Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Superior Running Economy in Obese Compared to Normal-
Weight Males at Metabolically Comparable Work Rates.

A thesis presented in fulfulment of the requirements for the
degree of

Master of Science
1n

Sport and Exercise

at Massey University, Wellington, New Zealand

James Andrew Stewart

2014



Acknowledgments Superior Running Economy in Obese Compared to Normal-Weight Males

Acknowledgements

First of all I would like to formally thank my supervisor Dr James Faulkner for the
continued support, guidance and extreme patience throughout my postgraduate study.
This study would not have been possible without the knowledge and expertise of Dr
Faulkner. I am sincerely grateful for everything he has done and I wish him all the best for
the future. A sincere thank you to all the participants involved. I am truly grateful for their
interest, commitment and patience on each occasion. I would like to thank the Sport and
Exercise Science Laboratory Managers David Gleadon and Wendy O’Brian for their
guidance and technical assistance within the laboratory. I would also like to thank my
fellow Post-Graduate students for brightening my days and supporting my research.
Finally, I would like to thank my family and friends, for their continual patience,
encouragement and understanding through all aspects of my study. I would especially like
to acknowledge my Nana who has always supported and encouraged me throughout my

years of academic study.



Table of Contents Superior Running Economy in Obese Compared to Normal-Weight Males

Table of Contents

ACKNOWICAZEIMENLS ...cuuuveriirirrnnricssssannessssansesssssassesssssssssssssasssssssssssssssssssssssssssssssssssssesssssssssssssass 2
Table Of CONLENLS ..cccueeiiriiiiiiniiiseriisieiniiniisniesstecsssnecsssnesssseesssssesssssesssssesssssesssssssssssssssssssssnse 3
ADDYEVIALIONS cuueererniiiiniiiinniisniininienssnncssnecsssnecssssecsssnssssssesssssessssessssssessssssssssssssssssssssssssssssssss 5
LSt Of TADIES wcuueerennriiiniiiiniiiiniiininticninnninnticssseecssstesssstsesssnesssesssssessssssesssssesssssssssssssssssssssssssnes 6
LISt Of FIGUIES.uuucicueiiiiiiiiiiiiiiiintieninninnnticsssnecssstesssstesssstessssesssssessssssesssssssssssssssssssssssssssssssnss 7
ADSIFACTcuueeiiiriiitieiitiiiitnensttessstiesssttcsssteessssesssstessstssssssessssssssssessssssesssssssssssssssssssssssssssnssssss 8
1. INErOAUCTION . ..uueeieiiieiniieitticinticsnteisntecsneesssescsseessssnessssnessssnsssssnesssssssssssssssssssssssssssnssssns 10
2. ReVIEW Of LItEIATUIE cccuueeeeiuereiierissnnessnniesssnecsssnessssnessssnesssssessssssssssnessssessssssssssssssssssssssasens 13
2.1 Running Economy.... . cesseressssntiessnstessssnssssssnssesssstssssserasens 13
2.1.1 Physiological Overview of Performance Parameters...........cccccueevveieciieeiiieeciieecieecveeeveenns 13
2.1.2 Running Economy and Performance ............cccooecuiiiiiiiiiiecie et 15
2.1.3 Effect of Training Status on Running EConomy ............ccccoovviiiiiiiiiiiiiiiiiie e, 19
2.1.4 Effect of Body Mass on Running ECONOMY ...........cccoiiviiiiiiiiiiiiiiiicciiecee e 24
2.2 Obesity and Fitness.. . . cesssresssnsnnesans 30
2.3 Normal Weight and Low Fitness.... . cesssressssstessnassssnnsans 33
2.4 Methodological Considerations for Assessing Running Economy cesssressssstesssnssssenasans 34
2.5 Focus of the Study.... . cesseressssstisssnstesssnnsssssnssesssstssssserasens 36
2.6 Hypothesis...... . . cesssressssstesssnssssnnsans 38
R 0 7 1 1 1o RN 39
3.1 Participants.... . . cesssiessssstesssnsessennsans 39
3.2 Procedure....... . . cereessneessnanesanneannesane 40
3.2.1 EXETCISE ECG ..ottt b ettt et e st e s b et e bt ebeenaeens 41
3.2.2 Sub-maximal graded exercise test to predict maximal functional capacity...........c.c.c......... 41
3.2.3 Calculating moderate (VT) and heavy (40% A) intensities for submaximal test ................ 43
3.2.4 Submaximal eXercisSe CONOMY tEST.......ccvuiieriiieriieiiieeieeerieereeeteeesteeesaeeeseaeesereeeresereeenns 44
3.3 Data Analyses . . cesssressssstessnnssssnasans 45
3.2.1 YO, values used in Statistical ANALYSIS.............oevivevieeeeieeeeeeee oo 45
3.3.2 Calculation Of RE. ..ottt sttt b e sb et sae e 45
3.3.3 StatiStICAl ANALYSIS . .cccviiiitiieiiiieiiieiiieetee et e eteeeeteeestbeeetaeesebeesbeeereeesseestaeesaeeneseeenseseseeannes 46
4. RESUILS cocuueeeeneriinriiineinstieninneesinicsssstcssstecsssnecssssesssstesssssesssssesssssssssssssssssssssssssssssssssssssssasens 48
4.1. Anthropometric . . cesseressssntssssnetesssnnsssssnssessssasssssenasens 48
4.2 Coronary Artery Disease risk factors . cesssressssstisssnstessssnsssssnssesssstssesserasens 48
4.3 GXT... . . . ceeieessstsasssesasasans 49
4.3.1 Physiological Markers at Moderate (VT) and High Intensity (40% A) Obtained From the
L 2, LSRR PP 50
4.4 Constant Load Running Economy Test...... cesssresssnnnsesans 51
4.4.1 RUNNING ECONOMY ....ociiuiiiiiiiiiiiiiiiieciie ettt et ettt e et e e ive e s beeesbesesbaeebaeesaeeaseessseesaseens 51
4.4.2 Physiological Marker; WOy ...t 53



Table of Contents Superior Running Economy in Obese Compared to Normal-Weight Males

4.4.3 Physiological Marker; Percent of V0 e 54
4.4.3 Physiological & Perceptual Markers;V g, RER, HR,Blaand RPE ............c.coovvviiiiiiii, 55

4.5 Stride Frequency and ¥ O, per stride . cesstescssnteessnttessantessssateesssssaesessanaees 56
5. DiSCUSSION.cccccrcreriecscrnricssssanrecsssnsesssssssssssssssssesssssssssssssssssssssssssesssssssssssssssssssssssssssssssassssssnans 58
5.1 Exercise Economy.... . cesseressssstisssnstessssnsssssnssesssstsssssesasens 59
5.1.1 Effect 0f DOAY MASS ....eiciiiiiiiciiiecteeeee ettt et e et e e stee e eve e ebeeseveeeabeeenns 59
512 EfECt Of FIENESS cuvviiiiiiiciii ettt ettt et ettt e e eae e ebeesebeeeaneeenes 62

5.2 Physiological Markers . cesetessssntissenatiesetatessssatiessrtttessssatssssststessstttesssttsessns 64
5.4 Limitations..... . . cesssresssstessnnssssenasins 68
S5 FUture ReSEArCR ......c.ooiiiiiiiiiiie ettt e e et e e et e e e tae e e e e e e e eneeas 70

6. CONCIUSIONS ..ouuveriiiiisnricnsssnniecssssnsesssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 73
RETEIEICES couuvveriiiicnniicsisnriensssnrecsssssssecsssnssesssssssasssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssse 75
APPEIUICES ceuvvrreerssranricssssanresssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 84



Abbreviations

Superior Running Economy in Obese Compared to Normal-Weight Males

Abbreviations

AT — Anaerobic Threshold

%BF - body fat percentage

BLa — Blood Lactate Accumulation
BMI - body mass index

CRF — Cardiorespiratory Fitness
CVD — Cardiovascular Disease

EE — Exercise Economy

FFM - Fat free mass

GET — Gas exchange threshold
GXT- graded exercise test

HDL — high density lipoprotein cholesterol
HR — Heart rate

HRmax — maximum heart rate

LT — Lactate Threshold

NWU- Normal Weight Unfit

OB - Obese

OBF — Obese Fit

RE — Running Economy

RPE - ratings of perceived exertion

TC - total cholesterol
\Y O, - oxygen consumption

\ Onpeak - peak oxygen consumption (85%
HRmax in GXT)

V O,max - maximal oxygen consumption

%YV O, - percent of VO, in proportion to
maximal value

V & - Minute ventilation
VT - ventilatory threshold

40% A - 40% of the difference between
VT and VOzpeak



List of Tables Superior Running Economy in Obese Compared to Normal-Weight Males

List of Tables

Table 4.1 Descriptive data between NWU and OBF males.

Table 4.2 Coronary artery disease risk factors between NWU and OBF males.
Table 4.3 Independent t-test, Final stage physiological variables to 85% HRpax.
Table 4.4 Physiological variables at VT & 40% A obtained from the GXT.

Table 4.5 Various Physiological Parameters between NWU and OBF males at VT and 40%

A.

Table 4.6 Stride Frequency and V Oomax variables per stride at VT & 40% A.



List of Figures Superior Running Economy in Obese Compared to Normal-Weight Males

List of Figures

Figure 2.1 Comparison of oxygen uptake VO, (mL-kg"-min™") in two international calibre
10km runners, one with good economy (subject 1) and the other with poor economy

(subject 2). From Saunders et al. (2004) Factors affecting running economy in trained
distance runners. Sports Medicine, 34(7), 465-485.

Figure 2.2 Physiological and performance measures over 5 years. Jones, Andrew M. (1998).
A five year physiological case study of an Olympic runner. British Journal of Sports
Medicine, 32,39-43.

Figure 2.3 Comparison of male and female runners of equal V Osmax. The males are

significantly favored in economy and in Velocity at V Oapmax Daniels, J. and N.

Daniels. Running economy of elite male and elite female runners. Medicine & Science
in Sports & Exercise. 24:483— 489, 1992.

Figure 2.4 Minimum, mean, and maximum aerobic demand running economy values for elite
runners (Category 1), sub-elite runners (Category 2), good runners (Category 3), and
untrained subjects (Category 4). Morgan, D. W., D. R. Bransford, D. L. Costill, et al.
Variation in the aerobic demand of running among trained and untrained subjects.
Medicine & Science in Sports & Exercise. 27:404—409, 1995.

Figure 2.5 Energy cost of running (full circles: C r, J’kg 'm ') and external mechanical
work (empty circles: W ext, J'kg '*m ') as a function of the overall body mass of the
subject. Linear regression for C r is described by: C r=0.002 M + 3.729, (n =25, R
2=0.05, p=0.841). Taboga, P., Lazzer, S., Fessehatsion, R., Agosti, F., Sartorio, A.,
& di Prampero, P. E. (2012). Energetics and mechanics of running men: the influence
of body mass. European Journal of Applied Physiology, 112(12), 4027-4033.

Figure 3.1 Example of the linear regression used to determine individual V O,max (L-min™).

Figure 3.2 Example of the V-slope method used to determine VT.

Figure 4.1 Running Economy between NWU (solid line) and OBF (dashed line) males at VT
and 40% A.

Figure 4.2 VO, (mL-kg"'min™") & V O,"™ (mL-FFM-min™")

Figure 4.3 Percent VO, at VT and 40% A between OBF and NWU groups



Abstract Superior Running Economy in Obese Compared to Normal-Weight Males

Abstract

Introduction: During weight bearing physical activities such as walking or running, obese
individuals generally expend more total energy than their lighter counterparts. Running
economy (RE) is an important physiological measure in the sports performance field and is
defined as the aerobic capacity per kilogram of body mass required to sustain a given
submaximal running speed. RE can also help us assess how other individuals would cope
with a certain intensity of activity. Superior RE is seen in elite endurance athletes by using
less oxygen per kilogram of body mass at a given speed. Fit/trained individuals display a
superior RE compared to unfit/untrained individuals. Normal weight subjects have previously
been shown to display a superior RE than obese individuals; furthermore, low
cardiorespiratory fitness (CRF) is an important reversible cardiovascular disease risk factor,
while obesity is a major risk factor for non-communicable diseases. Although RE has
previously been assessed at absolute exercise intensities to compare between groups, (i.e.
obese vs. normal weight) individuals exercise at a metabolic rate that is scaled to body size
and relativised for fitness level. Purpose: To assess RE and the physiological responses of
normal weight-unfit (NWU) and obese-fit (OBF) adult males during treadmill running when
relative exercise intensities are selected. It was hypothesised that the RE of OBF would be
superior to that observed for NWU. Methods: Healthy NWU (n = 12, 38.2 £ 9.1 yrs, 77.3 +
6.4 kg, 24.0 + 1.3 kg'm™) and OBF (n= 11, 38.5 + 6.0 yrs, 103.8 + 8.0 kg, 33.3 + 2.2 kg'm™)
volunteered for the study. Following risk stratification assessment for coronary artery disease
and a treadmill walking ECG, participants completed two laboratory based tests. Participants
firstly completed a submaximal incremental graded exercise test up to 85% HRmax (age

predicted) on a treadmill. Individual linear regression analysis was then used to predict

maximal aerobic power (VO,max) for each participant. Following a minimum 72 hour
recovery period, participants then completed a further test at two independent intensities:
ventilatory threshold (VT) and 40% delta (A) as identified from the GXT. Each independent

intensity was sustained for 6 minutes duration, separated by 5 minutes of standing recovery.

Physiological markers (Heart Rate [HR], oxygen uptake [V O], minute ventilation [V ] and
respiratory exchange ratio [RER]) were continuously monitored, while the ratings of
perceived exertion (RPE) and stride rate were recorded at 3 minutes and at the completion of
each exercise stage. Results: OBF elicited a significantly higher running speed at VT (8.5
vs. 7.6 kmh™; P < 0.01) and at 40% A (10.1 vs. 8.8 km'h™"; P < 0.01) compared to NWU
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respectively. OBF displayed a significantly superior (lower) RE (210.7 £ 8.0 vs. 253.2 + 7.6
mL-kg'-km™; P = 0.001), than in NWU respectively. No significant differences were
observed between VT and 40% A (P > 0.05). When RE was assessed relative to fat free mass
(FFM), no differences were found between OBF and NWU (P > 0.05). However, a
significant difference in RE was observed at VT compared to 40% A (322.3 + 7.3 & 368.8 =
8.9 mL-FFM™'-km™, respectively; P < 0.001). Conclusion: Despite running at a faster speed,
fit and obese individuals displayed a superior running economy compared to normal weight
unfit individuals during treadmill running at relative moderate and heavy exercise intensities
when expressed as mL-kg™'-km™. When expressed relative to fat free mass (mL-FFM™"-km™)
no differences in RE were observed between groups. Fitness and training status rather than
weight status may be more of an important moderating factor when examining differences in
RE between individuals. The proposed mechanisms for the results remain unclear. It is
acknowledges that greater subject numbers including obese unfit and normal weight fit would
have allowed for a more valid interpretation of the present findings. From a public health
perspective these results indicate that increasing physical activity and fitness level should be
a priority for adults engaging in an exercise programme more so than weight loss, as superior

economy could reduce the relative level of physical exertion during everyday tasks.



