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The prevalence of obesity is rapidly increasing worldwide, and
obesity is a well-known risk factor for type 2 diabetes involv-
ing insulin resistance. In recent decades, marked environmen-
tal and lifestyle changes have occurred and led to increased
obesity and obesity-related cardiovascular diseases in Korea.
Obesity is a heterogeneous condition, and body fat location
may have a more important impact on the development of
cardiovascular risk factors and related diseases than total ex-
cess adiposity [1]. Excessive accumulation of visceral adipose
tissue causes low-grade chronic inflammation, dyslipidemia,
insulin resistance, type 2 diabetes, and cardiovascular diseases.
Recently, regional distribution of fat mass seems to correlate
with risk level; fat mass in the lower extremities has a protec-
tive effect against insulin resistance and dyslipidemia [2,3].
Gluteofemoral fat, as measured by thigh circumference, hip
circumference or leg adipose tissue mass, is independently as-
sociated with low total- and low-density lipoprotein triglycer-
ide levels and high high-density lipoprotein cholesterol levels.
A small amount of adiposity in the lower extremities is associ-
ated with higher insulin resistance and unfavorable glucose
level [4].

Increased leg adipose tissue mass is associated with lower
aortic calcification and arterial stiffness as well as with a de-
creased progression of aortic calcification [5,6]. Hip circum-
ference was positively associated with plasma ascorbic acid
level, an anti-oxidant marker, and might contribute to endo-
thelial protection [7].

There are a few possible mechanisms to explain the protec-
tive role of lower extremity fat deposition. First, subcutaneous
adipose tissue acts as a buffer for the daily influx of dietary lip-
ids, protecting other tissues from a lipid overflow associated
with lipotoxicity [8]. Second, there is differential secretion of
adipose tissue-related proteins, called adipokines. Gluteofem-
oral adipose tissue could contribute to a protective adipokine
profile by secreting more beneficial adipokines and fewer in-
flammatory molecules compared with abdominal fat.

However, even though the negative association between low-
er extremity fat mass and insulin resistance is established, it is
still unclear whether the lower extremity fat mass per se exerts
beneficial effects on glucose metabolism independent of the
mere absence of trunk fat. Several metabolic characteristics of
adipocyte size and location might influence their metabolic
consequences. Adipocytes in the lower extremities are larger,
less sensitive to lipolytic stimuli, and more sensitive to insulin
compared with those in the abdomen [9,10]. Although increas-
es in adipocyte number and size can occur with increasing
obesity level, larger adipocytes are also associated with higher
secretion of adipokines which favorably influence insulin re-
sistance [11]. The large adipocytes in the femoral region can
result in higher insulin sensitivity and increased secretion of
metabolically beneficial adipokines. This combination of fac-
tors may partially “offset” the detrimental influence of abdom-
inal adiposity and offer metabolic “defense” against additional
glucose dysregulation [12].
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Trunk to leg fat ratio may have a different impact according
to age and gender. With aging, this ratio increased more mark-
edly in women than men, because the women’s lower extremi-
ty fat mass remained much the same at all ages. According to
the literature, the relationship between leg and trunk fat mass
is associated with the risk of insulin resistance and dyslipid-
emia in obese women, both before and after menopause [2].

Adipokines are biomarkers for fat mass, fat distribution, ad-
ipose tissue function, liver fat content, insulin sensitivity, and
subclinical chronic inflammation associated with metabolic
diseases. Circulating biomarkers for abdominal fat accumula-
tion include adiponectin, retinol binding protein-4 (RBP4),
vaspin, chemerin, progranulin, and fetuin-A and others [13].
RBP4 is predominantly secreted from the liver, but is also ex-
pressed in adipocytes. Increased RBP4 expression in visceral
adipose induces the increased serum RBP4 levels in tissues of
patients with insulin resistance [14]. Adiponectin and letptin
are more likely to be associated with impaired insulin sensitiv-
ity or insulin secretion, while RBP4 is associated with adverse
fat distribution and insulin resistance.

In a recent issue of Diabetes ¢» Metabolism Journal, Kim et
al. [15] presented an article regarding the relationship of abso-
lute or relative adiposity to insulin resistance in obese women
with type 2 diabetes. They measured the trunk fat mass and
lower extremities fat mass and found that relative adiposity
(defined by peripheral fat mass/trunk fat mass) was correlated
with insulin resistance. They also observed the positive associ-
ation of total, central, and peripheral fat mass with adiponec-
tin and leptin levels, but not with RBP4 level. The regional adi-
posity was positively associated with serum adiponectin level
and negatively associated with RBP4 level, suggesting the fa-
vorable effect of regional adiposity. However, regional adiposi-
ty was also positively associated with insulin resistance. Al-
though the authors did not discuss these conflicting results,
they may be due to the age distribution of the study subjects
considering that peripheral fat mass does not change with age,
while visceral adiposity is markedly increased after menopause.
Additional studies in various conditions such as age, gender,
obesity degree, and underlying disease condition will be helpful
for understanding the metabolic effects of regional adiposity.

CONEFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

http://e-dmj.org  Diabetes Metab J 2012;36:412-414

dm]

REFERENCES

1. Despres JP, Lemieux I. Abdominal obesity and metabolic syn-
drome. Nature 2006;444:881-7.

2. Aasen G, Fagertun H, Halse J. Insulin resistance and dyslipi-
daemia in obese premenopausal and postmenopausal women
matched for leg/trunk fat mass ratio. Scand J Clin Lab Invest
2009;69:505-11.

3. Manolopoulos KN, Karpe F, Frayn KN. Gluteofemoral body
fat as a determinant of metabolic health. Int ] Obes (Lond)
2010;34:949-59.

4. Van Pelt RE, Jankowski CM, Gozansky WS, Schwartz RS, Kohrt
WM. Lower-body adiposity and metabolic protection in post-
menopausal women. ] Clin Endocrinol Metab 2005;90:4573-8.

5. Snijder MB, Henry RM, Visser M, Dekker JM, Seidell JC, Fer-
reira I, Bouter LM, Yudkin JS, Westerhof N, Stehouwer CD.
Regional body composition as a determinant of arterial stiff-
ness in the elderly: the Hoorn Study. ] Hypertens 2004;22:
2339-47.

6. Tanko LB, Bagger YZ, Alexandersen P, Larsen PJ, Christiansen
C. Central and peripheral fat mass have contrasting effect on
the progression of aortic calcification in postmenopausal wom-
en. Eur Heart ] 2003;24:1531-7.

7. Canoy D, Wareham N, Welch A, Bingham S, Luben R, Day N,
Khaw KT. Plasma ascorbic acid concentrations and fat distri-
bution in 19,068 British men and women in the European
Prospective Investigation into Cancer and Nutrition Norfolk
cohort study. Am J Clin Nutr 2005;82:1203-9.

8. Frayn KN. Adipose tissue as a buffer for daily lipid flux. Diabe-
tologia 2002;45:1201-10.

9. Richelsen B, Pedersen SB, Moller-Pedersen T, Bak JE Regional
differences in triglyceride breakdown in human adipose tissue:
effects of catecholamines, insulin, and prostaglandin E2. Me-
tabolism 1991;40:990-6.

10. Arner P. Differences in lipolysis between human subcutaneous
and omental adipose tissues. Ann Med 1995;27:435-8.

11. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Prat-
ley RE, Tataranni PA. Hypoadiponectinemia in obesity and
type 2 diabetes: close association with insulin resistance and
hyperinsulinemia. J Clin Endocrinol Metab 2001;86:1930-5.

12. Shay CM, Carnethon MR, Church TR, Hankinson AL, Chan
C, Jacobs DR Jr, Lewis CE, Schreiner PJ, Sternfeld B, Sidney S.
Lower extremity fat mass is associated with insulin resistance
in overweight and obese individuals: the CARDIA study. Obe-
sity (Silver Spring) 2011;19:2248-53.

413



dmj

13. Kloting N, Fasshauer M, Dietrich A, Kovacs P, Schon MR, ceral than in subcutaneous adipose tissue and is a marker of
Kern M, Stumvoll M, Bluher M. Insulin-sensitive obesity. Am intra-abdominal fat mass. Cell Metab 2007;6:79-87.
J Physiol Endocrinol Metab 2010;299:E506-15. 15. Kim YL, Kim TK, Cheong ES, Shin DG, Choi GS, Jung J, Han
14. Kloting N, Graham TE, Berndt ], Kralisch S, Kovacs P, Wason KA, Min KW. Relation of absolute or relative adiposity to insu-
CJ, Fasshauer M, Schon MR, Stumvoll M, Bluher M, Kahn BB. lin resistance, retinol binding protein-4, leptin, and adiponec-
Serum retinol-binding protein is more highly expressed in vis- tin in type 2 diabetes. Diabetes Metab ] 2012;36:415-21.

414 Diabetes Metab ] 2012;36:412-414  http://e-dmj.org



