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Introduction: 

Major epidemic we all fear in this century is not influenza or plague, but Obesity. 
The "pleasantly plump" or so called "chubby" of earlier era are a far cry from 
current concern of obesity which is rooted in the metabolic complications and 
mortality related to it. Obesity is stead ily increasing in prevalence in US and other 
developed and rapidly developing nations with an increase in ch ildhood obesity 
as well. The US statistics shows that one in 5 American is obese. Various 
insurance company data suggests that obese individuals are more likely to use 
health care facility than non-obese individuals in the same age range. However, 
recently news media headlines were ablaze with statements like "CDC 
overstated obesity deaths" and made every one wonder and reach for that next 
piece of brownie! 

In a press conference related to a publication from CDC group it was stated 
"overweight and obesity are literally killing us" (1 ). Using the risk associated with 
excess weight that had been calculated in a 1999 study, the report linked 
400,000 deaths a year to obesity. In this article it was stated that obesity will 
overtake cigarette smoking as a risk factor very soon. Subsequently, several 
epidemiologists at CDC and NIH voiced concerns about statistical bias that 
inflated the deaths associated with obesity. After the uproar on the data, CDC 
recently retracted the number of deaths due to obesity and stated that statistical 
bias may have led to inflated number and a revised version is published in JAMA 
as a letter (2). "Through an error in our computations we overestimated the 
number of deaths caused by poor diet and physical inactivity," the Centers 
for Disease Control and Prevention said. "Our principal conclusions, however, 
remain unchanged: the number of deaths related to poor diet and physical 
inactivity is increasing," it added. Many other biases are obvious in this report. 
The data used goes back as far as 1948, and authors assumed that our ability to 
treat metabolic complications of obesity have not improved over past 50 years. 
Another issue is related to ethn ic bias in the studies chosen to calculate the 
mortality due to obesity, and assumption that all excess mortality in obese people 
is due to obesity. It is no surprise that due to these type of conflicting reports, 
average Americans do not take the obesity risk seriously and obesity issue ends 
up being a reality and talk show topic only. 

Metabolic changes mediating increased morbidity and mortality risk in obesity is 
determined by functional changes in ad ipose tissue of obese people. Increasing 
evidence demonstrates that ad ipose tissue functions as an endocrine organ and 
is involved in regulation of various metabolic pathways. In this grand round I will 
review some of the evidence to support the need for a conceptual shift from fat 
"quantity" to ad ipose tissue "function" (adiposopathy) in the evaluation of 
metabolic implications of obesity. 
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Is obesity risk over inflated? 

A simple and visual definition of obesity is excessive body fat. However, in 
epidemiological literature, marker of obesity is body mass index (weight in 
kg/height in m2

). Over past decade large body of literature, both epidemiological 
and cross sectional, has accumulated underlying the correlation between obesity 
and increased mortality due to cardiovascular disease. Even a modest increase 
in body weight is thought to result in a four-fold increase in the risk of 
card iovascular disease in both men and women. The surgeon general 
announced the cutoff of BMI>30 as obese and >25 and <30 as overweight. 
Many celebrities like Michael Jordan, Pierce Brosnan and Will Smith fell in 
overweight and Tom Cru ise, Sylvester Stallone and Mel Gibson in obese 
category with these BMI definitions and has caused disbelief in public opinion 
regarding risk of obesity. 

However, studies linking obesity and increased mortality as well as beneficial 
effects of weight loss are not 
conclusive and have many 
confounding variables like physical 
inactivity, low socioeconomic status 
and low education levels, to name a 
few. Furthermore, the association 
between BMI and mortality appears 
to be highly age-dependent in a 
study (figure 1) which showed a 
steady decl ine in mortality due to 
obesity with age until about 7 4 years 
after which there appears to be no 
correlation between BMI and 
mortality (3). 

The distribution of ad ipose tissue is 
important when considering the risk 
of obesity. Card iovascular and 
metabolic risk is more closely 
associated with truncal obesity. The 
literature is full of references to so 
called visceral fat, which in many 
instances means abdominal 
subcutaneous fat. Several 
investigators have demonstrated 
that truncal subcutaneous ad ipose 
tissue is a strong pred ictor of insulin 
resistance (4,5). One clin ical 
method to assess for upper body or 
truncal obesity is measuring waist 

Figure 1 :Relative risk of mortality 
associated with an increment of 1.0 in BMI 
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circumference. Waist circumference is a 
predictor of both subcutaneous and 
visceral adipose tissue quantity. ATP Ill 
guidelines have defined that a waist 
circumference of >40 inches in men and 
>35 inches in women to be considered 
as truncal obesity (6). These cutoff are 

Figure 2. Relationship between 
Cardiorespiratory fitness and mortality 
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have the necessary impact in identifying 
people at risk by medical community in the fields. 

Are all obese people metabolically unhealthy? 

When we focus on obesity as 
expression of fat mass, we are not 
taking into account a large body of 
literature which supports the notion 
that not all fat people are created 
equal. The first and foremost issue is 
lifestyle. It is very clear that physical 
inactivity plays a major role in 
accumulation of fat. Therefore, data 
reported on obesity do not routinely 
correct for physical activity. One 
recent epidemiological study has 
reported that fit obese individuals 
have decreased relative risk of 
mortality, but they do not reach the 
level of risk enjoyed by the lean fit 

individuals (7). In this study, weight and 
exercise patterns were self reported. 
Various well planned studies have clearly 
shown that active obese individuals have 
lower morbidity and mortality than normal 
weight individuals who are sedentary (8). 
One study conducted in Cooper clinic 
measured all parameters of obesity as 
well as fitness in detail and showed that 
lean unfit individual has higher risk of 
mortality than obese fit individual (figure 
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Table 1: Definition of Metabolic Syndrome: 

NCEP Definition: 

Three of the following in any combination; 
Abdominal Obesity (waist circumference) 

Men > 40 inches 
Women >35 inches 

•Triglcerides (TG) > 150 mg/dl 
•HDL cholesterol (HDL) 

Men 
Women 

•Blood pressure 
•Fasting Glucose 

WHO Definition: 

<40 mg/dl 
<50 mg/dl 
> 130/85 mm Hg 
> 110 mg/dL 

Hyperinsulinemia or fasting glucose ~11 0 mg/dl 

And two of the following: 

'i'Abdominal obesity (wiast to hip ratio > 0.9 
or waist >37 inches) 

'i'Dyslipidemia (TG ~ 150 mg/dl or HDL < 35 mg/dl 

'i'Hypertension (BP ~ 140/90) 

With 
Metabolic 
Syndrome 

Without 
Metabolic 
Syndrome 



2). Similarly, adiposity does not lead to attenuated response to physical activity 
and fitness. 

Some recent studies have 
shown that cardiovascular 
risk among obese subjects 
varies substantially 
depending upon the level of 
other risk factors associated 
with obesity. These risk 
factors are abnormalities of 
glucose metabolism, 
dyslipidemia as well as 
hypertension. The 
constellation of features 
seen as complications of 
obesity is termed as 
metabolic syndrome (table 
1 ). However, the prevalence 
of metabolic syndrome, 

Figure 4:Prevalence of Obesity and Diagnosed Diabetes 
Among US Adults, 1991 and 2001 

Adapted from Mokdad, A. H. et at. JAMA 2003;289:76·79. 

benchmark of increased card iovascu lar risk, is also not uniformly high in obese 
subjects (figure 3: estimate from multiple data sources). The CDC data shows 
that with increasing prevalence of obesity, there is an increase in the prevalence 
of type 2 diabetes (figure 4 ). However, only about 12% of US adult patients with 
BMI >=27 kg/m2 have type 2 diabetes mellitus. Conversely, 67% of U.S. patients 
diagnosed with type 2 diabetes mellitus have a BMI > =27 kg/m2

, while 46 % 
have a BMI > =30 kg/m2 (9) Thus, not all patients who are overweight have type 
2 diabetes mellitus (Figure 5) and not all patients with type 2 diabetes mellitus 
are overweight. Therefore, while excessive body fat clearly increases the risk of 
type 2 diabetes mellitus, excess body fat alone is not sufficient towards 
development of type 2 
diabetes mellitus. 

Thus the concept emerges of 
metabolically healthy­
obese (MHO) subjects, who 
probably do not require 
intense identification and 
intervention to reduce 
morbidity and mortality. 
Though it is known that 
modest weight loss in obese 
subjects with metabolic 
compl ications leads to 
reduction in morbidity and 
mortal ity, there is no 

Figure 5: Prevalence of type 2 diabetes in adults 
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conclusive proof that weight loss, even if sustained , will be beneficial in patients 
who do not have metabolic complications. Some stud ies have suggested that 
weight fluctuations may increase mortality (1 0). Given the lack of evidence of 
benefit of weight loss in metabolically healthy subjects, and potential side effects 
of therapy for weight loss, be it fad diets, pharmacological agents or bariatric 
surgery, it becomes clear that another approach to identify people at risk is 
needed. One other approach to identify obese people at-risk is the identification 
of metabolic syndrome. However, we are still at the cross road of defining waist 
circumference cutoffs. Furthermore, there are problems with the definition of 
metabolic syndrome that need to be addressed. For example, it appears 
counterproductive to identify people at-risk after they have already developed 
diabetes. Since diabetes is one of the outcomes of metabolic syndrome we 
should aim to find markers to identify metabolic syndrome-prone people before 
they have reached this outcome. 

Are there metabolically obese normal weight people? 

Another major fa llacy of identifying 
people at-risk by either BMI or waist 
circumference and focusing on 
obesity as we know it now is the 
problem of excluding a very large 
cohort of population from the 
equation (table 2). For example, it is 
well established that Asian Indians 
have several fold higher risk of both 
card iovascular disease (CVD) and 
diabetes (11 ). We have 
demonstrated that Asian Indians 
living in Dallas have much higher 
insulin resistance than Caucasians 
living in Dallas when matched for 

Table 2: Two 'healthy' young volunteers 
participating in our study 

Metabolically Obese 
Normal weight 

Metabolically Healthy 
Obese 

24 

82 

125 

30 

85 

95 

248 

2.2 

BMI (kgfM2) 

Waist (em) 

SBP (mm Hg) 

HDL (mg/dl) 

TG (mg/dl) 

FPG (mg/dl) 

2 hr PP (mg/dl) 

38 

113 

126 

50 

67 

94 

108 

Glucose disposal rate 5.1 
(mg/kg/min) 

total body fat (1 2).These volunteers had significantly lower waist circumference 
compared to Caucasian volunteers, contrary to popular myth that Asian Indians 
have higher "visceral fat" content. Our recent stud ies have determined that a 
point mutation (K121Q) of the gene cod ing for ENPP1 (PC-1 ), is much more 
common in migrant South Asians and associated with obesity-independent 
insulin resistance in th is population (13). Ecto-nucleotide pyrophosphatase/ 
phosphodiesterase (ENPP1- also known as PC-1 ) is a type II trans-membrane 
glycoprotein which, when over-expressed in cells, impairs insulin receptor signal 
transduction from the a - to the ~-subunit of the insulin receptor. "In vitro" stud ies 
suggest that this effect is amplified by an AIC substitution in exon 4 of the PC-1 
gene, which determines replacement of glycine with glutamine in position 121 
(K121 Q) and stronger interaction with the insulin receptor (gain of function). The 
same mutation has been associated with increased risk for type 2 diabetes in 
other populations (1 4, 15). Recently we have also shown that PC-1 K121Q 
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predicts type 2 diabetes in three populations that differ in ethnic origin and in 
environmental exposure: South Asians living in Chennai (India), South Asians 
living in Dallas and European-descent persons living in Dallas (1 6). 

It is well known in literature and by previous grand rounds that nonesterified free 
fatty acid (FFA), a marker of insulin resistance, is elevated in obesity and 
suppress incompletely in presence of insulin. Similarly, plasma leptin levels are 
higher and adiponectin levels are lower in obesity. We have demonstrated that 
non-obese South Asians have higher non esterified fatty acid (FFA) and insul in­
mediated FFA suppression is impaired in South Asian men compared with 
Caucasians (figure 6). Also, Figure 6: FFAareexcessivelyreleased from adipose tissue in!iients 

leptin levels are higher and gcncticallyprcdisposedtotype2diabctcs. 

ad iponectin levels are lower in 
Asian Indians Caucasians p-value 

Asian men compared with 
Caucasians (figure 7) (1 7).Taken 
together, these data support the 
notion of adipose tissue 
dysfunction, either due to 
increasing mass (as seen in many 
obese people) or due to other 
factors (genetic like PC-1 K121Q 
allele or environmental) leads to 
metabolic complications of 
dyslipidemia, insulin resistance, 
type 2 diabetes and CVD. 

Thus the concept of 
metabolically obese-normal 
weight (MONW) individuals 

Age(years) 

BMI(kg/m') 

120 

.s 100 

] ~ 80 

6 ~ 60 

£ '--' 40 

·--, 
I ' I '\,..--_., 

I \ 
I \ 
I o 
I \ 
I \ 

! 'o 
20 I 

10 

800 

«: 
~ ~ 600 \ 

8~ 400 ~\ 
£~ 200 ~ 

0 30 60 90 120 \50 \80 

Time (minutes) 

79 

31 ± 12 

24±3 

61 

30± 7 

26±4 

30,000 

,§ ;::s 25,000 
'g E 
.!l :s 20,000 

u s 
~ ~ 15,000 

._, 10,000 

5,000 

100 

20 

Asian 
Indians 

Adapted from N, Abate, M. Chandalia et al. JCEM 2004. 

0.5 

0.004 

p<O.IlOO! 

Caucasians 

emerges. These ,-F-ig_m_e-7:-P-las_m_a_co-nc_e_nt-oo-io-ns_o_fu-dt-.po_k_in-es-in_n_on--o-b-es-eS_o_ut_h_A_sia_n_sa-nd----, 

individualS require early Caucasians 

identification, intense 
management for 
prevention of 1400 

complications and would 1200 

not be picked up either 
by our current obesity 
definition or by news 
media and reality shows. 
Similar data regarding 
the uneven relationship 
between body fat and 
insulin resistance seems 

1000 

800 

600 

400 

200 

NEFA (Jlmol/L) 

p<0.0001 

Asian Caucasians 
Indians 

Leptin (ng/mL) 

p=<l.003 

12 

10 

4 

Asian Caucasians 
Indians 

to be now emerging from 
other Asian populations 

Adapted from N. Abate, M. Chand alia ct a1. JCEM, 2004 

Adiponectin (Jlg/mL) 

14 

12 

10 

0 

p=<l.009 

Asian 
Indians 

Q 
95" pe<Oontilo 

75th percentile 

Median 
25tbpcrccntilc 

5th percentile 

Caucasians 

including Ch inese and Korean populations (18, 19). The minority populations in 

8 



United States is stead ily rising and striving hard at this point to define obesity 
based solely on body size or waist size may exclude these ever increasing 
populations in United States and any measures to curb the outcomes of "obesity" 
by early identification may not bring desired results. 

It has become clear that ad ipose 
tissue is no longer an inert storage 
site of energy but a very active 
multifunctional organ involved in 
insu lin resistance, FFA, leptin, 
adiponectin, recently discovered 

Figure 8 : Concept of Ad iposopathy 
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visfatin and may be yet 
undiscovered substances. The 
focus from ad ipose tissue mass 
must be shifted to the root problem 
and that is adipose tissue 
dysfunction which may be called 
adiposopathy (20). Figure 8 
illustrates our hypothesis regarding 
ad iposopathy. The potential 
implications of this sh ift in thinking 
would be first and foremost to identify 
better markers for defining and targeting 
people at risk. I will now discuss a recent 
development in the area of adipose tissue 
and inflammation as one manifestation of 
adiposopathy. 

Adipose tissue inflammation: 

The origin of systemic inflammation in 
metabolic obesity is subject of debate in 
recent years and evidence is 
accumulating that adipose tissue plays a 
major role in production of cytokines like 
IL-6 and TN Fa which in turn stimulates 
the production of CRP from the liver. 
Hotamisligil eta/. (21 ), first demonstrated 
that ad ipocytes constitutively express the 
pro inflammatory cytokine TNF and that 
TNF expression in ad ipocytes of obese 
animals (ob/ob mouse, db/db mouse and 
fa/fa Zucker rat) is markedly increased. 
These observations provided the first link 
between an increase in the expression 
and the plasma concentration of a pro-
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inflammatory cytokine and insulin resistance. A very interesting feature of the 
inflammatory response that seems to occur in the presence of obesity in an imal 
models is that it appears to be triggered and initially maintained in ad ipose tissue. 
Subsequently, other metabolic sites may also be involved during the progression 
of complications (e.g. hepatic and skeletal muscle insulin resistance, 
atherosclerosis etc). Following meticu lous examination, it has been shown that 
ad ipocyte precursors and diverse immune cells such as T lymphocytes and 
macrophages possess similar potentials in pathways such as inflammatory 
cytokine production (22). Adipocyte precursors have potent phagocytic capaci!Y 
and can be transformed into macrophage-like cells in response to appropriate 
stimuli (23).Thus it appears that obesity is associated with a "local" low-grade 
inflammation characterized by increased macrophage infiltration of ad ipose 
tissue and production of inflammatory cytokines, such as IL-6 and TN Fa wh ich in 
turn may lead to endothelial dysfunction and insul in resistance and then 
eventually atherosclerosis and cardiovascular disease (figure 9). 

Two recent stud ies in mice models of 
obesity have shown that obese ad ipose 
tissue is characterized by macrophage 
infiltration and these macrophages are 
an important source of inflammation in 
th is tissue (24, 25). Both of these 
studies have principally emerged from 
large scale gene-expression analysis of 
animal model of obesity. One group of 
investigators directly compared gene 
expression in multiple tissues between 
five obese mouse models and their lean 
controls (24 ). The other investigators 
chose to profile gene expression in the 
white ad ipose tissue of mice of varying 
degree of obesity in order to identify 
correlations between gene expression 

Figure 10: Cd68 expression in Obese 
model of Mouse white adipose tissue 
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and degree of obesity (25). Both these approaches indicate that the largest 
classes of genes significantly regulated in obesity consist of macrophage and 
inflammatory genes in white adipose tissue. One other very interesting find ing 
emerged from both these stud ies that significantly higher number of 
macrophages infiltrated in to the expanding adipose tissue and were responsible 
for the increased inflammation related gene expression (figure 1 0). However, 
upon stimulation with TNF-a, preadipocytes did express some inflammatory 
genes, suggesting that they also mount similar inflammatory response under 
specific conditions. TN F-a is one of the cytokines involved in obesity-related 
insulin resistance. This data may suggest that once inflammatory trigger is 
established in adipose tissue with increasing macrophage infiltration and 
increased cytokines, a self perpetuating mechanism develops. It also allows one 
to postulate that the trigger of macrophage infiltration may be related to 
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mechanisms other than fat mass expansion (obesity) and the need to study 
these factors in MONW subjects. 

Xu et al, (24) focused on two genetic mouse models (ob/ob and db/db) and diet 
induced obesity model (DIO) to explore the inflammatory response in white 
adipose tissue (WAT). They selected six macrophage or inflammatory genes for 
these studies, including MAC1 (macrophage antigen 1 ), an antigen found 
predominantly on monocytes, macrophages, neutrophils and NK cells and CD68 
(macrosialin), a heavily glycosylated transmembrane protein expressed 
specifically in macrophage and macrophage related cells. The mRNA of these 
genes were consistently and significantly upregulated in WAT of all three animal 
models that had been on a high-fat diet for 16 weeks. 

They also conducted experiments to determine whether the upregulation of these 
genes occurs prior to the development of systemic insulin resistance 
characterized by hyperinsulinemia (24 ). They tracked the expression levels of 
these genes in WAT of mice with high-fat-diet-induced obesity at multiple time 
points for 26 weeks. The body weight and fasting blood glucose increased 
steadily over this period with a marked increase in diabetes range of blood 
glucose at week 16. They reported an increase in expression of some of the 
genes as early as week 3 in high fat diet group. A marked increase was noted on 
week 16 coinciding with increase in insulin levels as well as glucose levels (figure 
11 ). Authors have concluded that adipose inflammatory response occurs with 
increasing adipose tissue mass (obesity) prior to insulin resistance, but 
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intensifies with insulin resistance. However, the increase before the week 16, in 
high-fat diet group is marginal at best and the real increase occurs at week 16. 
Since insulin resistance and obesity are very closely linked, it is not possible to 
reach the conclusion that obesity and not insul in resistance is the trigger for 
adipose tissue inflammation. 

Weisberg et al also looked at the relationship between BMI and ad ipocyte size to 
macrophage (using relative levels of CD68 mRNA expression as the marker of 
macrophage presence) in abdominal subcutaneous tissue of humans (25).They 
reported that both BMI and ad ipocyte area were predictive of CD68 expression 
and obese (BMI >30) had significantly higher CD68 expression compared to lean 
(BMI<30) and concluded that ad ipose tissue macrophage accumulation is directly 

. ~igure 12:Cd68 expression in human subcutaneous adipose tissue 
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proportional to measures of ad iposity (figure 12). However, no details of 
metabolic characterization including insulin sensitivity are available on these 
human subjects. Since insul in resistance and adiposity are so closely linked, any 
conclusions drawn about relative impact of obesity must take insul in resistance 
parameters in to account. It also is necessary to study models of MONW people, 
before concluding that macrophage infi ltration secondary to expanding ad ipose 
tissue mass leads to insulin resistance. Our preliminary data in these MONW 
human subjects suggests that macrophage infiltration is present independent of 
obesity and strongly associated with parameter of systemic insul in resistance. 
Our data support the view of ad iposopathy illustrated in figure 8. 
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Clinical implication: 

Identification of Adiposopathy: 

Pro-inflammatory markers: 

Over past decade, steady stream of information and data has shown correlation 
between inflammation and obesity and its complications i.e. type 2 diabetes and 
card iovascular disease. Intact, it is believed that inflammation may be the link 
between obesity/diabetes and atherosclerosis lead ing to CVD. An important 
recent development in our understanding of obesity is the emergence of the 
concept that obesity is characterized by a state of chronic low grade inflammation 
(26- 28). The evidence to support th is view is based on several human stud ies 
demonstrating increased levels of pro and anti inflammatory markers in obese 
and their correlation with type 2 diabetes and cardiovascular events. A long list of 
these markers exist (table 3), however, C-reactive protein (CRP) and adiponectin 
appear to be the clear favorite at the moment. 

Plasma CRP levels are shown to be elevated 
in obese subjects and correlated with BMI, 
waist circumference, features of metabolic 
syndrome as well as insulin resistance and 
type 2 diabetes and card iovascu lar disease. 
CRP is also being proposed as a marker for 
metabolic syndrome. 

Numerous prospective stud ies from 
populations throughout the world have 
suggested that elevated levels of CRP confer 

Table 3: Partial list of potential 
biomarkers for inflammation: 

TN Fa 

IL-6 

IL-1~ 

IL-10 

CRP 

Adiponectin 

Resistin 

Leptin 

Visfatin 

Fibrinogen Plasminogen activator 1 

a greater risk of CVD, including coronary artery disease, stroke, sudden death 
and peripheral vascular disease (29, 30). Some of these data are obtained from 
several large cross-sectional and prospective population stud ies conducted in 
United States, including the US Physicians Health Study, the MRFIT study and 
the Women's Health study. Individuals with diabetes or with impaired fasting 
glucose had increased levels of CRP compared to those with a normal fasting 
glucose. In other studies, in diabetics, level of CRP was significant predictor of 
card iovascular mortality as well as all cause mortality and that th is risk was 
independent of the known conventional risk factors (31-33). 

Elevated plasma CRP concentrations have not only been reported in diabetes, 
but also appear to pred ict T2DM (34-40). Data collected from the Third National 
Health and Nutrition Examination Survey suggested a possible role of 
inflammation in insulin resistance and glucose intolerance (41 ). Further 
confirmation of th is 'inflammatory' hypothesis has also come from the 'Insulin 
Resistance Atherosclerosis Study' (IRAS) where those individuals that converted 
to Type 2 diabetes had higher base-l ine levels of inflammatory proteins, includ ing 
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plasma fibrinogen, CRP and plasminogen activator inhibitor-1 (PAI-1) than those 
that did not develop diabetes (42). 

Findings from IRIS have 
also demonstrated a 
strong correlation 
between inflammation 

Figure 13: Relationship between C·reactive protein and number of metabolic 
disorders in the Insu lin resistance Atherosclerosis Study: 
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that study CRP was positively correlated with body mass index (BMI), waist 
circumference, blood pressure, triglycerides, cholesterol, LDL-cholesterol, 
plasma glucose and fasting insulin; and, inversely correlated with HDL­
cholesterol and insulin sensitivity index (43). The correlations of CRP with 
measures of obesity, fasting insul in and insulin sensitivity were particularly strong 
(r>0.3). The findings were consistent across ethnic groups (Non-Hispanic Whites, 
Blacks and Hispanics). There was a linear increase in CRP levels with increase 
in the number of metabolic disorders (figure 13). Multivariate linear regression 
models reported the strongest correlation of CRP with BMI and insul in sensitivity 
index. The mechanistic relationship between these variables and CRP is not yet 
clear. 

The ongoing discussion would seem Figure 14: Marker oflow grade systemic inflammation in 

to cl inch the view that CRP is non-obese South Asians and Caucasians 

strongly associated with ad iposity 
and further increase in plasma levels 
of CRP may be observed with onset 
of type 2 diabetes and its 
complications. Data from weight loss 
study either by low caloric diet or 
bariatric surgery supports this notion 
with reduction in plasma CRP level 
following weight loss (44, 45). 
However, recent data from 
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abdominal liposuction did not show any significant alteration in plasma CRP 
levels or insulin resistance despite about 18% loss of total body fat (46). This 
study suggests that negative energy balance has specific effects on inflammation 
and insulin resistance, which are necessary for benefits to metabolic 
abnormalities and can not be obtained by simply removing fat. One other study in 
197 children (age 10-15 yrs) showed that physically fit but obese children had 
levels of markers of inflammation as lean children (47). This again brings up 
important notion that not all obese individuals are metabolically abnormal. On the 
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same lines, we have recently reported increased plasma CRP in insulin resistant 
migrant South Asians in absence of obesity (figure 14) (48). Therefore, it appears 
that one metabolic criteria to identify persons with adiposopathy, independent of 
body fat quantity, could be plasma hs-CRP concentrations. 

Anti-inflammatory markers: 

Ad iponectin is recognized as anti-inflammatory cytokine and is exclusively 
produced from ad ipocytes (49). Plasma adiponectin levels are decreased in 
obesity, insul in resistance, type 2 diabetes and CVD (50-53). The adiponectin 
levels are shown to improve with weight loss by negative energy balance, and 
treatment with insulin sensitizer thiazolidinedione (54, 55). In vitro studies have 
shown that ad iponectin suppresses macrophage function in endothelial cells 
(56). Thus, compared to other cytokines derived from adipose tissue, ad iponectin 
seems to have protective metabolic and anti inflammatory properties. One 
recent study has shown that decreased plasma levels of ad iponectin are 
associated with reduced ad iponectin gene expression in subcutaneous 
abdominal ad ipose tissue (57). This study also demonstrated that low levels of 
ad iponectin were associated with higher levels of plasma CRP and IL-6. One 
other interesting study looked at the relationship between plasma ad iponectin 
levels, TN Fa, insul in resistance and ad iposity (58). The study found an inverse 
correlation between number of features of metabolic syndrome and plasma 
TN Fa levels with plasma adiponectin levels. However, they did not find any 
change in ad iponectin and TN Fa levels with 4 to 6 weeks of weight loss. So it 
appears that short term weight loss may not improve inflammation in ad ipose 
tissue. Given these interesting data, it is possible to imag ine that in a state of 
ad iposopathy, decreased production of ad iponectin may contribute to local and 
systemic inflammation. This then, may suggest that ad iponectin may serve as a 
marker of increased metabolic and inflammatory risk. Further stud ies are 
needed to understand the regulation of ad iponectin production by ad ipocyte and 
whether inflammatory mediators influence it. As mentioned earlier, we have also 
demonstrated low levels of plasma ad iponectin in insulin resistant non-obese 
individuals (1 7). 

This finding is important in establishing that inflammation may exist even in the 
absence of apparent obesity as we know, in people with primary insulin 
resistance. Therefore for any marker of obesity to have global validity, it must be 
tested in populations of metabolically obese-normal weight individuals as well. 
CRP and adiponectin may be the front runners as biomarkers of adiposopathy, 
but they have not yet reached the finish line. Intact, we may not find one single 
biomarker with adequate specificity and sensitivity and may have to resort to 
cluster of biomarkers as in metabolic syndrome. 
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Targets of therapy for adiposopathy: 

The second important fall out of a focus shift from fat mass to ad ipose tissue 
dysfunction will be development of pharmacological agents that target the 
dysfunction of ad ipose tissue and may improve inflammatory markers. Weight 
loss may be the goal in obese individuals, but in metabolically obese-normal 
weight individuals, clearly alternate approach is desired. Physical activity and 
healthy lifestyle is very important in management of the problem of ad iposopathy. 
However, as we understand more the role of inflammation in adiposopathy newer 
targets of therapy will not only be considered, but also tested. Thiazolidinedione 
are a class of drug, for example, approved for management of type 2 diabetes as 
insulin sensitizers. These are shown to attenuate macrophage activation in vitro 
and improve atherosclerosis in vivo, suggesting involvement of these agonists in 
anti-inflammatory activities, most likely mediated by PPARy in macrophages. It is 
also reported to improve adiponectin levels, an anti inflammatory cytokine (59). 
Xu et al showed (figure 15) decreased mRNA expression in ad ipose tissue of 
mouse models of obesity when 
given gl itazone suggesting a link 
between adipose tissue 
inflammation and insul in resistance 
(24 ). Further stud ies on their role in 
ad ipose tissue inflammation in 
human will be desirable. Another 
agent, Rimonabant (currently an 
investigational selective 
cannabinoid-1 (CB1) receptor anti 
obesity agent) has been shown to 
cause significant weight reduction 
after one year, and thus was 
effective in reducing adiposity (60). 
This weight loss benefit was 
subsequently found to be extended 
to two years (61 ). Rimonabant has 
also been shown to improve 

Figure 15: WAT of ob/ob mice treated with rosiglitazone 

Adapted from Xu et al. J Clin Invest 112:1821 ;2003 

functional parameters associated with metabolic syndrome: increased HDL-C 
levels, reduced triglyceride levels, improved LDL particle size, improved insulin 
sensitivity (as determined by glucose tolerance testing and homeostasis model 
assessment), and reduced C reactive protein levels. From an ad ipocyte 
standpoint, Rimonabant increased ad iponectin levels, and decreased leptin 
levels (60, 61 ). It has been suggested that the metabolic benefits of Rimonabant 
may not totally be explained through weight reduction, (61) with the implication 
that, in addition to its appetite suppressive effects upon the central nervous 
system, CB-1 receptor antagonism may also have direct adipocyte activity. 
Indeed, animal studies have found that CB-1 receptors are found in adipose 
tissue (62). This opens the possibility that Rimonabant's overall efficacy is the 
result of both (1) body weight reduction through CB-1 antagonism-induced 
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reduction of appetite by its central nervous system effects, and (2) direct 
favorable anti-inflammatory and metabolic changes through CB-1 antagonism 
directly targeted at the ad ipocyte. 

Conclusion: 

Growing body of evidence is accumulating in favor of a need for a conceptual 
sh ift from ad ipose tissue mass to ad ipose tissue function. Ad ipose tissue 
dysfunction, here defined as ad iposopathy, rather than excess ad ipose tissue 
mass (defined as obesity) is mechanistically related to development of metabolic 
diseases traditionally linked to obesity: the metabolic syndrome, type 2 diabetes 
and CVD. It appears that inflammation of adipose tissue is an important 
manifestation of adiposopathy and closely relates to insulin resistance, the 
putative mediator of obesity-related morbidity. The data reviewed lead to 
interesting questions about the initial trigger in ad ipose tissue. Who initiates what 
-does macrophage first infiltrates adipose tissue due to external stimuli and 
starts inflammatory response or is the ad ipose tissue dysfunctional to begin with 
and attracts macrophage to start inflammatory response. This dysfunction of 
ad ipose tissue may be brought on by increasing size and mass (obesity) as 
focused by majority of investigators or it could be some other factor- genetic or 
environmental, as observed by many investigators including us, in various ethnic 
groups including Asian Indians. Furthermore, it is not completely clear whether 
inflammation in ad ipose tissue leads to first local and then systemic insu lin 
resistance or insul in resistance leads to adipose tissue inflammation, which in 
turn increases insulin resistance. These questions can only be answered by 
studying models of insu lin resistance independent of obesity. However, current 
research is clearly biased towards the central role of ad ipose tissue mass and fat 
distribution on the metabolic consequences of "obesity". If we, clinicians and 
scientists, hope to control the epidemic of ad ipose tissue dysfunction then we 
must include metabolically obese-normal weight individuals and broaden our 
definition of obesity to ad iposopathy. Our efforts in establishing markers to 
identify 'at risk' population and finding newer therapeutic agents must focus on 
ad iposopathy and not on obesity alone. 
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