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Burden of obesity has increased significantly in the United States over last few decades. Association of obesity with insulin
resistance and related cardiometabolic problems is well established. Traditionally, adipose tissue in visceral fat depot has been
considered a major culprit in development of insulin resistance. However, growing body of the literature has suggested that
adipose tissue in subcutaneous fat depot, not only due to larger volume but also due to inherent functional characteristics, can
have significant impact on development of insulin resistance. There are significant differences in functional characteristics of
subcutaneous abdominal/truncal versus gluteofemoral depots. Decreased capacity for adipocyte differentiation and angiogenesis
along with adipocyte hypertrophy can trigger vicious cycle of inflammation in subcutaneous adipose tissue and subsequent ectopic
fat deposition. It is important to shift focus from fat content to functional heterogeneity in adipose tissue depots to better understand
the relative role of subcutaneous adipose tissue in metabolic complications of obesity. Therapeutic lifestyle change continues to be
the most important intervention in clinical practice at any level of increased adiposity. Future pharmaceutical interventions aimed
at improving adipose tissue function in various subcutaneous depots have potential to help maintain adequate insulin sensitivity
and reduce risk for development of insulin resistance complications.

Prevalence of obesity has been increasing in the US. In 1960s,
prevalence of obesity was approximately 13% [1]. The most
recent analyses of National Health and Nutrition Examination Survey (NHANES) reported that 33.8% of adults (age 20
years or more) and 16.8% of children and adolescents (age 2–
19 years) are obese [2, 3]. Obesity is associated with increased
morbidity and mortality and decreased life expectancy.
Obesity is associated with increased risk for cardiovascular
diseases. These include coronary heart disease, heart failure,
and sudden death [4, 5]. In fact heart disease is the leading
cause of death (1 in every 4 deaths) for both men and women
in the USA [6]. In addition to cardiovascular diseases, obesity
is associated with numerous other medical conditions including type 2 diabetes, dyslipidemia, hypertension, nonalcoholic
fatty liver disease, cancers, and sleep apnea [4]. Insulin
resistance is the key underlying pathophysiologic process for
development of many of these comorbidities. Medical costs
associated with obesity have increased and were estimated at
147 billion dollars in 2008 [6].

However, we have to consider clinical paradoxes along
the spectrum of obesity, insulin resistance and metabolic
complications. Metabolically healthy but obese (MHO) phenotype exhibits higher insulin sensitivity, absence of hypertension, and favorable lipid, inflammation, hormonal and
liver enzyme profile. On the basis of epidemiological and
clinical studies, prevalence of MHO phenotype varies from
10%–40% [7]. The extent to which this favorable metabolic
profile translates into decreased risk of cardiovascular disease
and mortality is unclear. Some studies have reported that
MHO phenotype is not at increased risk for cardiovascular
disease [8, 9]. However, Arnlov et al. [10] reported that obese
men without metabolic syndrome were at increased risk for
cardiovascular events and death compared to normal weight
individuals without metabolic syndrome. Kuk and Ardern
et al. [11] reported that obese individuals, with or without
metabolic risk factors, had increased mortality compared to
nonobese individuals. This has very important implication
in clinical practice. Therapeutic lifestyle change including
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weight loss and physical activity is still important for obesityassociated comorbidities like osteoarthritis and sleep apnea
and reducing mortality from obesity itself. Second paradox
is that of metabolically obese but normal weight or normal weight obesity. This phenotype is characterized by not
being obese on the basis of height and weight but with
hyperinsulinemia, insulin resistance, increased risk for type
2 diabetes, hypertriglyceridemia and atherosclerosis [12].
Recently, Romero-Corral et al. [1] analyzed 6171 individuals
>20 years of age from NHANES III survey and NHANSES
III mortality study and found that subjects who had normal
body mass index but had high fat content had high prevalence
of cardiometabolic dysregulation, metabolic syndrome, and
cardiovascular risk factors. Based on the latest US census
and obesity prevalence data, the authors estimated that
normal weight obesity is present in approximately 30 million
Americans [1, 13]. We have previously reported that migrant
Asian Indians, compared to non-Hispanic white Americans,
have excessive insulin resistance relative to their degree of
obesity [14]. From personal and public health standpoint, it
is important to recognize cohort with normal weight obesity
and introduce therapeutic lifestyle changes and aggressive
risk factor modification.
Excessive insulin resistance and related metabolic abnormalities can be due to differential distribution of adipose
tissue and/or adipose tissue dysfunction.
Anatomically adipose tissues can be divided into truncal
region or peripheral region. Truncal adipose tissue includes
subcutaneous fat in thoracic and abdominal region and also
intrathoracic and intraabdominal fat depots [15]. Peripheral
adipose tissue includes subcutaneous depots in upper and
lower extremities. Whether accumulation of adipose tissue
in a particular region contributes to increased risk of development of insulin resistance and metabolic consequences is
controversial.
Vague in 1947 described two patterns of adipose tissue distribution—android (upper body) and gynoid (lower
body)—and suggested that android obesity was associated
with diabetes, coronary artery disease, gout, and uric acid
renal stones [15]. Later on many epidemiological studies
assessing regional adiposity using waist to hip circumference
ratio have reported that increased waist to hip circumference
ratio is associated with hyperinsulinemia, impaired glucose
tolerance, type 2 diabetes, hypertriglyceridemia, hypercholesterolemia, hyperuricemia, and atherosclerotic vascular
disease [15]. However, we have to keep in mind that elevated waist circumference does not always indicate increased
visceral adiposity but instead can also indicate increased
subcutaneous adiposity. Adipose tissue in different depots
can have different physiological characteristics and can have
different impact on metabolic risk. Many investigators have
reported that intraabdominal (visceral) adipose tissue is a
major contributor to metabolic risk [16–18] whereas some
investigators have suggested that subcutaneous adipose tissue
may have a protective role [19].
Visceral fat has increased metabolic activity, both
lipogenesis and lipolysis, compared to other fat depots.
Free fatty acids, product of lipolysis, can directly enter
liver via portal circulation and lead to increased lipid
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synthesis, gluconeogenesis, and insulin resistance resulting in
hyperlipidemia, glucose intolerance, hypertension, and ultimately atherosclerosis [16]. Excess free fatty acids can induce
peripheral insulin resistance by inhibiting skeletal muscle
uptake [15]. However, if visceral fat was a major contributor to
metabolic risk, visceral fat, in comparison to other fat depots,
should be the major source of systemic free fatty acid flux.
Only small portion of total body fat, 15%–18% in men and 7%8% in women, is located in abdominal cavity [20]. Visceral fat
contributes to only 15% of the total systemic free fatty acids
whereas the majority of free fatty acids are contributed by
nonsplanchnic adipose tissue [15, 21]. This raises doubt over
contribution of visceral fat to peripheral insulin sensitivity.
We have examined the relationships between generalized
and regional adiposity and insulin sensitivity in a group of
nondiabetic men with varying degree of obesity [22]. We
concluded that subcutaneous truncal fat plays a major role in
obesity-related insulin resistance in comparison to intraperitoneal (visceral) or retroperitoneal fat. Subsequently, we
examined similar relationship among men with noninsulindependent diabetes mellitus (NIDDM) [23]. We found that
NIDDM men had a fat distribution pattern that favors
truncal subcutaneous depot than peripheral subcutaneous
or intraperitoneal fat depot. Besides, truncal subcutaneous
fat had a stronger correlation with insulin sensitivity than
intraperitoneal fat among NIDDM men. Along the same
line, Goodpaster et al. [24] have also demonstrated stronger
relationship between subcutaneous abdominal fat and insulin
sensitivity. Cross-sectional analysis of data from the Amsterdam Growth and Health Longitudinal Study by Ferreira et al.
[25] revealed that high subcutaneous trunk fat was associated
with arterial stiffness.
Simple explanation for stronger relationship between
subcutaneous adipose tissue and insulin sensitivity comes
from larger volume of subcutaneous adipose tissue mass.
The subcutaneous abdominal fat mass is approximately twice
more than intraperitoneal fat mass and total subcutaneous
truncal fat mass can be 4-5 times larger than intraperitoneal
fat mass [22, 23, 26]. Similarly in women, subcutaneous
abdominal fat area at L4-L5 level is approximately five times
more than visceral fat area at the same level [26–28]. With
assumption of equal metabolic activity in subcutaneous truncal and intraperitoneal fat, subcutaneous truncal fat should
release more free fatty acids in systemic circulation and
should have much larger impact on peripheral insulin sensitivity. As we mentioned earlier, major contributor of free fatty
acids in systemic circulation is nonsplanchnic adipose tissue.
Inflammation in adipose tissue has been identified as a
mediator of systemic insulin resistance. This has been suggested by presence of macrophage in the form of crown-like
structures (CLSs) in adipose tissue. Apovian et al. [29] examined relationships between adipose macrophage infiltration
and insulin resistance and vascular endothelial dysfunction
in obese individuals. In comparison to noninflamed subcutaneous abdominal adipose phenotype, inflamed phenotype,
characterized by presence of macrophage in crown-like structures, was associated with systemic hyperinsulinemia, insulin
resistance, impaired endothelium-dependent flow-mediated
vasodilatation, and elevated plasma hs-CRP levels. Other
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investigators have also reported similar association between
macrophage infiltration of subcutaneous adipose tissue and
insulin resistance and low grade systemic inflammation [30,
31]. In the study by Lê et al. [31], influence of subcutaneous
adipose tissue (SAT) inflammation on hepatic fat fraction,
visceral adipose tissue, insulin sensitivity, beta cell function,
and SAT gene expression was examined. SAT inflammation,
independent of total adiposity, was associated with partitioning of fat towards visceral adipose tissue and the liver and
altered beta cell function. In addition, several genes belonging
to nuclear factor-𝜅B stress pathway were upregulated suggesting stimulation of inflammatory mediators. Lundgren et al.
[32] examined relationship between fat cell size and insulin
sensitivity. Enlarged adipocytes were found in patients with
type 2 diabetes and prediabetic individuals and were an
independent marker of insulin resistance in prediabetic subcutaneous adipose tissue. Presence of large adipocytes is an
indicator of decreased adipogenic potential in subcutaneous
tissue and can be the trigger for increased macrophage infiltration and inflammatory process activation. In fact among
type 2 diabetes subjects, preadipocytes isolated from subcutaneous abdominal fat biopsies displayed decreased expression
of genes involved in differentiation [33]. This is suggestive of decreased adipogenesis and decreased formation of
adipocytes in subcutaneous fat depots. On the same line,
Goedecke et al. [34] reported association between decreased
insulin sensitivity and reduced subcutaneous adipose tissue
expression of adipogenic and lipogenic genes among obese
black South African women. Previously, we have reported
that migrant South Asians, compared to Caucasians, have
excess insulin resistance without increase in intraperitoneal
fat mass. They had increased adipocyte size in the subcutaneous abdominal adipose tissue and also low grade systemic
inflammation indicated by elevated plasma hs-CRP [14, 35].
Recent work on angiogenesis in adipose tissue has
provided important insights into potential mechanisms of
heterogeneity in the systemic metabolic impact of specific
adipose tissue compartments. Gealekman et al. [36] reported
that angiogenic capacity of subcutaneous abdominal adipose
tissue decreased with increasing body mass index but it did
not change in visceral adipose tissue. In addition, decrease in
angiogenic capacity correlated with insulin resistance which
suggests that impairment in subcutaneous adipose tissue
angiogenesis may contribute to metabolic complications of
obesity. Whether angiogenic capacity is linked to decreased
adipogenic potential of subcutaneous abdominal adipose
tissue remains to be established.
In contrast to abdominal subcutaneous adipose tissue,
larger subcutaneous thigh fat mass has a protective effect. The
Health, Aging, and Body Composition Study [37] reported
that large subcutaneous thigh fat was independently associated with more favorable glucose (in men) and lipid profile
(in both genders). The Australian Diabetes, Obesity, and
Lifestyle Study [38] examined association between waist and
hip circumferences to components of metabolic syndrome.
After adjustment for age, body mass index, and waist circumference, a larger hip circumference was associated with a
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lower prevalence of undiagnosed diabetes and dyslipidemia.
Association with undiagnosed hypertension was weaker.
Finally, it is worth putting truncal/abdominal subcutaneous adipose tissue characteristics all together to explain
their emerging role in insulin resistance [39]. Increase in
caloric intake results in increase in fat accumulation in
subcutaneous adipocytes. This will continue till a “tipping
point is reached” and “buffering” function of subcutaneous
adipose tissue does not adequately match demand for triglyceride deposition. This happens when increased adipocyte size
sets up inflammatory reaction and new adipocytes recruitment and maturation is decreased. Inflammatory reaction
is characterized by activation of nuclear factor-𝜅B pathway.
The resultant effects are downregulation of cellular insulin
signaling, recruitment of additional macrophages through
monocyte chemoattractant protein 1, propagation of inflammation by interleukins and tumor necrosis factor alpha, and
tissue matrix remodeling through matrix metalloproteinase9 [31]. These inflammatory mediators as well as yet not
well-defined metabolic pathways may limit recruitment and
maturation of new adipocytes. Persisting excessive caloric
intake will be associated with spillover of fatty acids and
triglyceride deposition in ectopic tissues such as visceral
adipose tissue and liver. At this point, variability in visceral
fat mass and hepatic fat content will become the best
correlate of insulin resistance. It is possible that depending
on environmental and genetic factors, “tipping point” may be
reached at different levels of adiposity, including in nonobese
range, and it may not be reached at all even with morbid
obesity. It is possible that increased fat in subcutaneous depot
relative to visceral depot may not be accompanied by increase
in insulin resistance since “tipping point” is not reached. This
can explain discrepancy in the literature regarding differential
fat distribution and insulin resistance.
Conclusion. There is enough evidence in the literature for
association between obesity and insulin resistance. Many
investigators have proposed that visceral adipose tissue is
a major contributor to insulin resistance. Our previous
studies, in concordance with those of other investigators,
suggest that subcutaneous truncal adipose tissue has significant impact on development of insulin resistance. Thus,
adipose tissue distribution and function in different body
compartments can be heterogeneous and can differentially
contribute to insulin resistance. Changing focus from visceral
adipose tissue mass as a sole contributor to insulin resistance
to functional heterogeneity in adipose tissue depots can
help better understand relationship of adiposity and insulin
resistance. Therapeutic lifestyle change, including physical
activity and weight loss, continues to be the most important
intervention at any level of adiposity. One can envision that
better understanding of adipose tissue function in various
depots will help identify much needed additional and more
effective therapeutic modalities to improve adipose tissue
function and maintain adequate systemic glucose and lipid
metabolism to reduce risk for morbidity and mortality
associated with insulin resistance.
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