective weight loss maintenance therapies, we must

improve our understanding of the mechanistic interactions between

these pressures resulting from weight loss.

Barriers to success
Behavioral challenges
Behavioral approaches, which combine diet, exercise, and cognitive

strategies, are recommended for dynamic and sustained weight loss,

either alone or in combination with pharmacologic interventions

(20). On average, behavioral approaches produce weight losses of

approximately 8 kg (8%) during the initial phase of intervention

(typically �6 months). Subsequently, participants tend to average

weight regains of 1-2 kg/year, with faster weight regains in the ear-

lier years. The working group was charged with identifying the most

significant barriers to success.

Behavioral challenge 1: long-term adherence to regimens.
The fact that weight regain occurs so consistently after about 6-9

months is believed to a large extent to reflect temporal decreases in

adherence to prescribed regimens. Adherence to diet and physical activ-

ity prescriptions, group attendance, and completion of self-monitoring

records are related to both initial and long-term weight loss (21). At the

point of greatest weight loss success, the behavioral changes that led to

early weight loss are predicted to have already substantially waned

from their initial levels (22-25). Consistent with this assertion, in stud-

ies comparing different types of diet (e.g., low fat vs. low carbohy-

drate), the level of adherence to the prescribed regimen is a far stronger

predictor of weight loss outcome than is the actual diet (26).

One explanation for the declining adherence is that the perceived

costs of adherence gradually exceed the perceived benefits (27). Ini-

tially, the positive consequences of weight loss (e.g., sense of

accomplishment; better fit of clothes) outweigh the cognitive and

physical effort needed to lose weight. Later, when the goal is to

maintain lost weight, the positive feedback is less compared to the

effort required to keep adhering to the same regimen. Thus, the ben-

efits no longer seem to justify the costs. Behavioral approaches that

have been tested to facilitate long-term weight loss can be concep-

tualized as utilizing different approaches to change the cost: benefit

ratio and thus promote longer-term adherence. Such approaches

include strategies to (a) increase support from peers or professionals

(18,19,28,29) and maximize motivation (30,31); (b) make it easier

to follow the routine through provision of food or meal-replacement

(32,33) or by reducing the boredom by varying the intervention

(34); (c) facilitate development of self-regulating skills through self

monitoring (17) and establishing this skill set prior to embarking on
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weight loss efforts (35), and (d) varying the dose, intensity, or

behavioral support for physical activity (36). Many of these

approaches have produced small, but statistically significant

improvements in longer-term maintenance of weight, but no

approach has worked to change the overall pattern of weight loss

and regain. This lack of success would suggest that we need a better

understanding of the motivating factors underlying adherence and

how the cost: benefit ratio changes over time (Figure 1).

An alternative explanation for the decline in adherence is that the

behaviors that generated the original overweight state comprise a

series of habits that have been formed over prolonged periods of

time and these habitual behaviors return after a period of successful

control. Enhanced habit formation circuitry in people with obesity,

perhaps involving dopamine signaling in the brain (37), may

entrench old eating behaviors and drive weight regain.

Behavioral challenge 2: individual variability. There is tre-

mendous variability in the weight loss outcomes with behavioral

interventions; typically the standard deviation for the weight losses

is as large as the mean, and this variability increases during mainte-

nance. Clearly, behavioral approaches work more effectively for

some persons than for others, but we have yet to elucidate why.

However, pretreatment variables, including genetic, behavioral or

psychological characteristics, have not been very successful in pre-

dicting weight loss outcomes. In contrast, early success in these pro-

grams is a strong, consistent predictor of overall outcome (38) and

phenotypes present as a result of weight loss may also be predictive.

In DPP those who met the 7% weight loss goal at the end of 16

weeks were three times as likely to meet this goal at 3 years than

those who did not meet the goal initially (14). Even earlier results—

as early as months 1 or 2 are predictive of subsequent outcomes

(13). A better understanding of why some participants achieve

greater success initially (and also long term) than others as well as

why genetic and phenotypic correlates of weight regain (e.g., Fto
and RMR) are not the same as those of weight loss (e.g., TFA2B
and hunger) is clearly needed.

Behavioral challenge 3: designing studies on maintenance.
Several designs have been used in this area. The most robust are the

randomized trials comparing two or more approaches to long-term

weight control. The group discussed several limitations in imple-

menting these trials—one is the fact that the trials must be long (12-

24 months) with a large number of subjects to detect modest effects.

Thus, these studies are very costly. However, since these are the

strongest designs, the later discussion focused on ways that might be

used to enhance this approach. A second approach is to determine

what behaviors are predictors of long-term success or to study those

who have succeeded in maintaining weight loss and use these pre-

dictors to select optimal therapeutic interventions for individuals.

The importance of considering a wider range of predictors of weight

regain (physiological, behavioral, and psychological) and measuring

these predictors more frequently to capture changes that occur prior

to (not concurrent with) weight regain was stressed.

Figure 1 Weight loss leads to both physiological and psychological changes which promote subsequent weight regain (shown
in blue). The path to overcome this propensity for regain (shown in green) may involve pharmaceutical and behavioral interven-
tions that improve adherence, counter the physiological and behavioral adaptations, and re-establish the balance between
intake and expenditure.
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Physiological challenges
In its simplest description, the physiological system regulating body

weight is a feedback loop between the brain and periphery, whereby

neural circuitry largely centered in hypothalamus and hindbrain

responds to peripheral signals regarding energy stores (adiposity)

and energy balance (nutrient availability) by adjusting autonomic,

neuroendocrine, behavioral, and metabolic systems. Negative energy

balance and decreased energy stores (weight loss) induce changes in

a number of critical central and peripheral regulatory nodes, which

lead to increased appetite and disproportionately decreased energy

expenditure (8,39), thus creating the optimal circumstance for

weight regain following otherwise successful weight loss.

Physiological challenge 1: specific adaptations encouraging

weight regain. Negative energy balance and reduced energy

stores provoke changes in peripheral nutrient, hormonal (especially

leptin and insulin), and other afferent neural signals (8,39), all of

which converge on specific areas of the brain. The response in neu-

ral circuitry provides feed-forward input to enhance the incentive

salience (rewarding value) of food (40,41) and to diminish satiation

(42,43). Consequently, greater preference for more palatable foods

and food seeking and ingestive behaviors may emerge. At the same

time, efferent signals are sent to peripheral tissues to enhance meta-

bolic efficiency (44-48) promote the preferential use of carbohy-

drate, rather than fat, for energy production (49-53), and maximize

the capacity to absorb and store nutrients when they become avail-

able by establishing a positive fat balance (54). This preferential

fuel utilization has been shown to predict subsequent weight gain

(55). The loss of lean tissue and reduced physical activity levels

(56) may also exacerbate the decline in metabolic requirements and

further expand the energetic gap between appetite and expended

energy.

The vast majority of these adaptive responses do not resolve or reset

once this new steady-state weight is achieved (8,39) and may even

strengthen with time during weight maintenance (57). Together they

provide physiological and behavioral drives to regain lost weight

(Figure 1). To improve weight loss maintenance, strategies that

diminish or in some way over-ride this barrier to success will be

needed.

Physiological challenge 2: individual variability. The sys-

tems governing body weight are built from a large number of

genes that are expressed in numerous tissues of the body. Collec-

tively their expression establishes the neural circuits, regulatory

nodes, and communication pathways that sense and respond to

environmental and behavioral stresses. The genetic diversity and

broad range of epigenetic programming that occurs in humans

yields a large amount of variability in how this homeostatic system

functions and how it integrates with other systems involving

metabolism, learned behavior, and cognitive function. This vari-

ability may explain, in part, why some people are more or less sus-

ceptible to an obesogenic environment. It also manifests in the

adaptations to weight loss, the responses to behavioral interven-

tions, and the sensitivity to pharmacotherapies. Unfortunately,

interventions and therapies in obesity therapeutics are judged by

the breadth of their effectiveness in non-targeted populations. It is

clear that we need to individualize interventions or target specific

populations with evidence-based strategies, but we currently lack

the knowledge to do so.

Physiological challenge 3: translating relevant observations

in animals to clinical applications. In obesity research, basic

and clinical scientists often work in isolation and lack the motiva-

tion or means to coordinate their efforts. The reasons for this discon-

nect are complex, which makes effectively addressing this issue a

significant challenge. Much of what we know about energy homeo-

stasis in humans is based upon studies in animals, because we can

pursue more extensive mechanistic investigations with more invasive

measurements. However, humans exhibit greater genetic diversity,

psychosocial influences, and other stressors, which are difficult to

duplicate in nonhuman animal models. A broader appreciation of

these perspectives is needed as we develop animal models for obe-

sity research, examine the biological and behavioral mechanisms,

and develop interventions that stem from this knowledge. An inte-

grated effort from the basic and clinical sciences is needed to create

a more effective bidirectional translation of knowledge.

Advancing the science to develop more
effective therapies
Countering biology to reduce the gap between
appetite and expenditure
Elevated appetite and suppressed energy expenditure are determi-

nants of weight regain. Countering these responses to weight loss

and the underlying adaptations that promote a positive energy imbal-

ance could facilitate weight loss maintenance. The panel identified

several gaps in knowledge that needed to be filled to advance the

science, along with strategies that should be considered to reduce

the gap between appetite and expenditure.

Deepening our understanding of exercise
The potential benefits of physical activity for weight loss mainte-

nance were discussed at length. A number of studies correlate levels

of physical activity to weight loss maintenance. However, it has

been difficult to show the benefits of physical activity for preventing

weight regain in randomized clinical trials due to the lack of long-

term adherence to the exercise prescriptions (36). In order to estab-

lish a broader consensus about the effects of exercise and its utility

for weight loss maintenance, further research was suggested in two

important areas.

Countering biology with exercise. If exercise did no more than

increase expended energy, the benefits of physical activity could be

easily appreciated. However, exercise has other effects on both sides

of the energy balance equation. Preclinical studies in weight reduced

animal models of obesity have shown that both volitional and regi-

mented exercise attenuate weight regain after weight loss (56,58)

and counter the biological factors that promote weight regain by

reducing intake and elevating expenditure (58,59). Consistent with

these observations, higher physical activity during diet-induced

weight loss has been associated with better compliance to dietary

prescriptions (60). Even so, compensatory ingestive behaviors are

commonly observed in normal weight humans who exercise (61).

Similarly there may be variability in weight reduced subjects, with

clear “responders” and “non-responders.” Even in animal studies

these benefits of exercise on biological adaptations to weight loss

may be sex and species dependent. Given that there is much that we

do not know, it is critical that we deepen our understanding of how
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exercise affects appetite, food preference, and the components of

energy expenditure in the weight-reduced state and during weight

regain and under what conditions these effects are relevant or maxi-

mized in humans. Tied to both of these issues is whether certain

types of exercise (e.g., aerobic, resistance, high intensity interval

training) yield greater benefits or are more suited for weight loss or

weight loss maintenance phases of a weight management program.

Enhancing adherence to exercise prescription. A number of

approaches were discussed that could potentially address the issues

of poor adherence to exercise prescriptions. The overarching consen-

sus was that further study is needed of both the behavioral and bio-

logical factors that influence physical activity in the weight reduced

state. Relevant questions that should be addressed in this pursuit

include why some individuals choose to exercise but others do not

(62) and whether physical activity can be increased by applying

behavioral or pharmacological strategies. Alternatively, if exercise is

not reinforcing, we need to determine if physical activity can be

increased by “hiding” it in daily routines (e.g., by increasing the use

of stand-up desks), or with pharmacotherapy targeting non-exercise

activity thermogenesis.

Innovations with diet
Numerous studies have found that the magnitude of initial weight

loss is related to the level of dietary adherence and the overall

caloric deficit, rather than the macronutrient composition of the diet.

Thus, the general consensus was that attention should focus on strat-

egies that will lead to long-term selection of healthy, calorically

appropriate dietary regimens. In addition, the committee felt that it

is critical to develop dietary strategies that counter the adaptive

responses that potentiate weight regain.

Engineering foods and modifying the response to food cues.
Significant advances have been made over the last several decades

in understanding how food components, energy density, and sensory

properties can affect consumption and satiation. More recently, spe-

cific subtypes of macronutrients (resistant starches, polyunsaturated

fats, certain amino acids, etc.), pre- and pro-biotics, and natural bio-

active compounds have been developed and applied to decrease eat-

ing, reduce absorption efficiency, increase energy expenditure, or

enhance the preferential use of fats for energy production. Much of

this science and technology has yet to be applied specifically to

questions of weight loss maintenance. Studies of the effects of die-

tary energy density provide one example of how the properties of

foods could be used to improve outcomes (63). Enhancing collabo-

ration between academicians and food manufacturers to encourage

development of lower energy density foods that maximize palatabil-

ity and satiation may help us to improve long-term adherence to a

lower calorie regimen.

Dietary strategies to counter the biological responses. In

addition to looking at food components, there was some enthusiasm

for determining if particular dietary strategies (e.g., intermittent or

alternate day fasting) or meal patterns (single vs. multiple daily

meals) could mitigate the biological changes that occur with weight

loss that subsequently promote weight regain. Animal models were

considered as potentially useful in this area. Finally, the group rec-

ognized the need to consider preexisting individual differences in

dietary preferences, genetic background, or metabolic profiles, in

order to investigate how best to match specific types of diet strat-

egies to individuals.

Innovations in behavioral strategies
Despite the progress that has been made with behavioral strategies

to improve success in both initial and long-term weight loss out-

comes, further research is needed to understand how to utilize cog-

nitive and behavioral skills to overcome the physiological pressures

for weight regain.

A deeper understanding of cognitive function. We need to

enhance our understanding of how cognitive functions (learning and

memory) integrate with other systems that influence ingestive

behaviors and physical activity. It is possible that maladaptations in

the processes of learning and memory linked to a predisposition for

obesity may present unrecognized challenges to weight loss mainte-

nance objectives. A better understanding of how cognitive function

is altered in concert with homeostatic and hedonic systems during

weight loss maintenance may help us to develop behavioral strat-

egies with greater, more sustained effects.

Behavioral skill development. Improvements in weight loss

maintenance may be facilitated by considering how best to over-

come the biological challenges imposed by weight loss. The work-

ing group discussed approaches to decreasing the rewarding value

and cravings for foods by modifying memories related to food

(64,65) and teaching individuals to delay gratification or improving

impulse control. Further study of the potential success of establish-

ing behavioral skills that are related to weight maintenance in the

period prior to starting on weight loss and in teaching self-

regulation using frequent monitoring of weight to know when

behavior changes are needed were encouraged.

Innovations in pharmacotherapy
The main problem with pharmacotherapy to date has been that

effective doses often yield adverse side effects. This may be rem-

edied if separate consideration is given to developing independent

therapies/dosing for weight loss (negative energy imbalance) and

weight loss maintenance (energy balance).

Leptin and leptin sensitizers. The decline of blood leptin levels

is a hallmark of the homeostatic response to weight loss (66), and

the failure of leptin to improve weight loss in clinical trials per-

plexed the scientific community. It is now clear that the effects of

exogenous leptin administration may prove to be more effective

after weight loss or in combination with drugs that enhance the sen-

sitivity of tissues to the actions of leptin. In weight-reduced individ-

uals, leptin alone has shown to counter many of the adaptive

responses to weight loss (40,67-69). For these reasons, the use of

leptin alone after weight loss or leptin in combination with a leptin

sensitizer even during weight loss could prove valuable if targeted

to the right individuals.

Novel combinations or dosing regimens to safely improve eff-

icacy. A number of drugs that have been developed, like leptin,

have been cast aside because of their minimal effects at safe doses.

Animal studies have shown that lower doses could be used for

weight loss maintenance (70). The unique aspects of the weight
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reduced state should be considered strategically as combinations are

developed for weight loss maintenance. Two or more drugs could be

used to target one aspect of this feedback system (e.g., leptin with a

leptin sensitizer) or a combination could target different aspects of

this feedback system to overcome redundancy (e.g., a combination of

a centrally acting and peripherally-acting agents). The right combina-

tion may allow the use of lower doses to minimize side-effects. Prac-

tically, this pursuit of effective combinations for weight loss mainte-

nance may require some refinement of the drug development process.

New targets and behavioral pairings on the horizon. Along

with pairing drugs with other drugs, there is the potential to pair cer-

tain combinations of drugs with specific behavioral therapies to take

advantage of synergistic effects, target individual needs, or counter a

broader range of the homeostatic and hedonic adaptations. These

types of strategies will only be realized with a better understanding

of the interactions between biology and behavior in body weight

control, extensive collaborations between physiologists and behav-

ioral psychologists, and a coordinated effort of both fields. The

working group also envisioned novel targets for pharmacotherapy

that could be considered with this effort, which include the motiva-

tion to be physically active and changing food preferences.

Mechanisms of weight loss and weight regain
following bariatric surgery
Bariatric surgery is becoming more common as a treatment option

for obesity, particularly among the severely obese and those with

obesity-associated conditions such as sleep apnea and type 2 diabe-

tes. Despite the often large and sustained weight loss following bari-

atric surgery, many patients experience significant weight regain

over time. Interrogating the mechanisms for weight loss and weight

regain following bariatric surgery could help identify targets for

pharmacotherapy. Moreover, many of the same guiding principles

that the working group identified to be important for weight loss

maintenance and prevention of weight regain following lifestyle

interventions can most certainly be applied to patients post bariatric

surgery.

Individualized and targeted strategies to
maximize effectiveness
As individual variability was identified by both physiologists and

behavioral psychologists as a significant challenge to developing

more effective strategies, considerable discussion was devoted to the

path that would best overcome this obstacle to progress.

More comprehensive understanding of weight loss mainte-

nance versus regain. We still know very little about the interac-

tion between the physiological and behavioral factors that influence

if and when weight regain will occur or about the actual phenom-

enon/process of weight regain. Further information is needed regard-

ing the physiological, behavioral, and environmental changes that

relate prospectively to the transition from weight loss to weight pla-

teaus and subsequently to weight regain. We also have limited

understanding of the up-stream contributors to weight regain, such

as the biological and behavioral effects of stress or “triggers” which

may affect weight loss maintenance. These concerns (coupled with

the individual variability in treatment outcomes) led to the recom-

mendation to more carefully document the behavioral, physiological,

and environmental predictors of weight regain in combination with

each other and the responses to various treatment regimens.

A focus on individual responses. The general consensus was

that, whether studying biological responses or behavioral interven-

tions, we need to pay less attention to group means and greater

attention to the individual variability that emerges in both the pro-

cess and outcomes. Although individual genes, phenotypes, and

behaviors provide little predictive power for success on their own,

there may be value in developing predictive models that are based

upon a large number of unrelated parameters (71-82). Matching

genetic with other behavioral characteristics, like current activity or

eating patterns, may help match patients to more effective treat-

ments. Consideration of an individual’s preferences for certain diet-

exercise regimens was discussed, although preference has not always

been related to outcome. Since initial weight loss is the best predic-

tor of long-term success examining predicting parameters of early

responses may be a cost effective way to begin modeling targeted

treatments.

Advances in technology, constructs, and
definitions
The working group noted that the limitations of the tools and con-

structs that are regularly used in studies of weight loss maintenance

and energy balance are hindering advancement. Overcoming these

obstacles to progress may require a concerted effort to recruit indi-

viduals with expertise in engineering, information technology, and

other relevant disciplines.

Measuring components of energy balance and
related parameters
An important limitation to research on maintenance of weight loss is

the inability to accurately determine what and how much people are

consuming in the free living environment (83). The working group

stressed the need to further develop and validate new approaches to

objectively measure food and energy intake and dietary patterns and to

improve measurement of constructs such as hunger and satiety.

Although recent technology allows for objective assessment of physical

activity patterns and doses, there continue to be important limitations in

using these instruments to estimate the total energy expended (84).

Constructs and mechanisms underlying
“motivation”
There is great interest in understanding what “motivates” an individual

to adhere to weight loss prescription (62,85), but we need to have better

defined constructs and measures for studying “motivation” in the con-

text of adherence to a diet and exercise prescriptions, pursuing a healthy

lifestyle, or changing one’s environment. Too often, terms like reward,

reinforcement, and value are used as generalized, undefined explana-

tions of eating and appetitive behavior. Clear constructs with better def-

initions are needed to improve our understanding of how the homeo-

static, hedonic, and cognitive mechanisms that underlie eating and

activity-related behaviors influence body weight regulation.

Information technology and social networking
With the establishment of the internet and the development of read-

ily available communication, the opportunity to utilize these
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technologies in subject recruitment, data acquisition, and compliance

monitoring has emerged. New technologies such as wireless scales

and ecological momentary assessments (reporting behaviors, moods,

and other parameters at the time when they occur, rather than days

or weeks later) may allow us to document the process of weight

regain and the attitudinal, behavioral, and physiological changes that

precede regain. The potential also exists to use this technology to

deliver personalized interventions in the situations where they are

most needed and to use social networking approaches to expand the

reach and efficacy of these approaches (86). These new technologies

are currently underutilized and have great potential to affect research

and clinical outcomes in weight loss maintenance.

Novel research designs
There is need for new designs in this area to help reduce the large

sample size and long duration of human weight loss maintenance tri-

als. In some cases, it may be possible to use animal studies, which

can be conducted in a shorter time frame (57,58,70). Certain types

of clinical studies in controlled environments could also provide

information about long-term interventions. The use of MOST (Mul-

tiphase Optimization Strategy) (87) and SMART (Sequential multi-

ple assignment, randomized trial) (88) designs, where a variety of

different strategies can be tested in one study, was recommended.

Finally, it may be possible to develop paradigms where relapse

would be expected to occur sooner, thus reducing the time period

needed for maintenance intervention trials.

Conclusion
The overwhelming conclusion from this meeting was that greater

collaboration and cross-talk between physiological and behavioral

researchers is needed. The development of intervention strategies to

improve maintenance of weight loss must be informed by an under-

standing of the physiological changes that occur with weight loss

and promote weight regain. Including ancillary studies in interven-

tion trials to examine physiological questions and behavioral meas-

ures in human physiological studies is critical. Training in both

areas for early-stage obesity researchers may lead to a more sophis-

ticated understanding of factors that influence relapse and develop-

ment of methods to enhance long-term maintenance.O
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