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Main characteristics of metabolically obese normal weight and
metabolically healthy obese phenotypes
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In this review, the influence of fat depots on insulin resistance and the main charac-
teristics of metabolically obese normal-weight and metabolically healthy obese
phenotypes are discussed. Medline/PubMed and Science Direct were searched for
articles related to the terms metabolically healthy obesity, metabolically obese nor-
mal weight, adipose tissue, and insulin resistance. Normal weight and obesity
might be heterogeneous in regard to their effects. Fat distribution and lower insulin
sensitivity are the main factors defining phenotypes within the same body mass in-
dex. Although these terms are interesting, controversies about them remain. Future
studies exploring these phenotypes will help elucidate the roles of adiposity and/or
insulin resistance in the development of metabolic alterations.

INTRODUCTION

The role of total adiposity in metabolic disorders is not

precisely defined. Adiposity increases due to positive ca-
loric balance, which may, in turn, be a consequence of

sedentary lifestyle, genetic predisposition, psychosocial
factors,1–3 and possibly the gut microbiota profile.4,5 On
a population level, a progressive increase in the preva-

lence and/or severity of morbidities and in the risk of
mortality occurs as adiposity increases and obesity is es-

tablished.2,3 Hyperglycemia, dyslipidemia, and hyper-
tension are often associated with abdominal obesity and

insulin resistance, and their concomitant occurrence
identifies individuals at great risk (i.e., those with meta-

bolic syndrome)6 of developing chronic diseases. 7,8

It has been more than 20 years since insulin resis-

tance was suggested to be the central metabolic disabil-
ity that, in the long-term, leads to type 2 diabetes

mellitus, hypertension, and cardiovascular diseases.8–10

Insulin resistance occurs when higher insulin levels are

necessary to maintain normal or only slightly impaired
glycemia, while b-cell dysfunction leads to a decrease in

insulin levels, severe glucose intolerance, and type 2

diabetes.9–11 Although there is a strong association be-
tween obesity and insulin resistance, it is still possible to

find an obese person who is not insulin resistant or who
presents a nearly perfect compensatory pancreatic b-

cell response. In these cases, the risk of developing type
2 diabetes may be lower. On the other hand, even

normal-weight individuals develop insulin resistance,
type 2 diabetes, and other metabolic disorders.9

A link between generalized or central obesity and
metabolic disorders such as insulin resistance is cur-

rently assumed.12–15 The degree of insulin resistance
can rise with fat mass.12 However, as stated by Virtue

and Vidal-Puig,12 “at the individual level, the associa-
tion between the degree of obesity and development of

insulin resistance may not be so clear-cut.” In addition,
the role of different fat depots on the development of
metabolic complications is still open to controversy.16

Surprisingly, a body mass index (BMI) >30 kg/m2

does not necessarily lead to metabolic disorders.17

Indeed, some obese individuals, classified according to
their BMI, may have better metabolic profiles than pre-

dicted.18 Obesity may represent an adaptation to rees-
tablish a new homeostatic state under a condition of
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high availability of food/calories19 in the way expansion

of adipose tissue might help to maintain a normal blood
glucose and lipid profile.

In this context, two main terms have been used to
identify different phenotypes in relation to body size

and metabolism: metabolically obese normal weight
(MONW) and metabolically healthy obese (MHO). The
terms indicate that obese individuals will not necessarily

present metabolic disorders, while normal-weight indi-
vidual will not necessarily be “healthy.” Thus, the aim of

this review is to discuss how fat depots may influence
the metabolic profile and the anthropometric, body

composition, and biochemical characteristics of
MONW and MHO individuals as well as the controver-

sies regarding these terms.

FAT DEPOTS AND METABOLIC DISORDERS

Adipose tissue is a clustering of cells (adipocytes and
stromal cells) that specialize in fat storage and are capa-

ble of secreting adipokines and impacting whole-body
metabolism and immune cells.2,16 Brown and white adi-

pose tissues differ in their functionality in the following
way: brown adipose tissue dissipates energy as heat

(thermogenesis) and white adipose tissue is more
closely associated with endocrine and storage functions.

White adipose tissue can be found beneath the skin
(subcutaneous adipose tissue [SAT]) and within the

peritoneal cavity (visceral adipose tissue [VAT]).12,20–23

Abdominal fat is not synonymous with VAT.

Therefore, waist circumference is a measure of abdomi-
nal fat but it does not discriminate between VAT and
SAT.22,24–26 Lam et al.23 emphasize the importance of

carefully interpreting studies that use the collective term
“visceral fat.” Different anatomical localizations within

the peritoneal cavity (e.g., perirenal, omental, mesen-
teric) may imply different impacts on metabolism.23,26

The distribution of fat, particularly VAT, may be
influenced by aging, gender (it is usually higher in men),

menopause, smoking, sedentary lifestyle, and nutritional
factors (high-calorie and high-fat diet, fructose).14,22,26

The development of metabolic diseases may be a conse-
quence of fat weight gain but it is also related to fat depot

location (visceral versus subcutaneous, central versus pe-
ripheral), hypertrophy or hyperplasia of adipocytes, liver

fat and insulin resistance, as well as to the adipokine pro-
file.2,3,16 Therefore, the use of BMI alone to diagnose obe-

sity can lead to misclassification of risk if the percentage
and localization of body fat is not considered.

Fat depot location

VAT is often considered “hazardous,”14,22,24,27 even if it

represents only 7–15% of total body fat.28 Liposuction

of abdominal SAT did not significantly alter metabolic

profile in the short term29 or even after a long-term lon-
gitudinal assessment.30 Reducing VAT might be more

appropriate for metabolic improvement.
A positive association between VAT and insulin re-

sistance is often reported.31 Increased nonesterified
fatty acids (NEFA) flux is the main mechanism to ex-
plain the association between visceral fat depot expan-

sion and metabolic disabilities including insulin
resistance.32 A general elevation of NEFA in the circula-

tion affects different sites. In the liver, these substrates
are converted into triglycerides (lipogenesis) and glu-

cose (gluconeogenesis). The increase in intramyocellu-
lar lipids in skeletal muscle cells impairs insulin

sensitivity and decreases glucose uptake and glucose
partitioning to glycogen. Impaired insulin secretion in

pancreatic islets also occurs, leading to glucose intoler-
ance. In parallel, insulin sensitivity in adipocytes de-

creases increasing lipolysis and the supply of NEFA.
This partially explains the complex relationships be-

tween obesity, NEFA, insulin resistance, and
dyslipidemia.7,32,33

In fact, Nielsen et al.34 verified that obese individ-
uals had higher plasma NEFA than lean individuals and

a greater splanchnic NEFA uptake.34 However, Karpe
et al.35 noted that in some obese individuals, the release

of NEFA per kilogram adipose tissue is downregulated,
not increased. In addition, they raised the point that in-

sulin resistance can exist in obese individuals without
an elevation of NEFA concentrations. Even so, the idea

of NEFA as mediators of adverse metabolic effects, in-
cluding insulin resistance, is widely accepted in the

literature.35

The relevance of visceral lipid delivery to the liver

is still controversial. Although an increased lipolysis
rate and higher proportion of hepatic NEFA delivery

are expected as visceral fat increases, the relative contri-
bution of the visceral fat mass to the NEFA pool varies

among individuals who differ in their body composition
and fat distribution. 34 In addition, the proportion of
portal NEFA derived from VAT was much lower than

the relative amount derived from lipolysis of SAT. Fatty
acids released by SAT depots enter the venous circula-

tion and reach splanchnic tissues via the arterial circula-
tion. Therefore, fatty acids released from VAT could

contribute to hepatic insulin resistance but are unlikely
to be the major factor. The contribution of VAT to the

pathogenesis of insulin resistance in skeletal muscle
may be even lower.36 Thus, both fat depots are impor-

tant suppliers of NEFA to the liver, and SAT may play a
key role as an initiating factor in the process of fat over-

flow to other ectopic sites.
Higher levels of messenger RNA expression of

proinflammatory genes such as chemotactic factors are
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a clear distinction between VAT and deep and superfi-

cial SAT.21 Tumor necrosis factor-a, macrophage in-
flammatory protein, and interleukin-8 are also highly

expressed within VAT from type 2 diabetic individ-
uals.37 Additionally, fasting glucose was positively cor-

related with messenger RNA expression of these
molecules in VAT, while fasting insulin has been posi-
tively associated with expression of serum amyloid-A

and interleukin (IL)-1a.37 The “bad” reputation of VAT
is also related to its greater propensity to express in-

flammatory mediators related to the recruitment and
activation of immune cells.

Alvehus et al.21 highlighted an important consider-
ation regarding gene expression and the pure mass ef-

fect. Gene expression is often expressed in relation to
total RNA and does not consider tissue weight and/or

cell size in adjusting the results. In their study, the vol-
ume of VAT was significantly smaller than that of SAT

depots, which indicates that the impact of SAT on in-
flammation and metabolism may be underestimated.

Whether tissue weight and/or cell size alters the inter-
pretation of expression of genes of interest still needs

elucidation.21

The higher expression of nuclear factor-jB and lep-

tin in SAT and the positive association between fasting
insulin and the expression of a molecule that regulates

adipogenesis (cyclic adenosine monophosphate re-
sponse element-binding protein) in SAT indicate the

possibility that this tissue contributes to systemic in-
flammation and insulin resistance.37 The differences

found in gene expression between different regions of
SAT (upper abdomen, lower abdomen, flank, and hip)

may have pathophysiological implications when adipos-
ity increases. Genes involved in the complement and

coagulation cascades, immune responses, insulin signal-
ing, urea cycle, and amino acid metabolism were highly

expressed in the lower abdomen compared with the
flank or hip.38 It seems that both VAT and SAT in the

abdominal area are unfavorable to metabolism.
However, McLaughlin et al.28 observed that SAT might
exert a protective role. Insulin-sensitive individuals

showed significantly larger SAT depots, and regression
analysis indicated that increased SAT was associated

with a decrement in the risk of being insulin resistant.28

Impaired b-cell function might not be due to obe-

sity per se. Elevated plasma NEFA concentration can be
a metabolic derangement that contributes to defects in

an otherwise compensatory b-cell response, as proposed
by the lipotoxicity hypothesis. However, it is also possi-

ble that increased NEFA is a consequence of the re-
duced antilipolytic effect of insulin in cases in which

impaired insulin secretion is observed.39 Lower
amounts of VAT, reduced levels of fat intermediates in

ectopic sites, greater capacity of organs such as muscle

and liver to use rather than store fat, and SAT’s higher

capacity for storing fat may all help to preserve insulin
sensitivity in some obese individuals.7,40,41

Hypertrophy and hyperplasia

Adipocyte size is an important histological characteris-

tic to be considered in metabolic disabilities.31

Hypertrophied intra-abdominal adipocytes are charac-

terized by a hyperlipolytic state that is resistant to the
antilipolytic effect of insulin and may provide, in some

situations, though not all, large amounts of NEFA.32

As reported by Ledoux et al.,42 cell size in SAT and

VAT depots is correlated with waist-to-hip ratio and
has been found to be larger in individuals with meta-

bolic syndrome and hypertension. The size of VAT adi-
pocytes correlated positively with fasting glucose,

insulin, homeostasis model assessment (HOMA), and
the hepatic enzyme c-glutamyl transferase.42 Of note,

subcutaneous adipocytes were larger than visceral adi-
pocytes.42 However, adipocyte hypertrophy in omental

depots can be more hazardous than in subcutaneous de-
pots.31 In fact, greater omental adipocyte diameter was
found in obese women with metabolic syndrome43,44

and was correlated with the degree of insulin resistance
and hepatic steatosis. Curiously, subcutaneous adipo-

cyte size was also associated with the degree of liver fat-
ness, but had no association with metabolic

parameters.43 Therefore, VAT hypertrophy seems to be
more closely linked to insulin resistance.

The hyperplasia of visceral adipocytes is possibly
dependent on the overflow of chemical energy from the

inefficient storage of fat by the subcutaneous depots. It
is likely that an enhanced adipogenic capacity of subcu-

taneous depots protects against metabolic syndrome,
since it may contribute to a lower rate of omental adi-

pocyte hypertrophy.16,43,44

Liver fat and insulin resistance

Tarantino et al.45 observed a positive correlation be-
tween HOMA and the severity of hepatic steatosis in

young individuals. In addition, insulin resistance was
not associated with BMI and adiposity. The researchers

questioned whether a high fat content in liver could be
the breaking point between “benign” and “progressive

malign” obesity.45

Nonalcoholic fatty liver disease is considered to be

one of the consequences of adipose tissue insulin resis-
tance. Nonalcoholic fatty liver disease can progress to

more severe stages such as steatohepatitis, fibrosis, and
cirrhosis. Nevertheless, in some individuals, it is main-

tained as “simple steatosis.” Therefore, the terms
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“metabolically malign” and “metabolically benign” are

also used to describe the phenotypes of liver disease.46

Insulin signaling is required to store energy as fat in

healthy humans. However, in the presence of insulin resis-
tance, triglyceride synthesis is decreased in adipose tissue

and increased in liver,47 impairing glucose and lipid me-
tabolism. Hepatic triglyceride synthesis is recognized as an
adaptive process when faced with an abundance of lipo-

genic precursors that allows fat to be stored in its least
toxic form.47 Excess free fatty acids such as palmitate or li-

noleate can be precursors for the synthesis of ceramides or
diacylglycerol, whose accumulation may lead to the activa-

tion of several signaling molecules and putative targets
that may impair normal cellular function including insulin

action.48 Effective hepatic triglyceride synthesis, lipid desa-
turation, and inhibition of lipid-induced inflammatory

signaling are mechanisms that explain why fatty liver is
not always accompanied by metabolic alterations, instead

characterizing a metabolically benign state. When these
compensatory mechanisms are overwhelmed, fatty acids

induce damage to cells, resulting in impaired metabolism.
A metabolically malignant condition of the liver is a con-

sequence of fat accumulation and is characterized by dysli-
pidemia and increased hepatic glucose production with

hepatic insulin resistance.46 Individuals with fatty liver
showed a high-risk metabolic profile compared with indi-

viduals without fatty liver. This profile was characterized
by higher BMI, waist circumference, SAT and VAT, fast-

ing glucose, HOMA, triglycerides, and blood pressure, ele-
vated prevalence of type 2 diabetes, insulin resistance, and

metabolic syndrome, as well as lower high-density lipo-
protein (HDL). Fatty liver remained associated with dysli-

pidemia and dysglycemia even after adjusting the analysis
for VAT.49

Ectopic fat in the liver may be more important than
visceral fat in the determination of metabolic disabilities

in obesity.40 Magkos et al.50 found that a markedly in-
creased BMI, total body fat, and VAT were not associ-

ated with increased insulin resistance or alterations in
VLDL-triglycerides and VLDL-apo-B-100 metabolism in
obese individuals without increased intrahepatic triglyc-

eride content. The fat content of liver was associated
with metabolic dysregulation, supporting the conclusion

that an increase in whole-body adiposity does not cause
additional metabolic disabilities in the absence of in-

creased intrahepatic triglycerides. Individuals classified
as class III obese had nearly twice the volume of VAT as

those classified as class I obese, despite having the same
amount of intrahepatic triglycerides.50

Adipokine profile and inflammation

A chronic inflammatory status is often associated with

obesity and insulin resistance.51 Adipose tissue plays a

central and primary role in the level of inflammation,

which, in turn, influences insulin sensitivity.52 The infil-
tration of immune cells is an orchestrating event in in-

ducing inflammation and is higher in VAT than SAT.42

The mechanisms responsible for the accumulation of

immune cells within adipose tissue are not fully under-
stood. Changes in the degree of adiposity might modu-
late the number and phenotype of immune cells.

Adipocytes and stromal cells express signaling media-
tors that attract inflammatory cells (such as neutrophils,

macrophages, mast cells, and lymphocytes).52 These
cells secrete various cytokines (IL-1b, IL-6, IL-8, tumor

necrosis factor-alpha, and monocyte chemotactic
protein-1) that alter the pattern of expression and secre-

tion of adipokines and cytokines in adipose tissue. This
may constitute both a cause and a consequence of adi-

pose tissue inflammation. These mediators, in turn, en-
tail adipose tissue dysfunction and impairment of

insulin sensitivity, both locally and systemically.16,53

Insulin-resistant obese (IRO) individuals showed

more infiltration by macrophages in omental adipose
tissue, but not in SAT, than did insulin-sensitive indi-

viduals. The numbers of macrophages infiltrating
omental adipose tissue and circulating adiponectin

were the two single best correlates with insulin sensitiv-
ity, explaining 98% of the variation in glucose infusion

rate.31 It is suggested that increased VAT mass in obe-
sity without adequate vascularization might lead to hyp-

oxia, macrophage infiltration, and inflammation.31

However, Wentworth et al.54 observed that SAT from

obese tissue samples presented a greater density of the
CD11cþ CD206þ macrophage subpopulation than did

omental adipose tissue samples. These cells express high
levels of integrins, antigen presentation molecules,

proinflammatory cytokines, and one or more secreted
factors that impair insulin action. An increased CD11cþ

CD206þ macrophage population in SAT was correlated
with markers of insulin resistance in obese women.54

Gut microbiota and fat depots

Recently, gut microbiota has also been suggested to be
involved in systemic inflammation and metabolic disor-

ders.23,55,56 The main hypothesis is that gut inflamma-
tion, which can be induced by genetic factors, a high-fat

diet, and microbial dysbiosis, leads to increased intesti-
nal permeability and delivery of bacteria and/or bacte-

rial molecules such as lipopolysaccharides (LPS) to the
circulation.23,56,57 As mesenteric fat is contiguous with

the gut, it would be directly affected by these inflamma-
tory triggering molecules. This would activate mesen-

teric adipocyte hypertrophy and increase pro-
inflammatory gene expression and cytokine production.

Consequently, macrophage infiltration and its
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activation would be increased in this fat depot.

Furthermore, an expanding mesenteric fat mass would
provide an increased fatty acid flux to the liver that, in

the long term, could result in an inflamed, steatotic, and
insulin-resistant liver. 23

Three human studies partially support this hypoth-
esis. Positive correlations between intestinal permeabil-
ity markers and waist/abdominal circumferences, 58,59

visceral and liver fat,58 insulin, and HOMA indices
were reported.59 Microbiota composition differed be-

tween lean and obese women, while LPS levels were
similar.60 Even so, there are reports of higher LPS in

obese and diabetic individuals.61–63 In an animal model,
a diet high in saturated fat increased adipocyte sizes in

all fat depots as well as macrophage infiltration in mes-
enteric and epididymal fat. Mesenteric fat from mice on

a diet high in saturated fat showed higher levels of tu-
mor necrosis factor-alpha and IL-6 messenger RNA and

was considered to be “a metabolically distinct visceral
fat depot with the most prominent pro-inflammatory

nature.” In parallel, changes in microbiota and intesti-
nal permeability were also reported.55

In general, an unfavorable or pathogenic pheno-
typic profile is characterized by adipocyte hypertrophy,

visceral and ectopic fat deposition, and a pro-inflamma-
tory mediator’s profile. Considering the associations be-

tween visceral fat, NEFA flux, and dyslipidemia
(hypertriglyceridemia), Amato et al.25 proposed a “vis-

ceral adipose index” as a possible marker of adipose tis-
sue dysfunction. Its equation encompasses waist

circumference, BMI, plasma triglycerides, and HDL and
may be used to assess cardiometabolic risk.25

In summary, the following three hypotheses may
explain how obesity is associated with insulin resistance.

1) The adipokine hypothesis: adipose tissue, especially
VAT, in the obese secretes more or fewer adipokines

that modulate insulin sensitivity. 2) The inflammation
hypothesis: VAT in the obese secretes chemokines that

promote macrophage infiltration and activation. The
activation of immune cells by LPS, for example, results
in secretion of inflammatory molecules that interfere

with insulin signaling. 3) The adipose tissue expandabil-
ity hypothesis: when an individual’s maximum capacity

to increase fat mass is reached, lipid is deposited in ec-
topic sites and causes insulin resistance through a lipo-

toxic mechanism. These theories are not necessarily
mutually exclusive and may, in fact, complement one

another.12,22,26,32

CLINICAL AND ANTHROPOMETRIC CHARACTERISTICS
OF DIFFERENT METABOLIC PHENOTYPES

Different studies have shown that the prevalence of nor-

mal weight with metabolic alterations differs among

countries, varying between 2.6% and 8.1%, while the

prevalence of overweight and obese individuals without
metabolic syndrome ranged from 2.1% to 37% of the

overall sample.18,64–67 According to Wildman’s study,
as a percentage of each BMI group, 51.3% of overweight

and 31.7% of obese individuals were classified as MHO,
while 23.5% of normal-weight individuals were
MONW.66 The high prevalence of metabolic syndrome

in normal-weight and slightly overweight individuals
(BMI 18.5–26.9 kg/m2) indicates that metabolic disabil-

ities may also need to be screened in persons with a
BMI at the upper end of the normal-weight and lower

end of the overweight spectrum.68 The different criteria
used to define MHO and MONW phenotypes (Table 1)

and the physical and biochemical characteristics found
in different studies (Tables 2 and 3) are presented here.

Metabolically obese normal weight

In the 1980s, Ruderman et al.83 discussed individuals

who are not obese by standard weight tables but who,
nonetheless, have metabolic disabilities that are charac-

teristically associated with adult-onset obesity.
Hyperinsulinism and hypertrophied adipocytes were

pointed out as major characteristics of MONW.83

Insulin resistance, hyperinsulinemia, and dyslipide-

mia may go undetected for years because youth and
normal body weight mask the need for early detection

and treatment in MONW individuals.69 In general,
MONW individuals are younger and more responsive

to therapy (diet and exercise) than obese patients with
already established disease. Thus, the early identifica-

tion of MONW individuals may help prevent the devel-
opment of type 2 diabetes and other diseases.11,84 A

scoring method has been proposed by Ruderman
et al.11 Points are allotted for characteristics associated

with insulin resistance, such as hyperglycemia, hypertri-
glyceridemia, high blood pressure, evidence of mild

obesity, and central adiposity, among others. A score of
7 or greater identifies a MONW individual.11

Screening for adiposity in individuals with a nor-

mal BMI could also help identify those at greater risk
for metabolic disabilities.70 MONW women showed

higher levels of inflammatory markers such as
C-reactive protein (CRP), tumor necrosis factor-alpha,

IL-6, IFN-c, and IL-1b, which were correlated with
higher adiposity compared with nonobese individuals.71

The uppermost body fat percentage tertile was accom-
panied by greater age, BMI, waist and hip circumfer-

ences, LDL, triglycerides, and HOMA and with lower
lean mass, HDL, and insulin sensitivity compared with

the lowest body fat tertile. Lean individuals with meta-
bolic syndrome were more prevalent in upper tertiles of

body fat than in lower tertiles.70 MONW individuals
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showed larger total and central body fat72 and subcuta-

neous and visceral abdominal adiposity than normal
individuals.69,84 Adiposity was positively correlated

with HOMA,72 while visceral fat areas were also
positively correlated with serum levels of triglycerides,

glucose infusion rate, and fasting insulin in MONW in-
dividuals.84 Visceral adiposity, even in lean women,
might be crucial for an accentuated unfavorable meta-

bolic profile, characterized by higher glucose, insulin,
and total cholesterol levels than in non-MONW

women.71

Physical activity, energy expenditure,69 and resting

metabolic rate85 were lower in MONW individuals
compared with a control group. A sedentary lifestyle

may lead to increments in adiposity and higher choles-
terol among MONW women, since hormones such as

leptin, adiponectin, and ghrelin did not differ between
MONW women and controls.72

Young women with a BMI <26 kg/m2 could be at a
higher risk for impaired insulin sensitivity and associ-

ated comorbidities if their percentage of body fat is
>30%.69,85 Most of the studies involving MONW have

used different criteria and usually had a small sample
size. However, Conus et al.86 highlighted the consis-

tency of some observations: 1) the prevalence of
MONW can reach as high as 45% within a group, de-

pending on the criteria, age, BMI, and ethnicity; 2) the
main characteristics that distinguish MONW from con-

trol individuals are altered insulin sensitivity, athero-
genic lipid profile, higher blood pressure, and

abdominal/visceral adiposity, as well as lower physical
activity; and 3) MONW individuals are at greater risk

for type 2 diabetes and CVD.86

Metabolically healthy obese

Some obese individuals are quite healthy from a

metabolic standpoint despite an outward appearance of
elevated risk. A MHO group did not show increased

all-cause cardiovascular or cancer mortality when
compared with normal-weight insulin-sensitive individ-

uals.18 Thus, it is important to cluster obese individuals
into subgroups.

There is no standardized method for identifying
MHO individuals for research protocols or in clinical

practice. Most studies use BMI to define obesity
(�30 kg/m2). The use of body fat percentage (�25% for
men and �30% for women) would increase the preva-

lence of obesity in comparison to BMI, as shown by
Ortega et al.73 Stratification of individuals into quartiles

based on clamp, Matsuda, and HOMA indices,41 as well
as cutoff points of biochemical parameters, are com-

monly used to define MHO or insulin-sensitive obese,
and IRO, as shown in Table 1.

The use of different methods to categorize indi-

viduals resulted in differences in the mean values for
peripheral fat mass and HDL of MHO individuals when

they were compared with at-risk individuals.41

The most common biochemical characteristics reported

for MHO individuals are as follows: lower plasma tri-
glycerides,41,74,80 apolipoprotein B,41 and ferritin,41 as
well as lower triglyceride:HDL ratio,41 fasting

insulin,41,74,80 and HOMA41 values in comparison with
“at-risk” individuals. Other studies also reported

lower glucose,41,74,75 total cholesterol, and LDL as
well as significantly higher values of HDL.41,64,67,80

A better renal function is also reported for MHO
compared with IRO individuals, who showed

higher serum creatinine levels and lower glomerular
filtration rates.75 In one study, diet composition and

physical activity did not differ between obese
phenotypes.87

When the group under comparison is composed of
metabolically healthy normal-weight (MHNW) individ-

uals, MHO showed higher waist circumference,74,75 fat
mass, blood pressure, carotid intima-media thickness,74

insulin, non-HDL cholesterol, and CRP levels but lower
HDL.33,74 This could indicate that the concept of MHO

is not appropriate. However, Sesti et al.75 reported that
MHO individuals, although exhibiting, by selection, sig-

nificantly higher BMI and waist circumference, showed
no differences in blood pressure, total cholesterol, tri-

glycerides, fasting plasma glucose, fasting insulin, IGF-
1, and insulin sensitivity compared with MHNW after

adjusting for age, gender, and BMI. In this type of anal-
ysis, obesity, per se, is not the biggest issue for metabolic

complications. Corroborating this hypothesis, Calori
et al.18 verified that insulin-sensitive groups (nonobese

versus obese) presented similar metabolic profiles. The
insulin-sensitive groups were younger and had lower

heart rates, higher plasma HDL, lower fibrinogen and
triglycerides, as well as lower prevalence of type 2 diabe-

tes and metabolic syndrome compared with insulin-re-
sistant groups.18

Individuals at risk of type 2 diabetes but in different

prediabetes categories (normal glucose tolerance, iso-
lated impaired fasting glucose, isolated impaired glucose

tolerance, and impaired fasting glucose þ impaired glu-
cose tolerance) showed differences in visceral and liver

fat accumulation, despite having similar BMI, waist cir-
cumference, and total body fat.88 VAT correlated posi-

tively with the hepatic enzymes alanine
aminotransferase and aspartate aminotransferase, which

were lower in MHO women compared with women
classified as “at risk.”81 Nonobese and obese individuals

with insulin resistance also showed higher levels of
hepatic enzymes compared with nonobese, insulin-

sensitive individuals.18 Higher levels of these enzymes
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seem to reflect fat accumulation in the liver, which

could entail hepatic insulin resistance.81

Hormonal differences after an oral glucose

tolerance test may explain the propensity for impaired
glucose homeostasis in the “at-risk” obese phenotype.

“At-risk” obese individuals showed higher plasma
glucose-dependent insulinotropic polypeptide, lower
post-glucose load glucagon-like peptide-1, and higher

glucagon levels at baseline and after glucose load, indi-
cating inappropriate glucagon suppression.89

As discussed earlier, inflammatory status may in-
fluence metabolic alterations. Philips and Perry90 found

lower concentrations of the C3 protein, which is an
acute-phase response protein with a central role in the

innate immune system, in MHO and metabolically
healthy nonobese individuals. An important consider-

ation is that other inflammatory markers such as tumor
necrosis factor-alpha, CRP, IL-6, PAI-1, and white

blood cell count were lower in MHO but dependent on
the definition of metabolic health.

BENEFITS OF WEIGHT LOSS

Weight loss should lead to metabolic benefits, espe-
cially with regard to insulin sensitivity, independent of

the type of obesity. Preliminary data showed that a
6-month energy-restricted diet reduced body weight

similarly and significantly (6–7%, including 7–10% loss
of fat mass) in MHO and “at-risk” obese postmeno-

pausal women. However, only the “at-risk” group im-
proved its insulin sensitivity (26%), while the MHO
group showed a reduction of 13%.76 The authors con-

cluded that an energy-restricted diet associated with
small reductions in body fat may improve whole-body

insulin sensitivity, except for in a subset of
individuals.76

Reductions in body weight (5%), waist circumfer-
ence, VAT, and liver fat depot were also achieved after

IRO and MHO individuals followed a low-fat diet.
Nevertheless, the reductions in total and liver fat and

improvement in insulin sensitivity were significant only
in IRO individuals. Although a significant increase in

insulin sensitivity was observed in the IRO group, it
barely exceeded 50% of the insulin sensitivity in the

MHO group at follow-up. Improving insulin sensitivity
through dietary intervention seems to be less effective

in MHO individuals and is clearly positive for IRO indi-
viduals. However, this intervention alone might not be

adequate to protect from type 2 diabetes and cardiovas-
cular disease, when insulin resistance is considered a

key pathophysiological feature of these diseases. Early
pharmacological treatment of IRO individuals in associ-

ation with lifestyle intervention may be considered an
appropriate therapeutic approach.82

The lack of homogeneity in treatment responses

among obese individuals indicates that a phenotypic
characterization may be needed in order to tailor the

treatment according to the individual’s characteristics/
demands. “Fit-fat,” or metabolically healthy but obese,

individuals are of interest because they constitute a
model that may provide insight into the pathogenesis of
insulin resistance. It is unclear why these obese individ-

uals are at lower risk of metabolic complications. Lower
visceral adiposity and ectopic accumulation of fat, de-

spite a high body fat content, and less pro-inflammatory
systemic activation may be involved in this

protection.91

CONTROVERSIES

Metabolic risk status is heterogeneous according to the
BMI range. Insulin resistance was observed in 7.7% and

55.7% of normal-weight and obese individuals, respec-
tively. Regardless of BMI, those with metabolic syn-

drome or insulin resistance were at a significant 4- to
11-fold increased multivariable relative risk of incident

type 2 diabetes in comparison with normal-weight indi-
viduals without metabolic syndrome or insulin resis-

tance. Overweight or obese individuals without
metabolic syndrome and overweight insulin-sensitive

individuals were not at increased risk for type 2 diabe-
tes. However, obese insulin-sensitive individuals were at

about a three-fold increased risk relative to normal-
weight individuals without insulin resistance. A quick

look at this finding would indicate that even in the
absence of insulin resistance, obesity by itself might be

diabetogenic. Nevertheless, in the absence of metabolic
disabilities, obesity did not increase the risk for cardio-

vascular disease and was a relatively weak risk factor for
incident type 2 diabetes.65 Therefore, the higher risk for

type 2 diabetes and cardiovascular disease often associ-
ated with higher BMI is conferred by a cluster of factors

(those considered in metabolic syndrome diagnosis) or
insulin resistance.

According to Durward et al.,77 the prevalence of

the different phenotypes in lean and obese individuals
varied according to three definitions they adopted for

the characterization of metabolic health. They defined
metabolic health as follows: 1) HOMA-insulin resis-

tance <2.5, 2) �2 on metabolic syndrome criteria
(National Cholesterol Education Program - Adult

Treatment Panel III), and 3) �1 of the following:
HOMA �1.95 (or diabetes medication), triglycerides

�1.7 mmol/L, HDL <1.04 mmol/L (males) or
<1.30 mmol/L (females), LDL �2.6 mmol/L, and total

cholesterol �5.2 mmol/L (or cholesterol-lowering medi-
cations). Considering these criteria, they identified, re-

spectively, 19.7%, 44.2%, and 8.5% healthy obese
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individuals (total obese¼ 1,160). Regarding all obese

participants, only 3.4% (n¼ 40) in contrast to 48.9%
(n¼ 567) were identified, respectively, as healthy and

unhealthy according to the three definitions adopted.
Concerning total lean individuals (n¼ 1,737), the prev-

alence of unhealthy phenotype according to the three
criteria were, respectively, 12.5%, 4.4%, and 53.3%.77

Hinnouho et al.92 as well as Soriguer et al.93 also used

more than one criteria to identify the phenotypes. Both
authors reported that the identification of metabolically

healthy obesity ranged, respectively, from 9% to 41%
and from 3% to 16.9%, depending on the definition

considered. Thus, it is clear that it is still necessary to
establish cutoff points or standardized criteria in order

to strengthen the discussion of limits for benign and
malignant obesity classifications, if such really exist.

The dynamism of fat storage is more complicated
than simply the “eat less, expend more” formula. The

use of murine models shows that changes in the gut
microbiome induced by antibiotics may also modulate

adiposity, hepatic lipid, cholesterol, and triglyceride me-
tabolism.94 Depending on the changes induced in the

microbiota, either an increase94 or a decrease in body
weight may be observed.95 This portrays the complexity

of the relations between adiposity, insulin resistance,
and metabolic complications.

The role of adipose tissue in insulin resistance devel-
opment is not clear-cut, since even with class III obesity

(BMI �40 kg/m2), a relatively high percentage (58.3%) of
MHO patients is reported.67 Virtue and Vidal-Puig12

raise interesting points that illustrate the complex rela-
tionship between insulin resistance and adipose tissue.

At the same time that individuals with lipodystrophy,
which is the inherent failure of adipose tissue to develop

and/or function, may develop metabolic complications
(insulin resistance, type 2 diabetes, dyslipidemia), the dif-

ferentiation and expansion of adipose tissue induced by
drugs (e.g., thiazolidinedione) result in improvement in

insulin sensitivity. This suggests that increasing adipose
tissue does not necessarily induce insulin resistance.
Corroborating this view are animal models that become

more insulin resistant despite having less adipose tissue
(PLO mice, which carry a dominant negative mutation

in the pro-adipogenic transcription factor peroxisome
proliferator-activated receptor on an obese ob/ob back-

ground)96 or that remain insulin sensitive with no ec-
topic fat deposition in liver despite having 50% more

body weight (transgenic AdTG-ob/ob mice, which over-
express adiponectin in adipose tissue on an obese ob/ob

background).12,97 In addition, Boyko et al.98 presented
controversies regarding the view that visceral obesity in-

creases the risk of metabolic disturbances. Nondiabetic,
second-generation Japanese–American men were fol-

lowed for changes in visceral adiposity over 5 years.

Higher insulin resistance and reduced insulin secretion

(impaired b-cell function) were present earlier than vis-
ceral fat accumulation in some individuals who devel-

oped type 2 diabetes.99

Fat distribution has been suggested as an important

determinant of metabolic abnormalities. However, a pro-
spective cohort study compared mortality risk between
different phenotypes, with an emphasis on abdominal

obesity. Metabolically healthy, abdominally obese indi-
viduals had a significantly higher risk than nonabdomi-

nally obese individuals, but they were no different from
metabolically unhealthy abdominally obese individ-

uals.100 In contrast, Mangge et al.101 reported that total
percentage of fat did not differ between MHO and at-

risk individuals, while nuchal SAT thickness and VAT
mass were signicantly lower in MHO individuals.

Studies comparing all the phenotypes are still rare.
The results from Succurro et al.,39 which encompass the

BMI range from normal weight to obese together with
the different metabolic phenotypes, are depicted in

Figure 1. The comparisons (MHNW versus MHO,
MONW versus IRO, and MHO versus IRO) tend to

show that being obese worsens the metabolic profile.39

Figure 1 Comparison of different metabolic phenotypes.
Dotted lines connect comparisons between groups with simi-
lar insulin-stimulated glucose disposal but different body
mass index (BMI) ranges (metabolically healthy normal
weight [MHNW] versus metabolically healthy obese [MHO]
and metabolically obese normal weight [MONW] versus
insulin-resistant obese [IRO]). The resultant box describes the
characteristics of the obese in comparison with normal-
weight individuals. Full lines connect comparisons between
groups in the same BMI range but different insulin-stimulated
glucose disposal (MHNW versus MONW and MHO versus IRO).
The resultant box describes the characteristics of the “un-
healthy” group in comparison with “healthy” phenotypes.
Data from Succurro et al. (2008).39

Abbreviations: AIR, acute insulin response during an intra-
venous glucose-tolerance test; BP, blood pressure; HDL,
high-density lipoprotein; LDL, low-density lipoprotein;
NEFA, nonesterified fatty acids; ISGD, insulin-stimulated
glucose disposal; TG, triglycerides.
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Another study reported that MHO and IRO phenotypes

were associated with a higher mortality risk compared
with MHNW. Obesity was associated with an increased

risk for all-cause mortality, regardless of whether the
obese patients presented insulin resistance or a cluster-

ing of metabolic risk factors102 or if they were classified
as healthy or unhealthy.92 These findings speak to the
importance of obesity reduction in all obese individuals

The MHNW-versus-MONW comparison in
Figure 1 shows that factors other than weight, total fat

mass, and waist circumference may be associated with a
worse profile. Of note, both genders were included in

this study and, for most parameters, the “higher” levels
do not necessarily mean beyond normal limits.

Considering, for example, the metabolic syndrome cri-
teria threshold,6 only the IRO group presented mean

triglycerides and waist circumference above the thresh-
old (�150 mg/dL and �102 cm, respectively), while the

other groups (MHNW, MHO, MONW) showed values
below the threshold.39

Hormonal (higher adiponectin),78,90 physical (bet-
ter fitness), and behavioral (moderate alcohol intake

and spending leisure time in physical activity) factors
may also be involved in a better metabolic phenotype.78

It is noteworthy that the hazard ratios calculated by a
model with no adjustments for fitness resulted in higher

risk for all-cause mortality in MHO. However, use of a
model that accounted for fitness no longer showed a

higher risk compared with normal-fat individuals. The
authors suggested that fitness should be included in fu-

ture research as it is a relevant confounder.73

Given that the prevalence of MHO-like individuals

is higher in the age group <40 years67 and that obese
individuals with metabolic syndrome are older than

those with MHO, a transition from obese and appar-
ently healthy to obese with a clustering of risk factors

may occur during aging.65,66 Thus, the duration of obe-
sity might change the healthy phenotype. In a short fol-

low-up period (3 years), MHO individuals showed a
higher incidence of cardiometabolic risk factors and
thicker intima-media of the common carotid than the

normal-weight group. Weight gain was significantly as-
sociated with the development of these factors, indepen-

dent of BMI.103 Another prospective cohort also
indicated that overweight/obese individuals were at

higher risk of developing metabolic syndrome in com-
parison to normal-weight individuals.104 The risk of be-

coming diabetic was higher in unhealthy obese
individuals, while the risk was lower but still significant

in MHO. Insulin resistance estimated by means of
HOMA-insulin resistance at baseline contributed to the

explanation of type 2 diabetes risk. The development of
obesity in nonobese individuals was also significantly

associated with the incidence of diabetes at follow-up.

In addition, depending on the criteria adopted for phe-

notype classification, 30.1– 46.9% of MHO individuals
at baseline became metabolically unhealthy by the 6-

year follow-up.93 As suggested by Pataky et al.,105 pre-
venting the aggravation of obesity is important in any

subgroup of obese individuals. MHO individuals may
still be at risk for other obesity-related complications
such as sleep apnea, cancer, and musculoskeletal prob-

lems. 64

Interestingly, elderly Korean–MONW individuals

had a higher risk of death from all causes during a 10-
year follow-up than overweight individuals who were

Figure 2 Categorization of glucose and lipid profile parameter
means according to reference values from the 17 studies
listed in Table 3. Considering each line in Table 3, biochemical
parameters from the different phenotypes (normal weight,
metabolically obese normal weight, metabolically healthy
obese, and overweight/obese higher risk–insulin-resistant
obese) were classified as desirable, between limits, or above
normal according to the following reference values: glucose
(desirable, 3.8–5.6 mmol/L), total cholesterol (desirable,
<5.18 mmol/L; normal, between 5.18 and 6.19 mmol/L; above
normal, >6.2 mmol/L), high-density lipoprotein (desirable,
>1.55 mmol/L; normal, between 1.04 and 1.55 mmol/L; below
normal, <1.04 mmol/L); low-density lipoprotein (desirable,
<2.6 mmol/L; normal, between 2.6 and 3.35 mmol/L; above
normal, >4.11 mmol/L), triglycerides (desirable, <1.7 mmol/L;
normal, between 1.7 and 2.25 mmol/L; above normal,
>2.26 mmol/L). For each phenotype, the number of studies
describing mean values of biochemical parameters within the
following categories are represented as percentages (%):
healthy desirable (when glucose and lipid profile parameters
were within desirable values), healthy desirable and between
limits (when glucose and lipid profile parameters were within
desirable and/or between limit values), and at least one
above normal (when glucose and/or one or more of the lipid
parameters were above normal).

Abbreviations: IRO, insulin-resistant obese; MHO, metaboli-
cally healthy obese; MONW, metabolically obese normal
weight; NW, normal weight; OHR, overweight/obese
higher risk.
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without metabolic syndrome and individuals who were

MHO. In addition, MONW individuals had higher sys-
tolic blood pressure, serum glucose, and triglyceride

levels as well as a higher prevalence of diabetes and hy-
pertension than the MHO phenotype.106 This may

point to the importance of ethnicity and genetic factors.
Finally, in the majority of studies, the definition of

phenotypes is based on insulin resistance markers, and

the “worse” profile is stated based on statistical differ-
ences in biochemical parameters, irrespective of

whether these values are within normal ranges or not.
For each study represented in Table 3, the mean values

of the glucose and lipid profiles of the groups were clas-
sified according to cutoff points (desirable, between

limits, above laboratory reference values). Then, the
definition “healthy” was used when the mean values of

glucose and the lipid profile were all within the desir-
able range (healthy desirable) or when at least one bio-

chemical criterion was within the limits (healthy
between limits). Figure 2 shows that although insulin

sensitivity differed in the different phenotypes (by defi-
nition), the proportion of studies that, in fact, include

“healthy” individuals, defined by means of reference
values for biochemical parameters (glucose and lipid

profile), is high even in studies assessing at-risk/IRO in-
dividuals, and is highest in those studies that included

MHO individuals. As expected, it is more difficult to
find studies that include individuals defined as at risk/

IRO and that show all biochemical values within the de-
sirable range. Even so, in the majority of studies includ-

ing IRO individuals (78.6%), they did not present
metabolic abnormalities (i.e., mean values above refer-

ence values), at least at the time of evaluation.
Surprisingly, 40% of the studies that included MONW

individuals reported at least one biochemical mean
value above reference values in this subgroup.

Therefore, more studies in this field, especially follow-
up studies, are needed and should investigate other

blood markers that may better distinguish these pheno-
types biochemically. Mangge et al.101 suggest uric acid
as the best predictor of metabolic syndrome among ju-

veniles and adults classified as metabolically unhealthy
and also as a considerable discriminator between obe-

sity phenotypes.

CONCLUSION

Excess weight has long been considered a signal of cur-
rent or future health problems. A subgroup of the obese

has emerged as a category that possibly escapes
common metabolic disorders, at least for a certain

period. Obesity might be heterogeneous with regard to
its effects and is less deleterious in the absence of insulin

resistance. Metabolic abnormalities associated with

metabolic syndrome seem to depend on the absence

or presence of insulin resistance, especially hepatic and
inflammatory signaling activation. A consensus regard-

ing the criteria used to define metabolic health is
needed.

The relationship between adiposity and metabolic
disabilities, including insulin resistance or even mortal-
ity, is more complex than it appears. The concept of a

“metabolic set point” proposed by Virtue and Vidal-
Puig12 highlights the importance of individuality. The

idea is that each individual has his or her own level of
body weight and adipose tissue expansion beyond

which metabolic homeostasis and the capacity to buffer
lipids will be compromised. This impairment may be

even greater as visceral fat accumulation increases, as
also demonstrated for normal-weight individuals.

Visceral adiposity seems to be a strong characteristic as-
sociated with higher risk, independent of BMI. For

some individuals, extra pounds may not be as detrimen-
tal as for others, especially if this excess is deposited in

subcutaneous depots. However, the contribution of sub-
cutaneous fat to metabolic disorders should not be

underestimated.
Whether inflammatory signaling is triggered by ex-

cessive caloric intake and subsequent adipose tissue ex-
pansion or bacterial components delivered to liver and

adipose tissue needs to be explored, as do the differ-
ences in LPS concentration and bacterial groups among

the discussed phenotypes. There is not enough evidence
to prove that MHO individuals are permanently pro-

tected from developing comorbidities over the long
term. The real meaning of the term “metabolically

healthy obesity” is still controversial and more studies
in this field are of great interest. Although the term

MHO is very interesting, being obese may bring other
problems related to joints, sleep apnea, respiratory

problems, depression, and several cancers, independent
of phenotype. Finally, a “lean appearance” is not neces-

sarily synonymous with health. What do MONW and
at-risk obese individuals have in common? Of note, the
influence of ethnicity, genetic polymorphisms, and gen-

der should be further explored in future studies includ-
ing all body size phenotypes.
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