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ABSTRACT
Obesity is a chronic disease associated with impaired physical and mental health. A widespread view 
in the treatment of obesity is that the goal is to normalize the individual’s body mass index (BMI). 
However, a modest weight loss (usually above 5%) is already associated with clinical improvement, 
while weight losses of 10%-15% bring even further benefits, independent from the final BMI. The 
percentage of weight reduction is accepted as a treatment goal since a greater decrease in weight 
is frequently difficult to achieve due to metabolic adaptation along with environmental and lifestyle 
factors. In this document, the Brazilian Society of Endocrinology and Metabolism (SBEM) and the 
Brazilian Society for the Study of Obesity and Metabolic Syndrome (ABESO) propose a new obesity 
classification based on the maximum weight attained in life (MWAL). In this classification, individuals 
losing a specific proportion of weight are classified as having “reduced” or “controlled” obesity. This 
simple classification – which is not intended to replace others but to serve as an adjuvant tool – could 
help disseminate the concept of clinical benefits derived from modest weight loss, allowing individuals 
with obesity and their health care professionals to focus on strategies for weight maintenance instead 
of further weight reduction. In future studies, this proposed classification can also be an important 
tool to evaluate possible differences in therapeutic outcomes between individuals with similar BMIs 
but different weight trajectories. Arch Endocrinol Metab. 2022;66(2):139-51
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INTRODUCTION

Obesity is a chronic and recurrent disease associated 
with several complications, which in turn cause 

and aggravate other acute and chronic diseases 
and reduce life expectancy (1-3). Although highly 
stigmatized and perceived by many as a “lifestyle 
choice” easily treatable by changes in behavior, obesity 
is instead associated with considerably high rates of 
treatment failure and a progressive course across life 
(3,4). Obesity has a complex physiopathology, in which 
attempts to lose weight are counterbalanced by reduced 
energy expenditure and increased hunger and desire 
to eat mediated by the hypothalamus and brainstem, 
driving weight regain (5-8). The observation of these 
mechanisms led to the hypothesis that the body must 
defend a weight “set point.” Despite many knowledge 
gaps on how this set point changes upward throughout 
life and whether the set point would be more a range 
than a fixed value (5,9), clinical evidence suggests that 
attempts to lose weight are generally counterbalanced 
by a trend toward weight regain after a weight-loss 
intervention (3,5). Moreover, there is no evidence that 
this set point resets downward; instead, the available 
literature shows that the metabolic adaptation remains 
the same or decreases in the long term (10-12). 

“Resolution” of obesity is rarely achieved with 
clinical treatment. Indeed, a substantial number of 
studies have clearly shown that clinically achievable 
weight loss reduces health risks independent from the 
final weight (13-15). Several guidelines worldwide 
recommend a weight loss of 5%-10% (3,16-19), but no 
guideline, as far as we know, has proposed to identify 
and classify individuals who had lost weight in the past 
and were able to maintain the loss. This is a critical 
issue, considering that clinical practitioners usually 
recommend further weight loss (often clinically difficult 
to achieve) to individuals who remain with increased 
BMI after weight loss. These individuals are considered 
“high risk” by health insurance companies, perceive 
themselves as having increased risk for several diseases, 
and do not focus on weight maintenance, increasing 
the odds of weight regain and yo-yo dieting (4,20-22). 

In this document, the Brazilian Society of 
Endocrinology and Metabolism (Sociedade Brasileira 
de Endocrinologia e Metabologia – SBEM) and the 
Brazilian Association for the Study of Obesity and 
Metabolic Syndrome (Associação Brasileira de Estudo 
da Obesidade e Síndrome Metabólica – ABESO) propose 
a classification for obesity using the maximum weight 

attained in life (MWAL, or highest-ever weight) and 
the percentage of weight loss achieved to guide clinical 
management and individual decisions. This concept 
could also be useful in clinical trials since individuals 
with obesity with different weight trajectories can 
have different outcomes (6,23,24). This proposed 
classification can also help further disseminate the 
simple but underappreciated concept of health benefits 
from clinically achievable weight loss and highlight 
the importance of obtaining an accurate history of the 
individual’s weight trajectory during evaluation and 
management of obesity and related disorders (25). 
Importantly, the aim of this proposed classification is 
not to replace traditional and consolidated classifications 
but rather be an adjuvant tool to guide clinical treatment 
and help interpret the findings of clinical research and 
interventions in the field of obesity. This classification 
can be further improved in the future and be validated 
in observational and intervention studies. Once 
published, this classification will be tested in different 
clinical scenarios to evaluate its usefulness before its 
widespread use. 

Classifications of obesity

Obesity, recognized by several entities as a chronic 
and progressive disease, has been defined by the World 
Health Organization as an “excess fat accumulation 
that impairs health” (26,27). Excess fat accumulation 
as a concept seems simple, but its definition is not 
straightforward. The BMI, calculated as weight divided 
by squared height, is the most common and accepted 
tool to diagnose overweight or obesity but has 
several caveats and large interindividual risk variability 
(3,28,29). Although useful for epidemiological data, 
BMI often fails to determine the individual’s risks 
in a clinical setting (3,30-32). Differences in body 
composition (fat mass and fat-free mass) and fat 
distribution are some of the factors that reduce the 
diagnostic accuracy of the BMI in assessing health risks 
at individual levels (3,18,28,30).

Waist circumference (WC) has been proposed as a 
complementary tool for evaluation of risks associated 
with obesity, and its importance as a marker of 
cardiometabolic health independent from BMI has been 
shown in many studies (29,31,33-35). Increased WC 
is an undeniably excellent marker of cardiometabolic 
status in individuals with normal weight or overweight, 
but in individuals with higher BMI, WC measurements 
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are less useful in identifying whether the excess fat 
occurs predominantly due to subcutaneous or visceral 
abdominal fat (31,35,36). High interindividual and 
intraindividual variability in WC measurement is 
another limitation of this tool (29,37,38). 

Other available means to evaluate body composition 
and distribution that can be useful in clinical practice 
or research include bioimpedance analysis, dual-energy 
x-ray absorptiometry, and computed tomography 
scanning, although these tools are rarely used for 
diagnosis or management of obesity (39-41).

Considering the pandemic nature of obesity and 
the fact that BMI is not a good predictor of individual 
health status, the strategy of defining a subclassification 
for obesity that could provide priority treatment access 
for high-risk individuals seems well-founded (32,42). 
Several ways to classify obesity as metabolically 
“healthy” or “unhealthy” have been proposed. 
However, widespread use of this classification has 
been curbed by controversies surrounding the criteria 
defining metabolic health, cutoff levels, and inclusion 
of more complex measures of disease (such as insulin 
resistance or hepatic fat) (43,44). 

A classification of obesity based on the presence of 
comorbidities and disabilities as a staging system (similar 
to the classifications used in oncology) has also been 
proposed, for example, the Edmonton Obesity Staging 
System (18,32,45). This system is simple and useful 
to evaluate the risks and benefits of different obesity 
treatments but has some limitations as, for example, 
the parameter of “psychological burden” included in 
the classification cannot be objectively defined. Some 
professional associations have suggested that the term 
“obesity” should be changed and that the classification 
of excess fat impairing health should receive different 
terminologies – such as adiposopathy or adiposity-based 
chronic disease (ABCD) – but these recommendations 
have only been used in limited settings (32,46). 

Weight loss of 5%, 10%, 15% or more and  
reduced risks 

Even modest weight losses are associated with health 
and quality of life benefits (14). Several guidelines 
on the clinical treatment of obesity indicate that 
weight losses of 5%-10% are clinically significant and 
recommend this range as a treatment target (4,16-
19). Weight losses of 3% or less are associated with 
benefits on fertility and glucose levels (14,47-49).  

Some authors have suggested that a weight loss of 
3% can be associated with a decreased likelihood of 
complications from infectious diseases, including 
COVID-19 (50,51). When above 5%, the weight loss 
has significant effects on metabolic markers (such as 
HDL-cholesterol) (52), depression, joint pain, and 
sexual function (14,53-56). A weight loss goal of 7% 
has been associated with a lower risk of type 2 diabetes 
in the Diabetes Prevention Program (DPP) trial, in 
which each kilogram lost was associated with a nearly 
16% reduction in diabetes risk (48,49). Weight losses 
above 10% have important effects on steatohepatitis 
(14,57,58). A post hoc analysis of the LOOK AHEAD 
trial evaluating intensive lifestyle modification over 9 
years in individuals with type 2 diabetes has found that 
treatment responders with a 10% weight loss had a 21% 
reduction in the primary outcome of cardiovascular 
events (59). Additionally, an 11% weight loss has 
been associated with a nearly 23% reduction in intra-
abdominal adipose tissue, confirming that voluntary 
weight loss has a disproportionally positive effect 
on ectopic fat deposition, which is associated with 
atherosclerosis (36,60).

The DiRECT trial evaluated diabetes remission in 
individuals with a recent diagnosis of type 2 diabetes 
and reported that weight losses of 10 and 15 kg (about 
10% and 15%, respectively, of the individuals’ initial 
weight) were associated with rates of diabetes remission 
of 57% and 86%, respectively (61). A similar study 
from the same trial in which the mean weight loss was 
14% showed normalization of liver fat in individuals 
achieving diabetes remission and a reduction in the 
predicted cardiovascular risk score (QRISK) from 23% 
to 7% (62,63). A recent weight-matched study evaluated 
individuals undergoing Roux-en-Y gastric bypass or 
diet-induced weight loss who presented a mean weight 
loss of 18% and confirmed that the metabolic benefits 
were induced mainly by weight loss, suggesting 
dramatic positive effects with the achieved weight loss, 
even though the final BMI in both groups remained 
above 35 kg/m² (64). The same group that conducted 
the study has also demonstrated clearly reduced 
inflammation with weight loss above 16% (60). This 
is the same proportion of weight loss achieved after 10 
years by individuals in the vertical-banded gastroplasty 
arm in the Swedish Obese Subjects (SOS) study; these 
individuals comprised 70% of the entire cohort and were 
not expected to present metabolic effects beyond the 
weight loss, due to the nature of the procedure (14,65).  
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Even though the SOS study was not powered to 
compare bariatric procedures, the overall cohort had 
a substantial decrease in overall mortality and a life 
expectancy increase lasting at least 24 years (13,66). 
These individuals had a final BMI of approximately 35 
kg/m², indicating that two individuals with the same 
weight but different weight trajectories can exhibit 
entirely different overall risks (63). Questions remain 
regarding the existence of a specific threshold below 
which the risks decrease or whether progressive weight 
loss is associated with a proportional decrease in risks. 
Weight losses of 16%-20% or more are rarely achievable 
in the long term with currently available clinical 
therapies (66). However, this scenario can potentially 
change with the development of new and more 
efficacious antiobesity drugs (67,68). As such, clinically 
achievable weight loss has been clearly recommended 
as the goal in obesity treatment, and proposals have 
emerged indicating that the achievement of metabolic 
health in individuals with obesity is the “low-hanging 
fruit” for treatment (69). A classification for individuals 
who are able to achieve such goals is imperative.

Proposed classification based on the weight 
trajectory and the maximum weight achieved in life 

This new classification (Table 1), deliberated by a working 
group from both Brazilian medical societies, identify 
individuals based on weight trajectory during clinical 
treatments for obesity (including non-pharmacological 
and pharmacological treatments, as well as therapies 
using non-surgical devices) and is intended for adults 
aged 18 to 65 years and with BMI values between 
30 and 50 kg/m². The classification does not apply 
to individuals with end-stage diseases due to lack of 
benefits from weight loss in these circumstances. It 
also does not apply to individuals using corticosteroids 
chronically or intermittently or with endogenously 
increased cortisol levels due to Cushing’s syndrome, 
or those using other short-term drugs leading to 
weight gain. We acknowledge that many proposals for 
reclassification of obesity advocate against using BMI as 
the only diagnostic criteria, but BMI is the single most 
common starting point. Therefore, we incorporated 
BMI into this proposed classification to avoid confusion 
or complexities at the moment.

In this proposed classification, the patients 
should be asked in their first visit about their MWAL 
(excluding weight recorded during pregnancy).  

This value should be considered for the primary 
diagnosis based on the original classification of obesity 
(Class I, 30.0-34.9 kg/m²; Class II, 35.0-39.9 kg/
m²) followed by the terms “unchanged” (if close to 
the MWAL), “reduced” (if 5%-10% of weight loss is 
achieved), or “controlled” (if at least 10% of weight 
loss is achieved). The percentage of weight loss (by 5% 
decrements) should also be identified. For individuals 
with BMI values between 40-50 kg/m², we propose 
that the term “controlled” should be applied if the 
weight loss achieved is above 15%, “reduced” if between 
10%-15%, and “unchanged” if less than 10%. Below are 
two examples from Table 2.

In Case 1, a man with a height of 175 cm and an MWAL 
of 118 kg has a BMI of 38.5 kg/m² and Class II obesity 
(unchanged). If he lost 10 kg (8.4% of his maximum 
weight), he would remain in the Class II obesity category 
but would be considered as having “reduced obesity” in 
this newly proposed classification since he could derive 
clinical benefits from his weight loss. Had only his BMI 
values been considered, no change would have occurred, 
and his weight loss would be considered insufficient 
or his treatment a failure. If he lost 15 kg (12.7% of 
his MWAL), he would still be categorized as having  
Class II obesity based on his MWAL and would be 
considered “controlled” based on his weight loss of 
12.7%. Thus, the decision to lose more weight should 
be analyzed individually based on the patients’ overall 
health and metabolic status (and not solely on BMI 
values). Should the patient lose even more weight (20 
kg), he would very likely show clinical improvement 
but would remain in the same category in the original 
classification. In the new proposed classification, he 
would be considered as having Class II obesity (15% 
controlled). 

In Case 2, a woman with a height of 156 cm and 
an MWAL of 100 kg has a BMI of 41 kg/m² and Class 
III obesity. If she lost 6 kg, she would be reclassified as 
having Class II obesity based on her BMI but would still 
be considered to have Class III obesity (unchanged) 
according to the proposed classification since she 
did not achieve a minimum of 10% to be considered 
“reduced.” If she lost more than 10 kg (11 kg in 
Scenario 2C in Table 2), she would be categorized as 
having Class III obesity (10% reduced), and if she lost 
18 kg, she would still be categorized as having Class III 
obesity (15% controlled) in the proposed classification.

If an individual lost a substantial amount of weight 
(as in Scenarios 1D or 2D) and is not able to lose more 
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Table 1. Proposed classification of “reduced” and “controlled” obesity based on maximum body mass index (BMI)

Maximum BMI Unchanged* Reduced* Controlled*

30-40 kg/m² <5% 5-9.9% >10% 

40-50 kg/m² <10% 10-14.9% >15%

weight, his or her goal would be to maintain weight 
instead of losing more weight, which would probably 
happen had only the new BMI been considered.

For regions or ethnic groups defining criteria for 
overweight and obesity by different BMI cutoff values, 
the classification can follow the specific local and ethnic 
criteria. This proposed classification can also help 
individuals understand that obesity is a chronic disease 
and, regardless of their current weight status, their 
biology is driven toward weight regain. It also includes 
the MWAL as important information to be collected in 
the patient’s medical history. 

Of note, this document is not intended to 
determine the criteria for success after bariatric 
procedures, and the proposed terms “reduced”  and 
“controlled” are applicable to the success of clinical 
but not surgical treatments. Still, we recognize that 
the idea of classifying obesity based on MWAL and 
percentage of achieved weight loss could be useful in 
individuals undergoing bariatric surgery and be applied 
to guide clinical decisions. However, some adjustments 
to the classification would be necessary, including the 

differentiation of insufficient weight loss and long-term 
weight regain after the bariatric procedure.

Special situations

Pregnancy and lactation

Weight gain is expected to occur during pregnancy. 
Although some women gain more weight than expected 
and struggle to lose the gained weight in the postpartum 
period, the weight generally decreases naturally during 
and after lactation (70-73). The maximum weight 
achieved in pregnancy should be accurately written in 
the patient’s medical history but should not be used for 
the classification proposed in this document. Instead, 
the MWAL should consider nonpregnant conditions. 
If the MWAL was achieved after pregnancy, the stable 
weight reached after the end of the lactation should be 
considered as the MWAL.

Involuntary weight loss 

Several life-threatening diseases lead to involuntary 
weight loss and cachexia; these conditions are the 
source of important bias in epidemiological studies 

Table 2. Newly proposed classification based on two clinical cases

Case 1: A 55-year-old man with a maximum weight achieved in life (MWAL) 2 years earlier of 118 kg and a height of 175 cm (BMI of 35.9 kg/m²).

Hypothetical 
scenarios Weight (kg) BMI (kg/m²)

Percentage of 
weight loss based 

on MWAL

Newly proposed 
classification

Traditional 
classification

1A 115 38.5 2.5% Class II obesity (unchanged) Class II obesity

1B 108 35.2 8.4% Class II obesity (5% reduced) Class II obesity

1C 103 33.6 12.7% Class II obesity (10% controlled) Class I obesity

1D 98 32.0 16.9% Class II obesity (15% controlled) Class I obesity

Case 2: A 40-year-old woman with an MWAL of 100 kg (6 months earlier) and a height of 156 cm (BMI 41 kgm²). 

Hypothetical 
scenarios Weight (kg) BMI (kg/m²)

Percentage of 
weight loss based 

on MWAL

Newly proposed 
classification

Traditional 
classification

2A 98 41 2% Class III obesity (unchanged) Class III obesity

2B 94 39.1 6% Class III obesity (unchanged) Class II obesity

2C 89 37 11% Class III obesity (10% reduced) Class II obesity

2D 82 34.1 18% Class III obesity (15% controlled) Class I obesity
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evaluating the relationship between weight loss and 
health status (25,74-76). Since long-term voluntary 
weight loss and maintenance are hard to achieve, 
most individuals losing substantial weight in large 
observational datasets are likely to be those with severe 
diseases (77,78). If the weight loss achieved clinically 
is suspected of having occurred involuntarily, the 
classification proposed in this document should not be 
used, and an investigation of the possible causes for the 
weight loss is warranted. 

Individuals with end-stage chronic diseases

This proposed classification does not apply to individuals 
with end-stage diseases (e.g., patients with chronic renal 
failure undergoing dialysis, heart failure NYHA classes 
III or IV, cirrhosis, or metastatic cancers with reduced 
overall survival, among others). For individuals with 
these conditions – classified as stage 4 in the Edmonton 
Score – palliative measures are more important than 
weight loss (45).

Older age

We chose to limit this new classification to adults 
younger than 65 years. Altered body composition – 
particularly loss of lean tissue (mainly muscle mass) 
and increased body fat – become more evident with 
age and can have profound metabolic effects (79-81). 
With age, BMI values usually stabilize or reduce, but 
visceral fat and intramyocellular fat increase (79,82). 
As such, the diagnosis of obesity based only on body 
weight is imperfect, so body composition data should 
be considered in the diagnosis; this has resulted in 
different cutoff values for healthy BMI proposed for 
this age group (83-85). At the same time, the possibility 
of concomitant diseases leading to involuntary weight 
loss increases with age (76,80,86). Still, individuals 
with obesity losing weight voluntarily can derive 
clinical benefits, but caution regarding sarcopenia and 
osteoporosis associated with the weight loss should be 
exercised (89,87-90).

Children and adolescents 

This new classification is not intended for individuals 
younger than 18 years. In this population, obesity 
should be diagnosed based on BMI Z-scores according 
to age, weight, and height (91). Children and 
adolescents with obesity have higher odds of becoming 
adults with obesity, and many of the concepts discussed 

previously in this document may apply to this younger 
population (92,93). A classification dedicated to 
children and adolescents with obesity should consider 
the social burden and stigma of this diagnosis in young 
individuals.

Exogenous or endogenous hypercortisolemia

Chronic and recurrent use of corticosteroids can lead 
to weight fluctuations, hindering proper interpretation 
of the MWAL and identification of the weight as 
being voluntary or involuntary (94). Cushing’s 
syndrome, treated or untreated, can also affect 
body weight regulation (95). As such, the proposed 
classification should not be used in individuals receiving 
active treatment for Cushing’s syndrome or using 
corticosteroids intermittently. In individuals with long-
term remission from Cushing’s syndrome or who were 
chronically treated with corticosteroids in the past but 
are no longer receiving such treatment, the proposed 
criteria should be used with caution, and the MWAL 
should be considered after the treatment period.

Acute and reversible situations that could lead to 
weight gain

Overfeeding studies have shown that the body 
presents adaptive responses that curb weight gain in 
the long term, such as those observed with caloric 
restriction but in the opposite direction. During short-
term overfeeding (e.g., occurring during holidays or 
vacations), any weight gain is at least partially reversible 
after the individual returns to routine daily life (96-98). 
Therefore, if the MWAL was achieved during a very 
short period of time, the MWAL should be defined 
as the maximum stable weight that occurred during a 
longer period, which has been arbitrarily defined in this 
document as at least 3 consecutive months. Similarly, 
if the individual gained weight using obesogenic 
medications –  such as antidepressants and antipsychotics 
– for a very short period, the weight assessed at that 
moment should not be considered as the MWAL (99) 
since weight loss is common after these drugs are 
withdrawn. However, if these drugs are used during a 
longer period (e.g., more than 3 months) and have a 
substantial impact on the individual’s weight, and if the 
MWAL was reached in this setting, this MWAL should 
be considered even if the drugs are withdrawn later, 
since chronic use of these medications is a risk factor for 
obesity (100,101). 
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Use of antidiabetic agents leading to weight gain

Type 2 diabetes is intrinsically related to weight gain 
and obesity. In our view, the concept of “controlled” 
obesity proposed in this new classification is extremely 
useful in patients with this disease, particularly in the 
first 6-8 years after diagnosis, when significant weight 
loss can change the natural course of the disease 
and even lead to diabetes remission (52,61,63,66). 
However, many antidiabetic agents are associated with 
weight gain (e.g., insulin, sulfonylureas, glinides, and 
thiazolidinediones) (99,102,103). If these medications 
are used chronically, no changes should be made to 
the classification, and the concept of “controlled” 
obesity can support the use of antidiabetic agents with 
a more favorable effect on weight (102). Weight gained 
after short-term intensification of insulin (e.g., during 
hospitalization, acute illness, or related to glucotoxicity) 
that is further discontinued or reduced in dose should 
not be considered the MWAL.

Smoking cessation and relapse

Smoking cessation is associated with weight gain in most 
individuals (104-106). The MWAL can be considered 
when recorded after smoking cessation, but if smoking 
relapses and the individual loses weight, this “tobacco-
induced” weight loss should be seen as involuntary 
and not considered to classify the individual as having 
“reduced” or “controlled” obesity.  

Overweight individuals

Overweight is associated with increased health risks. 
Several guidelines suggest weight loss for individuals 
with overweight, particularly when associated with 
comorbidities (1,16-19). We believe that the idea 
of “reduced” and “controlled” overweight is valid 
in individuals with overweight the same way that it 
is applied for obesity, particularly in patients with 
comorbidities. However, we emphasize that this 
proposed classification applies to individuals with 
obesity defined as a BMI above 30 kg/m2.

Metabolically unhealthy, normal-weight individuals 

Even with a “normal” BMI, some individuals have 
metabolic abnormalities related to excess adiposity 
with abnormal distribution and probably benefit 
from losing weight below an individual threshold 
(107,108). The ABCD classification has been 

proposed for these individuals since it focuses on 
metabolic abnormalities rather than weight, but 
several controversies remain in terms of the criteria 
that should be used to consider them as metabolically 
unhealthy (46). As described for individuals who 
are overweight, the proposed classification does not 
apply for individuals who have normal weight but are 
metabolically unhealthy.

Class IV and V obesity (body mass index above  
50 kg/m2)

Limited quality data exist on weight loss outcomes 
in individuals with BMI above 50 kg/m², and it is 
unclear whether the weight loss percentages used for 
individuals with BMI 30-50 kg/m² should be applied to 
consider these individuals “controlled.” Consequently, 
we decided against proposing specific weight loss 
thresholds for individuals with BMI values above 50 
kg/m², for whom the burden of obesity is extreme and 
clinical treatments have limited benefits (109,110). 

Strengths and limitations 

The main strength of this simple new classification is the 
emphasis on the achievement of weight loss goals with 
clinical treatment, as defined in several guidelines. This 
proposed classification yields a more comprehensive 
view of the individual’s weight status and establishes 
future objectives for patients and health care providers. 
We believe that this simple and ready-to-use classification 
can help reduce the stigma of clinical obesity treatment, 
improve long-term adherence to obesity therapy, and 
facilitate the understanding that obesity is a chronic and 
recurrent disease. The only information that must be 
reliably obtained is the individual’s MWAL, which has 
previously been proposed as important information in 
the clinical setting (23,25,111). 

The stigma of obesity – unfortunately very common 
in health care and across society – is associated with 
poorer health outcomes and further weight gain 
(112,113). With this proposed classification being 
implemented, future studies can be performed to 
evaluate its impact on weight stigma. However, we 
believe that this impact will be positive since the 
classification will enable health care providers to 
understand – even if partially – the complex regulation 
of body weight and the benefits of modest weight losses. 
This proposed classification can also help patients and 
health care providers in discussing more realistic goals 
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and guide health care professionals not involved in the 
management of obesity in referring patients for proper 
care, using it as an adjuvant to other measurements, 
classifications, and clinical findings. Before widespread 
implementation of this classification, we plan to conduct 
questionnaire studies to inquire individuals living with 
obesity whether they believe this classification could 
help treat obesity and reduce the stigma of the disease. 

Future studies are required to validate this 
classification for risk stratification and prediction 
of clinical outcomes. Other classifications (e.g., the 
Edmonton Obesity Staging System) were first proposed 
and then validated in epidemiological studies. We 
believe the same can be done with our classification 
(42,45,114). This proposed classification could also 
be useful in interventional obesity studies. Generally, 
clinical trials do not include these simple data that might 
influence outcomes (25). Individuals near their MWALs 
are expected to lose more weight in response to an 
intervention compared with individuals with reduced 
or controlled obesity, who are expected to lose less 
additional weight (6,25). If a trial enrolls a large number 
of individuals with reduced or controlled obesity, the 
impact of the intervention may be underestimated. 
The same applies to experimental studies since cerebral 
or hormonal responses to overfeeding, underfeeding, 
or different food stimulation differ according to the 
individual’s weight-reduced status, which can lead to 
biased interpretations of the results (115). 

The concept of controlled disease is not new. 
Indeed, this concept is widely used in individuals 
with diabetes. Individuals with diabetes with glycated 
hemoglobin (HbA1c) levels lower than 7.0% can be 
considered “well controlled” despite this level being 
above normal (116). This definition of optimal control 
is based on several observational and randomized 
controlled trials showing that a reduction in HbA1c 
level is associated with improved diabetes outcomes 
(117,118). Compared with diabetes, the evidence 
is weaker for obesity due to fewer clinical studies, as 
previously discussed,  but randomized controlled trials 
have shown that a 5%-15% weight loss is associated 
with reduced morbidity (14,48,49,52-59,61,63). Still 
using diabetes as an example of a disease related to 
obesity, evidence shows that weight loss reduces the 
incidence and increases the odds of remission of this 
disease (48,49,61), but proposals on how to record this 
information in the long term are lacking. As such, the 
MWAL and the percentage of weight loss can also be 

used as a simple, objective, and continuous target of 
disease control in obesity (15).

This proposed classification also has several 
limitations, as listed below:

First, this classification relies on self-reported 
MWAL, which can be subjected to recall bias 
(119,120). Also, it has been suggested that the weight 
set point may be a range instead of a fixed value. 
Moreover, periods of transient overfeeding may lead 
to acute and (at least partially) reversible weight gain 
(9,97,121). Therefore, it is advisable to consider as the 
MWAL a stable weight maintained for more than 3 
months, although we acknowledge that this period is 
arbitrary. Development of biomarkers for use as more 
objective parameters of reduced obesity status would 
be desirable. Nonetheless, the spread of the concept 
of MWAL as an important measuring tool could help 
people living with obesity and health professionals to 
value this information and reduce the bias of recalling 
previous weight. 

Second, the proposed classification has the known 
limitations of the use of BMI in clinical practice. As 
mentioned before, BMI values can be a poor marker of 
individual health, and variations in body composition 
and distribution can impact their interpretation (28). 
However, this classification relies on more than just 
BMI, as it also considers the weight history. 

Third, the classification adopts only weight loss 
as a marker of obesity control. The goal of obesity 
treatment is to improve health and quality of life, and 
similar weight losses can have a diverse clinical impact 
on different individuals depending on baseline health 
status and overall individual conditions (3,18). We 
acknowledge that for an individual with obesity to 
be considered “controlled,” the weight loss achieved 
would have to provide evident clinical benefits such 
as improvement in metabolic markers, physical 
functioning, or mental health. However, we decided 
against adding clinical markers to the classification at 
the moment to keep it simple for clinicians. Extensive 
discussions in the literature debate the use of criteria to 
identify metabolically healthy obesity (44) and whether 
this term should even be used (44,122). Additionally, 
it is difficult to objectively measure without using 
questionnaires the mechanical and mental health 
benefits of weight loss. Additionally, the impact of 
weight loss on mental health has not been broadly 
evaluated (123), and any classification based on clinical 
improvement could be subjective and complicate its 
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implementation. We are aware that an “advanced 
classification” considering both the weight loss achieved 
and the clinical benefits could be more precise – albeit 
less practical – in identifying “controlled” obesity. A 
future step could be a combination of this proposed 
classification and an improvement in the Edmonton 
Obesity Staging System (45) (e.g., from EOSS stage 2 
to stage 1) or an individual change from a well-defined 
classification of metabolically unhealthy obesity to 
metabolically healthy obesity, as proposed by Stefan 
and cols. (69).  

Fourth, this classification is not a guideline, as 
discussed above. An individual considered to have 
controlled obesity could derive benefits from losing 
further weight or be a candidate for bariatric surgery. 
Likewise, individuals with reduced (or unchanged) 
obesity might not need to lose more weight if they 
have a low overall burden from their high BMI. This 
classification is rather intended to provide important 
information for discussion with the patient and, as any 
other classification, should be considered in the overall 
context of the patient’s health and long-term goals. 

Fifth, a wide range of individuals were not included 
in this proposed classification due to the reasons 
pointed out above, but their weight trajectories could 
also be used as a management guide. As such, we see 
the MWAL as almost a “vital sign” to be asked at every 
clinical history taking, even if this proposed classification 
is not applicable to the individual. 

Finally, our classification has not been validated 
and lacks direct evidence showing that a “reduced” or 
“controlled” obesity status is associated with reduced 
hard outcomes. At present, the evidence is indirect and 
based on reduced cardiovascular risk factors observed in 
mechanistic studies, subanalyses of clinical trials (such 
as the post hoc analysis of the LOOK AHEAD trial), and 
after bariatric surgery, in which the magnitude of the 
weight loss is usually higher. The decision of adopting 
a weight loss of 15% as the criteria for controlled 
obesity in individuals with a BMI above 40 kg/m² 
derived mainly from indirect data from the gastric 
banding and vertical-banded gastroplasty arms of the 
SOS study (65). This indirect evidence from surgical 
studies does not rule out the possibility of weight-
independent effects (13,14,59,60,65), and the SOS 
study was not powered to evaluate differences between 
procedures. As such, the evidence for the proposed 
thresholds of “reduced” and “controlled” obesity is 
weak. Since studies have rarely used the MWAL, we 

cannot exclude the possibility that a large proportion 
of the individuals in clinical trials already had (at least 
slightly) a weight reduction and, as such, the benefits 
from a modest weight loss (e.g., 5%-10%) from the 
MWAL could have a lower clinical significance. We 
are aware of these limitations, but we believe that this 
classification could help future trials answer questions 
by objectively categorizing individuals into groups 
according to their previous weight trajectories. Since 
weight history is rarely recorded in medical charts, this 
proposed classification could not be validated before 
being implemented. A recent observational study of 
risk prediction evaluated patients’ weight history based 
on data from medical records and a follow-up of 6 
years. Aligned with our proposal, individuals with more 
than 15% of weight loss developed cardiometabolic 
outcomes later than those with less than 7% of weight 
loss (124). The same authors also found similar results 
regarding osteoarthritis and health care utilization 
(125). Nonetheless, no information was provided about 
MWAL, and their classification was different from ours. 
A more unified or known definition could facilitate the 
research in the field. Another less conclusive example is 
a recent prospective cohort study evaluating BMI and 
prognosis of COVID-19, in which the authors evaluated 
whether prior weight loss was protective against severe 
COVID-19, but the analysis could not be performed 
because the weight changes were poorly reported 
(126). If the importance of recording weight history 
in medical charts is not emphasized and the concept 
of “reduced” and “controlled” obesity is not widely 
known, these issues will probably never be adequately 
addressed. Even if this proposed classification is not 
readily applied before further validation, it still can be 
useful as a “call for action” for health care professionals 
to record the patients’ MWAL and understand its 
usefulness. 

In conclusions, this document proposes a new 
and relatively simple classification of obesity for adults 
aged 18-65 years based on the percentage of weight 
loss from the MWAL and using the terms “reduced” 
and “controlled” obesity. This proposed classification 
intends not to replace other classifications but rather 
serve as an adjuvant tool. This classification could 
have practical implications on obesity care and, after 
validation in future studies, could be improved with 
new data and input, especially if combined with clinical 
markers. Both SBEM and ABESO intend to validate this 
classification before it is widely utilized but believe that it 
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could be a very useful tool to help clinical decisions and 
reduce the stigma of obesity. This classification could 
also be useful in future epidemiological, mechanistic, 
and interventional studies.  

Funding statement: the costs of this publication were equally sha-
red by the Brazilian Society of Endocrinology and Metabolism 
(SBEM) and the Brazilian Society for the Study of Obesity and 
Metabolic Syndrome (ABESO) using their own resources.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1.	 Prospective Studies Collaboration, Whitlock G, Lewington S, 

Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-mass 
index and cause-specific mortality in 900 000 adults: collaborative 
analyses of 57 prospective studies. Lancet. 2009;373:1083-96.

2.	 Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of 
life lost due to obesity. JAMA. 2003;289:187-93.

3.	 Bray GA, Heisel WE, Afshin A, Jensen MD, Dietz WH, Long M, et 
al. The Science of Obesity Management: An Endocrine Society 
Scientific Statement. Endocr Rev. 2018;39(2):79-132.

4.	 Halpern B, Halpern A. Why are antiobesity drugs stigmatized? 
Expert Opin Drug Saf. 2015;14:185-8.

5.	 Schwartz MW, Seeley RJ, Zeltser LM, Drewnowski A, Ravussin E, 
Redman LM, et al. Obesity pathogenesis: an Endocrine Society 
scientific statement. Endocr Rev. 2017;38(4):267-96.

6.	 Aronne LJ, Hall KD, M Jakicic J, Leibel RL, Lowe MR, Rosenbaum 
M, et al. Describing the Weight-Reduced State: Physiology, 
Behavior, and Interventions. Obesity (Silver Spring). 2021;29 
Suppl 1:S9-S24.

7. 	 Ravussin E, Smith SR, Ferrante AW Jr. Physiology of Energy 
Expenditure in the Weight-Reduced State. Obesity (Silver Spring). 
2021;29 Suppl 1:S31-8.

8. 	 Berthoud HR, Seeley RJ, Roberts SB. Physiology of Energy Intake 
in the Weight-Reduced State. Obesity (Silver Spring). 2021 Apr;29 
Suppl 1:S25-S30.

9. 	 Speakman JR, Levitsky DA, Allison DB, Bray MS, de Castro JM, 
Clegg DJ, et al. Set points, settling points and some alternative 
models: theoretical options to understand how genes and 
environments combine to regulate body adiposity. Dis Model 
Mech. 2011;4(6):733-45.

10. 	 Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, 
Kriketos A, et al. Long-term persistence of hormonal adaptations 
to weight loss. N Engl J Med. 2011;365(17):1597-604.

11. 	 Purcell K, Sumithran P, Prendergast LA, Bouniu CJ, Delbridge E, 
Proietto J. The effect of rate of weight loss on long-term weight 
management: a randomised controlled trial. Lancet Diabetes 
Endocrinol. 2014;2(12):954-62.

12. 	 Fothergill E, Guo J, Howard L, Kerns JC, Knuth ND, Brychta R, 
et al. Persistent metabolic adaptation 6 years after “The Biggest 
Loser” competition. Obesity (Silver Spring). 2016;24(8):1612-9.

13. 	 Carlsson LMS, Sjöholm K, Jacobson P, Andersson-Assarsson 
JC, Svensson PA, Taube M, et al. Life Expectancy after Bariatric 
Surgery in the Swedish Obese Subjects Study. N Engl J Med. 
2020;383(16):1535-43.

14. 	 Ryan DH, Yockey SR. Weight loss and improvement in 
comorbidity: differences at 5%, 10%, 15%, and over. Curr Obes 
Rep. 2017;6(2):187-94.

15. 	 Halpern B, Mancini MC. Controlled obesity status: a rarely 
used concept, but with particular importance in the COVID-19 
pandemic and beyond. J Endocrinol Invest. 2021;44(4):877-80.

16. 	 Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato 
KA, et al.; American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines; Obesity Society. 
2013 AHA/ACC/TOS guideline for the management of overweight 
and obesity in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines and The Obesity Society. Circulation. 201424;129(25 
Suppl 2):S102-38.

17. 	 Associação Brasileira para o Estudo da Obesidade e Síndrome 
Metabólica (ABESO). Diretrizes brasileiras de obesidade: 2016. 
São Paulo; 2016. Available from: https://bit.ly/2T5FIbn. 

18. 	 Wharton S, Lau DCW, Vallis M, Sharma AM, Biertho L, Campbell-
Scherer D, et al. Obesity in adults: a clinical practice guideline. 
CMAJ. 2020;192(31):E875-E9124.

19. 	 Raynor HA, Champagne CM. Position of the Academy of Nutrition 
and Dietetics: Interventions for the Treatment of Overweight and 
Obesity in Adults. J Acad Nutr Diet. 2016;116(1):129-47.

20. 	 Hall KD, Kahan S. Maintenance of Lost Weight and Long-Term 
Management of Obesity. Med Clin North Am. 2018;102(1):183-97.

21. 	 Marchesini G, Cuzzolaro M, Mannucci E, Dalle Grave R, Gennaro 
M, Tomasi F, et al. Weight cycling in treatment-seeking obese 
persons: Data from the QUOVADIS study. Int J Obes Relat Metab 
Disord. 2004;28(11):1456-62. 

22. 	 Sasdelli AS, Petroni ML, Delli Paoli A, Collini G, Calugi S, Dalle 
Grave R, et al. Expected benefits and motivation to weight loss 
in relation to treatment outcomes in group-based cognitive-
behavior therapy of obesity. Eat Weight Disord. 2018;23(2):205-14.

23. 	 Call CC, Piers AD, Wyckoff EP, Lowe MR, Forman EM, Butryn ML. 
The relationship of weight suppression to treatment outcomes 
during behavioral weight loss. J Behav Med. 2019;42(2):365-75. 

24. 	 Ferrannini E, Rosenbaum M, Leibel RL. The threshold shift 
paradigm of obesity: Evidence from surgically induced weight 
loss. Am J Clin Nutr. 2014;100:996-1002.

25. 	 Kushner RF, Batsis JA, Butsch WS, Davis N, Golden A, Halperin F, 
et al. Weight History in Clinical Practice: The State of the Science 
and Future Directions. Obesity (Silver Spring). 2020;28(1):9-17.

26. 	 Kyle TK, Dhurandhar EJ, Allison DB. Regarding Obesity as a 
Disease: Evolving Policies and Their Implications. Endocrinol 
Metab Clin North Am. 2016;45(3):511-20.

27. 	 World Health Organization (WHO). 10 Facts on obesity. 2016. 
Available from: https://www.who.int/features/factfiles/obesity/
facts/en/

28. 	 Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, 
Somers VK, Erwin PJ, et al. Diagnostic performance of body 
mass index to identify obesity as defined by body adiposity: a 
systematic review and meta-analysis. Int J Obes. 2010;34(5):791-9.

29. 	 Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et 
al. Waist circumference as a vital sign in clinical practice: a 
Consensus Statement from the IAS and ICCR Working Group on 
Visceral Obesity. Nat Rev Endocrinol. 2020;16(3):177-89.

30. 	 Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, 
Collazo-Clavell ML, Korinek J, et al. Accuracy of body mass index 
in diagnosing obesity in the adult general population. Int J Obes 
(Lond). 2008;32(6):959-66.

31. 	 Despres JP. Body fat distribution and risk of cardiovascular 
disease: an update. Circulation. 2012;126(10):1301-13.

32. 	 Sharma AM, Campbell-Scherer DL. Redefining obesity: Beyond 
the numbers. Obesity (Silver Spring). 2017;25(4):660-1.

33. 	 Vague J. The degree of masculine differentiation of obesities: a 
factor determining predisposition to diabetes, atherosclerosis, 
gout, and uric calculous disease. 1956. Obes Res. 1996;4(2):204-12.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

149

Obesity classification based on weight history 

Arch Endocrinol Metab. 2022;66/2 

34. 	 Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, 
Tremblay A, et al. Waist circumference and abdominal sagittal 
diameter: best simple anthropometric indexes of abdominal 
visceral adipose tissue accumulation and related cardiovascular 
risk in men and women. Am J Cardiol. 1994;73:460-8.

35. 	 Ardern CI, Janssen I, Ross R, Katzmarzyk PT. Development 
of health-related waist circumference thresholds within BMI 
categories. Obes Res. 2004;12(7):1094-103.

36. 	 Neeland IJ, Ross R, Després JP, Matsuzawa Y, Yamashita S, Shai I, 
et al.; International Atherosclerosis Society; International Chair on 
Cardiometabolic Risk Working Group on Visceral Obesity. Visceral 
and ectopic fat, atherosclerosis, and cardiometabolic disease: a 
position statement. Lancet Diabetes Endocrinol. 2019;7:715-25.

37. 	 Mason C, Katzmarzyk PT. Variability in waist circumference 
measurements according to anatomic measurement site. Obesity 
(Silver Spring). 2009;17(9):1789-95.

38. 	 Nádas J, Putz Z, Kolev G, Nagy S, Jermendy G. Intraobserver and 
interobserver variability of measuring waist circumference. Med 
Sci Monit. 2008;14(1):CR15-8.

39. 	 Ward LC. Bioelectrical impedance analysis for body composition 
assessment: reflections on accuracy, clinical utility, and 
standardisation. Eur J Clin Nutr. 2019;73(2):194-9.

40. 	 Borga M, West J, Bell JD, Harvey NC, Romu T, Heymsfield SB, et al. 
Advanced body composition assessment: from body mass index 
to body composition profiling. J Investig Med. 2018;66(5):1-9.

41. 	 Lemos T, Gallagher D. Current body composition measurement 
techniques. Curr Opin Endocrinol Diabetes Obes. 2017;24(5):310-4. 

42. 	 Padwal RS, Pajewski NM, Allison DB, Sharma AM. Using the 
Edmonton obesity staging system to predict mortality in a 
population-representative cohort of people with overweight and 
obesity. CMAJ. 2011;183:E1059-66.

43. 	 Rey-López JP, de Rezende LF, Pastor-Valero M, Tess BH. The 
prevalence of metabolically healthy obesity: a systematic 
review and critical evaluation of the definitions used. Obes Rev. 
2014;15(10):781-90. 

44. 	 Smith GI, Mittendorfer B, Klein S. Metabolically healthy obesity: 
facts and fantasies. J Clin Invest. 2019;129(10):3978-89.

45. 	 Sharma AM, Kushner RF. A proposed clinical staging system for 
obesity. Int J Obes (Lond). 2009;33(3):289-95.

46. 	 Mechanick JI, Hurley DL, Garvey WT. Adiposity-based chronic 
disease as a new diagnostic term: the American Association of 
Clinical Endocrinologists and American College of Endocrinology 
Position Statement. Endocr Pract. 2017;23(3):372-8.

47. 	 Huber-Buchholz MM, Carey DG, Norman RJ. Restoration 
of reproductive potential by lifestyle modification in obese 
polycystic ovary syndrome: role of insulin sensitivity and 
luteinizing hormone. J Clin Endocrinol Metab. 1999;84(4):1470-4. 

48. 	 Hamman RF, Wing RR, Edelstein SL, Lachin JM, Bray GA, 
Delahanty L, et al. Effect of weight loss with lifestyle intervention 
on risk of diabetes. Diabetes Care. 2006;29(9):2102-7.

49. 	 Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin 
JM, Walker EA, et al.; Diabetes Prevention Program Research 
Group. Reduction in the incidence of type 2 diabetes with lifestyle 
intervention or metformin. N Engl J Med. 2002;346(6):393-403. 

50. 	 Lockhart SM, O’Rahilly S. When Two Pandemics Meet: Why Is 
Obesity Associated with Increased COVID-19 Mortality? Med 
(NY). 2020 18;1(1):33-42.

51. 	 Halpern B, Louzada MLDC, Aschner P, Gerchman F, Brajkovich I, 
Faria-Neto JR, et al. Obesity and COVID-19 in Latin America: A 
tragedy of two pandemics-Official document of the Latin American 
Federation of Obesity Societies. Obes Rev. 2021;22(3):e13165.

52. 	 Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni AG, 
et al. Benefits of modest weight loss in improving cardiovascular 
risk factors in overweight and obese individuals with type 2 
diabetes. Diabetes Care. 2011;34:1481-6.

53. 	 Faulconbridge L, Wadden T, Rubin R, Wing RR, Walkup MP, 
Fabricatore AN, et al.; Look AHEAD Research Group. One-year 
changes in symptoms of depression and weight in overweight/
obese individuals with type 2 diabetes in the Look AHEAD study. 
Obesity. 2012;20(4):783-93.

54. 	 White DK, Neogi T, Rejeski WJ, Walkup MP, Lewis CE, Nevitt MC, 
et al. Can an intensive diet and exercise program prevent knee 
pain among overweight adults at high risk? Arthritis Care Res 
(Hoboken). 2015;67(7):965-71.

55. 	 Wing R, Rosen R, Fava J, Bahnson J, Brancati F, Gendrano Iii IN, et 
al. Effects of weight loss intervention on erectile function in older 
men with type 2 diabetes in the Look AHEAD trial. J Sex Med. 
2010;7(1 Pt1):156-65.

56. 	 Wing RR, Bond DS, Gendrano IN 3rd, Wadden T, Bahnson J, Lewis 
CE, et al.; Sexual Dysfunction Subgroup of the Look AHEAD 
Research Group, et al. Effect of intensive lifestyle intervention on 
sexual dysfunction in women with type 2 diabetes: results from an 
ancillary Look AHEAD study. Diabetes Care. 2013;36(10):2937-44. 

57. 	 Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Brancati 
FL, et al.; Fatty Liver Subgroup of the Look AHEAD Research 
Group. Effect of a 12-month intensive lifestyle intervention on 
hepatic steatosis in adults with type 2 diabetes. Diabetes Care. 
2010;33(10):2156-63. 

58. 	 Glass LM, Dickson RC, Anderson JC, Suriawinata AA, Putra J, 
Berk BS, et al. Total body weight loss of ≥ 10 % is associated 
with improved hepatic fibrosis in patients with nonalcoholic 
steatohepatitis. Dig Dis Sci. 2015;60(4):1024-30.

59. 	 Look AHEAD Research Group, Gregg EW, Jakicic JM, Blackburn 
G, Bloomquist P, Bray GA, Clark JM, et al. Association of the 
magnitude of weight loss and changes in physical fitness with 
long-term cardiovascular disease outcomes in overweight or 
obese people with type 2 diabetes: a post-hoc analysis of the Look 
AHEAD randomised clinical trial. Lancet Diabetes Endocrinol. 
2016;4(11):913-21.

60. 	 Magkos F, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly 
SC, et al. Effects of moderate and subsequent progressive weight 
loss on metabolic function and adipose tissue biology in humans 
with obesity. Cell Metab. 2016;23:1-11.

61. 	 Lean ME, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie 
L, et al. Primary care-led weight management for remission of 
type 2 diabetes (DiRECT): an open-label, cluster-randomised trial. 
Lancet. 2018; 391(10120):541-51.

62. 	 Steven S, Hollingsworth KG, Al-Mrabeh A, Avery L, Aribisala B, 
Caslake M, et al. Very low-calorie diet and 6 months of weight 
stability in type 2 diabetes: pathophysiological changes in 
responders and nonresponders. Diabetes Care. 2016;39(1):158-65.

63. 	 Taylor R, Al-Mrabeh A, Sattar N. Understanding the mechanisms 
of reversal of type 2 diabetes. Lancet Diabetes Endocrinol. 
2019;7(9):726-36.

64.	 Yoshino M, Kayser BD, Yoshino J, Stein RI, Reeds D, Eagon JC, et 
al. Effects of Diet versus Gastric Bypass on Metabolic Function in 
Diabetes. N Engl J Med. 2020;383(8):721-32.

65. 	 Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson B, Wedel 
H, et al.; Swedish Obese Subjects Study. Effects of bariatric 
surgery on mortality in Swedish obese subjects. N Engl J Med. 
2007;357(8):741-52.

66. 	 Halpern B, Mancini MC. Metabolic surgery for the treatment of 
type 2 diabetes in patients with BMI lower than 35 kg/m2: Why 
caution is still needed. Obes Rev. 2019;20(5):633-47.

67. 	 Ryan DH, Lingvay I, Colhoun HM, Deanfield J, Emerson SS, 
Kahn SE, et al. Semaglutide Effects on Cardiovascular Outcomes 
in People With Overweight or Obesity (SELECT) rationale and 
design. Am Heart J. 2020;229:61-9. 

68. 	 Müller TD, Clemmensen C, Finan B, DiMarchi RD, Tschöp MH. 
Anti-Obesity Therapy: from Rainbow Pills to Polyagonists. 
Pharmacol Rev. 2018;70(4):712-46.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

150

Obesity classification based on weight history 

Arch Endocrinol Metab. 2022;66/2  

69. 	 Stefan N, Häring HU, Schulze MB. Metabolically healthy obesity: 
the low-hanging fruit in obesity treatment? Lancet Diabetes 
Endocrinol. 2018;6(3):249-58.

70. 	 Gunderson EP. Childbearing and obesity in women: weight 
before, during, and after pregnancy. Obstet Gynecol Clin North 
Am. 2009;36(2):317-32, ix. 

71. 	 Farpour-Lambert NJ, Ells LJ, Martinez de Tejada B, Scott C. Obesity 
and Weight Gain in Pregnancy and Postpartum: an Evidence 
Review of Lifestyle Interventions to Inform Maternal and Child 
Health Policies. Front Endocrinol (Lausanne). 2018;9:546.

72. 	 Berthoud HR. The neurobiology of food intake in an obesogenic 
environment. Proc Nutr Soc. 2012;71(4):478-87. 

73. 	 Stuebe AM, Rich-Edwards JW. The reset hypothesis: lactation and 
maternal metabolism. Am J Perinatol. 2009;26(1):81-8.

74. 	 Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular 
disease: risk factor, paradox, and impact of weight loss. J Am 
Coll Cardiol. 2009;53(21):1925-32.

75. 	 Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD, 
et al. Association of Body Mass Index With Lifetime Risk of 
Cardiovascular Disease and Compression of Morbidity. JAMA 
Cardiol. 2018;3(4):280-7.

76. 	 Banack HR, Stokes A. The ‘obesity paradox’ may not be a paradox 
at all. Int J Obes (Lond). 2017;41(8):1162-3.

77. 	 Fildes A, Charlton J, Rudisill C, Littlejohns P, Prevost AT, Gulliford 
MC. Probability of an Obese Person Attaining Normal Body 
Weight: Cohort Study Using Electronic Health Records. Am J 
Public Health. 2015;105(9):e54-9.

78. 	 Leblanc ES, O’Connor E, Whitlock EP, Patnode CD, Kapka T. 
Effectiveness of primary care-relevant treatments for obesity 
in adults: a systematic evidence review for the U.S. Preventive 
Services Task Force. Ann Intern Med. 2011;155(7):434-47.

79. 	 Schwartz RS, Shuman WP, Bradbury VL, Cain KC, Fellingham GW, 
Beard JC, et al. Body fat distribution in healthy young and older 
men. J Gerontol. 1990;45(6):M181-5.

80. 	 DiMilia PR, Mittman AC, Batsis JA. Benefit-to-Risk Balance of 
Weight Loss Interventions in Older Adults with Obesity. Curr Diab 
Rep. 2019;19(11):114.

81. 	 Batsis JA, Mackenzie TA, Lopez-Jimenez F, Bartels SJ. Sarcopenia, 
sarcopenic obesity, and functional impairments in older adults: 
National Health and Nutrition Examination Surveys 1999-2004. 
Nutr Res. 2015;35:1031-9.

82. 	 Hunter GR, Gower BA, Kane BL. Age Related Shift in Visceral Fat. 
Int J Body Compos Res. 2010;8(3):103-8.

83. 	 Pasco JA, Nicholson GC, Brennan SL, Kotowicz MA. Prevalence 
of obesity and the relationship between the body mass index 
and body fat: cross-sectional, population-based data. PLoS One. 
2012;7(1):e29580.

84. 	 Flicker L, McCaul KA, Hankey GJ, Jamrozik K, Brown WJ, Byles 
JE, et al. Body mass index and survival in men and women aged 
70 to 75. J Am Geriatr Soc. 2010;58(2):234-41.

85. 	 Winter JE, MacInnis RJ, Wattanapenpaiboon N, Nowson CA. BMI 
and all-cause mortality in older adults: a meta-analysis. Am J Clin 
Nutr. 2014;99(4):875-90.

86. 	 Wannamethee SG, Shaper AG, Lennon L. Reasons for intentional 
weight loss, unintentional weight loss, and mortality in older 
men. Arch Intern Med. 2005;165:1035-40.

87. 	 Houston DK, Neiberg RH, Miller ME, Hill JO, Jakicic JM, Johnson 
KC, et al. Physical Function Following a Long-Term Lifestyle 
Intervention Among Middle Aged and Older Adults With Type 2 
Diabetes: The Look AHEAD Study. J Gerontol A Biol Sci Med Sci. 
2018;73(11):1552-9.

88. 	 Han TS, Wu FC, Lean ME. Obesity and weight management in the 
elderly: a focus on men. Best Pract Res Clin Endocrinol Metab. 
2013;27(4):509-25.

89. 	 Ensrud KE, Ewing SK, Stone KL, Cauley JA, Bowman PJ, 
Cummings SR; Study of Osteoporotic Fractures Research 
Group. Intentional and unintentional weight loss increase bone 
loss and hip fracture risk in older women. J Am Geriatr Soc. 
2003;51(12):1740-7.

90. 	 Ensrud KE, Fullman RL, Barrett-Connor E, Cauley JA, Stefanick 
ML, Fink HA, et al.; Osteoporotic Fractures in Men Study Research 
Group. Voluntary weight reduction in older men increases 
hip bone loss: the osteoporotic fractures in men study. J Clin 
Endocrinol Metab. 2005;90(4):1998-2004.

91. 	 Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, 
Silverstein JH, et al. Pediatric Obesity-Assessment, Treatment, 
and Prevention: An Endocrine Society Clinical Practice Guideline. 
J Clin Endocrinol Metab. 2017;102(3):709-57.

92. 	 Geserick M, Vogel M, Gausche R, Lipek T, Spielau U, Keller E, et 
al. Acceleration of BMI in Early Childhood and Risk of Sustained 
Obesity. N Engl J Med. 2018;379(14):1303-12.

93. 	 Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin 
MA, et al. Childhood adiposity, adult adiposity, and cardiovascular 
risk factors. N Engl J Med. 2011; 17;365(20):1876-85.

94.	 Curtis JR, Westfall AO, Allison J, Bijlsma JW, Freeman A, George V, 
et al. Population-based assessment of adverse events associated 
with long-term glucocorticoid use. Arthritis Rheum. 2006;55:420-6.

95.	 Nieman LK. Cushing’s syndrome: update on signs, symptoms 
and biochemical screening. Eur J Endocrinol. 2015;173(4):M33-8.

96.	 Leibel RL, Rosenbaum M, Hirsch J. Changes in energy 
expenditure resulting from altered body weight. N Engl J Med. 
1995;332(10):621-8.

97. 	 Cuthbertson DJ, Steele T, Wilding JP, Halford JC, Harrold JA, 
Hamer M, et al. What have human experimental overfeeding 
studies taught us about adipose tissue expansion and 
susceptibility to obesity and metabolic complications? Int J Obes 
(Lond). 2017;41(6):853-65.

98. 	 Yanovski JA, Yanovski SZ, Sovik KN, Nguyen TT, O’Neil PM, 
Sebring NG. A prospective study of holiday weight gain. N Engl J 
Med. 2000;342(12):861-7.

99. 	 Domecq JP, Prutsky G, Leppin A, Sonbol MB, Altayar O, Undavalli 
C, et al. Clinical review: Drugs commonly associated with weight 
change: a systematic review and meta-analysis. J Clin Endocrinol 
Metab. 2015;100(2):363-70.

100.	Gafoor R, Booth HP, Gulliford MC. Antidepressant utilisation and 
incidence of weight gain during 10 years’ follow-up: population 
based cohort study. BMJ. 2018;361:k1951.

101.	Keith SW, Redden DT, Katzmarzyk PT, Boggiano MM, Hanlon EC, 
Benca RM, et al. Putative contributors to the secular increase 
in obesity: exploring the roads less traveled. Int J Obes (Lond). 
2006;30(11):1585-94.

102.	American Diabetes Association. 7. Obesity Management for 
the Treatment of Type 2 Diabetes: Standards of Medical Care in 
Diabetes-2018. Diabetes Care. 2018;41(Suppl 1):S65-S72.

103.	Kusminski CM, Bickel PE, Scherer PE. Targeting adipose tissue 
in the treatment of obesity-associated diabetes. Nat Rev Drug 
Discov. 2016;15(9):639-60.

104.	Aubin HJ, Farley A, Lycett D, Lahmek P, Aveyard P. Weight 
gain in smokers after quitting cigarettes: meta-analysis. BMJ. 
2012;345:e4439.

105.	Hu Y, Zong G, Liu G, Wang M, Rosner B, Pan A, et al. Smoking 
Cessation, Weight Change, Type 2 Diabetes, and Mortality. N Engl 
J Med. 2018;379(7):623-32.

106.	Harris KK, Zopey M, Friedman TC. Metabolic effects of smoking 
cessation. Nat Rev Endocrinol. 2016;12(11):684.

107.	Taylor R, Holman RR. Normal weight individuals who develop 
type 2 diabetes: the personal fat threshold. Clin Sci (Lond). 
2015;128(7):405-10.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

151

Obesity classification based on weight history 

Arch Endocrinol Metab. 2022;66/2 

108.	Stefan N. Causes, consequences, and treatment of metabolically 
unhealthy fat distribution. Lancet Diabetes Endocrinol. 
2020;8(7):616-27.

109.	Kitahara CM, Flint AJ, Berrington de Gonzalez A, Bernstein L, 
Brotzman M, MacInnis RJ, et al. Association between class III 
obesity (BMI of 40-59 kg/m2) and mortality: a pooled analysis of 
20 prospective studies. PLoS Med. 2014;11(7):e1001673.

110.	Peterson K, Anderson J, Boundy E, Ferguson L, Erickson K. Rapid 
Evidence Review of Bariatric Surgery in Super Obesity (BMI ≥ 50 
kg/m2). J Gen Intern Med. 2017;32(Suppl 1):56-64.

111.	 Wadden TA, Foster GD. Weight and Lifestyle Inventory (WALI). 
Obesity (Silver Spring). 2006;14 Suppl 2:99S-118S.

112.	Rubino F, Puhl RM, Cummings DE, Eckel RH, Ryan DH, Mechanick 
JI, et al. Joint international consensus statement for ending 
stigma of obesity. Nat Med. 2020;26(4):485-97.

113.	Robinson E, Hunger JM, Daly M. Perceived weight status and risk 
of weight gain across life in US and UK adults. Int J Obes (Lond). 
2015;39(12):1721-6.

114.	Atlantis E, Sahebolamri M, Cheema BS, Williams K. Usefulness 
of the Edmonton Obesity Staging System for stratifying the 
presence and severity of weight-related health problems in 
clinical and community settings: A rapid review of observational 
studies. Obes Rev. 2020;21(11):e13120.

115.	Halpern B. Response to “Metabolic adaptation is not observed 
after 8 weeks of overfeeding but energy expenditure variability is 
associated with weight recovery”. Am J Clin Nutr. 2019;110(6):1513.

116.	Bertoluci MC, Salles JEN, Silva-Nunes J, Pedrosa HC, Moreira 
RO, da Silva Duarte RMC, et al. Portuguese-Brazilian evidence-
based guideline on the management of hyperglycemia in type 2 
diabetes mellitus. Diabetol Metab Syndr. 2020;12:45.

117.	 Skyler JS, Bergenstal R, Bonow RO, Buse J, Deedwania P, Gale 
EA, et al.; American Diabetes Association; American College of 
Cardiology Foundation; American Heart Association. Intensive 
glycemic control and the prevention of cardiovascular events: 
implications of the ACCORD, ADVANCE, and VA Diabetes Trials: 
a position statement of the American Diabetes Association and 

a Scientific Statement of the American College of Cardiology 
Foundation and the American Heart Association. J Am Coll 
Cardiol. 2009;53(3):298-304

118.	Zoungas S, Arima H, Gerstein HC, Holman RR, Woodward 
M, Reaven P, et al. Effects of intensive glucose control on 
microvascular outcomes in patients with type 2 diabetes: a 
meta-analysis of individual participant data from randomised 
controlled trials. Lancet Diabetes Endocrinol. 2017;5:431-7.

119.	Larsen JK, Ouwens M, Engels RC, Eisinga R, van Strien T. Validity 
of self-reported weight and height and predictors of weight bias 
in female college students. Appetite. 2008;50(2-3):386-9.

120.	Ng CD. Biases in self-reported height and weight measurements 
and their effects on modeling health outcomes. SSM Popul 
Health. 2019;7:100405. 

121.	Dulloo AG. Physiology of weight regain: Lessons from the classic 
Minnesota Starvation Experiment on human body composition 
regulation. Obes Rev. 2021;22 Suppl 2:e13189.

122.	Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy 
overweight and obesity benign conditions?: A systematic review 
and meta-analysis. Ann Intern Med. 2013;159(11):758-69.

123.	Jones RA, Lawlor ER, Birch JM, Patel MI, Werneck AO, Hoare 
E, et al. The impact of adult behavioural weight management 
interventions on mental health: A systematic review and meta-
analysis. Obes Rev. 2021;22(4):e13150.

124.	Bailey-Davis L, Wood GC, Benotti P, Cook A, Dove J, Mowery 
J, et al. Impact of Sustained Weight Loss on Cardiometabolic 
Outcomes. Am J Cardiol. 2022;162:66-72. 

125.	Wood GC, Bailey-Davis L, Benotti P, Cook A, Dove J, Mowery J, et 
al. Effects of sustained weight loss on outcomes associated with 
obesity comorbidities and healthcare resource utilization. PLoS 
One. 2021;16(11):e0258545.

126.	Gao M, Piernas C, Astbury NM, Hippisley-Cox J, O’Rahilly S, 
Aveyard P, et al. Associations between body-mass index and 
COVID-19 severity in 6·9 million people in England: a prospective, 
community-based, cohort study. Lancet Diabetes Endocrinol. 
2021;9(6):350-9.


