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Health care providers (HCPs) of-
ten find that people trying to 
“solve” a weight loss mainte-

nance problem feel guilty about their 
weight issues. They have been told by 
family, friends, the public, and, yes, 
even HCPs that it is their fault—
that they simply lack willpower—or 
have decided on their own that it 
is their fault that they are regaining 
the weight they have worked so hard 
to lose. If they would just continue 
to eat less and exercise more, the 
problem would be solved. It sounds 

so simple! Yet, anyone dealing with 
weight loss maintenance issues real-
izes it is not that simple. The cycle 
of less weight loss than expected or 
wanted and subsequent weight re-
gain continues, despite individuals’ 
best efforts to prevent it. In fact, we 
would probably all agree that, if they 
were so simple to solve, the issues of 
weight loss and maintenance would 
not continue to be problems.

It is claimed that “many clinicians 
are not adequately aware of the rea-
sons that individuals with obesity 
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■ IN BRIEF This article reviews studies related to biological mechanisms that 
make weight loss maintenance difficult. Approximately 50% of weight variance 
is reported to be determined by genetics and 50% by the environment 
(energy-dense foods and reduced physical activity). Body weight is tightly 
regulated by hormonal, metabolic, and neural factors. Hormonal adaptations 
(decreases in leptin, peptide YY, cholecystokinin, and insulin and increases in 
ghrelin, glucagon-like peptide 1, gastric inhibitory polypeptide, and pancreatic 
polypeptide) encourage weight gain after diet-induced weight loss and 
continue for at least 1 year after initial weight reduction. Weight loss also 
results in adaptive thermogenesis (decreased resting metabolic rate), which 
is also maintained long-term. Neural factors such as dopamine also signal the 
need to respond to an increased desire for fatty foods after weight loss.  
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struggle to achieve and maintain 
weight loss, and this poor awareness 
precludes the provision of effective 
intervention” (1). Many HCPs are 
reported to hold strong negative atti-
tudes and stereotypes about people 
with obesity. These attitudes may 
affect the care they provide. Among 
people with obesity, experiences of or 
expectations for poor treatment may 
cause stress and avoidance of care, 
mistrust of doctors, and poor adher-
ence. A suggested potential strategy 
to reduce the impact of obesity stigma 
on quality of care is to educate HCPs 
(and patients) about the genetic, envi-
ronmental, biological, psychological, 
and social contributors to weight 
gain and loss (2). HCPs who under-
stand the problem are reported to 
have more positive attitudes toward 
patients with obesity (3). However, 
evidence is lacking regarding whether 
individuals who are overweight or 
obese and who better understand 
the known factors contributing to 
their problem experience an easing 
of their guilt burden or whether this 
knowledge makes solving the prob-
lem easier. 

Reducing caloric intake results 
in acute compensatory changes, 
including increases and decreases in 
hormones that affect appetite, reduc-
tions in energy expenditure, and 
increases in appetite, all of which 
promote weight regain. In this arti-
cle, we summarize several biological 
factors—genetics, the body’s adap-
tive hormonal changes that occur 
with weight loss, adaptive thermo-
genesis that reduces energy needs, 
and neural issues that affect appe-
tite—all of which make weight loss 
maintenance difficult. Although both 
the environment (4) and mitochon-
drial dysfunction (5) also contribute 
to obesity, their roles in weight loss 
maintenance are less well docu-
mented and so are not addressed in 
this article. In addition, as reviewed 
elsewhere in this From Research to 
Practice section (p. 149), people with 
diabetes compared to those without 
diabetes lose less weight from simi-

lar weight loss interventions (WLIs), 
although the pattern of weight loss, 
weight maintenance, and weight 
regain is similar. At 6 months from 
similar WLIs, individuals with-
out diabetes lost an average 7.1 kg, 
whereas people with diabetes lost an 
average 3.1 kg. Plateaus and gradual 
weight regain then occurred. At 12 
months, individuals without diabetes 
had lost an average 5.0 kg compared 
to 2.9 kg in those with diabetes; at 2 
years, the respective losses were 4.1 
and 2.8 kg. At 4 years, individuals 
without diabetes lost an average 3.8 
kg; no 4-year studies of similar WLIs 
in people with diabetes were found 
(6,7). When treatment is discontin-
ued, weight gain occurs; however, 
with support, studies report that 
modest weight loss can be maintained 
(6,7).

Genetics
The prevalence of overweight and obe-
sity is increasing worldwide and coin-
cides with the abundance of energy- 
dense foods and reduced physical 
activity (environmental factors), all 
of which contribute to the increase. 
However, not all people living in this 
obesogenic setting become obese, 
suggesting that the response to in-
fluences in our environment is also 
determined by other factors, such 
as genetic makeup (8). Results from 
twin, family, and adoption studies 
have consistently estimated that 40–
70% of variance in BMI is related to 
heritability, suggesting that about half 
of the variance in body size can be at-
tributed to genes, with the other half 
due to environmental influences (8). 

Large-scale genome-wide studies 
have identified nearly 150 genetic 
variants significantly associated with 
cross-sectional measures of BMI, 
waist circumference, or obesity risk 
in multiple populations (9). The most 
consistent findings are those for path-
ways affecting central nervous system 
processing and neural regulation of 
feeding, as well as genes associated 
with fasting insulin secretion and 
action. However, for many genome 

variants, the underlying biology that 
links the variant to body weight reg-
ulation is unclear.

Although a genetic basis for obe-
sity and the response to changes in 
energy balance has been clearly estab-
lished, how to use this knowledge in 
the clinical management of obesity 
has not been determined (8). The 
National Institutes of Health working 
group on using genomic information 
to guide weight management states 
that trials specifically designed to 
assess the combined effects of geno-
types and effective interventions are 
needed to help move obesity preven-
tion and treatment from universal to 
precision approaches (9). 

Hormonal Adaptations to 
Weight Loss
Body weight is tightly regulated by 
hormonal, metabolic, and neural fac-
tors. Reducing food intake leads to 
a negative energy balance that trig-
gers a series of central and peripheral 
compensatory adaptive mechanisms 
designed to prevent starvation (10). 
Body weight is centrally regulated, 
primarily in the hypothalamus, by 
peripheral hormonal signals released 
from the gastrointestinal tract, pan-
creas, and adipose tissue that regulate 
food intake and energy expenditure 
(11). Identified modulators of appe-
tite include leptin, ghrelin, cholecys-
tokinin, peptide YY, insulin, pancre-
atic polypeptide (PP), glucagon-like 
peptide 1 (GLP-1), and gastric in-
hibitory polypeptide (GIP). Table 1 
summarizes the primary release site 
of these hormones, their primary 
modulator action, and changes with 
reduced energy intake. 

Decreases in leptin levels result 
within 24 hours of energy restric-
tion. It has been suggested that 
leptin’s primary role is the prevention 
of starvation, rather than the regu-
lation of weight (10). Regardless of 
it primary role, reductions in leptin 
secretion increase appetite, leading 
to excess food intake, which can lead 
to weight regain (12). Insulin levels 
also decrease, slowing fat metabolism, 



V O L U M E  3 0 ,  N U M B E R  3 ,  S U M M E R  2 0 1 7  155

e v e r t a n d f r a n z

F
R

O
M

 R
E

S
E

A
R

C
H

 T
O

 P
R

A
C

T
IC

E

potentially in an attempt to pre-
serve energy stores (13). In addition 
to the effects of leptin and insulin, 
increases in ghrelin stimulate hun-
ger, and decreases in peptide YY and 
cholecystokinin promote satiety (10). 
Increases in GLP-1 result in reduc-
tion in food and calorie intake (14), 
whereas increases in PP cause a sus-
tained decrease in both appetite and 
food intake, and increases in GIP 
promote energy storage (15).

After weight loss and the high 
rate of weight regain after WLI were 
documented, it became important to 
know whether these changes in cir-
culating levels of hormones involved 
in the regulation of body weight were 
transient or persisted over time. An 
important study determined baseline, 
10-week (after a weight loss program 
began) and 62-week levels of circu-
lating leptin, ghrelin, peptide YY, 
GIP, GLP-1, amylin, PP, cholecys-
tokinin, and insulin and subjective 
ratings of appetite (16). One year 
after initial weight reduction, levels of 
circulating hormones that encourage 
weight regain after weight loss had 
not reverted to levels recorded before 
the weight loss. The researchers con-
cluded that the high rate of relapse 
among obese people who have lost 
weight has a strong physiological 
basis based on long-term hormonal 

changes and is not simply the result 
of voluntary resumption of old habits.

Adaptive Thermogenesis
Adaptive thermogenesis (also termed 
metabolic adaptation) is defined as 
a slowing of resting metabolic rate 
(RMR), resulting in a decrease in 
energy expenditure beyond what 
would have been predicted by mea-
sured changes in body composition 
such as the loss of fat-free mass and 
fat mass. This metabolic adaptation 
is likely needed as a biologically 
meaningful survival mechanism that 
conserves energy in the face of star-
vation and dangerously low energy 
supplies (17). A number of studies 
have reported significant reductions 
in energy expenditure during and 
shortly after weight loss to levels be-
low predictions based on weight loss 
and body composition changes; these 
reductions may predispose to weight 
regain. A meta-analysis performed on 
a large sample of RMR data in for-
merly obese and never-obese individ-
uals showed that, after differences in 
body size and composition were taken 
into account, formerly obese individ-
uals had 3–5% lower RMR than did 
never-obese individuals (18). 

To determine whether adaptive 
thermogenesis is continued during 
weight maintenance after weight 
loss, a 1-year study was conducted in 

individuals who followed a very-low-
energy diet for 8 weeks, followed by 
a 44-week period of weight mainte-
nance (19). Measurement of energy 
expenditure and body composition 
showed that a disproportional adap-
tive thermogenesis developed during 
weight loss and was continued for the 
44-week period. Individuals with a 
larger weight loss showed a greater 
reduction in RMR and, if weight 
maintenance was unsuccessful, with 
a return to or beyond baseline weight, 
adaptive thermogenesis was no longer 
observed. The researchers concluded 
that adaptive thermogenesis during 
weight maintenance increases the risk 
of weight regain.

It had been suggested that, for 
successful weight losers, the adaptive 
thermogenesis persists for many years 
after weight loss. To determine the 
accuracy of this assumption, long-
term changes in RMR and body 
composition after weight loss were 
measured in 14 of the 16 original 
participants in “The Biggest Loser” 
competition (20). Measurements were 
made at baseline, at the end of the 
30-week competition, and 6 years 
later. Despite substantial weight 
regain, RMR remained as it was at 
the end of the competition: ~500 
kcal/day lower than expected based 
on body composition. Furthermore, 
those who experienced the greatest 

TABLE 1. Peripheral Hormonal Signals Released as Adaptations to a Reduced Energy Intake and 
That Regulate Food Intake and Energy Expenditure (10,12–15) 

Primary Site of Hormone Release Primary Action ↑ or ↓ With Reduced Energy 
Intake

Gastrointestinal tract

Ghrelin (stomach) Stimulates hunger ↑

GLP-1 (intestinal mucosa) Reduces food and calorie intake ↑

GIP (intestinal mucosa) Promotes energy storage ↑

Cholecystokinin (small intestine) Promotes satiety ↓

Peptide YY (small bowel and colon) Promotes satiety ↓

Pancreas

Insulin Slows fat metabolism ↓

PP Decreases appetite and food intake ↑

Adipose tissue

Leptin (white and brown fat cells) Increases appetite ↓
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weight loss and maintenance had the 
greatest slowing of RMR, which was 
not associated with weight regain. 
According to the investigators, 
“Society and health professionals can 
stop blaming victims—laziness is not 
a factor in weight regain.”

Neural Factors
Obesity is also reported to be associ-
ated with an increased preference for, 
and consumption of, foods high in fat 
and sugar, driven by factors such as 
neural dopamine (10). People trying 
to reduce their intake of high-fat and 
sugar-containing foods report un-
pleasant physical and psychological 
sensations, including insatiable crav-
ings, fatigue, and poor mood. With 
weight loss, a decrease in rewards 
from food intake occurs, resulting in 
neural dopamine signaling that drives 
an increased consumption to make up 
for the deficit (10). 

Summary
We have reviewed evidence that bio-
logical mechanisms, including genetic 
factors, hormonal changes, adaptive 
thermogenesis, and neural factors, 
undermine weight loss effects and 
promote weight regain in individuals 
attempting even modest weight loss. 
These mechanisms appear to defend 
an individual’s highest sustained 
body weight and point to the crucial 
importance of obesity prevention 
efforts for normal-weight and over-
weight individuals. Although it is 
likely that psychological and social 
issues also contribute to difficulties 
in maintaining weight loss, whether 
and how they do remain only spec-
ulation and require further research. 
Hopefully, reviews such as this will 
increase HCPs’ awareness of the rea-
sons individuals with obesity struggle 
to achieve and maintain weight loss. 
Hopefully, sharing this information 
with individuals struggling with the 
problem can relieve some of the guilt 
and frustration they often experience.

This brings us back to the topic 
of assisting individuals with diabe-
tes in dealing with lifestyle decisions 

related to weight issues. A collabora-
tive approach is first and always the 
most important first step. Individuals 
must decide what they are willing 
and able to implement into their life-
style. The focus of nutrition therapy 
for all individuals living with longer- 
duration type 2 diabetes is on reduced 
energy intake with an emphasis on 
nutrient-dense, fiber-rich foods, 
along with regular physical activity 
(21). Individuals need to be informed 
regarding the challenges of weight 
maintenance. It is important for them 
to understand that powerful biolog-
ical mechanisms promote weight 
regain and that this is not a reflection 
of weak willpower. Together, HCPs 
and their clients need to continue 
monitoring progress and adjusting 
treatment strategies as necessary. It 
is hoped that, if individuals better 
understand the problems they face 
and treatments to address them, they 
will be better able to effectively man-
age their diabetes. 
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