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ABSTRACT

Review Article

Metabolic Healthy Obesity-A

Paradoxical Fallacy”

SOURYA ACHARYA', SAMARTH SHUKLA?

In the era of modern medicine, obesity has become the most catastrophic non communicable burden. It is pandemic and is the
root of all non communicable disease risks. Again to make things more complicated, it shows great variability in different races
as far as pin pointing the cut-off for its appropriate definition. Body Mass Index (BMI) is still followed as a sole parameter for its
definition, though; it has failed to mathematically show its correlation with the consequences of obesity related complications. Other
terminologies like, Metabolic Healthy Obesity (MHO), Metabolic Obesity Normal Weight (MONW) is now in use still complicating
the current burden of risk stratification. It is this “MHO” subgroup that has created lot of debate, just because two paradoxical
words (“healthy” and “obesity”) are simultaneously associated, meaning that sometimes obesity can be healthy. Initially some
researchers concluded the same, but new researchers are coming forward with convincing results that actually MHO is not healthy
at all. This review tries to summarise the basic concepts of MHO and the current scenario of MHO research as far as development
of cardiovascular risks is concerned in this so called subgroup of population.
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INTRODUCTION

MHO is a medical condition characterised by obesity without
occurrence of any metabolic complications. Till date a universally
acceptable definition for MHO is not yet established. It is in general
agreement that, MHO though associated with obesity, lacks
metabolic abnormalities such as dyslipidaemia, impaired glucose
tolerance, diabetes, or metabolic syndrome. MHO individuals usually
have less visceral adipose tissue, smaller adipocytes, and a reduced
inflammatory profile when compared to metabolically unhealthy
obese individuals and individuals with Metabolic Syndrome (MetS)
[1-5].

Epidemiology: MHO as a term has not been satisfactorily
defined. Individuals of such phenotypes as per various criterias
applied exhibit an extreme degree of variability in the prevalence
that ranges between 10-34% applying various definitions [6,7] As
per the epidemiologic trends, the prevalence of MHO decreases
with age in both genders and is more prevalent in women than in
men. Individuals with normal weight also are at increased risk of
developing the MHO [8,9].

Existing definitions: Separate studies define MHO in different
ways. Some studies defined obesity as BMI >30 kg/m?. Some
researchers defined obesity as either BMI >30 kg/m? or body fat
>25% in men and 30% in women. Some included measures of
inflammation {either C-Reactive Protein (CRP) or White Blood Cell
(WBC) count} in the definition of MHO. Others defined “metabolically
healthy” as absence of MetS based on the Third Report of the
National Cholesterol Education Program, Expert Panel on Detection,
Evaluation, and treatment of high blood cholesterol in adults (NCEP
ATP ll); definition of MetS without any modification. Some studies
defined “metabolically healthy” as absence of MetS with study
specific modifications to the MetS criteria. The definition which
required the simplest of criteria defined MHO as BMI 30 kg/m? with
less than three metabolic syndrome criteria [10-13].

PATHOPHYSIOLOGY OF MHO

1. Subclinical inflammation: Medical research has substantial
evidence to suggest that it is the adipose tissue inflammation which
plays as a major determinant if at all an individual will manifest a

Journal of Clinical and Diagnostic Research, 2018 Oct, Vol-12(10):0E07-OE10

healthy metabolic obesity or otherwise. Subclinical adipose tissue
inflammation most often resulting in insulin resistance can be best
assessed by predictors like the CRP. One of the best predictors
for assessing vascular inflammation, metabolic syndrome and
cardiovascular diseases would be to analyse CRP levels in circulation
[14]. Scientific assessment suggests CRP to be one of the best
markers for assessing metabolic syndrome in young individuals as
it correlates well with various anthropometric markers and body
composition [15].

Lean individuals tend to have more of anti inflammatory adipokines
in their blood. Examples of such adipokines are adiponectin, IL-4,
IL-10, IL-13, IL-1 receptor antagonist, and transforming growth
factor beta. Individuals with metabolic healthy phenotype usually
tend to have low levels of certain important serological markers in
comparison to Metabolically Unhealthy Obese (MUQ) individuals.
The markers present in MHO individuals at low levels include
Complement C3, Alpha necrosis factor, CRP, Interleukin 6, WBCs
in MHO individuals are also reduced suggesting a low inflammatory
state within them. Individuals who are obese tend to have pro-
inflammatory marker in circulation like leptin, resistin, TNF-a, IL-6,
IL-18, retinol-binding protein 4, lipocalin 2, angiopoietin-like protein
2, CC-chemokine ligand 2, CXC-chemokine ligand 5, nicotinamide
phosphoribosyltransferase, free fatty acids and activated leukocytes
in circulation [16].

Obese individuals with type 2 DM definitely have high serological
levels of IL6, FFA and activated leukocytes in comparison to obese
and morbidly obese non-diabetic individuals [17-19]. Similarly, the
serological markers seen in obese and morbidly obese subjects
without metabolic disease in comparison to normal lean individuals
was similar and there is no infiltration of macrophages and elevated
values of TNF and IL-6 expression in visceral adipose tissue [20].

Above mentioned findings suggest that individuals with MUO in
comparison to MHO have a much higher degree of adipose tissue
inflammation both at systemic as well as local levels.

2. Adipose tissue expandability hypothesis: This hypothesis
explains the transition of adipose tissue leading to a metabolic
state. The hypothesis suggests that each adipocyte has its own
capacity and once it reaches its threshold, inflammatory changes
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within the adipocyte starts taking place, this in turn produces insulin
resistance, resulting in type 2 diabetes mellitus. Various scientific
animal knockout studies carried out on mechanism of adipokine
secretion, with Peroxisome Proliferator-Activated Receptor (PPAR)
and lipodystrophic models have supported the adipose expandability
hypothesis.

3. Genetic theory: Further studies have shown that many genetic
contributors are involved in the process of adipogenesis, apoptosis
and angiogenesis. The various genes and protein present in the
visceral and subcutaneous tissue like PPARs, Diacylglycerol
O-Acyltransferase 1, Aquaporin 7, insulin, and HOMA-IR has shown
positive correlation between adipose tissue metabolism and insulin
pathway. In these regulatory genes predispose to various patterns
of obesity [21].

4. Adaptation hypothesis: Another significant strong theory
particularly puts forth the concept that different subjects or
individuals tend to have variable capacity in terms of adipose tissue
storage and adaptation to excess energy. It is these attributes of
an individual which pushes them either towards a metabolic health
obesity or an unhealthy metabolic obesity [22]. Further the theory
suggests that when storage of fat is required the adipose tissue
can increase in size or number [23]. While expanding of the adipose
tissue takes place it also requires vascularity [24], individuals having
an uneventful expansion and increase in overall mass of adipose
tissue (both cellularity as well as size of cells) remain healthy
with obesity, conversely if an unhealthy and difficult expansion of
adipocytes takes place it results in appearance of metabolic disease
[25] [Table/Fig-1].

The theory also puts forth the concept that even in lean individuals
where the adipose tissue expansion is unhealthy metabolic disease
tends to develop which explains the existence of metabolic disease
even in lean individuals or metabolic unhealthy lean subjects [26].
As the adipose tissue loses it capacity to expand and store fat,
the adipocyte loses its lipogenic function and as a result there is
also formation of lipotoxic substances which further damage the
adipocyte and cause and promote inflammation [27].

Stem cells in form of preadipocytes behave as progenitor cells, they
are found in the vascular stroma. The adipocyte tends to also vary
depending in number depending on the cells undergoing apoptosis,
necrosis [28-33]. Studies have also suggested fibrosis and stress
as significant predisposing factors resulting in reduced number of
adipocytes. Ultimately it can be said that the capacity of adipocyte
functionality and expansion depends on certain important factors
like ability of the adipocytes to undergo lipogenesis, adipogenesis
from progenitor cells, programmed apoptosis of adipocytes, and
angiogenesis to adipocytes [21].

Going along with aforesaid mentioned hypothesis; individuals with
adipocytes which have good lipogenic and angiogenic capacity,
have a healthy metabolic obesity in contrast to individuals with
unhealthy metabolic obesity [34-36]. The mesenchymal cell
capacity to metamorphose into new formed adipocytes is often
present in metabolic healthy individuals. Such MHO individuals tend
to express increased number of mesenchymal cells in the adipose
tissue stroma with a high capacity to differentiate into bone and
adipose tissue, have lower senescence. Further studies have also
shown that there is increased apoptosis in the adipocytes along
with increased inflammation in unhealthy metabolic obesity [37].

Metabolic syndrome, atherosclerosis, diabetes mellitus are all
majorly linked to adipose tissue inflammation. Inflammation of
adipose tissue is a key regulator for development of unhealthy
metabolic obesity. Most of the studies point towards the fact that
inflamnmation of an adipocyte is a prerequisite for development of
unhealthy metabolic obesity, however further elaborate studies
would help analyse the behaviour of inflammatory cytokines which
promote effective adipocyte inflammation less or no inflammation
promoting MHO and prominent inflammation by cytokines promote
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unhealthy metabolic obesity. The distribution of adipose tissue in
the body mainly encompasses the adipose tissue of the peripheral
subcutaneous areas as well as the systemic visceral adipose tissue
deposits. The adipose tissue mainly affected by the metabolic
disorders belongs to the visceral and intrahepatic areas; these areas
tend to have a direct association with metabolic unhealthy obesity.
Contrastingly the subcutaneous areas are minimally or almost never
associated with metabolic obesity [38].

Considering the above mentioned adipose tissue storage areas;
subcutaneous as well as visceral compartments, A more rational
hypothesis suggests that healthy obesity occurs when the fat is
deposited in the subcutaneous areas however when the capacity of
fat deposition is reduced or lost in the subcutaneous tissue, the fat
accumulation tends to deposit in other adipose tissue compartments
like visceral and hepatic resulting in metabolic diseases [39]. Taking
into consideration the above hypothesis the phenotype of MHO
individuals may need to be evaluated and redefined as a group of
obese individuals with a dominant subcutaneous distribution of fat
and almost negligible visceral distribution, further search needs to
be carried out for the same in order to categorise such individuals
as MHO phenotypes.

1. MicroRNA’s/Adiponectin in metabolic obesity: Recent studies
have pointed towards microRNAs as important potential factors
which play a major role in development of metabolic obesity. The
microRNA has also been implicated in development of increased
peripheral resistance for insulin in organs like adipose tissue, liver
and muscle. Hence, microRNA can behave as potential markers to
differentiate MHO and MUQO individuals [40].

The MUO individuals having high levels of circulating microRNAs
contribute to metabolic obesity [41]. Studies have shown that
individuals who are overweight (BMI over 40 kg/m?) tend to have
serum adiponectin levels higher in comparison to individuals
who have BMI within normal set limits. Adiponectin seems to be
a potential marker for predicting metabolic health status, with
individuals having adiponectin above certain level have higher
probability of being metabolic healthy, taking into consideration the
effects of age, insulin and waist circumference. Adiponectin plays a
major role in development and pathogenesis of metabolic syndrome
and their emanating complications.

Interestingly individuals with obesity and having a healthy metabolic
phenotype have similar adiponectin levels as that of normal weight
individuals. MHO individuals have a lesser amount of fatty tissue in the
visceral and hepatic compartments in comparison of subcutaneous
fat distribution. Most importantly, even the life style factors like
exercise and physical activity play a major role in development of
metabolic obesity, tilting balance either towards metabolic healthy
and or unhealthy obesity. Researches show that MHO individuals
have a better and active physical life style in comparison to MUO
individuals [13,42].

Subclinical
inflammation

[Table/Fig-1]: Pictorial image showing factors linked to MHO.
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MHO subjects were at increased risk for CVD (HR 1/4
1.97, 95% Cl: 1.38-2.80) and type 2 diabetes (3.25, 95%
Cl: 2.32-4.54).

Hinnouho GM et al.,
[43]

Cross-sectional analysis compared Common Carotid
Artery Intima Media Thickness (CCA-IMT), aortic Pulse
Wave Velocity (@PWV) and Coronary (CAC) and Aortic
Calcification (AC) in MHO.

The study concluded that metabolically benign
overweight/obese women

have a significantly greater subclinical CVD burden than
normal weight women.

Khan Ul et al., [46]

MHO was found to be significantly associated with
all-cause mortality in (30%), CVD mortality in (14%),
and incident CVD (33%) as compared to their MHNW
counterparts.

Roberson LL et al.,
Meta analysis [47]

The study concluded that MHO individuals had a higher
risk of coronary heart disease, cerebrovascular disease,
and heart failure than normal weight metabolically healthy
individuals.

Caleyachetty R et
al., [48]

MHO subjects had a significantly higher prevalence of
significant subclinical coronary atherosclerotic burden
compared with Metabolically Healthy Non-Obese
(MHNO) subjects.

Jung CH et al., [49]

The study concluded that when compared with
metabolically healthy normal-weight individuals,

obese persons are at increased risk for adverse
long-term outcomes even in the absence of metabolic
abnormalities, suggesting that there is no healthy pattern
of increased weight.

Kramer CK et al., [50]

Compared with healthy normal-weight individuals,
MHOW and obese (MHOB) individuals showed increased
risk for CVD events, which appeared much stronger
during the long-term follow-up period of >15 years.

Fan J et al., [51], meta
analysis

In this meta-analysis, the Relative Risk (RR) calculated on
the basis of the incident number of disease events and
deaths in MHO subjects. The meta-analysis confirmed a
positive association between a metabolically healthy
obese phenotype and the risk of CVD.

Zheng R et al., [52]

Performed a cross-sectional analysis to compare the
cardiometabolic/inflammatory profile of 222 MHO
subjects.

Expression of genes involved in inflammation and tissue
remodeling in visceral adipose tissue and liver showed a
similar alteration pattern in MHO and Metabolic abnormal
obesity (MAO) individuals.

Gomez-Ambrosi J et
al., [563]

Examined the risk for all-cause mortality in metabolically
normal (MHO) and

abnormal obese (MAOB) individuals.

MHO subjects had similar elevations in

mortality risk compared with metabolically normal, normal
weight subjects.

The study concluded that although a rare phenotype,
obesity, even in the absence of overt metabolic
aberrations, is associated with increased all-cause CVD
mortality risk.

Kuk JL and Ardern
Cl [54]

Using pooled data from the Atherosclerosis Risk in
Communities and Cardiovascular Health Studies,
assessed incident CVD using three definitions of the
metabolically healthy obesity.

The CVD incidence rates (mean follow-up 11.8 years)
were 7.1, 5.8, and 8.4 per 1,000 person-years in
metabolically benign obese via the three definitions
suggesting MHO is not a benign condition.

Ogorodnikova AD et
al., [55]

Meta-analysed aggregate data from 3 large cohorts
(Brazilian Longitudinal Study of Adult Health, the
Framingham Heart Study, and the Gutenberg Heart
Study. Regression slopes between cardiovascular

risk factors and microvascular function, measured by
Peripheral Arterial Tonometry (PAT), were calculated in
MHO. Metabolically healthy obese individuals had more
impaired vascular function than metabolically healthy
normal-weight individuals.

Brant LC et al., [56]

[Table/Fig-2]: lllustrates different studies confirming the cardiovascular risk status

in MHO [48-56].

FATE OF MHO?

Debate continues regarding the true health risks of MHO. Current
literature differs in regards to the relative risk of disease among
this population. Though MHO individuals are at decreased risk
for developing cardiovascular disease when compared with MUO
individuals, still they have an increased risk of progressing to MetS in
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future. In a study involving a group of Japanese Americans with MHO,
two-thirds developed metabolic syndrome during 10 years. Visceral fat
accumulation, female sex, higher fasting plasma insulin concentration,
and lower serum HDL were independently associated with MetS. In
the Pizarra study, the prevalence of MHO decreased during 11 years
of observation with conversion to MetS consistent with the hypothesis
that MHO progresses to MetS [43].

A recent study evaluated the prevalence of elevated plasma high
sensitivity CRP (hs-CRP) concentrations and hepatic steatosis
in MHO, MHNW, and in MUNW individuals [44]. They observed
that both elevated plasma hs-CRP concentrations and hepatic
steatosis are more prevalent among MHO and MUNW individuals
than they are among MHNW individuals. However, they are most
prevalent among individuals with MHO, suggesting that obesity in
the absence of metabolic risk factors is not entirely benign but is
associated with subclinical vascular inflammation. Another recent
study reported that 42% of their subjects with MHO developed the
metabolic syndrome within 10 years [45], again suggesting that
MHO is not without increased health risks.

MHO AND CARDIOVASCULAR DISEASE RISK
Metabolic healthy obesity- the term safeguards obesity with evidence
of absent cardiometabolic risk factors. However contrary to the belief,
researches are now providing ample evidence that MHO individuals
are at an increased risk of several adverse outcomes, including
Type 2 diabetes and cardiovascular events. These novel researches
argue that even if MHO individuals have a normal metabolic profile,
this does not safeguard them from conventional cardiovascular
risks and decrease mortality. Increasing evidence is now pointing
that MHO individuals are at a higher risk of cardiovascular disease
compared to metabolically healthy non-obese individuals, though
when compared with MetS these risks are lower.

A recent meta-analysis evaluated eight studies comparing mortality
data from any cause or cardiovascular events in six groups of patients
defined by BMI category (n=61,386) and metabolic comorbidities,
with a 10-year follow-up. The results of analysis depicted that MHO
population had an increased risk compared with MHNW subjects, in
10 or more years of follow-up. Another study also published similar
results indicating that both MHO and MUQ individuals have a higher
risk of mortality [46] [Table/Fig-2].

CONCLUSION

There is now no paucity of data that emphasises that MHO is actually
not a “healthy” phenotype. In fact, any obesity is bad. Therefore it
is high time; we adjudge how healthy is MHO and do not remain in
the trance of being in good health even if obesity is present without
the conventional cardiovascular risk factors. As rightly said; MHO is
the early “Snap-shot” of future pathway to metabolic syndrome and
other cardiovascular risks. Rather “Premetabolic syndrome” may
be a term that would replace “MHQO” in time to come in the era of
evidence based medicine.
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