SHSS4072 Practical: The Assessment of Resting and Maximal Metabolic Rate (Oxygen Consumption)

Introduction
Every individual requires a minimum level of energy to sustain vital functions in the waking state. This energy requirement is termed the basal metabolic rate (BMR). Measuring oxygen consumption under controlled conditions indirectly determines the BMR. Oxygen consumption values for BMR usually range between 160 and 290 ml/min (which is equivalent to 0.8 to 1.43 kcal/min) depending on gender, age, body size and the size of the fat-free mass.
Knowledge of BMR establishes the important energy baseline required to develop weight control strategies through food restriction, regular exercise, or their combination. Basal values measured under controlled laboratory conditions fall only slightly below values for resting metabolic rate (RMR) measured 3 to 4 hours after a light meal without prior physical activity. For this reason, the term RMR is often used interchangeably with BMR, but their differences need to be acknowledged. Essentially, BMR and RMR refer to the sum of the metabolic processes of the active cell mass required to sustain normal regulatory balance and body functions during the basal resting state. 

The measurement of oxygen consumption (VO2) is a fundamental part of exercise physiology. The open-circuit method provides a relatively simple way to measure oxygen consumption. A subject inhales ambient air that has a constant composition of 20.93% oxygen, 0.04% carbon dioxide, and 79.03% nitrogen. The changes in oxygen and carbon dioxide percentages in expired air, compared with the percentages of inspired ambient air, indirectly reflect the ongoing process of energy metabolism. Thus, the analysis of two factors – the volume of air breathed during a specified time period and the composition of exhaled air – provides a useful way to measure oxygen consumption and infer energy expenditure. 
Oxygen consumption can be determined using a computerised, ‘on-line’ system or by the collection of expired air in Douglas Bags and the subsequent analysis of this air for expired fractions (%) of oxygen and carbon dioxide. This latter method is regarded as the ‘gold standard’, but requires great care and attention to detail at many points of the procedure in order to avoid errors occurring.

Learning Outcomes
After completing this practical you should be able to:
· Calculate estimated resting energy expenditure using the Harris-Benedict method (
· Collect expired air samples using laboratory equipment and calculate energy expenditure from an analysis of the gas content of these samples.
· Safely and competently perform a maximal exercise test that includes the collection of heart rate, perceived exertion and minute ventilation using Douglas bags
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Practical Tasks
1. Measure stature and weight, record age and sex
2. Calculate the estimated resting daily energy expenditure (RDEE) using the following equations:

Females
RDEE (kcal/24 hr) = 655 + (9.6 x body mass, kg) + (1.85 x stature, cm) – (4.7 x age, yr)

Males
DREE (kcal/24 hr) = 66 + 13.7 x body mass, kg) + (5.0 x stature, cm) – (6.8 x age, yr)

e.g. Body mass = 62.7; Stature = 172.5 cm; Age = 22.4 years
	
RDEE = 655 + (9.6 x 62.7) + (1.85 x 172.5) – 4.7 x 22.4
		= 655 + 601.92 + 319.13 – 105.28
		= 1471 kcal


3. Work in small groups. Record barometric pressure and room temperature.
4. Allow your subject to remain in a quiet and supine position for 6 minutes and record their resting heart rate at the end of this 6-minute period.
5. While the subject is still resting collect an expired gas sample using a Douglas bag for a further 1 minute. Analyse the O2 and CO2 concentrations (%) in the Douglas bag using the Servomex gas analyser, then empty the Douglas bag through the Harvard dry gas meter to measure the volume  of gas expired (i.e. ventilation). Record your results.
6. Ask your subject to exercise on the cycle ergometer at a power output of 60 Watts for three minutes to ensure she or he has reached a steady state. 
7. At the end of 3 minutes increase the intensity of exercise by 30 Watts every minute until the subject indicates that they can only complete 1 more minute of exercise, they have a heart rate of 220 – age or a rating of perceived exertion of 18-19. During this final minute of exercise collect an expired sample of air using the Douglas bag. Record heart rate and RPE at the end of the gas collection.
8. Analyse the O2 and CO2 concentrations (%) in the Douglas bags using the Servomex gas analyser, then empty the Douglas bag through the Harvard dry gas meter to measure the volume of gas expired (i.e. the minute ventilation, VE). Record your results.
9. Monitor your subject throughout the exercise and for 10 minutes after to ensure they are fully recovered.
10.  Calculate oxygen consumption for resting and maximal exercise conditions using the VO2 (Excel) calculator. 




Data collection sheet: Complete the tables.

	Name: 
	Age:
	Gender:

	Room temperature (°C):
	Barometric Pressure (mmHg):

	
	

	Resting data:
	

	HR (bpm): 
	Ventilation (L/min): 

	Expired O2 concentration (%): 
	Expired CO2 concentration (%): 

	Expired O2 (litres):
	Expired CO2 (litres):

	VO2 (L/min):
	VO2 (ml/kg/min):

	Energy expenditure (kcal/min)*:
	

	
	

	Maximal exercise:
	

	HR (bpm): 
	Ventilation (L/min):

	RPE: 
	

	Expired O2 concentration (%): 
	Expired CO2 concentration (%): 

	Expired O2 (litres):
	Expired CO2 (litres):

	VO2 (L/min):
	VO2 (ml/kg/min):

	Energy expenditure (kcal/min)*:
	

	
	


[bookmark: _GoBack]*1 Litre of oxygen consumption = ~5 kcal of energy expended
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