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Depot Remarks
Subcutaneous About 80% of all body fat. Can functionally be

divided into abdominal and gluteofemoral
Visceral Drained by the portal vein. Anatomically divided

into omental and mesenteric fat
Other Retroperitoneal, perirenal and orbital

Body fat distribution



Visceral obesity Subcutaneous obesity

• Visceral fat obesity is characterized by a marked
accumulation of fat in the abdominal cavity.

• Subcutaneous fat obesity is characterized by fat
accumulation mainly in the subcutis.



Visceral fat obesity is associated with 
metabolic abnormalities such as type 2 
diabetes, hypertension, dyslipidemia, and 
cardiovascular diseases.

J.P. Despres, et al. 2006



Visceral fat obesity is a major contributor to 
increased cardiovascular risk

Kershaw EE et al, 2004; 
Lee YH et al, 2005; 
Boden G et al, 2002
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Endurance exercise is beneficial in the 
treatment of obesity, as it promotes lipolysis, 
and oxidizes fat through increasing secretion of 
catecholamines and decreasing insulin levels. 

J.A. Romijn and et al., 1993 
J.A. Romijn and et al., 2000



Endurance exercise promotes lipolysis

• Enhanced by: catecholamines (adrenaline, 
noradrenaline) & glucagon which activate 
hormone sensitive lipase, required to 
breakdown triglycerides to FFA for 
transport

• Inhibited by: high insulin & lactate levels



S. Numao and et al., 2006

Plasma fat concentration is 
greater in VF obese men than in SF 
obese men during moderate-intensity 
(50% VO2,max) endurance exercise.

.



Exercise intensity may affects the 
difference in lipolytic response between VF 
and SF obesity, since an increment in 
exercise intensity enhances the secretion of 
catecholamines and represses the secretion 
of insulin. 



Exercise training intensity should be 
eventual progression to higher intensities 
(50–75%VO2) for effective treatments of 
obesity, because high-intensity exercise can 
produce a more negative energy balance 
(body fat loss) in reasonable amount of time. 

American College of Sports Medicine, 2006 

.



To investigate whether obesity 
phenotype influenced fat metabolism during 
“high-intensity” cycling endurance exercise 
in obese men. 

Objective



Material and Material and 
MethodsMethods



Fourteen middle-aged obese men 
(BMI>25 kg/m2) 

visceral fat obesity
(VF-Ob) n = 7

• Visceral fat area > 150 cm2

• No regular exercise training 
• No smoking
• No participant was on any 

medications 
• Weight-stable

subcutaneous fat obesity 
(SF-Ob) n = 7

• Visceral fat area < 150 cm2

• No regular exercise training 
• No smoking
• No participant was on any 

medications
• Weight-stable 

Participants



Body composition and abdominal fat area

• Whole-body fat mass (FM) and 
fat-free mass (FFM): bioelectrical 
impedance method

• Visceral fat area (VFA) and 
abdominal subcutaneous fat area 
(SFA): CT scan



Protocol

5   10   15   20   25   30   35   40   45   50   55  60

min

warm-up

rest

Exercise (70% V02 peak)

Ventilations and gas exchanges were 
measured using indirect calorimetry.

.



Blood analysis

• Plasma concentrations of FFA (enzymatic 
colorimetric method; ACS-ACOD) 

• Glycerol (enzymatic colorimetric method; 
GPO-DAOS)

• Epinephrine and norepinephrine (liquid 
chromatography; HPLC) 

• Insulin (radioimmunoassay; RIA) 



Statistical analysis

• Means ± S.E.
• Unpaired t-test was used to test 

significance between VF-Ob and SF-Ob. 
• Repeated measures two-way ANOVA was 

used to determine differences in 
metabolite concentrations and RER 
kinetics between VF-Ob and SF-Ob. 

• Level of significance was set at P ≤ 0.05. 



ResultsResults



199.3 ± 18.9187.7 ± 13.3Subcutaneous fat area (cm2)

133.5 ± 5 1193.0 ± 13.0aVisceral fat area (cm2)

332.7 ± 21.1380.8 ± 16.7Total fat area (cm2)

Abdominal fat area

30.5 ± 1.631 1 ± 1.7VOmax (mL/kg/min)

53.9 ± 1.858.6 ± 2.5Body fat-free mass (kg)

21.5 ± 1.322.4 ± 1.2Body fat mass (kg)

26.9 ± 0.228.4 ± 0.7Body mass index (kg/m2)

75.4 ± 1.581.0 ± 3.2Body weight (kg)

167.5 ± 2 1168.6 ± 1.8Height (cm)

57.3 ± 2.852.0 ± 2.5Age (years)

SF-Ob (n = 7)VF-Ob (n = 7)

The characteristics of participants in the  VF-Ob 
and SF-Ob groups 

a Significantly different from SF-Ob (P ≤ 0.05). 

.



Changes in plasma concentrations of 
epinephrine and norepinephrine

Plasma concentrations of epinephrine and norepinephrine
progressively increased in the two groups during 
endurance exercise. 



Changes in plasma concentrations of insulin

Plasma insulin concentration progressively 
decreased in the two groups. 



Plasma fat concentration in VF-Ob and  SF-Ob men
during exercise

• Plasma FFA concentration progressively increased in both 
VF-Ob and SF-Ob men. 

• After the first 40 min of exercise, plasma FFA 
concentration was significantly greater in VF-Ob men than 
in SF-Ob men. 



Plasma fat concentration in VF-Ob and  SF-Ob men
during exercise

• Plasma glycerol concentration also progressively 
increased in both groups.

• After the first 20 min of exercise, plasma glycerol 
concentration was higher in VF-Ob men than in SF-Ob 
men. 



Lipolysis of VF was higher in visceral 
obesity than in subcutaneous obesity

• Lipolytic response to catecholamines was 
higher in visceral adipocytes than in 
subcutaneous adipocytes. 

• Anti-lipolysis and activation of FFA re-
esterification response to insulin are lower 
in visceral adipocytes than in 
subcutaneous adipocytes. 



Changes in respiratory exchange ratio
(RER) in VF-Ob and SF-Ob men during exercise

RER initially increased during the first 5 min of exercise, 
and then progressively decreased. 



Total energy expenditure in VF-Ob and SF-Ob men
during exercise

There was no difference in total energy expenditure 
and fat oxidation between the VF-Ob and SF-Ob groups. 

CHO oxidation

Fat oxidation



Summary

• Plasma fat concentration is influenced by 
obesity phenotype even during high-intensity 
endurance exercise. 

• Plasma fat concentrations in visceral fat 
obese men during high-intensity endurance 
exercise are more increased compared with 
during moderate-intensity endurance 
exercise. 
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