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Maximal Oxygen Uptake (VO2 max)
Maximum ability of the CV system to deliver O2 to exercising skeletal 

muscle, and of the exercising muscle to extract O2 from the blood. 

Plateau is reached.

Peak Oxygen Uptake or Peak Oxygen Consumption (VO2)

Respiratory Exchange Ratio [RER]>1.0 (sufficient aerobic effort), 

>1.1 ideal (maximal aerobic effort)

RER: VCO2/VO2

CO: cardiac output (SV × HR)

([O2]
A – [O2]

V): difference in arterial O2 content and mixed venous O2 content

(1.34 × hemoglobin [Hgb] concentration × (Hgb arterial O2 saturation – mixed venous O2 saturation)

Peak VO2 = (CO × ([O2]
A– [O2]

V)

Houstis NE et al. Circulation 2018;137(2):148-161

O2 peripheral extraction

Cardiorespiratory Fitness (CRF)
Cardiovascular, respiratory and muscular responses to exercise

Del Buono MG et al. J Am Coll Cardiol 2019;73(17):2209-2225

Lavie CJ et al. Circ Res 2019;124(5):799-815

Carbone S et al. Prog Cardiovasc Dis 2019. [Epub ahead of 

print]
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Unsaturated Fatty Acids Enriched-diet to Improve Cardiorespiratory Fitness, Metabolic Flexibility and 

Glucose Tolerance in Obese Patients – UFA-Preserved

1) Is a dietary intervention aimed at increasing UFA consumption feasible in patients 

with obesity and HFpEF at VCU? 

2) What is the estimated effect-size of a dietary intervention on peak VO2 to design an 

appropriately powered randomized clinical trial to test the efficacy of the intervention 

on CRF?
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Figure 1. Specific Aims. In Specific Aim #1 we hypothesize

that a dietary intervention aimed at increasing the consumption

of unsaturated fatty acids (UFA) improves body composition
measured with dual-energy X-ray absorptiometry. In Specific

Aim #2 we hypothesize that UFA supplementation improves

cardiac diastolic function measured with echocardiography and

serum N-terminal proBNP (NT-proBNP). Finally, we also

hypothesize that such improvements result in a greater
cardiorespiratory fitness assesses at maximal cardiopulmonary

exercise testing (Specific Aim #3). EVOO: extra-virgin olive oil

Dietary UFA Supplementation
(EVOO, canola oil, mixed nuts, avocado, fatty fish, seeds)

↑ Cardiac Diastolic Function
(↑ E’, ↓ E/E’ ratio, ↓ NT-proBNP )

↑ Body Composition
(↓ Fat mass, ↑ Lean mass)

Specific Aim #2Specific Aim #1

↑ Cardiorespiratory fitness

Specific Aim #3
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What are the Mechanisms?



Modified from Wen H et al. Nat Immunol 2011;12(5):408-15

What are the Mechanisms?
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Figure 3. VCU whole room indirect calorimeter located in the Clinical Research Unit. A schematic of
the working principle of whole room indirect calorimeter is also included.
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