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Three powerful innate physiological defenses interfere with the maintenance of weight loss, whether it is achieved

from the obese or healthy weight level. The first one, called adaptive thermogenesis, consists of persistent

reduction in resting metabolic rate (RMR), the second one is increased hunger, and the third one is enhanced

efficiency of energy storage. Adaptive thermogenesis was studied in individuals who lost substantial amounts of

body weight and body fat in attempts to win “The biggest loser” televised competition.
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1. Introduction

Since 1975, the worldwide rate of obesity has tripled , and in 2018, 42.4% and 31.1% of adult Americans were

obese and overweight, respectively . The unremitting increase over the past half century in the rate of overweight

and obesity and their associated disabilities in U.S.A and other developed countries suggests that growth of obesity

has epidemic features that require urgent mitigation. Without an attenuation of current weight gain trends, 1.35

billion people worldwide will be overweight and 573 million obese by 2030 . Among the health problems usually

listed as being associated with overweight and obesity are cardiovascular disease (CVD), hypertension, type 2

diabetes (T2D), hyperlipidemia, stroke, certain cancers, sleep apnea, liver and gall bladder disease, osteoarthritis,

and gynecological problems . There are also psychosocial consequences of obesity such as experience of

weight stigma or perceived weight discrimination. These are associated with depression, anxiety, bulimia, body

dissatisfaction, and low body and self-esteem . Medical and surgical interventions against obesity have

predominantly been applied to the most obese but have not been uniformly successful or without side effects.

Behavioral interventions are hindered by psychosocial factors such as ingrained personal and family habits and

societal customs.

The data presented in this review are based in part on PubMed and Google Scholar search for relevant supporting

articles as well as the author’s research findings and views on the regulation of energy balance in humans 

. There is insufficient understanding in four areas connected to obesity and its causes. The

first one is inadequate understanding of the details of how obesity generates serious health problems. The second

one is a general unawareness of the limitations of human physiology in control of weight gain and loss. The third

one is how our misguided psychology toward eating contributes to overeating. Additionally, the fourth one is

insufficient recognition of the features of developed societies that hinder efforts to control our weight.
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An explanation of how obesity causes hormonal dysregulation of energy balance that results in insulin resistance,

the key cause of obesity-linked pathologies, will be described first. In addressing the limitations of human

physiology in control of weight gain and loss, evidence will be provided for the genetic basis of human appetite,

predisposition for accumulation of fat, and absence of a negative-feedback mechanism of energy regulation.

Regarding human psychological attitudes toward food, human seeking of palatable food, undisciplined eating,

social facilitation of overeating, and opportunistic eating when overabundance of food is available at low cost, is

examined. In addressing the societal factors that hinder human efforts to control body weight, data will be

presented on the role of technological labor-saving developments, policies on dietary intake and housing patterns,

and the efforts of profit motives of the food industry in promoting high-density palatable foods.

2. Limitations of Human Physiology in Controlling Weight
Gain and Loss

Point 1 : There is no negative-feedback regulation of body weight . An important fact that is not universally

accepted is that the apparent stability of adult body weight in approximately half of non-obese American population

is not a consequence of a regulated process based on negative-feedback compensations. This concept is

unsettling as it alerts us that there is no automatic inborn mechanism for maintenance of healthy body weight. A

number of hypotheses have unsuccessfully attempted to explain this apparent weight stability as representing a

weight setpoint based on feedback adjustments in spontaneous food intake and physical activity . As we are

witnessing in the USA and other developed countries, there is no apparent negative feedback to prevent weight

gain in overweight and obese individuals, although there is a robust increase in hunger and even energy-saving

reduction in metabolic rate  with any significant weight gain. The popular formulation of the setpoint hypothesis

is based on the expectation that the negative-feedback signal that encodes decreases in adipose tissue mass is a

reduction in the circulating concentration of the hormone leptin released from the subcutaneous WAT . This

hypothesis was triggered in part by the observation that leptin injections reduce hunger and produce weight loss in

obese humans genetically unable to produce leptin . The expectation that the same relationship operates in

neurologically normal humans did not materialize. In a large trial where obese individuals were injected with

several doses of leptin ranging from sub-threshold to supra-physiological levels, there was no effect on appetite or

weight loss . In addition, leptin concentrations rise in both humans and animals parallel with the rise in obesity (

Figure 1 ), a clear demonstration that this hormone does not operate as a weight-normalizing negative-feedback

signal. It is more likely that injected leptin’s effectiveness in causing weight loss in congenital leptin insufficiency is

due to its lipolytic properties and its role in counter-regulating the obesifying insulin action .
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Figure 1. The positive correlation between fasting serum insulin (A) and fasting serum leptin (B) as a function of

percentage of body weight or body fat. Adapted from Bagdade 1968 for insulin and from Considine et al., 1996 for

leptin.

Point 3. Hunger and satiation are mediated by oral and gastrointestinal signals and not by circulating metabolites or

hormones . There have been repeated attempts to link hunger either to changes in circulating metabolites such as

glucose, ketones, or FFAs, or to hormones such as leptin and insulin (the putative satiety hormones ) or to

ghrelin as the putative hunger hormone . Neither hypothesis has withstood testing. The assumption that

circulating metabolites or nutrients influence hunger was contested in two studies . In the first one , hunger

was measured in response to different size meals (100 vs. 500 kcall) taken by mouth but with intravenous

supplementation of small meals with parenteral nutrients. Hunger was also tested when the large meal was

combined with exercise which depleted close to 90 percent of ingested calories. Again, the energy shortfall was

compensated by intravenous infusion of nutrients. As Figure 2 clearly shows, only the size of meals ingested by

mouth and processed by the gastrointestinal tract influenced hunger and satiation. With the 100 kcal meal, the

fullness rating was lower ( Figure 2 , bottom left panel), and hunger much greater (top left panel), than with the 500

kcal meal. Intravenous infusion of nutrients of similar composition to that of orally eaten meals, did not influence

either the hunger or satiation. In a similar vein, calories expended by exercise were not detected and reflected in

increased hunger (top right panel) or in reduced satiation (bottom right panel). Only a variation in the size of the

meal eaten by mouth and processed through the gastrointestinal tract affected the magnitude of hunger and

satiation and remained unaffected by supplementation of intravenous calories or by exercise energy expenditure.
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Figure 2. The effects of variable meal size (left) and energy availability after exercise (right) on the psychophysical

ratings of hunger (top) and fullness (bottom) in 10 postmenopausal women subjected to a sedentary trial with a

large 500-kcal morning meal (SED-AL), or a small 100 kcall morning meal (SED-R, left panel), or to 2 h of

moderate-intensity exercise after a large morning meal (EX), and iv nutrient infusion (TPN) as a replacement of

energy withheld from a morning meal (SED-R-TPN) or expended through exercise (EX-TPN, right panel). From

Borer et al., 2009. Reproduced with permission.

The second study  confirmed that increases in circulating metabolic fuels affected by exercise in fasted state, or

by calories absorbed from meals during post-meal exercise, had no impact on hunger and satiation ratings. Finally,

the confirmation that satiation reflects the volume of ingested food and not their caloric content was demonstrated

in a study where healthy volunteers were provided for 11 weeks with identical diets that differed only in fat content,

a higher-fat diet containing 30 to 35% fat, or lower-fat diet with 20 to 25% fat . Both groups consumed

approximately the same daily volume of food (between 1400 and 1450 g) but did not adjust the quantity eaten to

account for the difference in dietary fat content. As a result, the body weights of the two groups diverged. Finally,

while hunger and satiation responded only to quantity of orally ingested food, the putative satiety hormones insulin

and leptin responded to the state of all circulating fuels, the absorbed food that was eaten, infused parenteral

nutrition, and calories lost through exercise  ( Figure 3 ). However, the concentrations of these hormones, which

tracked fuel availability in circulation, did not affect hunger or satiation.
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Figure 3.  Insulin concentration (top panels) and leptin concentration (bottom panels) were proportional to the

concentration of circulating nutrients derived from ingested meal and infused parenteral nutrition in sedentary

condition (left panels) or in response to exercise (right panels). From Borer et al., 2009. Reproduced with

permission.

Point 5. Adaptive thermogenesis and increases in insulin sensitivity and hunger hamper loss of body fat . An

inconvenient finding for most individuals trying to lose weight is that deliberate weight loss through food restriction,

with or without added exercise, is regained in the matter of months or years . Three powerful innate

physiological defenses interfere with the maintenance of weight loss, whether it is achieved from the obese or

healthy weight level. The first one, called adaptive thermogenesis, consists of persistent reduction in resting

metabolic rate (RMR) , the second one is increased hunger, and the third one is enhanced efficiency of energy

storage. Adaptive thermogenesis was studied in individuals who lost substantial amounts of body weight and body

fat in attempts to win “The biggest loser” televised competition. In comparison with the weight loss produced by

Roux-en-Y gastrectomy, with both producing a loss of between 40 and 49 kg, respectively, and with a smaller 16%

loss of lean body mass in the televised competition , RMR decreased more in both groups than expected based

on measured body composition changes. The magnitude of this metabolic adaptation was correlated with the

magnitude of energy imbalance and the decrease in circulating leptin. The persistence of this adaptive

thermogenesis response was revealed after 6 years when 16 of the “Biggest Looser” competitors were re-tested

. They regained 41 kg of 58 kg lost, but their RMR remained 500 kcal/day below the expected level,

representing an innate physiological defense against weight loss. This response is currently interpreted as an
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evolutionary defense against a reduction in total daily energy expenditure . In this view, higher energy

expenditure due to increased body mass is sustained with higher energy intake, but any reduction in intake,

increase in exercise energy expenditure, and reduction in body mass is compensated by a reduction in RMR. The

other two innate processes that interfere with weight-loss maintenance and promote weight regain are a large

increase in the efficiency of energy utilization and increased hunger. Through reduction in the size of adipocytes

and increase in the density of insulin receptors on their cell membranes, weight loss significantly increases insulin

sensitivity and thus the effectiveness of its four actions. Insulin now more powerfully promotes nutrient uptake,

glycogen and fat synthesis, and blocks fuel store degradation. Fasting plasma leptin is now reduced to very low

levels ( Figure 1 ) which reduce satiation and promote hunger. This role of leptin as a “starvation” hormone has

been demonstrated by administering the hormone to subjects who have experimentally undergone a 10% weight

loss. Leptin administration suppressed their hunger and helped maintain their weight loss .

3. Limitations of Human Psychology in Controlling Weight
Gain and Loss

Point 1: We can consciously control our seeking of palatable odors and tastes . Although we have an inborn

preference for the sweet taste, and dislike for bitter and sour taste manifested at birth , we discriminate between

seeking food when we are hungry and desiring food that smells and tastes good. Hunger produces a deliberate

“wanting” of a food reward, while our motivation for palatable odors and tastes represents our “liking” or desiring

food reward . Substantial orbitofrontal and insular cortical and limbic circuits have been identified as a substrate

of the hunger motivation in response to negative energy balance and inadequate consumption of food.

Interspersed within this circuitry, and centered in the mesolimbic nucleus accumbens, are neural substrates of

hedonic motivation that can amplify human seeking of palatable tastes and odors which operate with dopamine

and opioids as neurotransmitters. Beyond the motivation for palatability, the appeal of food is enhanced also by its

variety, which can increase intake by as much as 29% . We acknowledge our liking of palatable food and of its

variety through the practice of gastronomy. Humans practice gastronomy and accommodate the desire for

palatability daily in the way they sequence palatable foods in their meals to progress from salty and savory to

maximally palatable sweets at the end.

Point 3. Humans eat more in company of others . Social facilitation of food intake, a term coined by John De Castro

, is a phenomenon humans share with a number of other animals such as dogs  and chickens . Social

facilitation implies that the amount eaten by humans in spontaneously ingested meals is positively correlated with

the number of other people present. Socially facilitated food intake can increase by 44% and is related to the

duration of meals and not to an increase in hunger. Others in the group can be strangers such as when eating in a

restaurant , or they may represent virtual company as in food commercials seen on television . Another

variable in social settings that increases the amount eaten is matching the speed of eating seen in other people

.

Point 4. Opportunistic eating as a function of food quantity . Humans eat more food when it is provided in larger

quantities. This takes several forms: (1) more is eaten with larger food portions whether presented during meals 
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or available in packages ; (2) more is eaten from larger containers ; and more is eaten in response to

advantageous price incentives offered by fast-food companies. Higher-calorie combination meals in fast-food

restaurants offer significantly more calories per dollar compared to regular meals, suggesting there is a strong

financial incentive for consumers to ‘upsize’ their orders .

Psychological factors contributing to overeating can be managed by first understanding their causes. Predilection

for palatable food can be rationally controlled by enjoying good tasting food without allowing its available quantity to

dictate how much we eat. We need to expect and prepare for oversized servings in restaurants, food packaging

that misrepresents the contained calories, and social situations or celebrations that promote food overconsumption.

Simply understanding that we tend to eat unnecessary meals and snacks over an extended wakeful period has

another clear solution by establishing a time-restricted feeding pattern . Limiting food intake to a 6 to 10 h daily

time period reduced food intake, weight gain, and caused fat loss without eliciting excessive hunger both in obese

and diabetic mice  ovariectomized mice , in obese  and pre-diabetic humans , and in obese

postmenopausal women , and therefore can be implemented to prevent overeating and excessive weight gain.

4. Features of Developed Societies That Hinder Efforts to
Control Our Weight

Large human brains have contributed to development of technologies, structured the built environments, instituted

societal policies, and fostered economic growth, the first two of which have reduced the need for physical work and

the other three have facilitated food overconsumption. Labor-saving devices have brought humanity, especially in

developed countries, to the non-homeostatic range of interactions between weight gain and physical activity (left

part of Figure 4 ).
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Figure 4. The relationship between body weight and food intake as a function of increasing physical work. From

Mayer et al., 1956. Reproduced with permission.

Point 4. Economic growth and development brings about an overabundance of inexpensive foods that foster

overconsumption and weight gain . A byproduct of booming economic growth is an overabundance of moderately

priced food. A global analysis has found that in 69 countries an increase in food energy supply over a 4 year

interval was associated with a significant increase in average body weight ( Figure 5 ) . The magnitude of

association was sufficient to explain population weight gain in the past 50 years.
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Figure 10.  Change in average body weight for 69 countries as a function of changes in food energy supply.

Adapted from Vandevijvere et al., 2015.

Point 5. The food industry is guided more by profit motive than by considerations of human health in aggressively

promoting high-density palatable foods . The food in US and developed countries was traditionally produced locally

for neighborhood markets and with relatively little processing. Current system involves global suppliers to maximize

efficiency, reduce costs, and increase production and profit before the food reaches the consumer. Supermarkets

and the growing fast-food industry have introduced a variety of energy-dense processed foods, sometimes called

ultra-processed foods because of their high content of palatable sugar and saturated fats. This is becoming a major

source of energy in developed and developing countries and is seen as a driver of the obesity epidemic .

Spiking of processed food with additional sugar, fat, and salt increases its palatability, quantity eaten, and

marketability, and is associated with development of psychological dependence or even addiction to such food.

Eating such food is also associated with a number of health pathologies . Ultra-processed food increases the

risk of overeating not only because of its palatability, but also because of its high caloric density reflecting human

dependence on ingested food volume for satiation, and not its caloric density. Of 22,659 adults whose caloric

intakes of processed food and weight changes were monitored over a 5 year period by UK Biobank, 947 were

obese and 1900 had abdominal obesity . Participants in the highest quartile of ultra-processed food

consumption had a 79% higher risk of developing overall obesity, 31% higher risk of experiencing a ≥5% increase

in BMI, 35% increased risk of increased waist circumference, and 30% increased risk for abdominal obesity. They

also had a 14% increased risk of greater percent body fat than individuals in the lowest quartile of consumption. It
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is estimated that factors leading to poor diet produce a bigger health burden than tobacco, alcohol, and inactivity

put together . Yet, influencing the food industry to change its profit-centered advertising and selling of ultra-

processed food remains difficult . The argument promoted by the food industry against regulation over its

business strategies has focused on insisting that individuals are responsible for conscious control over their food

choices .

Relative to computer and smartphone-based approaches to weight control, a very simple device, a bathroom scale,

has an outsize effect in curbing weight gain . Its efficacy has been documented in late 1980s and subsequently

in 1990s  when it was reported that a majority of people registered in National Weight Control Registry, who lost

30 lb and maintained this weight loss for an average of 5 years, weighed themselves several times a week.

Combining daily weighing against a chart documenting weight-loss progress led not only to a weight loss, but also

prevented weight regain .
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