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Abstract 

Ventilatory Sounds as an Index of Exerciçe Intensity 

Master of Science 1998 

Robert Winston Mertens 

Graduate Department of Community Health 

University of Toronto 

Young male subjects were randomly divided into 2 groups to 

determine the relationships between the phrases "can hear their 

breathing" (n=8) / "cm readily hear their breathing" (n=9) and exercise 

intensity. Peak heart rate (HR peak) and the first ventilatory threshold 

(VTI) were determined from a maximal cycle ergometry test using a 

SensorMedics 2900 metabolic cari. On 3 separate occasions, subjects' 

breathing frequency (BF) and HR were recorded using a strain gauge 

and electrocardiograph (ECG) respectively while pedalling a cycle 

ergorneter against an increasing resistance of 150 kpm (25 watts) per 

minute until they could " c m  hear their breathing" or "can readily hear 

their breathing". The 2 phrases are not significantly different (p<0.05). 

The exercise intensity chosen by the subjects cyding at  a Pace 

corresponding to "cm hear their breathing" or "can readily hear their 

breathing" corresponds to their VTI ( ~ ~ 0 . 0 5 )  and 70% of HR peak 

which is within the recommended range (ACSM 55% to 90% of HR 

max). 
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Chapter 1 

Introduction 

Exercise is an integral part of a healthy lifestyle. It has many 
wide ranging purposes induding disease prevention, rehabilitation, 
athletic training, and enhancement of one's quality of life. The 
beneficial effects of habitua1 exercise are weIl documented (Astrand, 
1987). 

There are minimal risks associated with health related exercise 
programs. The risks of orthopedic and musculoçkeletal injuries are 
related to exeruse intensity; the higher the intensity, the greater the 
risk of injury (Kilbom et al., 1969; Oja et al., 1975; Pollock, 1988). Health 
related exercise programs utilizing low to moderate prescriptions of 
intensity pose little risk of injury to the participant. The chances of 
myocardial infarction (MI) and sudden death are rare even during and 
immediately after a maximal exercise test; risk of death is < 0.01% and 
the risk of MI is I 0.04% (American College of Sports Mediane, 1995). 
The risks of sudden death and MI are even lower for submaximal 
exercise, i.e., exercise performed in health related prograrns (American 
ColIege of Sports Medicine, 1995). The advantages that exercise 



provides outweigh the risks (Jensen-Urstad, 1995; American College of 
Sports Medicine, 1995; O'Brien, 1996). However, the m e n t  exeruse 
level of Canadians is low. Campbell's Survev on Wd-beine; in Canada 
(1988) (Stephens, 1990) states that only 10% of Canadian youth are 
active enough to receive the heaith benefits associated with regular 
exercise. A sunrey published by the Heart nrid Stroke Foundation of 

Ontario (1 996) states that only 35% of %aby boomersrf (born between 
the years of 1943 and 1960) exercise regularly (30 minutes in duration 
with a frequenq of three times per week). 

Prescribing an exercise program involves incorporating several 
components: type of exercise (mode), duration, frequency, initial 

fitness level, progression of exercise, pattern (density), amount (also 
called volume or dose) and intewity (McArdle, Katch & Katch, 1991; 

Bompa, 1994; Brooks, Fahey & White, 1996; King & Senn, 1996). The 
primary factors involved in training are intensity, duration and 

frequency (h t rand  & Rodahl, 1986). 
The importance of exercise intensity was demonstrateed in 

several studies by Hickson et al. (1981,1982 & 1985). Hickson et al. 
trained females and males for 10 weeks using interval bicycle training 
and continuous running. The studies consisted of 10 weeks of training 
followed by 15 weeks of detraining- The first study reduced frequency 

by either one-third to four days or two-thirds to two days from the 
initial training frequency of six days a week whiie intensity and 
duration were kept constant. Maximum volume of oxygen 
consumption (V02 max) is the total volume of oxygen the body is able 

to consume during all-out progressively increasing exerase using large 
musde groups (i-e., running, cross-country sküng, and rowing). V 0 2  

max at the end of the 15 weeks of detraining remained unchanged 
compared to the 10 weeks of prior training. This study was repeated 
with intensity and frequency kept constant while duration was 
decreased by either one-third to 26 minutes or two-thirds to 13 minutes 
from the initial training duration of 40 minutes. V 0 2  max at the end 

of this 15 week detraining perïod of reduced duration remained 
unchanged from the end of the ten weeks of prior training. The study 
design was repeated a third time in which the duration and frequency 
remained the same and the intensity was reduced by one-third and 



two-thirds from the initial training intensity. The intensity for the 
interval bicycle training was reduced by taking one-third / two-thirds 
the resistance from the last three weeks of the 10 week training period 
and the intensity for the conünuous ninning was achieved by reduùng 

the speed whiie keeping the duration constant ai 40 minutes. At the 
end of the 15 weeks, V02 max was significantly lower than the 10th 

week training period for both the two-thirds intensity reduction group 
and the one-third intensity reduction group. After five weeks of 
detraining by reducing intensity by two-thVds the V02  mm was 

significantly different from the 10th week of the 10 week training 
period. AU three variables (intensity, duration and frequency) are 

significant and the product of aii three determine volume. The same 
volume of exercise can be determined with a different combination of 
intensity, duration and frequency; however intensity plays the 
principal role in maintainhg an increase in aerobic power (Hickson et 
al., 1985). 

Current methods for self assessment of exercise intensity have 
several problems and are often difficult for the public to use. Heart rate 
assessment, the most common method, can be inaccurate and lead to 
an intensity level that is too high or too low for maximum health 
benefits (Cumming & Glenn, 1977; Coplan, Gleim & Nicholas, 1986). 

Similar problems also exist when using rating of perceived exertion 
(RPE) (also known as the Borg Scale after its creator Gunnar Borg 
(Jones, 1997)) and metabolic equivalent units (METS) or energy 
expenditure (k~al.rnin-~-kg-~) as methods to self evaluate exercise 
intensity (American College of Sports Medicine, 1995; Whaley et al., 
1997) 

Exercise intensity is the most difficult variable to determine and 
yet is the most significant aspect of an exercise prescription (Kamonen, 
Kentala & Musta, 1957; Hickson & Rosenkoetter, 1981; Hickson et al., 
1982; Hickson et al., 1985; American Coliege of Sports Medicine, 1990). 

Thus, there is a need for a new method to determine exercise 

intensity. Monitoring breathing sounds has been suggested to d o w  for 
individual differences in fitness level, uninterrupted activity, and ease 
of administration (Goode, Sharp & Shaiman, 1993). 



Objectives 

1. To determine the relationships between the phrases "can hear 

their breathing" / "can readily hear their breathing" and 
different physiological parameters (i.e., oxygen consumption, 
heart rate, breathing frequency and the first venüiatory 
threshold) in young healthy males. 

2. To detexmine whether hearing is the actual mechanism which 
triggers young healthy males to use the phrases "can hear their 

breathing" or "can readily hear their breathing" to indicate an 
exercise in tensify. 



Chapter 2 

Review of Literature 

Dose- Response Issues 
As discussed in the introduction the k e e  primary components 

of an exeruse prescription are intensity, duration and frequency. The 

combination of these three variables are referred to as the dose (i.e., a 

three mile run completed in 24 minutes performed four times a week 
or 30 minutes of exercise at 60% of HR max performed four times a 
week (deVries & Housh, 1994)). When the dose is viewed in relation 
to either an acute change (Iast-bout effect) or chronic change (training 
effect) in a particular physiological parameter (e.g. resting HR, VO, 

max, resting blood pressure, and % body fat) a dose-response 
relationship is determined. The relationship between exercise 
intensity and health benefit is viewed both as a non-threshold response 
(Le., any dose regardless of its size will result in some sort of beneficial 
response with the majority of benefit achieved at the lower exerase 
intensities) and/or a threshoid response (i.e., a minimum threshold 
must be reached before any beneficial response is obtained). This area 



of exercise physiology is controversial and requires further study (Pate, 
1995; Blair & Connelly, 1996). 

Prior to any further discussion it is important to define what is 
meant by the terms 'low (very light & light)", "moderate" and "high 
(vigorous, heavy & very heavy)" in relation to exerase intensity as 
these wiil be referred to throughout the review of fiterature. There are 
s m d  discrepanues between authors as to the range each t e m  
represents as well as the term to be used. Please refer to Table 1. 

Table 1. Definitions of Exercise Intensity. 

- 

Intensiw % Range of V02 max: Ref erence: 

Very Light < 30% of V 0 2  m a  Pollock & Wilmore, 1990 

Light  30% - 49% of V02 max Pollock & WiImore, 1990 

"Low to 40% - 60% of V02 max Blair & Connelly, 1996 
Modera te" 

Moderate 40% - 60% V 0 2  max King & Sem, 1996 
40% - 70% V 0 2  rnax Pate, 1995 
50% - 74% V 0 2  max Pollock & WiIrnore, 1990 

Vigorous > 60% VO2 max King & Sem, 1996 

Heavy 75% - û4% of V02  max Pollock & Wilmore, 1990 

Very Heavy > 85% of V 0 2  max PoUock & Wilmore, 1990 

Many articles use the terms low and moderate without definhg 
them in relation to a physiological parameter malcing it difficult to 
determine its relation to the first ventilatory threshold and first blood 
lactate threshold (see section 'Thysiological Transition from Rest to 
Maximum Exercise" for definitions). For example, Shephard (1997a) 
suggests that in order for exercise to be effective in inducing relaxation, 
it must be moderate in intensity. The definition of moderate intensity 
is never defined. This author will define moderate intensity as 40% to 
70% of V 0 2  rnax (Pate, 1995) as this definition generaliy encompasses 

the definitions of moderate intensity offered in the literahue. 



The traditional view of exercise suggested that a threshold of 
activity was necessary for benefit. More recentiy clinical and 
epidemiological studies have shown a non-threshold response 
relationship (Blair & Connelly, 1996). Davison and Grant (1993) suggest 
that the correct view depends on which health variable one wishes to 
examine. For example, changes in V 0 2  max appear to have an exercise 

intensity threshold whereas energy expenditure is non-threshold 
response related. Pollock and Wilmore (1990) suggest that exercise 
prescriptions of equal kilocalorie expenditure (i.e., short duration and 
high intensity versus longer duration and moderate intençity) will 
provide similar benefits if the exercise prescription is above a 

minimum exercise intensity threshold. Wilson et al. (1986) suggest 
that with moderate to high energy expenditure there is a non- 
threshold relationship. Blair and Conneiiy (1996) view the problem 
differently and disagree with the idea that physical activity (exercise) 

promotes health or improves fitness. They came to the condusion that 
exercise works through multiple biological pathways to improve both 
health and fitness. The Literature in the dose-response debate has one 
critical flaw. There are few studies that examine exercise intensity 
below 50% of VO, max (Pate, 1995). The lowest exeruse intensity 
studied was 30% of VO, max where an intensity threshold was 

demonstrated for aerobic power (Davies & Knibbs, 1971). Haskell 
(1994), in criticism of Karvonen, Kentala and Mustala's work in 1957, 
argues that the establishment of a threshold requires subjects to be 
tested below the hypothesized threshold. AU the studies that support 
the concept of a non-threshold relationship have not tested subjects at  
the lower end of exercise intensity. Thirty percent of VO, max is the 

lowest exercise intensity studied, which in hirn supports the concept of 

a threshold relationship and not a non-threshold relationship. It may 
be appropriate to view the physiological and psychological response to 
exercise with both a threshold response and non-threshold response 
model. The relationship between health benefit and dose of exerase 
may be a threshold response up until a specific exercise intensity, above 
which the relationship becomes non-threshold related. 

It is also recognized that health benefit can be obtained by both 
continuous and/or intermittent (sporadic) exerase. Exercise performed 



in short bouts throughout the day as opposed to a 30 minute 
continuous session will gan t  similar health benefits (Haskell, 1994). 

All current recommendations from the American College of 
Sports Medicine (ACSM), U.S. Centers for Disease Control and 
Prevention (CDC), PresidenYs Councii on Physical Fitness and Sports 
(PCPFS), American Heart Association (AHA), and the National 
Institutes of HeaIth (NIE?) suggest moderate intensity exercise 
(Arnerican College of Sports Medicine, 1990 & 1995; Pate et  al., 1995; 
Blair & Connelly, 1996; Blair et al., 1996; Nutrition Reviews, 1996) and 
that the least active portion of the population will benefit the most by 
becoming moderately active (Powell & Blair, 1994; Blair & C o ~ e l l y ,  
1996). 

This author suggests that there is a threshold response and that 
the minimum exerllse intensity to be obtained is the first ventilatory 

threshold and first blood lactate threshold as described in the 
"Anaerobic Threshold: Its Meaning and Significance" section. 
Moderate intewity exercise (40% to 70% of V02  max) is also the range 

in which the first ventilatory threshold occurs (Yeh et al., 1983). I t  has 
been pointed out that exercise intensity below the 50% to 85% of VO, 

max is beneficiai in  individuals with a very low initial fitness level and 
that training at 40% of V02 max is suggested (American College of 

Sports Medicine, 1995). This agrees with the notion that individuals 
who have a low VO, max will also have a low first ventilatory 
threshold such as 40% of VO, rnax. It can be argued that in studies 

which dernonstrate low intensity training to be benefiaal, it is actually 
training at or near the first ventilatory threshold which is beneficial. 
The definition of low intensity in several studies includes the cited 
range of the first ventilatory threshold (Pollock & Wilmore, 1990; Blair 
& ConneUy, 1996). 

Physiological Transition from Rest to Maximum Exercise 
The progression from low intensity exercise to high intensity 

exercise or the transition from predominantly aerobic metabolism to 
predominantly anaerobic metabolism is currently viewed with three 
distinct models (Anderson & Rhodes, 1989). The "Single Breakaway 
Model" which originates from Margaria, Edwards, and Dill (1933) 



suggests that there exists only one threshold at which blood lactate 
begins to accumulate and a nonlinear increase in ventilation occurs. 
Kindermann, Simon, and Keul (1979) proposed a three-phase "Double 
Breakaway Model" which suggests that two threshold values exist, the 
first at two and the second at four rnmol*~ '~  of blood lactate with two 
nonlinear increases in venüiation at each of these lactate values. 
Anderson and Rhodes (1989) place Wasserman and colleagues in the 
Single Breakaway Model category based on the article by Beaver, 
Wasserman, and Whipp (1985). This may be incorrect as a doser 
examination of their work dearly demonstrates that they endorse and 
promote the Double Breakaway Model (Wasserman & Whipp, 1975; 
Wasserman, 1978; Wasserman, Beaver & Whipp, 1990) The third 
model, 'Txponential Model", was first described by Jerrvell (1929). This 
model suggests that there are no critical threshold values and that the 
response of blood lactate and ventilation are curvilinear b c t i o n s .  

The Double Breakaway Model, as seen in a progressive 
incremental exercise test described by Skinner and McLellan (I980), 
suggests that there are three distinct phases as the transition from low 
to high intensity exeruse occurs. This model and the descriptions of it 
by Skinner and McLellan will be the premise upon whidi this author 
will work (see Figure 1 for the three phases). In a review by Myers and 
Ashley (1997) it is demonstrated that a threshold model better 
represents the transition from low to high intensity exercise than a 

continuous model (Exponential Model). Figure one displays the 
results of an incremental cyde ergometer test on a healthy 18 year male 
provincial level badminton player achieving V 0 2  max. Each graph is 

plotted with measurements made every 20 seconds. A rolling average 
of measurements is used to smooth the graphs to faditate the visual 
interpretation of nonlinear increases in specific variables. The first 
point plotted on each graph is the average of the first minute (20 
seconds, 40 seconds and 60 seconds) of exerase at 150 kilopond meters 
(or 25 watts) . The descriptions of Figure one and the phyçiological 

changes that occur during the three phases discussed below are 
compiled from and based on the artides of Wasserman & Whipp 
(1975), Wasserman (19781, and Skinner and McLellan (1 980)- 
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Figure 1. Changes in VE, HR, RER. VO, and VCO, during an incrernentai (25 watts*min") 
cycle ergometer test to exhaustion. Vertical lines indicate the idealized nonlinear increases in 
VE, RER and VCO, which divide the physiological response to exercise into three phases (1, II and 110. 



Phase one is characterized by low intensity activity, aerobic 
metabolism utilizing predominantly free fatty acids as a substrate for 
adenosine triphosphate (ATP) production. S m d  amounts of blood 
lactate are present with a respiratory quotient approxllnately equal to 
0.7 - 0.8 units (Skinner & McLellan, 1980). The s m d  amount of blood 
lactate seen at rest is presumably from erythrocytes as they do not have 
mitochondria (McArdle, Katch & Katch, 1991). As exercise intensity 
increases from rest to 55% of V02 max (40% - 70% range) there is an 
increase in oxygen (O2) extraction by the periphery. This results in a 
lower fraction of O2 in the expired air and an increase in carbon dioxide 
(CO2) production, resdting in a higher fraction of CO2 in the expired 
air. There is a linear response in the volume of oxygen (V02) intake, 
volume expired (VE), volume of carbon dioxide (VC02) expired, and 

heart rate (HR) with increasing exercise intensity. 
Phase two's onset is defined as the first nonlinear increase in 

blood lactate, a value of approhate ly  two m m o l - ~ - ~  (Kindermann, 
Simon & Keul, 1979) (1.0 to 3.1 mmol.L4 range (Yamamoto et al., 
1991)), a noniinear increase in the ventilatory equivalent for O, 
(vE.vo~-~), and a nonlinear increase in VE. The ventilatory 
equivalent for CO2 (vE.vCO~~) and endtidal CO2 (alveolar partial 
pressure of CO2 (P,C02)) remain constant throughout phase two. This 

phase is primariiy characterized by the buffering of hydrogen ions (H+) 
produced from lactic acid by the bicarbonate buffering system. Lactic 
Acid (HLa) is synonymous with lactate (La-) but they are not the same 
thing (Brooks, 1985). Lactic aud dissociates into hydrogen ions and 
lactate at physiological pH (7.4 f0.02 (Halperin & Golds tein, 1994)). The 
hydrogen ions are buffered by the sodium bicarbonate system fonning a 
weaker acid (carbonic acid) whkh dissociates into water and carbon 
dioxide. The carbon dioxide is eliminated at the lungs minimizing the 
change in pH (H+ concentration), see Equations one through three 
(Plowman & Smith, 1997). Jones (1997) refers to this as an acidemic 
drive to breathe. Wasserman and McIlroy (1964) and Wasserman et al. 

(1973) define this point as the anaerobic threshold and term phase two 
the isocapnic buffering period (VE and VC0, uicrease at the same rate 

retaining a constant P,CO,). 



NaHC03 + LaD + <-> NaLa + %CO3 O 

Sodium Bicarbonate + Lactate +Hydrogen Ion c-> Sodium Lactate + Carbonic Acid 

The onset of phase three is defined by a blood lactate value of 

approximately four mmo1.L-1 (Kindermann, Simon & Ked, 1979) (2.4 

to 6.6 mmo1.L-1 range (Stegmann, Kindermann & Schnabel, 1981)) 
which increases rapidly until exhaustion, a deviation from iinearity in 
HR termed the heart rate threshold (Bunc et al., 1995) [this occurs in 
only 50% of subjects (Ribeiro et al., 1985)], a second nonlinear increase 
in the ventilatory equivalent for 02, a nonlinear increase in the 
ventilatory equivalent for CO2, and a decrease in endtidal CO2. The 

beginning of this phase has been referred to as the respiratory 
compensation point (RC) and from the RC until exhaustion has been 
referred to as the range of hypocapnic hyperventilation (below normal 
CO2 in arterial blood from increased pulmonary ventilation in excess 

of metabolic requirements) (Oshima et al., 1997). Throughout exercise 
of low to high intensity ventilation dosely matches the metabolic 
needs of the body. At the start of exercise tidal volume increase more 
than respiratory rate. When metabolic aadosis sets in tachypnea 
becomes the prominent feature (Wasserman, 1978). 

There are many thresholds in other physiological parameters 
that correspond to the Double Breakaway Model. Wyatt, Jackson and 
Tran (1997) and Wyatt (1997) discuss 17 thresholds (e.g. bicarbonate 
threshold, ammonia threshold, EMG threshold, CAMP threshold, and 
catecholamine threshold) which demonstrate the sipificance and 
importance of using the anaerobic threshold as an index of metabolic 



intensity. A salivary amylase threshold has also been recently 
identified as an indicator of the anaerobic threshold (Calvo et al., 1997). 

As is discussed further below, the anaerobic threshold does not 
necessarily represent anaerobic conditions in the muscle but rather a 
difference in either the rate of blood lactate removal from the blood 
and/or the rate of lactate release into the blood (Brooks, Fahey & 

White, 1996). It is not lactate that is the primary concem for 
homeostatic regdation of the body, but the Hf and the blood's pH 
(Myers & Ashley, 1997). Hydrogen ions bind to proteiw and change 
their charge, shape and possibly their function (Halperin & Goldstein, 
1994). The body reacts to prevent large accumulations of Hf during 
exercise through the respiratory system which pennits the bicarbonate 
buffering system to operate, preventing cell death (Halperin & 

Golds tein, 1994). 

Anaerobic Threshold: Its Meaning and Significance 
It is difficult to preusely determine the origins of the anaerobic 

threshold (AT) as authors disagree on  its history and when the term 
(anaerobic threshold) first appeared. This is probably the result of (1) 
authors not confirrning the original references, (2) errors in referencing 
and (3) studies published in different languages. Each of these points 
will be briefly discussed below. 

(1) The introduction of fie t e m  anaerobic threshold has been 
attributed to Wasseman and McIlroy's work in 1964 (Davis, 1985; 
Anderson & Rhodes, 1989) and Wasserman, Whipp, Koyal and 
Beaver's work in 1973 (Jones & Ehrsarn, 1982; Loat & Rhodes, 1993). 
Some authors have avoided the controversy to the term's first 
appearance and cited both the 1964 and 1973 references (Hollmann, 
1985). The 1964 Wasserman and Mdlroy paper cites the term anaerobic 
threshold twice, once on p. 845, "(anaerobic threshold)", and again in 
figure 7 B, "ANAEROBIC THRESHOLD". The term was first published 
in 1964 and has been confirmed by one of the original authors 
(Wasserman, Van Kessel & Burton, 1967; Wasserman, Beaver & 

Whipp, 1990). Hollmann (1985) mistakenly cites Wasserman and 
Mdlroy (1964) and Wasserman, Whipp, Koyal and Beaver (1973) as the 
first to use the term aerobic-anaerobic threshold. In both papers by 



Wasserman et al. (1964 and 1973) no mention is ever made to the 
aerobic-anaerobic threshold. The tenn aerobic-anaerobic threshold 
appears to have been first published by Mader et al. in 1976 (Loat & 

Rhodes, 1993). 
(2) An example of errors in referencing occurs in the review 

article by Jones and Ehrsam (1982) where reference nurnber 76 (Owles) 
is mistakenly numbered 75 (Orr et al.) and reference number 105 

(Whipp & Davis) is mistakenly numbered 104 (Welhnan & Katch). 
This pattern of errors in the text reference number is one lower than 
the actual reference number and persists throughout the artide. The 
errors however seem to occur only with the higher numbers. Another 

example is the review article by Loat and Rhodes (1993) where the 
wrong year appears in the reference section; the article by Çtegmann & 

Kinderrnann should read 1982 and not 1981- 
(3) Several review articles cite Owles' study in 193û as a 

sigmficant study leading to the development of the anaerobic threshold 
concept (Davis, 1985; Anderson & Rhodes, 1989; Loat & Rhodes, 1993) 
and dedared by Jones and Ehrsam (1982) to be the first to condude that 
an increase in VE and CO2 excretion accompanied the rise in blood 

lactate at a aitical exercise intensity. In contrast to this is the review 
article, on the anaerobic threshold, by Hollmann (1985) where Owles' 
work in 1930 is never mentioned. This discrepancy may be the result 
of the early literature regarding the anaerobic threshold concept by 
Hollmann and colleagues not being available in the English language 
(Loat & Rhodes, 1993). Shephard (1997b) also suggests that the 
literature of our German colleagues (Le., Hollmann) when published 
in the German language is often ignored. 

The anaerobic threshold concept and its terminology have been 
a point of significant controversy (Myers & Ashley, 1997) highlighted 
multiple review articles (Jones & Ehrsam, 1982; Hollmann, 1985; 
Anderson & Rhodes, 1989; Loat & Rhodes, 1993) and a debate in the 
joumal of Medicine and Saence in Sports and Exercise in 1985 with 
arguments in favor of the AT concept (Davis, 1985) and arguments 
against the AT concept (Brooks, 1985). A monograph has been 
specîficaily written addressing most of the concems (Weltman, 1995). 
Some of the difficulties arise from differences in identifying the 



anaerobic threshold. In North America the V02 at which lactate shows 

an upward inflection during an incremental exercise test is used, 
whereas in Europe, the V 0 2  at which lactate reaches an arbitrary value 

(Le., 4 mmole~-~ )  is used to detect the anaerobic threshold (Jones, 1997). 
The difference between the views and uses of the AT by clinicians and 
physiologists also complicates the discussion (Myers & Ashley, 1997). 
Clinicians understand the importance of the anaerobic threshold 
irrespective of the underlying medianism or mode1 (Myers & Ashley, 
1997) and thus articles with different names and meanings from 
d i n i ~ a n s  contradict the work published by physiologists. The 
anaerobic threshold has been made unnecessarily complicated (Jones, 
1997) and this problem is well stated by H o h a n n  (1985) in reference to 
the anaerobic threshold concept and its definitions: 
"It has now become a popular pastixne of many researchers to create in 
their scientific publications a 'new' or 'better' definition of the aerobic 
threshold without the existence of a suentific or a practical necesçity." 
(p. 113) (Please note that Hollmann's term "aerobic threshold refers to 
this author's definition of "anaerobic threshold; this is discussed 
shor tly.) 
Additional problems in the literature are the questions of whether 
there is one threshold, two thresholds or no thresholds. As well the 
appropriateness of the term "threshold" is debated. The protocol used 
to detect a threshold will alter whether one or two thresnolds are 
determined; one threshold will be identified with a four minute 
incremental exercise test whereas two thresholds will be identified 
with a one minute incremental exercise test (Wasserman & Whipp, 
1975). Some authors recognize the first breakpoint but do not consider 
this to be a threshold as subjects are able to work at this set intensity for 
long periods of time without blood lactate continuing to increase. This 
is referred to as the initial rise above baseline. The second breakpoint is 
considered to be a threshold because exercise set at or above this 
intensity will resdt in what is called an "accumulationff or 
"continuous rise" in blood lactate. An example highlighting and also 
furthering the difficdties in the literature is Weltmanfs monograph in 
1995. In chapter two, 'Qevelopment of the Anaerobic, Ventilatory, and 

Lactate Thresholds", Weltman (1995) proceeds to discuss the anaerobic 



threshold as referring to the lactate breakpoint and the lactate 
threshold. Weltman then suggests that the anaerobic threshold is the 
ventilatory threshold, "anaerobic (or ventilatory)". Under a subtitle, 
"Findings Supporthg a Coincidental Relationship Behveen a Blood 
Lactate Breakpoint and a Ventilatory Threshold", he discusses the 
relationship between the anaerobic threshold (AT) and the lactate 
threshold (LT) only later to change terms from AT to VT and then 
finally condudes: "The results indicate that the three thresholds are 
detemiined by differing underlying medianisms and reflect different 
phenornena." (p. 14). 

A definition of the anaerobic threshold was given by Anderson 
and Rhodes (1989): 

There seems to be a "critical intensity" above which the 
cardiovascular and/or respiratory response is of an insufficient 
magnitude to supply the energy demanded through the aerobic 
pathway, and work capacity is severely limited (Knuttger, 1962). 
Work performed below this critical intensity may be performed 
for indefini te durations, because the energy required for 
muscular contraction is being supplied predominantly through 
unlimited aerobic energy sources, while waste products are being 
adequately removed. Work intensiües above this critical 
intensity result in rapid fatigue due to a reliance on limited 
anaerobic energy sources and an accumulation of inhibitory 
waste products. (p. 44) 

The terminology used to describe the transition from low 
intensity exercise to high intensity exercise is based on the three 
different models (Single, Double and Exponential) as well as on 
variations within each model. As a consequence, the literahue is very 
unclear and leads to confusion about which point or phase of 
metabolism is being described. For example, the anaerobic threshold 
has been referred to as the aerobic threshold, the aerobic-anaerobic 
threshold lactate threshold, ventilatory threshold, Owles point, 



second breakpoint in ventilation, and second breakpoint in lactate (see 
Tables 2 and 3). Some authors believe the anaerobic threshoid to be 

synonymous with both the lactate threshold and the ventilatory 
threshold (Wasserman & Mcllroy, 1964) while others do not. Brooks, 
Fahey, and White (1996) believe that the anaerobic threshold is a 
misnomer and does not actually represent the onset of anaerobic 
metabolism. Astrand and Rodahl (1986) describe the problem well: 

In the first place there is a problem of terminology: are we 
talking about a threshold for a single musde fiber, a whole 
muscle group, a threshold for a regulatory system involving 
chemoreceptors etc., or, are we talking about the onset of blood 
lactate accumulation, or some other lactate effects, or a pH- 
dependent function? (p. 328) 

The anaerobic threshold has usually been detected by either 
blood lactate changes (individual breakpoint and/or a fixed value) or 
ventilatory parameter changes (Yamamoto et al., 19911, the former 
being the predominant and standard method to which other methods 
are compared. However, even using blood lactate concentration as an 
indicator of the beginning of anaerobic metabolism is controversial 
(Brooks, Fahey, & White, 1996): 

"However, the blood lactate mflection point per se gives no 
information about anaerobic metabolisrn; rather, it reflects the balance 
befween lactate entry into and removal from the blood." (p. 189) 

Weltman (1995) provides a good surnmary of the common 
problems in deciphering the literature on the blood lactate response to 
exercise; these are summarized below. The blood lactate response to 
exercise has been described by a variety of terms al1 referring to a 
simïiar phenomenon. Çome researchers use the same term as other 
researchers yet use a different definition (Weltman, 1995). Other 
researchers change their definition from one study to the next. Coyle et 
al. (1983) and Hagberg and Coyle (1983) defined the lactate threshold as 
a change of 1.0 mmolm~-~ above resüng levels; however, they changed 



the definition to an absolute blood lactate of 2.5 mmoleL-l in other 
studies (Allen et al., 1985; Hagberg, 1986; Hagberg et al., 1982). The 
definition and protocol (work rate and blood sampling site) used affect 
the interpretation and make cornparisons between studies and 
evaluation of what is happening difficdt, if not impossible. Work rate 
duration influences blood lactate concentration. Foxdal et al. (1991) 
compared three blood sampling sites, venous plasma, venous blood 
and capillary blood. The authors f o n d  that depending on which blood 
sample site was used the power outputs and V02 at which a blood 

lactate concentration of four mm01eL-~ occurred differed significantly. 
Venous plasma, followed by capillary blood and then venous blood, 
were the order in which a blood lactate concentration of four mrno l -~ '~  
was reached. 

From the literature there are numerous terms describing the 

first breakpoint in blood lactate and ventilation as described by 
Kindermann, Simon, and Keul (1979) and Skinner and McLellan 
(1980). Table two displays all the terrninology found in the literature 
referring the the first breakpoint in blood lactate and ventilation. 





Table 2. Continued. 

Term: Def inition: Ref erence: 
lactic acidosis threshold (LAT) "Lactic acidosis threshold (LAT) is the exercise V02 above Wasseman et al., 1994 

which arterial Std HC03- (the principal buffer of lactic acid) 
is obscrved to decrease because of a net increase in lactate 
production." (p. 29) 

aerobic threshold ( AeT) 

I 
N 

maximal steady state (MSS) 
O 
I 

onset of plasma lactate 
accumula tion (OPLA) 

hypoxic threshold 

". . . aerobic threshold (formerly anaerobic threshold): 
approximately 2 mmol/l lactate - first significant elevation of 
lactate level, nonlinear increase of VE, RQ." (p. 33) 

". . . maximal steady state (MSS) as the oxygen uptake, 
heart rate and/or treadmill velacity at which plasma 
lactate concentration was 2.2 mM/L of plasma." (p. 190) 

defineà by the treadmill velocity and V02 (ml/kg min) 
directly bclow the exponential increasc in lactate 
(1.1 mM above baseline values) 

"When applied to submaximal exercisc, the use of the term 
'anaerobic' is clearly incorrect. Perhaps the intended 
meaning is that the active muscles becomes hypoxic during 
exercise in which case the more correct term should be the 
'hypoxic threshold." (p. 582) 
". . . lactate first appears in the blood." (p. 583) 

Kindermann, Simon & Keul, 1979 

LaFontaine, Londeree & Spath, 2981 
(based on Londcree & Ames (1975)) 

Farrell et al., 1979 

Noakes, 1997 



Table 2. Continued. 

Term: Def inition: 
proportional limi t 

transition threshold 

metabolic threshold 

". . . the identification of a V 0 2  at which VE 'breaks away.' Jones & Ehrsam, 1982 
Though many authors cal1 this point 'anaerobic threshold' 
(99), we prefer the term 'proportional limit,' using the 

physical analogy expressed in Hooke's law*." (p. 62-63) 

"Above this critical intensity, dubbed the 
'anaerobic threshold' by Wasserman and McIlroy (1964), 

endurance performance appears ta be severely limited, and 
it is postulatcd to rcpresent a transition point in energy 

metabolism - a 'transition threshold'." (p. 44) 

". . . the disproportionate changes in physiological 
variables, formerly used to describe anaerobic threshold, 
more appropriately define a metabolic threshold." (p. S235) 

Anderson & Rhodes, 1989 

Wyatt, Jackson Br Tran, 1997 

first lactate threshold (LTI) defined as the first break in lactate versus 0 2  consumption or Plowman & Smith, 1997 
workload during incremental work to maximum 

first ventilatory threshold defined as the first break in VE versus 0 2  consumption or Plowman & Smith, 1997 
workload during incremental work to maximum 

ventila tory anaerobic ". . . the departure from linearity in the VE vs. V 0 2  Orr et al,, 1982 
threshold relationship!' (p. 1349) 



Table three displays a i l  the terminology found in the fiterature 
referring to the second breakpoint in blood lactate and ventilation. The 
term maximal steady state (MSS) or maximal lactate steady state 

([%, , ) is espeaally confusing and is placed in both table two and 
table three. Weltman (1995) suggests that the individual anaerobic 
threshold is equivalent to the maximal lactate steady state (placing it in 

table three) which contradicts Yamamoto et al. (1991) who suggest that 
the individual anaerobic threshold and the maximal lactate steady state 
are not equivalent. Yamamoto et al. demonstrate that the ventilatory 
threshold (VTI) gives the maximal lactate steady state, as weU, La 
Fontaine, Londeree and Spath (1981) çuggeçt that the maximal lactate 
steady state is a fixed blood lactate value of 2.2 m r n ~ b L - ~ .  This would 
place the term maximal lactate çteady state in group one, the first 
breakpoint in blood lactate and ventilation however, the term 
maximal steady state cm be placed in group two, the second breakpoint 
in blood lactate and ventilation according to Weltman (1995). 



Table 3. Terminology for the Second Breakpoint. 

Tenn: Definition: Ref erence: 
aerobic-anaerobic threshold 

aerob-anaerobe Schwelle 

I threshold of decompensated 
hl w metabolic acidosis (TDMA) 
1 

anaerobic threshold ( AnT) 

onset of blood lactate 

accumulation (OBLA) 

"Mader et al. (1976) originally discemed the 4.0 mmol/L 

criterion and label14 it as the aerobic-anaerobic threshold; 

this 4.0 mmol/L was the average blood lactate concentration at 

the subject's lactate threshold." (p. 10o) 

" . , . called 'aerob-anaerobe Schwelle' (4.0 mmol/l) . . ." (p. 45) 

"The definite increase of VECO2 after its minimum (VECO2 min) 

determines approximately the work load level where a marked 

fa11 of capillary pH occurs. This point can be called, in analogy, 

'threshold of decompensated metabolic acidosis' (TDMA)." (p. 38) 

". . . Anaerobic tlireshold (formerly aerobic-anaerobic threshold): 

approximately 4 mmol/l lactate - steep part of exponential 
increase in lactate concentration." (p. 33) 

". . . the exercise intensity corresponding to the point at which 
blood lactate begins to increase exponentially has b e n  shown to 

be a good predictor of endurance running performance (25) and 

has been referred to as the exercise intensity at OBLA (onset of 

blood lactate accumulation)." (D. 23) 

Loat & Rhodes, 1993 (based on 

Mader et al. (1976)) 

Mader & Hcck, 1986 (based on 
Mader et al. (1976)) 

Reinhard, Müller & Schmülling, 1979 

Kindermann, Simon & Keul, 1979 

Sjodin & Jacobs, 1981 





For clarity and simplicity this author will follow the 
nomenclature by Plowman and Smith (1997) and refer to group one as 
the first breakpoint in blood lactate concentration (LTI)  / the Prst 
breakpoint in volume expired per minute (Vï'î). Group two will be 
referred to as the second breakpoint in blood lactate co~zcentration (LT2) 
l the second breakpoint in volume expired per minute (VT2). The 
terms "turn point", "breakpoint", "threshold", "inflection poinr,  "an 
abrupt increase", "slight inaease", "onset of an exponential rise", 
"breakaway poinr, "systematic increase" and "nonlinear hcrease 
(increase nonhearly, nonlinear nse and departs from linearity)" will 
be considered synonymouç. The enigmatic and elusive term anaerobic 
threshold will be defined by this author as both LTI and VTI as they 
generaily coincide with one another and tend to be assoaated as will be 
discussed below. In relation to the Literature reviewed the terrns used 
by the various authors will be used and will be interpreted as either 
LTI/VTI or LT2/VT2. These temts will be accordingly placed in 

parentheses next to the author's term. 

Benefits of Training at the Anaerobic Threshold 
The use of heart rate, rating of perceived exertion and energy 

expenditure do not indicate the ùitensity at which the metabolic 
machinery is working (Aeilen, Holimann & Boutellier, 1993). This 
factor is aitical to the prescription of exercise, in both diseased 
populations as well as healthy populations, for overall health benefits 
of exerase. It has been suggested that training at the anaerobic 
threshold (LTI /VTl) (i.e., aerobically) is beneficial for heaithy 
individuais (normal population) (Henritze et al., 1985; Yamamoto et 
al., 1991), cardiac transplant patients (Kavanagh et al., 1 WB), as thmatics 
(Varray et al., 1991), diabetics (Kawaji et al., 19891, the elderly (Fabre et 
al., 1997) and obese individuals (Kim, Tanaka & Maeda, 1991). 
Exercising at the anaerobic threshold (LTI/VTl) results in 
cardiovascular and respiratory improvements as weil as psychological 
well-being. Maximal oxygen uptake is regarded as the single most 
important factor as a standard to compare and evaluate the scientific 
literature as it is an indicator of cardiovascular fitness; cardiovascular 

disease is the most prominent threat to health in Western Society 



(Brooks, Fahey & White, 1996). It is also recognized that change in V02 
max is not the only variable worth scrutiny but that change in the 
anaerobic threshold (LTl/VTl) without change in V02 max c m  realize 

significant health benefits (Hemitze et al., 1985; Haskell, 1994; deVries 
& Housh, 1994). 

Healthy lndividuals 
Low intensity exerciçe such as gardening and waiking (Davison 

& Grant, 1993) has been reported to deaease the risk of morbidity and 
mortality from coronary heart disease. Aellen, Hoolmann and 
Boutellier (1993) discuss a possible mechanism for this phenornenon 
(i.e., mechanism for lipid metabolism during exercise). High plasma 
cholesterol levels and more spedically low high-density lipoprotein 
(HDL) levels are assocïated with an increased risk of coronary heart 
disease. Aellen et al. studied healthy male students who endurance 
trained no more than once per week. The volunteers were split into 
three groups. Group one, containing 16 subjects with a mean age of 26 
years, trained above the anaerobic threshold (= 6.0 m m o l a ~ - ~  blood 
lactate). Group two, containing 17 subjects with a mean age of 22 years, 
trained below the anaerobic threshold (= 3.1 mrnobL-'1. Group three 
contained 12 control subjects with a mean age of 24 who did not train. 
The anaerobic threshold (LT2/VT2) was defined as a blood lactate 
concentration of 4.0 mmolaL-'. Groups one and two trained on the5 
own on bicydes four times per week for nine weeks. Each training 
session lasted 30 minutes. Energy expenditure between the groups was 
kept constant, initially at 1110 kilojoules (kJ) and during the ninth 
week at 1540 kJ. Blood lactate concentrations were checked once per 
week and training programs were adjusted if necessary to ensure the 
energy expenditure between groups was constant and the training 
intensities were above and below the anaerobic threshold for the two 
groups. The results from nine weeks of training for group one (above 
LT2/VT2) were: decreased HDL, decreased HDU (HDL subfraction), 
increased LDL (low-density lipoprotein)/HDL ratio, decreased 
HDLZ/HDL3 (HDL subfraction) ratio, and an inaeased cholesterol/HDL 
ratio. The results for group two (below LT2/VT2) consisted of the same 
significantly changed variables as mentioned for group one except that 



each variable dianged in the opposite direction; increased HDL and 
HDL2, decreased LDL/HDL ratio, inaeased HDLZ/HDW ratio, and a 
decreased cholesterol/HDL ratio. Body mass did not change in any 
group. S e r m  concentrations of cholesterol, HDL3, and LDL were not 
significantly changed in any group. The study conduded that training 
above the anaerobic threshold (LT2/VT2) has negative effech on blood 
lipids and works in the opposite direction to training below the 
anaerobic threshold. There was a correlation between the exercise 
intensity and the resting LDL/HDL ratio; the higher the blood lactate 
concentration, the higher the resüng LDL/HDL ratio. Training above 
the anaerobic threshold may improve cardiovascular fitness but at  the 
expense of atherosclerotic prevention seen with training below the 
anaerobic threshold. The authors' explanation for their findings was 
that aerobic training allows free fatty acid oxidation as a major fuel 
source for exercise, whereas anaerobic training results in inaeases in 

blood lactate whidt inhibit free fatty acid metaboiism. Lipoprotein 
lipase enzyme is inhibited as pH deaeases. Blood lactate values above 
5 rnmol.~-l inhibit free fatty acid release from adipose tissue 
(Fredholm, 1969). Lipoprotein lipase plays a aitical role in mediating 
HDL turnover (Nikkila, Taskinen & Kekki, 1978) and is involved in its 
formation as well as its subdass partides, HDL2 (Patsch et al., 1987). 

Sidossis et al. (1997) examined six healthy males with a rnean age 
of 30 years. Subjectç exercised at 40% of VO, peak for 60 min and at 
80% of VO, peak for 30 min on two separate occasions with the order of 

presentation randomized. The blood lactate was measured during the 
last 10 minutes of exercise in each condition as well as free fatty acids 
throughout the experiments. The 40% of V02 peak group averaged a 

blood lactate value of 1.2 mmol .~-~  (at or below the LTI/VTl) and the 
80% of V02 peak group averaged a blood lactate value of 6.4 m m o l . ~ - ~  

(above the LTl/VTI). The plasma free fatty acid oxidation was 
significantly reduced during exercise at 80% of VO, peak compared to 
exercise at 40% of VO, peak. Sidossis et al. conduded that the free fatty 
acid oxidation reduction during exercise at 80% of V02 peak was most 

likely the result of inhibition of long diain fatty acids entry into 
mitochondria. 



In a normal population, training at the anaerobic threshold 
(LT2/VT2) is beneficial and resdk in significant observable 
physiological improvements. Keith, Jacobs and McLeUan (1992) 
exarnined the benefits of training healthy men aged between 23 to 29 at 
the anaerobic threshold. The anaerobic threshold (LT2/VT2) was 
defined as the highest metabolic rate at which blood lactate 
concentration can be maintained at a steady state during prolonged 
exerdse (1 4 m m o l e ~ - ~  but varies between individuals). The subjects 
trained four days a week for eight weeks. Each session was 30 minutes 
in duration on a cycle ergorneter. After eight weeks of training VO, 

max increased 5%, anaerobic threshold increased, time to exhaustion 
increased and mean muscle fiber area of the vastus lateralis increased. 
Another study by Henritze et al. (1985) looked at female college 
students training at the lactate threshold (LTl/VTI) and found that 
after 12 weeks of training five days a week that the V02LT / V 0 2  m m  

ratio increased by 16% @<0.05). This is beneficial as the subject can 
work at a higher percentage of V02  m u  before reaching fatigue. The 

lactate threshold (LTI /VTl) in this study was defined as the highest 
work rate at which lactate did not increase above resting levels 
determined by visual inspection of the graphs by two observers. Two 
additional criteria were used: (1) elevation of blood lactate 
concentration greater than 0.22 rnmole~-' and (2) in subsequent 
workloads an exponential increase in blood lactate concentration. 

The immune system protects the body from foreign elements 
through two lines of defence: (1) innate (natural) immunity and (2) 
adaptive (acquired) irnmunity (Mackinnon, 1992). Resistance to 
infection depends primarily on three factors: (1) general state of health, 
(2) imate and adaptive immunological cornpetence and (3) dose and 
virulence of the infecting micro-organism (Clarke, 1984). High 
intensity training may depress immune system function (Brenner, 
Shek & Shephard, 1994; Shephard, 1993; Shephard, Rhind & Shek, 
1994) and should not be undertaken when ill (Mackinnon, 1992), while 
moderate intensity training improves immunity (Brooks, Fahey & 

White, 1996; Brenner, Shek & Shephard, 1994; Shephard, 1993; 
Shephard, Rhind & Shek, 1994). Moderate intensity exercïse improves 
both innate and adaptive immunity as well as improving one's general 



state of health providing greater resistance to infection (Brenner, Shek 

& Shephard, 1994). 
One possible mechanism by which exercise may deaease the risk 

of cancer is the reduction of body fat (Madcinnon, 1992). As mentioned 
earlier, lipid metabolism is reduced when exercise intensity is increased 
with increasing blood lactate concentrations inhibiting free fatty acid 
utilkation (Brooks, Fahey & White, 1996). 

Psychological weil-being (decreased depression, decreased 
anxiety, improved sleep, and improved mood) is enhanced by 
moderate intensity exercise (Kennedy & Newton, 1997; King et al., 1997; 
Petruzzeilo & Tate, 1997; Shephard, 1997a). Explanations for exercise 
improving well-being range from psychological factors (e.g. distraction) 
to physiological factors (e.g. endorphins) (Petnuseilo & Tate, 1997). 
Petruzzello and Tate (1997) examined a psychophysiological 
explana tion for improved weil being resdting from exercise. They 
studied 15 males and five females with a mean age of 23 years. Subjecfs 
participated in each of three conditions: (1) sitting on a cycle ergorneter 
for 30 minutes, (2) cyding for 30 minutes at 55% of VO, rnax and (3) 
cyding for 30 minutes at 70% of VO, m a .  Conditions were presented 

in a randomized order. Electroencephalographic (EEG) measurements 
were taken before and after each condition. Affect and state anxiety 
were measured throughout each test condition by self-report 
questionnaires. Affect is the measurement of two arousal dimensions, 
energy-tiredness and tension-calmness. There were no significant 
differences in the control and 55% of V 0 2  m m  group in EEG, affect and 
state anxiety throughout the test conditions. The 704 of VO, max 

group had a significant decrease in anwiety and significant change in 

EEG reflecting a sigmficant decrease in alpha wave activity. Alpha 
wave activity is suggested to have a reciprocal relationship with brain 
activation (Andreassi, 1989). PetruzzeUo and Tate concluded that 

changes in psychological well-being may be a threshold response as 
only significant changes occurred in the 70% of VO, max group. The 

group of subjects studied were considered fit with a mean measured 
VO, max of 47.8 ml*kg*l.min-l (Pollock, Wilmore & Fox, 1984). This 

author suggests that the possible threshold is the first ventilatory 



threshold as this varies between 40% to 70% of V02 max as discussed 

previously. 

Cardiac Transplant Patients 
Cardiac transplantation is used for end-stage cardiac disease. In 

cardiac transplant patients V02 rnax and anaerobic threshold 

(LTl/VTl) are severely reduced compared to normal subjeds when 
matched for age, body dimensions and physical activity habits 
(Kavanagh et ai., 1988; Bmbaker et al., 1993). Kavanagh et al. (1988) 
trained 36 male orthotopic cardiac transplant (replacement of the 
recipienvs heart with a donor's heart) patients aged 21 to 57 years for 16 
months, using the ventilatory threshold (VTI) as well as other criteria 
to establish a training intensity. The ventilatory threshold was defined 
as the inflection point of the VE and V02 plot and when necessary the 

inflection points in the plots of the ventilatory equivalent for oxygen 
and VC02 against VOT The results demonstrated a reduced resting 

heart rate, an increased maximum heart rate, reduced blood pressure, 
increased lean tissue, inaeased V02 max, and a decrease in 

submaximal values of minute ventilation and ratings of perceived 
exertion. 

Asthmatics 
Exeruse-induced asthmatic attadcs may be triggered if the patient 

exercises at the respiratory compensation threshold (LT2/VT2) and 
above, presumably due to the increased exercise hyperpnea (Bundgaard 
et al., 1981; Deal et al., 1980). It is therefore important for asthmatics to 
train at a lower intensity, to increase their anaerobic threshold 
(LTl/VTI). This will allow patients to perform work at higher levels 
before reaching their respiratory compensation threshold. Varray et al. 
(1991) conducted a study of atopic asthmatic (aller@ asthma) diildren, 
six males and one female, with a mean age of 11 years. The ventilatory 
threshold (VTI) was used as the training intensity for their swimming 
program. The ventilatory threshold was defined as the last point 
before an increase in venülatory equivalent for oxygen (VE*VOT~) 

plotted against work rate without a concomitant increase in the 
ventilatory equivalent for carbon dioxide ( V E - V C O ~ ~ )  as determined 



by two independent obse~e r s .  The diildren trained for three months 
at the ventdatory threshold with the following results: decreased 
intensity of wheezing attadcç, decreased anxiety, inaeased V02  max, 
increased maximum ventilation, 20% increase in ventilatory threshold 
and increased maximal O2 pulse (V02 HK1). The asthmatic subjects 

then trained at a higher intensity for a further three months consisting 
of swimming at maximum çpeed for 25 meters with rest intervals in 
between repetitions. The high intensity training resulted in the 
following: V 0 2  max unchanged, VE maximum unchanged, 
ventilatory threshold and O2 pulse deueased to a level that was not 

sigruficantly different from pre-training values. For ethical reasons the 
experimental design was not a crossover setup. Starting a training 
program with high intensity exercise poses the risk of exercise-induced 
asthmatic attadcs. As discussed by the authors a bias may have 
occurred in the effects of the different training programs. The study of 
Varray et al. has demonstrated that training at the ventilatory 
threshold in asthma tic chiidren may result in significant physiological 
and psychological benefits even though it was not a crossover design, 
and that training at higher intensities later on in an exercise program 
may result in no benefits to the subjects. Indeed, high intensity 
training may have been detrimental as the venülatory threshold 
decreased. 

Diabetics 
Diabetes and Diabetes Mellitus are generally considered 

synonymous (Ganong, 1997). The two most comrnon forrns of 

diabetes are (1) insulin-dependent diabetes mellitus (IDDM) which is 
also called type I diabetes or juvenile diabetes and (2) non-iwuün- 
dependent diabetes mellitus (NIDDM) or type II diabetes (Ganong, 
1997). Type 1 diabetes is defined as insulin deficiency. Type II diabetes 
is defined as insulin resistance and impaired insulin secretion. Both of 
these conditions result in hyperglycemia from reduced entry of glucose 
into various tissues, an inaeased liberation of glucose from the liver 
and a hvpersecretion of glucagon in diabetes (Ganong, 1997). Glucagon, 
a hormone that increases glucose levels, and insulin, a hormone that 



decreases glucose levels, work compiimentarily to regulate 
carbohydrate metabolism (Kapit, Macey & Meisami, 1987). 

Kawaji et al. (1989) studied 13 type II diabetics (six males and 
seven females) with a mean age of 45 for the males and 47 for the 
females. The study was conducted to determine the usefulness of 
using the anaerobic threshold (LTI/VTl) in determining exercise 
intensiv for diabetes. Kawaji et al. conduded that the anaerobic 
threshold was the optimal exercise intensity to train diabetics for the 
following reasons. Firstly exercising at the anaerobic threshold allows 
diabetics to avoid excessive anaerobic glycolysis with increaçing lactate 
which leads to lactic acidosis- Secondly plasma glucose levels decreased 
signihcantly without a significant increase in plasma glucagon 
concentration and without a significant decrease in plasma insulin 
concentration. The anaerobic threshold appears to be the optimal 
intensity as plasma glucagon concentration did not significantly 
increase and plasma insulin concentration did not significantly 
decrease as is seen in heavy or long-duration exercise (McArdle, Katch 
& Katch, 1991). 

Fujita et ai. (1990) studied seven type 1 diabetics (two female and 
five male) with a mean age of 31 and eight type II diabetics (three 
female and five male) with a mean age of 48. Fujita et al. conducted 
the study to determine how exercise intensity set from an age-adjusted 
heart rate compared to exercise intensity set at the anaerobic threshold 
(LTl/VTl) on a subject's lactate response. Eighfpix percent (six out of 
seven) of the type 1 diabetics had their heart rates at 70% of maximum 
significantly higher than their heart rates at their anaerobic threshold. 
Fifty percent (four out of eight) of the type II diabetics had their heart 
rates at 70% of maximum sigmficantly higher than their heart rates at 
their anaerobic threshold. They conduded that the 70% of maximum 
heart rate used in clinical practice (Vignati & Cunningham, 1985) to 
exercise diabetics places them above the anaerobic threshold leading to 
high lactate levels. Fujita et al. concluded that the anaerobic threshold 
was the optimal training intensity to exercise diabetics as it is 
individualized to the individual's metabolic response. 



The Elderly 
Exercise presaiption for the elderly m u t  be closely monitored as 

health and fitness status vary greatly (Pollock et al., 1994). The elderly 
are more fragile and have more physical-medical limitations and so 
the intensity of the prescription must be lowered compared to their 
younger counterparts (PoIlock et al., 1994). Maximal oxygen uptake 
decreases with age and should be improved and maintained leading to 
greater functiond status, freedom and ultimately a higher quality of 
life (Govindasamy & Paterson, 1994). 

Fabre et al. (1997) conducted a study to determine the 
effectiveness of training elderly subjects at an individualized training 
program at the ventilatory threshold (VTI) compared to a standardized 
training program at 50% of heart rate reserve (see section "Heart Rate 
(HR) for definition). Sixteen subjects were split into two groups of 
eight; eight subjects trained at their ventilatory threshold and the 
second group of eight trained at 50% of heart rate reserve. Subjects 
who trained at their ventilatory threshold significantly improved their 
V 0 2  max by 20%. Subjects who trained at 50% of heart rate reserve 

demonstrated no sigruficant improvement. Fabre et al. concluded that 
the elderly who train at their ventilatory threshold will receive 
significantly greater benefit in V02  rnax and submaximal 

cardiorespiratory adaptations (heart rate and ventilation) than those 
elderly who train at 50% of heart rate reserve. 

Obese lndividuals 
Kim, Tanaka and Maeda ('1991) studied 28 obese women who 

trained at their lactate threshold (LTl/VTl) for 14 weeks. Training at  

an exeruse intensity relative to the lactate threshold led to significant 
improvements in V02 max, sigxuficant reductions in blood pressure, 

significant reductions in body weight and % body fat and no significant 
change in lean body mass. Kim, Tanaka and Maeda conduded that 
exercise training at the lactate threshold was beneficial for 
improvements in aerobic capacity, lipid metabolism and 
anthropome tric profile in obese individuals. 



Summary of Benefiis 
One of the most important factors in leading a healthy life with 

decreased morbidity and mortality is the Me long continuation of 
exerase (Blair & Connelly, 1996). Exercise m u t  become a habit and this 

will likely be achieved if the individual perceives a physical change 
and/or increases their feelings of well-being (Emmons & Diener, 1986; 

Marcus, 1995). Using the anaerobic threshold (LTI/VTl) to determine 
the intensity is most likely to result in these changes as this is moderate 
intensity exercise (Sallis et al., 1986; Marcus et al., 1994) and could be 
self-monitored (King et al., 1992). The individual who exerases using a 
percentage of mêwimum heart rate rnay or rnay not end up  in a 
favorable situation. High intensity exeruse rnay cause high blood 
acidity, which will discourage the participant and result in decreased 
lipid metabolism. An exercise intensity significantly below the 
anaerobic threshold (LTI /VTl ) rnay result in decreased lipid utilization 
and decreased perception of effort during the activity which in turn 
rnay discourage the individuai frorn continuing. Exercise intensity left 
to chance is problematic and rnay result in a lethargic and sedentary 
population - a population that will have a pour quality of life and incur 

high health care costs. 
The use of the ventilatory threshold (VT1) to monitor exerase 

intensity is suggested by this author as an effective and safe indicator 
that any population, both healthy and diseased, can use as it is 
individualized and closely represents the metabolic response to 
exercise. 



Current Methods for Assessing Exercise lntensity 
Exercise intensity, the most significant aspect of exercise 

prescription, is difficult to prescribe and troublesome for participants to 

gauge. An exercise intensity above the anaerobic threshold (LTl/VTI) 
may result in decreased adherence, be detrimental to weight 
management and may lead to impairment of the immune system. It 
is interesting to note that Astrand and R o d N s  (1986) definition of the 
anaerobic threshold varies between individuals from 50% to 85% of 
V 0 2  max and that the recommended exercise intensity proposed by the 

American College of Sports Medicine Position Stand on Exercise 
Prescription is 50% to 85% of V 0 2  m a  (American College of Sports 

Medicine, 1990). It is advocated that sedentary subjects start their 
exercise programs at a low intensity, i.e., 40% to 50% of V02  max, 

which is usually where the anaerobic threshold occurs in this 
population. In more active populations a higher percentage of V02  

max is used and the anaerobic threshold is found to be higher in these 
individuals. Although Astrand and Rodahl's definition of the 
anaerobic threshold is different from this authorfs proposed definition 
of the anaerobic threshold based on ventilatory parameters (ranging 
from 40% to 70% of VO, max), the concept of the anaerobic threshold 

as the basis for setting exercise prescription is still the same. As 
mentioned previously, exerase intensity prescribed according to the 
anaerobic threshold seems more appropriate than other methods as it 
reflects the metabolic stahis of the human body at work. This may be 
the reason for exercising at a certain percentage of V 0 2  max but to date 

a reliable method for estimating the anaerobic threshold has not been 
documented for use by the population at large. Exercise intensity set 
from a percentage of one's maximum heart rate is the most widely 
used method of judging exercise intensity today. Two other commonly 
used methods are: rating of perceived exertion and estimated 
metabolic equivalents. These methods are employed due to their 
relation to oxygen uptake, which is the basis on which exercise 
intensity is assigned (Pollock, Wilrnore & Fox, 1984). 



Heart Rute  (HR) 
Heart rate has been utilized in three ways to determine an 

exercise intensity (Pollock, W h o r e  & Fox, 1984) and is based on the 
underlying assumption that heart rate, oxygen consumption and work 
load are linearly related to one another (Astranci, 1960). Method one 
requires a maximum exertion exercise test with gas analysis to 
determine the maximum oxygen uptake. The prescription is then 
based on heart rates that eliüt a set percentage of the measured 
maximum oxygen uptake, usually 50% to 85% of maximum oxygen 
uptake (American Coliege of Sports Medicine, 1990). Method two 
utilizes a target heart rate (the heart rate at which the work out should 
be conducted) based on a percentage of an individual's maximum heart 
rate. The maximum heart rate can be measured directly or esümated. 
Different formulas for the estimation of maximum heart rate exist and 
Vary according to fitness statu, age and gender; see Table 4. Use of 
estimated HR max formulas are inappropriate for children as their HR 
max does not change during diüdhood (Brooks, Fahey & White, 1996). 

Table 4. HR max Formulas. 

Formula: Population: Ref erence: 

226 - age m a i s  Donatelie, Davis & Hoover, 1991 

225 - age fernales Shachan, 1989 

220 - age (& 10 - 12 SD) adults (2@70yr)/females/ Fox & Haskeii, 1968; Gordon, 1993; 
d e n  tary/ lo w estima te ACSM, 1995 

21 0 - (05 * age) (i 10 - 12 SD) high estimate A m ,  1995 

210 - (0.65 * age) (* 10 SD) Lange-Anderson et d, 197l 

210 - (0.66 *age) rnaIes/fernales Jones, 1997 

209 - (0.86 ' age) femaies Fairbam et al., 2994 

207 - (0.78 Oage) males Fairbarn et al, 1994 

205 - (0.5 * age) conditioned maies Gordon, 1993 

202 - (0.72 * age) (SEE 10.3) males/femaies (15-7lyr) Jones et al., 1985 

200 - (0.5 * age) (SEE 22) obese individuals Miller, Wallace, & Eggert, 1993 

(347 -heighta'3 -(ageQ? fernales Jones, 1997 

(362 * heightaY * (age4? m a i s  Jones, 1997 

(350 *heighta23 * (age4? maiedfemales Jones, 2997 



The target heart rate selection is set between 60% and 90% of HR max 
(American College of Sports Medicine, 1990). The relationship between 
a percentage of HR max and a percentage of oxygen uptake is related in 

the following way (McArdle, Katch & Katch, 1991, p. 435), see Table 5. 

Table 5. Hl3 and V 0 2  Relationship. 

% of HR max: % of VO, max: 

Method thtee, developed by Karvonen, Kentala and Musta (1957), is 
referred to as the heart rate reserve (HRR) (or Karvonen Method) and 
is calculated by subtracting the resting heart rate (RR) from the 
maximal running heart rate (MR), multiplying this value by 0.60, and 
then adding it to the resting heart rate, see Equation 4 (Karvonen, 
Kentala & Musta, 1957). Karvonen stated that training heart rates 
above 60% of the total range of pulse rates from rest to the maximum 
attainable by running were necessary in order to decrease the working 
heart rate (WR); an increase in V 0 2  max. 

W R  = ([MR - RR] * 0.60) + RR 

This heart rate is then set as the target heart rate for the exercise 
presaiption and expresses the heart rate as a percentage of the total 
range of pulse rates from rest to maximum. The heart rate determined 
by the heart rate reserve method is equivalent to the same heart rate 
that would elicit the sarne percentage of maximum oxygen uptake, Le., 
a heart rate equal to 70% as calcdated by the HRR method is equal to a 
heart rate that elicits 70% of maximal oxygen uptake (Davis & 



Convertino, 1975). Recent evidence suggests that the HRR method 
equates better with V 0 2  calculated as a reserve, i.e., 60% HRR is 
equivalent to 60% of V02 as detemùned from V 0 2  max subtracted 
from resting V02 (Swain & Leutholtz, 1997). 

Each of the aforementioned methods has an underlying 
problem, in that each method requires the participant to self assess 
their heart rate to cany out the exeràse prescription. Self assessment of 
heart rate will be discussed in relation to the three methods- 

The measurement of heart rate by palpation, the most 
commonly advocated means of determining heart rate and therefore 
exerase intençity, is considered by many uivestigators to be inaccurate. 
Comparison of an individual's abiiity to ascertain the heart rate in a 10 

second period with an electrocardiogram has revealed discrepanues 
ranging from a minimum of 12 beats per minute up to as much as 30 
beats per minute in one study (Cumming & Glenn, 1977) and from 
nine beats per minute up to as much as 95 beats per minute in another 
study (Bell & Bassey, 1996). These errors persist even after subjects 
have received instruction and taken part in pulse-taking practice 

sessions (Curnming & Glenn, 1977; Shephard, Cox, Corey & Smyth, 
1979). The problem of heart rate assessment has led authors to 
recommend electrocardiographs be used to reduce error from self- 
palpated heart rate counts (Shephard & Bouchard, 1993). 

An immediate post exercise pulse count may lead to an 
underestimation of exercise heart rate due to the rapid fall in rate and 
the subjects' varyhg ability to palpate and count their pulse. 
(Cumming & Glenn, 1977; Shephard & Bouchard, 1993). A study 
conducted by Boone, Frentz and Boyd (1985) on 21 healthy females aged 
from 18 to 29 years revealed that the heart rate within IO seconds 
following the cessation of steady state exercise at 60% of the Karvonen 
method resulted in a seven beats per minute decrease compared to the 
exercise heart rate. Similar findings of a decrease in heart rate post 
exercise have also been reported by Hellerstein and Franklin (1978) 
(seven to nine beats per minute decrease). Boone et al. also reported 
that using carotid palpation to assess heart rate within 10 seconds post 
exerase resulted in a 12 beats per minute deaease compared to the 

exeruse heart rate. The physiological mechanism proposed by the 



investigators for the additionai five beats per minute deaease, with 

carotid palpation, was that specialized nerve tissue located in the 
carotid artery resulted in an increase in parasympathetic activity and a 
decrease in sympathetic activity following compression, thus lowering 
the heart rate (the carotid sinus reflex). Compression of the carotid 
artery in patients with arteriosderosis of the carotid artery results in a 
dramatic decrease in blood pressure and heart rate known as the carotid 

sinus syndrome (Seeley, Stephens & Tate, 1995). Boone et al.'s findings 
are supported by the early work of White (1977), where White observed 
a 16 beats per minute decrease following carotid palpation. 

Heart rates higher during the recovery period than the exercise 

period have also been reported and therefore are not always a reliable 
indication of the exercise intensiv (Bailey, Shephard & Mirwald, 1976). 
Some people, (regardless of how they measure heart rate, by palpation 
of the radial artery in the e s t ,  palpation of the carotid artery in the 
neck or by placing one's hand over their chest) will not be able to 
determine it (Pollock, Wilmore & Fox, 1984). 

Usuaily heart rates are measured and rated against a target 
estimated as a percentage of maximum heart rate. There are many 
fomulae available to estimate maximum heart rate with different 
formulae recommended for the same populations. The most common 
formula, 220 minus age, may Vary by plus or minus 10 to 12 beats per 
minute (American College of Sports Medicine, 1995) and for the 
reasons mentioned a determination of maximum heart rate by 
measurement during a maximal exercise test is recommended (Van 
Handel, 1991; American College of Sports Mediane, 1995; Londeree & 

Moeschberger, 1982). Jones and Campbell (19821, Pollock, Wilmore and 
Fox (1984) and McArdle, Katch and Katch (1991) point out that the 
formula 220 minus age within normal variation (2 standard 
deviations) will estimate a 40 year old man or woman with a HR max 
between 160 and 200. Deviations in HR max as caldated from the 

formula 220 minus age are presumably a result of age, resting HR, body 
weight, and smoking status (Whaley et al., 1992). It has also been 
demonstrated that determining H R  rnax from either an exercise test or 
the formula 220 minus age overestimates swimming H R  max and a 



reduction of 12 beats per minute is recommended if determined by 
either method (DiCario et al., 1991). 

Determinhg maximum heart rate presents problems related to 
nsk. Even if heart rate can be accurately determined, the principle of 
setting exercise intensity frorn a percentage of one's maximum still 
may be inappropnate. Anaerobic threshold varies between 
individuals from 50% to 85% of maximum oxygen uptake (Astrand & 

Rodahl, 1986). The prescription of an exeruse intensity of 60% of 
maximum heart rate could be above the anaerobic threshold 
(LTl/VTI) for some and below the anaerobic threshold for others 
(Katch et al., 1978; Coplan, Gleirn & Nicholas, 1986; Gordon & Scott, 
1995). Generalized use of maximal exercise testing is costly, impractical 
and unsafe in many populations. Heart rate monitors are costly and 
thus may impose another barrier to participation in physical activity 
programs. In addition, the heart rate does not relate well to the 
anaerobic threshold (LTl/VTI). Exercise intensity above the anaerobic 
threshold will result in an accumulation of lactic acid which 

contributes to fatigue (Davis, 1986) and c m  inhibit a personfs desire to 
continue exercise as well as their adherence to a program (Dishman, 
1988). Exercise durations of less than 15 minutes may occur if the 
subject is active above the anaerobic threshold. This may result in a 
reduced training effect as the duration is less than the recommended 
minimum of 30 minutes. If the subject exercises below the anaerobic 
threshold, this will diminish the training effect and could lead to a 
discontinuance of training as a reçdt of slow improvement in 
performance. Exeràse adherence, motivation and training effects are 
therefore severely compromised with such prescriptions. 

Rding of Perceived Exertion (RPE) 
The rate of perceived exertion scale is a category ratio scale that 

represents a linear relationship between exercise intensity and heart 
rate for work on a q d e  ergometer (Borg, 1990). The original scale 
uülized 15 categories of sensations (6 to 20). The number chosen when 
multiplied by a factor of 10 wouid correspond to the heart rate in young 
male subjects. The subject exercised based on his or her perception of 



effort rather than heart rate. The subject would choose a number 
according to the foilowing phrase (Noble et al., 1973): 

Your goal is to rate your feelings which are caused by the 
work and not the work itseif. These feelings should be 
general, that is about the body as a whole. We WU not ask 
you to specify the feeling but to select a number which 
most accurately corresponds to your perception of your 
total body feeling. Keep in mind that there are no right or 
wrong numbers. Use any number you think is 
appropriate. (p. 105) 

Multiple factors affect the accuracy of RPE as a rneans to prescribe 
exerase intensity. The effect of not viewing the RPE scale during 
exeruse may result in underestimation of intensity (Abadie, 1996). 
Passive attentional visual stimulation (e-g. watching movies while 
working out) significantly alters RPE and may cause overestimations of 
intensity (White & Potteiger, 1996). Time of day (Hill, Cureton & 

Collins, 19891, gender (Burke, 19791, temperature (Potteiger & Weber, 
1994), humidity (Glass, Knowlton & Becque, 1994), and type of exercise 
(Eston & Williams, 1988; Zeni, Hoffman & Clifford, 1996) will alter RPE 
leading to an over and/or under estimation of exercise intensity. 
Smutok, Skrinar and Pandolf (1980) suggest that the RPE is unreliable 
and shodd not be used for prescribing exercise intensity below 80% of 
HR max. A study conducted by Whaley et al. (1997) examined 463 
healthy adults (277 males and 186 females) and 217 cardiac patients (179 
males and 38 females) in which the recommended RPE training range 
of 12 to 16 was compared to the 60% and 80% of maximum heart rate 
reserve measured during a maximal oxygen uptake test. Sixty-five 
percent (302 subjects) of the healthy adults reported an RPE outside the 
recommended range of 12 to 13 for the lower intensity range when 
compared to their measured physiological response. Sixty-two percent 
(285 subjects) of the healthy adults reported an RPE outside the 
recommended range of 15 to 16 for the higher intensity range when 
compared to their measured physiological response. The value of RPE 
in exercise prescription is limited because of the large inter-individual 



variation in adults (Shephard et al., 1996; Whaley et al., 1997) and 
children (Mahon & Marsh, 1992). The use of RPE in exercise 
prescription requires a maximal aerobic capauty test (Dunbar & 
Bwsztyn, 1996) and thus immediately renders this problematic for the 
general population. A method to compensate for this fact has been 
developed, called the "Slope Method" (Dunbar & Bursztyn, 1996), and 
uses submaximal exercise testing instead. The RPE scale is limited as 
an index to exercise intensity by its subjective nature and by the fact 
that 10% of the population are unable to use it (American College of 
Sports Medicine, 1995). In practical ternis there lies a discrepancy 
between the estimation of a level of exerüon and the ability to 
reproduce a predetermined level of exertion. The American College of 
Sports Medicine recomrnends the RPE be used as an adjunct to heart 
rate measurement and not by itself. In a recent study conducted by 
Thompson and West (1998) they found significantly higher heart rates 
and blood lactate values in males and females at the same RPE running 
around a track compared to an incremental treadmill test. They 
conduded that using RPE for exercise prescription can lead to over- 
training and using RPE to generate specific physiological responses is 
difficult. Similar findings to Thompson and West3 study have also 

been reported (Van den Burg and Ceci, 1986; Ceci and Hassmen, 1991). 

Metabolic Equivalent Units (METs) and Energy Expenditure 
Metabolic equivalent units represent set quantities of oxygen 

consumption. One MET is equal to 3.5 rnl.kg1.min-l which is 
equivalent to the oxygen consumed at rest sitting in a chair and is 
considered the normal resting metabolic rate (Brooks, Fahey & White, 
1996). One MET is also equivalent to one kcal* kgl.hr-*. METs, when 

not used in conjunction with actual measurements made in an 
maximum exercise test, are of limited value. Tables and charts that 
estirnate the METs or kilocalories utilized each minute during a 

particular activity have been used to determine exercise intensity. The 
estimation of METs from tables and charts does not reflect the work 
rate (Le., intensity) but rather the work done. The same number of 
kilocalories can be spent using two different exerase intensities by 
utilizing longer and shorter exercise durations. Different groups such 



as smokers (Warwick & Busby, 1993) and regular exercisers (Haggarty et 
al., 1994) and different factors such as gender, percent body fat (Keim, 
Beko & Barbieri, 1996; McInnis et al., 1996), age (Voorrips et al., 1993), 
and temperature (Katzmarzyk et al., 1996; Sjodin et al., 1996) lead to 
over and / or under estimations of energy expenditure. The 
environmental conditions present during the activity Le., hot and 
humid, rough terrain, etc.) also alter the kilocalories spent doing the 
same activity. These factors render METs and energy expenditure 

tables inaccurate for reliable prescription of exercise intensity that will 
consistently result in the desired effect 

Summary of Methods 
A simple method that allows the general public to judge exercise 

intensity with respect to the anaerobic threshold (LTl/VTl) would be 
benefiaal. The limitations of using HR, RPE and METs to monitor 

exeràse intensity have been recognized by scientific researchers and 
also by the everyday users, the fitness industry (Bryant & Peterson, 

1995; Merrill, 1995). 



Ventilatory Threshold and Lactate Threshold Relationship 
The association between the first breakpoint in ventilation (VTI) 

and the first lactate threshold (LTl) has been well demonstrated with 
correlation coefficients as high as r = 0.95 (Davis et al., 1976). The 
following section will discuss the experiments which have investigated 
the agreement between the two thresholds. 

Wasserman and McIlroy (1964) were the fîrst to use the term 
anaerobic threshold (LTl/VTl). They proposed that the anaerobic 
threshold could be detected three ways. The first method proposed was 
an increase in the lactate concentration in the blood; the second, a 
decrease in the arterial blood bicarbonate and pH; and the third, an 
increase in the respiratory gas exchange ratio (R). The experiment 
involved 37 heart disease patients who were asked to pedal a cycle 
ergometer or w a k  on a treadmill. The protocol consisted of four 
minutes at each of several workloads. Metabolic and venülatory 
changes were monitored. The study demonstrated that the steepest 
part of R plotted against the O2 consumption cuve corresponded to the 

point at which the blood bicarbonate decreased and the blood lactate 
concentration increased. The study suggested that the anaerobic 
threshold could be detected noninvasively and was useful for dinical 
application in testing of patients with heart disease, as the patients 
would not have to exercise to maximum to obtain a meaningful 
measure of their physical capabilities. 

Wasserman et al. (1973) later detennined which respiratory 
variables demonstrated the strongest correlation with the changes in 
blood lactate. Eighty-five normal subjects aged 17 to 91 who were 
predominantly sedentary were studied. Sixty-one subjects underwent 
incremental exercise with the initial work rate at zero watts (O kpm) for 
four minutes followed by 15 watt (92 kpm) increases every minute 
thereafter. The remaining 24 subjects received the same protocol with 
the exception of 25 watt (153 kpm) increases each minute after the four 
minute warm-up period. Wasennan et al. dernonstrated that the 
anaerobic threshold (LTl/VTl) as denoted by an increase in blood 
lactate corresponded to a nonlinear increase in VE, nonlinear increase 
in VC02, an increase in the end tidal O2 without a corresponding 
decrease in end tidal CO2, and an increase in R as workrate increased 



during the test. The type of protocol used was noted to affect the 
detection of the anaerobic threshold. The increase in R was greater 
during one minute incremental tests than during four minute 
incremental tests. Increments of less than 30 seconds led to 
misleadingly high anaerobic thresholds. R was found to be the least 
sensitive variable in the detection of the anaerobic threshold. 

Davis et al. (1976) examined 39 male university students. The 
subjects were divided into two groups. One group contained nine 
subjects (rnean age 22) and was used to validate that the gas exchange 
variables do correlate with the changes in blood lactate. The second 
group consisted of 30 subjects (mean age 23) and was used to test the 
reproducibility of the ventilatory threshold (VTI). Three protocols 
were used: a m  cranking, cyde ergometer and treadmill. The arm 
exercise used a cyde ergometer with a zero load (50 rpm throughout) 
for the first four minutes followed by 0.25 kpm (0.04 watts) increments 
each minute thereafter unül fatigue. The cycle ergometer started with 

a four minute zero load (60 rpm throughout) followed by 200 kpm (33 
watts) increments each minute thereafter. The treadmiil test consisted 
of a walk-run protocol with the grade and speed of the treadmill 
increasing. Blood samples were withdrawn from the brachial vein two 
minutes before the estimated anaerobic threshold (LTl/VTI) at 30 

second intervals and for three minutes after. The correlation between 
the anaerobic threshold determined by blood lactate and by gas 
exchange was r=0.95 at a 0.05 level of sipficance. Test-retest 
correlation coeffiaents for a m  cranking, leg cyding and treadmill were 
r=0.77, r=0.74 and r=0.72 respectively. R was also found to be the least 
sensitive hdicator of the anaerobic threshold. 

Caiozzo et al. (1982) also demonstrated strong correlations 
between the ventilatory threshold (VTI) and the lactate threshold (LTI) 
as well as the reproducibility of the ventilatory threshold. Fourteen 
males and two females ranging in age from 20 to 31 years (mean age 23) 
were studied. The activity levels ranged from sedentary to jogging 
seven miles per day. Subjects were asked to perform two cyde 
ergometer tests. The protocol consisted of four minutes of unloaded 
cyding with the cyding speed maintained at 80 rpm. Thereafter work 
increments were increased 20 watts (122 kpm) each minute until 



exhaustion. Blood was collected every 30 seconds from the antecubital 
vein. The criteria used to detect the anaerobic threshold were: (1) time 
at which VE began to increase nonlinearily, (2) time at which VC02 

began to increase nonlinearily, (3) time at which R demonstrated an 
abrupt systematic increase, (4) time at which VE.VOyl exhibited a 

systematic increase without a concomitant increase in V E ~ V C O ~ ~ ,  and 

(5) the time at which there was a systematic increase in blood lactate 
above base-line warm-up values. The highest correlation coefficient 
found was between VE*VO~-' and blood lactate (r=0.93 pc0.001). The 

lowest correIation found was between blood lactate and R. Test-retest 
correlation was demonstrated tu be strong: r=0.93, pc0.001. 

Simonton, Higginbotham & Cobb (1988) have confirmed the 
above studies. Eghteen males behveen the ages of 49 to 69 (mean age 
60) with stable congestive heart failure and 16 normals undement 
three cycle ergorneter exercise tests. Two different protocols were used. 
In the first protocol, subjects were asked to pedal with increasing work 
increments of 25 watts (153 kpm) per minute and, in the second 
protocol, with increasing work inaements of 25 watts (153 kpm) every 
three minutes. Blood was collected from the brachial artery every 30 
seconds during the first protocol and every minute for the second 
protocol. The study conduded that the use of VE alone was 
indeterminate in many subjects and that VE/V02 coplotted with 
VE/VC02 was the best detection measure. The ventilatory threshold 

(VTI) has a high day-to-day reproducibility (r=0.914, p=0.0001) and is 
related to the initial increments in blood lactate. The rapid protocol (25 

watts 1153 kpm] per minute inaease) was found to be superior to the 
three minute increments in the detection of the ventilatory threshold. 

Reinhard, Müller & Sdunülling (1979) studied 11 males and 

four females to determine whether or not the ventilatory threshold 
(VTI) and the lactate threshold (LTI) were assouated. The subjects 
cyded for four minutes with zero watts (O kpm) at a pedalling 
frequency of 60 rpm. After the first four minutes work rate was 
increased 16 1/3 watts (100 kpm) each minute until exhaustion. Blood 
was collected each minute during the test. Part two of the study, 

designed to investigate gender Merences, induded 60 males and 50 
females between the ages of 20 and 65 years. The correlation between 



lactate level and gas exchange variables was r=0.94. The anaerobic 
threshold (LTl/VTi) tended to be 10% to 30% higher for males. 
However, when a correction for weight was used there were no 
significant differences. The ventilatory equivalent for oxygen was a 
reliable variable for the determination of the anaerobic threshold. 

Anola and Rusko (1986) studied 12 healthy men with an average 
age of 33 in three exertise tests. The subjects were grouped according to 
their muscle fiber characteristics. The slow twitch muscle (ST) fiber 
group was defined as having 54% to 86% ST fibers and the fast twitch 
muscle (ET) fïber group waç defined as having from 21% to 38% FT 
fibers. Each group contained six subjects. Subjects pedalled a cycle 
ergorneter. The work rate was increased every two minutes between 15 
(92 kpm) to 33 (202 kpm) watts. The tests were one week apart. Blood 
was collected (from an indwelling catheter in the brachial vein) at rest, 
and every second minute and every minute when approaching the 
anaerobic threshold (LTI /VTl). High correlations were demons trated 
between the ventilatory threshold (VTI) and the venous blood lactate 
threshold (LTI). Reliability was high between the first and second tests 
for both lactate and gas exchange variables when determined by 
different investigators. The intraclass correlation coefficients were 0.99 

and 0.98 for lactate and 0.88 and 0.95 for gas exchange variables. 
Correlations between the lactate breakpoints and the ventilatory 
breakpoints ranged from 0.77 to 0.95 as expressed in V 0 2  (Lamin-'). 

There were no significant differences between the two groups, 
however, the FT group tended to have lower correlations between the 
ventila tory and lactate thresholds. 

Summary of Relationship 
The first ventilatory threshold and the first blood lactate 

threshold have been demonstrated to occur at the same tirne and are 
well correlated to one another in both males and females of different 

ages. Short duration work increments and use of the ventilatory 
equivalent for oxygen are suggested as the best determinants of the 
anaerobic threshold (LTI /VTl). 



Use of Respiratory Parameten to Detect the Anaerobic 
Threshold 

There are several conditions where the ventilatory threshold 
and the blood lactate threshold appear to become uncoupled, with the 
two thresholds occurring at different percentages of V02 max. Dietary 

manipulation (i-e., glycogen depletion), McArdle's syndrome, training 
status (before and after training and sedentary versus trained) and 
caffeine appear to affect the relationship between respiratory gas 
exchange measurements as a meanç to detect the anaerobic threshold 
as defined as the first increase in blood lactate concentration (Weltman, 
1995). They also suggest that anaerobiosis and increased hydrogen ion 
concentration are not the physiological basis underlying the ventilatory 
threshold. These arguments are briefly discussed below. 

McArdle's disease is a pathological state in which the patient 
lacks the muscle enzyme phosphorlase and therefore cannot produce 
lactic acid (Brooks, Fahey & White, 1996). Hagberg et al. (1982) studied 
two male and two female McArdle's disease patients and compared 
them to 26 normal subjects (16 males and 10 females). The authors 
reasoned that since lactic acid and hydrogen ions are responsible for the 
ventilatory threshold, McArdlefs disease patients would no t be able to 
produce lactic acid and therefore would exhibit no ventilatory 
threshold. The results surprised the investigators in that a ventilatory 
threshold did occur at approximately the same percentage of VO, rnax 

as would be expected in normals of similar V 4  max, in spite of no 

increase in blood lactate. The ventilatory threshold occurred at 77% of 
V 0 2  max for normals and 81% of VO, max for McArdle's disease 
patients when matched for similar V02 max. Humoral control of the 

ventilatory threshold in the patients was ruled out. Blood gas partial 
pressures (PC02 or PO,) were not the stimuli as they deaeased and 

increased respectively. Blood pH was also not a primary stimulus. The 
authors concluded that a humorally mediated control mechanism 
would require an unknown mediator and receptor. This is unlikely to 
be the case since exercise hyperpnea can occur in humans and dogs 
when venous blood from the active musculature is not permitted to 

reach central or known peripheral ventilatory chemoreceptors. One 
theory to explain this observation was based on the possibility that 



group III and IV afferent nerves within skeletal muscle respond to Iocal 
chernical stimulation from potassium ion concentration, PO2, 
osmalority, pH and PC02, and form hinctional connections with the 

respiratory center. 
Glycogen depletion has been reported by some authors to 

uncouple the ventilatory and blood lactate thresholds. Heigenhauser, 
Sutton and Jones (1983) believed that a decrease in muscle glycogen 
would cause the body to use less glycogen and more free fatty acids. 
This would result in a decreaçed respiratory quotient (RQ). The 
decreased production of CO2 as indicated by a reduced RQ would lead to 
a decrease in VE if CO2 to the lungs was the sole determinant of 

exerase hyperpnea. Five subjects lowered their glycogen levels 
through exercise and dietary manipulation. The exercise consisted of 
90 minutes at 75% of maximum power output followed by one minute 
of 130% of maximum power output on a cycle ergorneter. The one 
minute at 130% of maximum power output was repeated (with two 
minute rest intemals) until they could no longer complete one 
minute. Subjects completed between six to 11 bouts. Following the 
exerase session, subjects consumed a diet comprised of 60% protein 
and 40% fat for 24 hours. These strategies lead to a drop of 29% in 
glycogen levels from initial muscle glycogen concentrations of 59 
prno1.g-l before exercise to 17 ~rno1.g~ before the final exerase test. 
Maximum power output decreased by 14%, VC02 increased for any 

given power output, R deaeased, VE increased, and blood lactate 
decreased compared to control conditions (normal; no glycogen 
depletion). The higher VE during the glycogen depletion was not 
accounted for in terms of a humoral mechanism that related the COz 

flux to the lungs or to a metabolic acidosis. During this regime of 
glycogen depletion, fast hntch fibers became glycogen depleted and 
thus additional muscle fibers were recruited to sustain the force 
required which could have increased neural activity and led to an 
increased VE. 

Another study involving glycogen depletion, Hughes, Turner & 

Brooks (1982) has shown results similar to the work of Heigenhauser 
et al. (1983). The glycogen depleted state was establiçhed with a similar 
protocol to the one mentioned previously but with fasting replacing 



the dietary manipulation. Blood lactate decreased by as much as 40% to 
50% at higher work rates when compared to normal musde glycogen 
concentration subjects. The authors proposed that lipid oxidation may 
have slowed the rate of glycolysis leading to the reduced blood lactate 
levels observed. The authors also attempted to demonstrate that 
increasing the pedallùig frequency from 50 rpm to 90 rpm uncoupled 
the two thresholds. At 90 rpm, subjects demonstrated an increased 
VO,, VCO,, VE and blood lactate as compared to pedalling at 50 rpm. 
Several possible explanations were put forth for the increase in 

ventilation, one of them being that the increased ventilation may have 
been influenced by neural output. 

Hughes et al. (1982) have also been criticized; Wasserman (1983) 
suggests that the methods undertaken by Hughes et al. were incorrect 
and that their data do not support their conclusions. Wasserman 
pointed out that CO2 production must be considered in order to make 

any decisions regarding the detecüon of metabolic audosis. Further, 
the work rate increments used by Hughes et al. were too large and 
make it difficult to discriminate between the VE and lactate thresholds 
in terms of VO,. Nonetheless the correlation coefficient r=0.71 was stiil 

statistically significant and demonstra ted a correla tion behveen the two 
thresholds. McLellan and Gass (1989) have also aiticized the work of 
Hughes et al. (1982). They suggest that the methods used to detect the 
ventilatory threshold and lactate threshold by Hughes et al. are invalid 
and have not been validated against the ventilatory equivalents for 
oxygen or artenal l'CO2, pH and bicarbonate. 

Summary of Disagreement 
The speafic protocol used to assess ventilatory and lactate 

thresholds either s trengthens or weakens the rela tionship between the 
two thresholds, however even using the protocols demonstrating a 
difference, the first ventilatory threshold and first blood lactate 
threshold still demonstrate a strong correlation with one another. This 
author does not suggest that the relationship between lactate and 
ventilatory thresholds are cause and effect. The increase in lactic acid 
(Le. increase in H+ concentration) is just one of many possible 
contributors to exercise hyperpnea. As highlighted there are many 



stimuli k n o m  and unknown contributing to exercise hyperpnea. 
Sherwood (1993) has suggested four factors which play a role in exercise 
hyperpnea besides H+ concentration. The four factors are (1) reflexes 
originating from body rnovements, (2) uicrease in body temperature, 
(3) epinephrine release, and (4) impulses fiom the cerebral cortex. 

Jennings (1994) also discusses other possible mediators of exerase 
hyperpnea such as potassium ions and the hormone angiotensin II. 



Sound Detection and Production 
The ability of the human auditory system to perceive sound is 

termed psychoacouçtics. The perceived intensiv or amplitude of a 
sound is referred to as loudness and the frequency is referred to as 
pitch. The nomenclature for physical acoustics (Le., intensity and 
frequency) will be used throughout. 

The human ear can detect sound within the frequency range of 
20 to 20,000 cycles per second (Hertz, Hz). Hearing is most sensitive in 

the range of 1,000 to 4,000 Hz (Sherwood, 1993). 
There is no general agreement in the literature as to the location 

or the mechanism responsible for the production of breathing sounds 
(Austrheim & Kraman, 1985). Possible anatomical structures for sound 
generation are nose, mouth, pharynx, larynx, trachea, and branchial 
tree (Gavriely, Palti and Alroy, 1981). It has also been suggested that 
sound produced during inspiration and expiration may be generated at 
different sites by different rnechanisms (Vanderschoot & Schrour, 1994; 
Austrheim & Kraman, 1985). It has been postulated that inspiratory 
lung sounds are produced by non-turbulent mechanisms where no 
turbulent air flow exists and that expiratory sounds are generated by 
turbulent air flow (Austrheini & Kraman, 1985). However, the 

transmission of sound has been specuiated to travel in a wave 
progression through the parenchymal porous structures (Mahagnah & 

Gavriely, 1995) and that intensity is increased with increased flow rates 
via increased breathing frequency (Banaszak, Kory & Snider, 1973; 
Leblanc et al., 1979; Wooten et al., 1978). When air flow rate is zero, i.e., 

holding one's breath, no sound is generated, with the exception of 
background noise from the heart contracting and any musculoskeletal 
system activity (Mahagnah & Gavriely, 1994). Turbulent airflow can 
best be modelled with Reynolds number (Re) which denotes a 

reference point at which silent laminar flow turns into turbulent air 
flow, see Equation 5 (Giancoli, 1985). 

Re = udp (5) 

CL 
(U - average flow velocity, d - diameter, p - density, y - viscosity) 



When silent laminar flow exists Re is less than 2000 units. Assuming 
that the expiratory sounds are created by turbulent air flow at the 
trachea, this is then the closest approximation and mode1 for 
determùiing the link between psychoacoustics and breathùig frequency. 
Pedley (1977) haç calcuiated Re=9300 for air flow of two ~mçec-' in the 
trachea. 

The sounds recorded at the trachea are louder than those 
recorded at the chest wall. Flow rate determines the intensity of the 

sound but the shape of the spectral pattern is independent of the flow 
rate. Repeatability of lung sounds is good (Mahagnah & Gavriely, 

1994). 
No breathing sounds directly recorded from the mouth have 

been documented to date. Breathing sounds have been recorded from 
the trachea, chest wd and back. Sound emanaüng from the trachea 

has the greatest intensities (Charbonneau et al., 1983; Mahagnah & 

Gavriely, 1994) ranging in frequency up to and exceeding 2,000 Hz 
(Sanchez & Pasterkamp, 1993). The cutoff frequency for trachea sound 

varies between 850 and 1,600 Hz (Gavriely, Palti & Alroy, 1981) and is 
associated with height; the taller the subject, the lower the cutoff 
frequency (Sanchez & Pasterkamp, 1993). Trachea sounds have been 
studied in both sexes and children demonstrating similar frequency 
ranges and intensities with flow rates up to two  sec-'. Children tend 

to produce higher intensities especially in the higher frequency ranges. 
As described earlier this is a function of height (Sanchez & Pasterkamp, 
1993). The repeatability of tracheal sound from day to day and during 

the same day is high (Mahagnah & Gavriely, 1994). Expiratory sounds 

are of greater intensity, 36% as reported by Mahagnah & Gavriely 
(1994), than inspiratory sounds (Charbonneau et al., 1983). As air flow 
rates inaease the intensity of the breathing sounds increases with 
higher frequencies in particular being increased, espeaally during the 
expiratory phase (Charbonneau et al., 1983). Niinimaa et al. (1980) 
have studied the point at which subjects (14 male and 16 female with a 
mean age of 22 years) switch from nasal to oronasal breathing during 
incremental cycle ergometery. They found that males switched 

breathing routes at 38% of maximal physical working capacity and that 



females switched at 55%. These values were associated with breathuig 
frequencies per minute of 23 (k7) for males and 22 (k4) for females. 
These breathing frequenues are below those at  which the ventilatory 

threshold occurred (32 breaths per minute) in a study by James, Adams, 

and Wilson (1989) studying 13 subjects (six male and seven fernale with 
a mean age of 27 years). Therefore, one c m  surnise that the breathing 
sounds that can be detected by the çubject will occur while breathing 
through the mouth and not the ncse. Redistribution of blood flow 
during exeruse Ieading to a proposed reduction of blood flow through 
the inner ear causing a temporary threshold shift has been postulated 
and may theoretically alter the ability of the exerciser to hear his or her 
breathing. This hypothesis has been disproven by Alessio and 
Hutchinson (1992) as noise exposure was shown to be the only factor 
affecting temporary threshold shifts and hearing damage. It is assumed 
that hurnans are able to detect and pay attention to the sound emitted 
from the trachea. 

Breathing sounds are audible and the intensity is increased with 
increased breathing frequency. The following chapter will discuss the 
assoaation between the ventilatory threshold and breathing frequency. 



Breathing Frequency 
The following section will review and discuss the assoaation 

between the ventilatory threshold and the breathùig frequency or 
respiratory rate. 

One of the earliest studies to comment on breathing frequency as 
a guide to exercise intensity was Wahlund in 1948. Wahlund's study of 
the cardiopulmonary system revealed that the breathing frequency 
increased regularly as the work load increased and that at a rate of 30 
breaths per minute a threshold was established. The subject was 
regarded as readiing his or her limit with respect to hiç or her 
respiratory ability. Above a rate of 30 breaths per minute, work could 
not be sustained and becarne exhausting. At or below the 30 breaths per 
minute level, work could be sustained for long periods of fime and was 
consistent with good performance. Wahlund's study also noted that 
the regularity of the variation in breathing frequency was well suited as 
a variable for determination of the individual working capacity. 

James, Adams, and Wilson (1989) published a study showing an 
assoaation between the ventilatory threshold and the breathing 
frequency with a correlation coeffiaent of 0.83 (pc 0.05). Their study 
consisted of 13 healthy subjects (seven females and six males between 
the ages of 21 and 44 years). The subjects al1 cyded at least once per 
week ranging from 30 to 60 minutes per ride. Eight of the 13 subjectç 
had no previous experience with exercise testing. Two tests were 
conducted four weeks apart. 

The first test consisted of a progressive continuous electrically 
braked cycle ergometer exercise test with the workload increasing 22.5 
watts (138 kpm) or 45 watts (275 kpm) per two minute stages. The 
subjects selected their own seat height and pedalied at 60 revolutions 
per minute. Heart rate was measured and expired gases were collected 
breath by breath, averaged and printed every 15 seconds. The test was 
terminated at 90% of age predicted maximum heart rate. This first test 
was used for familiarization, saeening of the subjects and teaching of 
hand signals for communication. 

The second test consisted of the same protocol as the first with 

the test continuing to voluntary exhaustion. Heart rate was recorded 



by a elechocardiograph and expired gases were analyzed using a mass 
spectrometer- 

This study considered the anaerobic threshold (LTl/VTl) to be 
equivaient to the ventilatory threshold (VT1) and used the following 
aiteria for the detection of the anaerobic threshold: The point of 
disproportionate increase in VE with respect to V02 was considered to 

represent the anaerobic threshold and was compared to the point of 
disproportionate increase in breathing frequency with respect to V02. 

Graphs of the above variables were coded and handed to five different 
reviewers with only two out of the five having previous experience in 

detecting the anaerobic threshold. Student's t-test was used to look for 
any significant differences between the two methods in determinhg 
the anaerobic threshold. 

To ensure that the protocoi used allowed for attainment of 
steady state, the Ieast fit subject's heart rate was examuied. A t-test 
compared the heart rate for the first minute with respect to the second 
minute of each stage and showed no significant differences. The 
authors conduded from this that steady state had been achieved during 
each stage. 

Heart rates and respiratory exchange ratios were also studied 

between the two methods. No statistically significant differences were 
found. The mean heart rates -+ standard deviation (SD) at the anaerobic 
thresholds were 152 +13 using VE against V 0 2  and 150 f17 using 
breathing frequency against VO,. The respiratory exchange ratios for 
both methods had a mean value of 1-10 with a SD of 0.07 for VE against 
VO, and breathing frequency against VOz 

The mean breathing frequency found at the anaerobic threshold 

was 32 breaths per minute for both methods. Oxygen frequency, 
defined as V 0 2  per breath, did not increase above the anaerobic 

threshold and appears to be the limit of efficient breathing. 
One subject demonstrated a large coefficient of variation in 

detecting the anaerobic threshold. Upon post interview of the subject it 
was revealed that the subject was also a rower. It was suggested that 
entrainment of breathing frequency with rowing may have caused the 

erra tic breathing frequency. 



This study concluded that using breathing frequency as an 

indicator of the anaerobic threshold was ideal when the breathing 
response is normal. They also noted that it would be a u s e f '  method 
for public health oriented faalities to use for safe and prease exercise 
testing. 

Bhambhani, Bell and Neary in 1991 confirmed the work of 
James et al. Twenty healthy male subjects (mean age 38) underwent 
graded exercise tests using a m  crank and cycle ergometers to 
determine their V 0 2  max. The measured V 0 2  max was 

30 55 t 6 ~  kgkmrnin-l for the a m  crank ergometer and 

44 M ml.kg-lanin-l for the cyde ergometer. The criteria used for the 
detection of the ventilatory threshold were the workload at which 
there was a systematic increase in VEaVOyl ratio without a 

concomitant increase in the V E - V C O ~ ~  ratio, and the break point from 

linearity in the breathing frequency. Two independent evaluators 
assessed the ventilatory threshold using both methods. There was no 
significant difference between the two methods. The researchers 
concluded that using breathing frequency to detect the ventilatory 
threshold was reliable for both a m  and leg exercise. 

Cheng et al. (1992) evaluated a new method to determine 
ventilatory threshold using breathing frequency, VCOl and anaerobic 

threshold from blood lactate samples. Their method, referred to as 
Dmax (maximal distance from the line), calculates the threshold by 
taking the point with the largest distance from a curve representing 
ventilatory and metabolic variables as a function of oxygen uptake to 

the line formed by the two end points of the curve. 
Eight male cyclists (mean age 24 and mean V02 max 68 miekg- 
f 4) took part in the shidy. Al1 subjects had at Ieast two years of 

cornpetitive experience as cydists. Two exerase tests were conducted 
one week apart. 

The first test was an incremental exercise test using an 
electronically braked cyde ergometer. The subject began cyding at 100 
watts (612 kpm) for five minutes; thereafter, the workload inaeased by 
50 watts (306 kpm) every five minutes until the subject reached a heart 
rate of 160 beats per minute, at which point the workload increased 
every 50 watts (306 kpm) each two and a half minutes until exhaustion. 



The subject cyded between 75 and 90 revolutions per minute. Subjects 
breathed through a face mask and gas exchange data was collected every 
30 seconds. Venous blood was drawn during the last 30 seconds of each 
workload and immediately after the exercise for measurement of 
plasma lactate. 

The second test used the same protocol and was used as a test of 
reproducibility. 

Repeated measures ANOVA and Pearson correlation analyses 

were used to assess the relationships between the thresholds 
determined by the Dmâx method in each test according to the lactate, 
VE, breathing frequency and VC02. Paired t-tests were used to assess 

differences between the two tests. 
There was no difference in V02 max, total test duration between 

the two tests and no significant differences using the Dmax method for 
any of the variables obsenred. A correlation of 0.78 was reported for the 
test and retest for breathing frequency. The authors conduded that 
breathing frequency can be used as a reliable and accurate method for 
the determination of ventilatory threshold. The Dmax method was 
thought to be an objective method for the determination of the 
ventilatory threshold. 

Neary, Bhambhani and Quimey (1995) conducted a study to 
reproduce the previously established association between the breathing 
frequency and the ventilatory threshold, and secondly, to investigate 
the use of breathing frequency as a means of determining the 
ventilatory threshold in a competitive environment. 

Twenty-six male endurance cydists (mean age 27 and mean V02  

max 59 ml* kg-lemin*' M) undenvent two incremental cycle ergorneter 

tests. Subjects were farniliarized with the exercise protocols prior to the 
two tests. The first test consisted of initial cyding at 88 watts (538 kpm) 
for two minutes followed by two minute incremental steps of 44 watts 
(269 kpm) for the next eight minutes. Thereafter the work rate was 
increased at the beginning of each stage by 22 watts (135 kpm) every 
minute to detect the ventilatory threshold and V 0 2  max. The test 

lasted between 14 and 18 minutes. The pedalling cadence was self- 
chosen between 80 and 100 revolutions per minute. Expired gas was 
collected and analyzed every 15 seconds. 



The criteria for detecting the ventilatory threshold was a 
disproportionate increase in the vE.VO<~ ratio against V 0 2  without a 
concomitant increase in the V E . V C O . ~ ~  ratio. A disproportionate 

increase in breathing frequency was also taken to represent the 
venüiatory threshold. Two independent evaluators used the criteria to 
choose the ventilatory threshold and correlations in the range of 0.82 to 
0.93 (~10.05) were found. 

The second test was completed within a two week period of the 
first test. The subjects rode their own bicycle in a temperature 
regulated chamber at 16T for a 40 km time trial at the workload that 
elicited the breathing frequency correspondhg to the ventilatory 
threshold. Subjects took in water ad libitum. Measurements were 
recorded for three minutes at each 10 km. The average time to 
complete the 40 km time trial was 65 minutes and the ventilatory 
threshold as determined by V E 4  was 75% of V 0 2  max and 77% of VO, 
rnax for the ventilatory threshold chosen by breathing frequency. 

A one way analysis of variance was used to analyze the coilected 
data. A Duncan's test was used to locate simple main effects (pS0.05) 
and a Pearson product-moment correlation was used to examine the 
relationship between selected variables. A correlation between the two 
methods for choosing the ventilatory threshold during the V 0 2  max 

test was 0.89 (~10.05). A breathing frequency of 32 breaths per minutes 
was also reported. 

No significant relationship between breathing frequency on the 
40 km tirne trial and the breathing frequency during the V02  rnax test 

was found; a correlation coefficient of 0.28 (p20.05) was reported. Oniy 
two out of the 26 cydists actually had similar breathing frequencies on 
both tests. The breathing frequencies were statistically different but the 
mean V 0 2  was similar for both tests. The authors put forth many 

possible explanations for this discrepancy and one of their conclusions 
was that the physiological response to a cornpetition is underestimated 
when using conventional laboratory tests. 

Seven possible explanations were discussed: The two tests were 
different; the first was incremental versus the second test which was a 
continuous steady state. The V02 rnax test was shorter and therefore 

metabolic acidosis led to a smalier increase in ventilation- The 40 km 



thne trial was longer and there was likely a greater temperature 
increase, as weil as possible dehydration which may then have caused 
an increase in ventilation. Catecholamines levels may have been 
higher with the longer test duration leading to an increased breathing 
frequency. The 40 km time trial conducted with their own bicycles 
allowed the cydistç to assume a different posture; a crouched position 
may have interfered with the breathhg and caused an increase in 
breathing frequency. Pedalling cadence has been shown to affect the 
VE; however, this was not applicable in this situation because the 
pedalling cadence was the same for both tests. The last suggestion put 
forth by the investigators induded arteriai hyperkalemia (high 
potassium levels) and decreased hormone levels of the renin- 
angiotensin system. The authors conduded that using breathing 
frequency to determine venfilatory thresholds during conventional 
laboratory tests was valid and reliable, however, it was not shown to be 
of use during competitive performance. Conventional tests do not 
reflect actual performance environrnents. 

Subjective assessrnent of the ventilatory threshold was a 

common problem with al1 the studies with the exception of Cheng et 
al. (1992). The use of the Dmax method is an objective method for 
detemination of the deflection point and has high correlations with 
conventional linear regression methods. The onset of the blood lactate 
threshold was also shown to have a high correlation with the 
ventilatory threshold (VTI). It was not stated whether or not the 
chosen pedalling cadence between 75 and 90 revolutions per minute 
was kept constant between the two tests. Different pedalling cadences 
have been s h o w  to alter the workload at whidi the ventilatory 
threshold occurs. 

Neary, Bhambhani and Quinney (1995) have demonstrated that 
the breathing frequency in the competitive environment is 
significantly different than that observed during conventional tests. 
The average length of time to complete the 40 km time trial was 65 
minutes. As illustrated by Neary et al. many possibilities exist to 
explain this phenomenon. The breathing frequencies were collected at 
each 10 km but were not recorded on this basis. The possibility that the 

first 10 km breathing frequencies were highly correlated with the 



breathing frequenues from the V 0 2  max test may exist and that the 

increase in temperature would not be a factor in shorter üme 
durations. For example, the recommended 30 minutes duration of 
exercise may be associated with similar breathing frequencies under test 
conditions. Other possibilities for the discrepancy in breathing 
frequenues also exist Respiratory and metabolic measurements were 

taken every 10 km for three minutes. The manipulation of the subject 
to acquire the necessary measurements, i.e., change of body position, 
use of a mouth piece and altered concentration, rnay have changed the 
breatkuig frequencies. The possibility that breathing frequency is not 
valid in determining the ventilatory threshold in the cornpetitive 
environment needs to be further inves tigated. 

The above studies have demonstrated a consistent relatiowhip 

between breathing frequency and ventilatory threshold in both males 
and females, in young adults to rniddle aged adults with varying fitness 
levels, and in arm exercise and leg exercise using varying exercise 
pro tocols. 

Proposai 
An objective of each of the aforementioned studies was to 

provide a non-invasive and practical method to determine the first 
ventilatory threshold. Using the breakpoint in breathing frequency to 
determine the first ventilatory threshold would require less expensive 
equipment and be of practical use in a sporting environment for 
training intensity modulation. These objectives have been partly 
fulfilled; however, counting the number of breaths per minute by the 
athlete is still impractical. A simpler method is needed. 

Our laboratory hypothesizes that the auditory system can be used 

to detect the first ventilatory threshold. Ventilation is a product of 
tidal volume and breathing frequency. Ventilatory sounds are 
produced when air flow through the respiratory system becomes 
turbulent (Austrheim & Kraman, 1985; Forgacs, 1969). An increase in 
the intensity or amplitude of breathing sounds increases with 

breathing frequency (Banaszak et al., 1973; LeBlanc, Maddem & Ross, 
1970; Wooten et al., 1978). Breathing frequency is linear with 
increasing work rate unül the first ventilatory threshold occurs, at 



which point the breathing frequency increaseç abruptly (James, Adams 
& Wilson, 1989). This change in amplitude or loudness of breath 
sounds can be detected. 

To date there exists no literature on the association between 
being able to hear one's breathing and modulation of exercise intençity. 
The following study proposes to test the hypothesis that one can detect 
one's first ventilatory threshold by the change in sound brought about 
by increased turbulent air flow as a result of increased breathing 
frequency. 

Hypotheses 

The heart rate and breathing frequency indicated by subjects 
using either the phrase "cm hear their brenthing" or "can readily 
henr their ben thing" are not statis tically significantiy different 
between separate trials (Le. the phrases reliably indicate the same 

exercise intensity each thne they are used). 

The breathing frequency at which subjects indicate an exerciçe 
intensity by using the phrase "can henr their breathing" wïli not 
be statistically significantly different from the breakpoint in 

breathing frequency. 

The breathing frequency at which subjects indicate an exercise 
intensity by using the phrase "cm readily henr their breathing" 
will be statisticaily signihcantly different (Le. a higher breathing 
frequency) from the breakpoint in breathing frequency. 



4. The breakpoint in breathing frequency will not be statisticaiiy 
significantly different from the breathing frequency at the first 
ventilatory threshold (VTI) as previously described by James, 
Adams and Wilson (1989). 

5. Subjects will not indicate that they can hear their breathing 
using either phrase, "cm henr their brenthing" or " c m  readily 
hear their breathing", during the masking test in phase two. 

6.  Subjects will be able to use the phrases, " c m  hem their 
brenthing" and " c m  rendily henr their brenthing", to indicate an 
exercise intensity in a field setting. 



Chapter 3 

Methods 

The hypotheses were tested in three phases over three months 

with each subject completing the three phases within 14 days of their 
first visit (see Figure 2). Phase one induded laboratory testing to assess 
the reliability and validity of using hearing to indicate an exercise 

intensity corresponding to the ventilatory threshold. Subjects were 

asked to indicate the point at which they " c m  hear their breathing" or 
"can readily hear their breathing" during three submaximal exercise 

tests each separated by 24 hours. A maximal aerobic capaaty test 
concluded phase one. Phase two assessed whether hearing was the 

mechanism responsible for the subjects choosing an exercise intensity 
corresponding to either of the phrases by masking breathing sounds 
during a çubmawimd exerase test with white noise. Phase three 

assessed the feasibility and practicality of the method in a field setting; 

subjects jogged around a tradc at a Pace corresponding to either of the 



"an hear their breathing" 

PHASE 1 

PHASE 2 

PHASE 3 

1 Submax Test 1 

Submax Test 3 

I Max Test 

Field Test 

Figure 2. Flowchart of the experimental design depicting 
the subjects' participation in phases one through three. 



phrases. Subjects maintained consistent exerase regimens and diets 
throughout the 14 days. Each test was carried out at the same time of 
day. AU subjects were instructed to avoid caffeuie (e-g. coffee, chocolate 
and coke) two hours prior tu participation, refrain from alcoholic 
beverages six hours prior to partiapation, avoid loud noise exposue 
(e.g. Sony Walkman and concerts) prior to participation, and refrain 
from moderate to vigorous exerase 12 hours prior to participation. 
Subjects were asked to ingest a light snack two hours pnor to 
participation. 

Subjects 
Twenty-one males between the ages of 17 and 30 were reauited 

from the University of Toronto population. AU subjects were 
volunteers who gave informed written consent. Four subjects were 
exduded from the investigation for reasons of illness (one subject), 
domestic problems (one subject) and missed tests (two subjects). The 17 
remaining subjects are described in Table 6.  

Table 6. Description of Subjects. 

Variab Ie (unit): Mean (range): 
- - 

Age (yd: 22 (18-30) 

Height (m): 1.75 (1 -64-1 ,881 

Weight (kg): 73.17 (50.34-99.77) 

BMI (kg.rn-2): 23.74 (18.47-31.47) 

Resting HR (bmmina): 69 (62-93) 

Resting BP (mm.~~"):  Il8 / 68 (90-165 / 50-85) 
V 0 2  max (ml kg min-' 1: 48.85 (31.06-71.18) 

(BMI - Body Mass Index, HR - Heart Rate, BP - Blood Pressure) 

Screening 
Al1 subjects were screened with a Physical Activity Readiness 

Questionnaire (PAR-Q), a pure tone hearing test and a measurement of 
resting heart rate and blood pressure. The pure tone hearing test 
consisted of subjects wearing headphones and raising their left or right 
arm as different frequency tones in hertz (Hz) (500, 1000,2000,4000, 



6000) were presented to the left and right ears respectively at 20 deabels 
hearing level (dB HL) adjusted against a soundproof booth (Wilber, 
1985). A "yes" to any of the PAR-Q questions, a resting heart rate of 
greater than or equal to 100 beats per minute (Canadian Society for 
Exerase Physiology, 1986, p. 6) or a resting blood pressure greater than 
200 mm Hg (systolic) or 115 mm Hg (diastolic) (Arnerican College of 
Sports Medicine, 1995, p. 42) were criteria for exclusion from the study. 

Equipment 
Normal hearing was assessed by an audiorneter (Diagnostic 

Audiorneter Model AD25, Serial# 07 Production# 09, Interacoustics AS, 
DK-5610 Assens, Denmark) providing a range of -10 to 90 dB HL sound 
intensity and a frequency range of 250 - 8000 Hz, and a set of 
headphones (Telephonics TDH-39P, 296D000-1, Denmark). The 20 dB 
HL sound intensity level was adjusted against the CO-investigator's 
normal hearing assessment in a soundproof booth. The CO- 

investigator was tested by an audiologist and was determined to have 
normal hearing and was just able to hear 500 Hz at O dB HL in a 

soundproof booth. To adjust for the environment outside a 
soundproof booth, the CO-investigator determined the dB HL at which 
he was just able to hear 500 Hz in the laboratory and added this increase 
tu the 20 dB HL sound intensity test level for the pure tone hearing test 
for subjects. A noise logging dosimeter (Model M-27, Quest 
Technologies, Oconomowoc, WI 53066) was used to assess background 
noise in the testing environment. During phase two, a random noise 
generator (Model 1402 s/n 352531, Brüel and Kjær, Copenhagen) 
providing a linear frequency response of 20 to 20000 Hz was used to 
provide white noise for the masking test desaibed in phase two. 

An electrically braked cyde ergometer (Ergomed 920, Seimens- 
Elema, Solna, Sweden) was used as the exercise stimulus for al1 
submaximal exercise tests, phase one (all three submaximal tests) and 
phase two (mechanism). The cycle ergometer provided a revolution 
speed of 20 to 120 rpm with a workrate error of less than k1.6 watts 
within the cadence range of 50 to 70 rpm. The maximal aerobic capacity 
exercise test was conducted at the Toronto Rehabilitation Centre and 
utilized a similar, electrically braked cyde ergometer (Ergometric 8005, 



SensorMedics, Loma Linda, CA). This cycle ergorneter provided a 30 to 
130 rpm pedal speed and a workload range of 25 to 990 watts which was 
accurate within %Z% of the workioad setting or fl watts (whichever is 
greater). 

Heart rate for d l  submaximal exercise tests, including phase two 
testing, was directly measured with a Biopac MPlOOA data acquisition 
system (serial #: 94111147, Biopac Systems, Inc., Santa Barbara, 
California) using a three electrode setup with disposable electrodes 
(Medi-trace disposable ECG electrodes, silver/silver chioride, Graphic 
Controls, Gananoque, Ontario). Heart rate was monitored 
continuously throughout the exerdse test (induding warm-up and 
cool down). Heart rate for the maximal aerobic capacity test was 
monitored with an seven electrode setup using an ECG (Marquette 
Case, Marquette Electronics INC, Milwaukee WI, USA). Brea t h g  
frequency for all submaximal exercise tests, including phase two 
tesüng, was monitored throughout the exercise test using a strain 
gauge (fibre-optic plethysmograph) (serial #: 001, Bryenton and Ass. 
Inc., Nepean, Ontario) secured around the subject's chest. 

The basis for the expired breath analysis is the open circuit 
method. Expired gases were coiiected conünuously and analyzed every 
20 seconds by a SensorMedics 2900 Metabolic Measurement 
Cart/Systern, Model# 29002, Serial# 29592 (SensorMedics Corporation, 
Yorba Linda, CA). The metabolic cart used a zirconium O2 analyzer to 

analyze the fraction of oxygen in the expired air in the range of O - 25% 
(i0.02% accuracy). The O2 analyzer iç composed of a thin layer of 
CaxZrOz, between two porous platinum electrodes. Oxygen passed 

through the analyzer is reduced to oxide creating positive and negative 
charges where a potential difference can be measured. The potential 
difference expressed as a voltage reflects the fraction of O2 in the 

expired air when compared to a known reference gas. An infrared 
absorption CO2 analyzer (manufactured by Andros Analyzers Inc. of 

Berkley, CA) was used to analyze the fraction of carbon dioxide in the 

expired air in the range of 0% to 10% (k0.04% accuracy). Infrared energy 
of a specific wavelength is passed through the gas to be analyzed and 
the difference in the amount of energy not absorbed by the gas reflects 
the amount of CO2 when compared to a known reference gas. A 



flowmeter (O to 750 liter range with £2% accuracy) was used to measure 
the expired volume by sensing the rate at which heat was dissipated 
from a pair of heated wires that were exposed to the expired air. The 
amount of heat lost from the wires is proportional to the number of 
gas molecules flowing past thern. Breathing frequency was detesmined 
by a screen placed in front of the heated wires that measured 
differential pressure. When the subject expired the metabolic cart 
measured a pressure change and interpreted this as a breath. 

Phase three testhg monitored heart rate continuously with a 

telernetry unit (Hewlett-Packard M1403A Digital UHF Telemetry 
Systern). A HP M1400A/HP M1400B transmitter (6.9 ounces or 195 
grams weight) was strapped to the subject's back and the heart rate was 

received by a HP M1401A receiver mainframe. 

Calibration 
The audiorneter, white noise generator and noise logging 

dosimeter were calibrated against known sound intensities and 
frequencies prior to use for phase two. 

The electrically braked cycle ergometers were calibrated prior to 
tesüng against a known weight hung from a rod attached to the pedal 
crank. 

Setup and calibration of the metabolic cart consisted of (1) a 30 
minute warm-up period for the O2 analyzer to reach a temperature of 

400' Celsius to be stable, (2) analysis of known pure gases (previously 
chemically analyzed) to calibrate the gas analyzers, and (3) a three liter 
syringe to calibrate the flowmeter. The three liter syringe was also 
calibrated with a Tissot Spirometer. 



Phase One - Reliability & Validity 

Familiarization 
Subjects who successfuliy passed the screening process and gave 

written consent for their participation in this study underwent a 
familiarization process which induded a tour of the laboratory and an 

introduction to the equipment and test procedures. During the 
familiarization visit subjects completed one submaximal cycle 
ergometer exercke test as described below and were exposed to the 

wearing of the headphones while listening to the white noise as 
desaibed in phase two. Subjects were randody divided (by order of 

entry into the study) into two groups, one group used the phrase "can 
hear their breathing" and the second group used the phrase "can 
readily hear their breathing". In order to prevent a potential leaming 
effect or habituation to uçing either of the phrases in biasing phase two 
(mechanism) results, some subjects were assigned to start with phase 
two testing followed by phases one and three. 

Submaximal Exercise Tests One to Three 
The test protocol consisted of a warm-up period where subjects 

pedalled for one minute at O kilopond meters (kpm) (O watts). 
Following the one minute warm-up period, the workrate was 
increased 150 kpm (25 watts) per minute (Wasserman & Whipp, 1975; 
Anderson & Rhodes, 1989). The pedalling cadence of 60 revolutions 
per minute (rpm) was used throughout the duration of the test. When 
subjects indicated that they could either "can hear their breathing" or 
"cm readily hear their breathing" by raising their right hand, the 

workrate was held constant ai this level and the subjects continued to 
pedal for five minutes. The test was terminated five minutes after the 
point indicated by the raising of the subjects' hand. A four minute cool 
down at O watts (O kpm) while maintainhg a pedal cadence at 30 rpm 
completed the test procedure. Heart rate using a modified CL, (MCL,) 
setup (Marriott, 1983) (upper sternum, VI position and V5 position) 



and breathing frequency using a strain gauge wrapped around the 
subjecis chest were monitored conünuously throughout the entire test 
protocol. A second and third submaximal exercise test were used to 
assess the reliability of the phrases "can hear their breathing" and "cm 
readily hear their breathing" to elicit the same exercise intensity. The 
heart rates and breathing frequencies, indicated by the subject using the 
phrase "can hear their breathing" or "can readily hear their breathing", 
from submaximal exercise tests one, two and three were used to assess 
the reliabiiity of this method. During al1 submaximal exercise tests, all 

environmental time eues were removed to help prevent subjects from 
using the time associated with hearing their breathing from one 
submaximal test to a subsequent submaximal test Subjects removed 
their wrist watches, the dock in the lab was covered, and equiprnent 
displays were covered or turned away from the subject. 

Maximal Aerobic Capacity Test 
First ventilatory threshold (VTI), maximal oxygen uptake (VO, 

max), and maximum heart rate (HR max) were directly measured by 

the collection and analysis of expired gases and monitoring the heart 
rate using an electrocardiograph (ECG or EKG) during a maximal, 
progressive (graded or incremental) cycle ergometer aerobic capacity 

test. Collection of expired gases required the subject to breathe through 
a one way valve. Since the breathing sounds may have been altered by 
the one way valve, subjects were not asked to indicate the point at 
which they "can hear their breathing" or "can readily hear their 
breathing" during this procedure. Heart rate was monitored by a seven 
electrode setup (Toronto Rehabilitation Centre, 1996) (right arm, right 
leg, left leg, left arm, V5 position, V, position, and upper sternum). 

Three channels were simultaneously monitored (VI, CM5 and III). 
Heart rate was measured from charnel CM5 by the distance between 
two '?i complexesf' as determined from the ECG. The test protocol 

consisted of a warm-up where subjects pedalled at 60 rpm for one 
minute at O kpm (O watts). Workrate was inaeased 150 kpm (25 watts) 
every minute until volitional exhaustion. The cool down period 
consisted of four minutes pedalling at 30 rpm at O kpm (O watts) per 
minute. During this exeruse test the following physiological variables 



were measured continuously: heart rate, volume of air expired per 
minute (VE), V02 and VC02, rating of perceived exertion (Borg scale, 6- 

20), and breathing frequency. 
Maximum oxygen uptake was defined as a plateau of V02 (increase in 

O2 uptake by less than 2 ml.kg-l.rnin*l with a further increase of power 

output for one minute) (Shephard et al., 1996). 
Peak oxygen uptake (V02 peak) was defined as any two of the 

following: 

(1) a respiratory exdiange ratio of 1.1 or greater (Mertens et  al., 
1994), 
(2) a rating of perceived exertion of 19 to 20 units on the original 

Borg scale (6 - 20) (Shephard et al., 1996), 
(3) an inability to maintain pedalling cadence (Shephard et  al., 

1996), and 
(4) subjective exhaustion (Shephard et al., 1996). 

The maximum heart rate was defined as the highest heart rate 
achieved during the maximal, progressive cycie ergorneter test where a 
plateau in V 0 2  was achieved as descnbed above. Peak heart rate was 
defined as the highest heart rate achieved during V 0 2  peak as described 

above. The first ventilatory threshold was determined as follows: 

(1) the first nonlinear increase or lowest point before an increase 
in the plot of ventilatory equivalent for oxygen (VEQ02) and 

vo, 
(2) the first nontinear increase in the plot of VE and V02, and 
(3) the first nonlinear increase in the plot of VCO, and V02 

method (Beaver, Wasserman & Whipp, 1986)) 
& Scott, 1995). 

(V-slope 
(Gordon 

When all three 

break points of 
break points occurred at the same V02  or when the 
the plots of VEQO, and VO,, and VE and V0, occurred 

at the same V02, that V02 was defined as the first ventilatory 

threshold. In the case of all three break points of the three different 
plots occurring at different V02, then the plot with the sharpeçt and 



clearest break point was chosen to represent the first ventilatory 
threshold. When there was no clear break point in any of the three 
graphs (VEQ02, VE and VC02) then an average of three breakpoints 

was taken to represent the ventilatory threshold. To facilitate the 
process of VTI determination, au graphs were plotted with a rolling 
average of three sequential individual measurements to smooth the 
graphs (i.e. minute two would be represented as 1:40 + 2:00 + 220 
(rninutes:seconds) divided by three as expired gas analysis was every 20 
seconds). Figure 3 iiiustrates the determination of the first ventilatory 
threshold, by the three criteria described above, in subject # one. The 
first ventilatory threshold was determined by two independent blinded 

reviewers (see appendix three). 
The breakpoint in breathing frequency was defined as the first 

nonlinear inuease in plot of breathing frequency and VOz Figure 4 

illustrates the determination of the breakpoint in breathing frequency 
for subject # one. 
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Figure 3. First ventilatory threshold detennination for subject one using 
the plots of the ventilatory equivalent for oxygen, voturne expired and 
volume of carbon dioxide against oxygen uptake. The arrows indicate 
the first nonlinear increase in each plot which correspond to a VO, of 
2,108 liters per minute and a heart rate of 133 b a t s  per minute. 
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Figure 4. The f int  nonlinear increase in breathing fkequency plotted against 
oxygen uptake for subject one corresponds to 29 breaihs per minute. 



Phase Two - Mechanism 

Masking Test 
The premise of this study was that the point at whidi subjects 

"cm hear their breathing" or "can readiiy hear their breathing" 

approximated the first ventilatory threshold. In order to ascertain that 
it was in fact the subject hearing their breathing in contrast to being 

reçponsive to other unknown parameters ( e g .  breathing sensation, 
volume of air or air moving past their lips), a fourth progressive 
submaximal test was conducted where breathing sounds were masked. 
Masking is the increase in the threshold of audibility for one sound 
raised by the presence of another sound (masking sound) (Yacullo, 
1996a). This was of interest as exerasing in loud environments or 
wearing earphones with a 'SONY WALKMAN' may prevent hearing 
breathing sounds and thus render the method invalid under these 
circumstances. Breathing sounds made by the subject were masked by 
the use of white noise through headphones. 

Subjects performed a submaximal exerase test as desaibed in phase 
one with the addition of wearing headphones while listening to white 
noise from the onset of the test. Subjects were told that the purpose of 
this procedure was to address the concern of working out in loud 

environments (Le. are subjects going to pick a higher exercise 
intensity). Subjects were naive to the fact that the white noise masked 
breathing sounds and therefore would decide on their own whether or 
not they could hear breathing sounds (Le. if subjects could not hear 
their breathing the workrate would continue to increase each minute 
to the point of subject exhaution). Subjects were requested to indicate 
when they could "can hear their breathing" or "can readily hear their 
breathing" as done previously in the first set of three submaximal 
exercise tests. When the subject indicated they could hear their 
breathing by raising their right hand, the workrate was held constant 
while the subject continued to pedal for five more minutes. 



Masking Noise 
The sound intensity necessary to mask breathing sounds was 

determined in the following manner. The individualization of the 
sound intensity for the masking noise was not determined as this 
would have made the subjects aware of the purpose of phase two and 
thus bias the results. A subject not participating in the study was used 

to assess the adequate sound intensity of the masking noise necessary 
to mask breathing sounds. The subject pedalled the cyde ergorneter 
using the previously descnbed submaximal exercise test protocol and 
was asked to make breathing sounds as loud as possible as wd as to 
breathe at different frequencies. The CO-investigator wearing 
headphones stood within one meter facing the subject and adjusted the 
white noise level until the CO-investigator codd no longer hear the 
subject's breathing. This sound level plus an additional 10 d B  HL was 
used for all experiments in phase two. The additional 10 dB HL is a 
safety factor used for intersubject variability (Yacdo, 1996b). A 

random noise generator, with white noise in the sound spectrurn of 20 

to 20000 Hz, was set at 70 dB HL for all experiments. 



Phase Three - Field Test 

Phase three consisted of subjects jogging around an indoor 200 
meter track corresponding to the Pace at which subjects first heard their 
breathing. Subjects had a transmitter strapped and taped to their back. 
The transmitter was extremely Iight and was attached to the subject in a 
manner that did not interfere with their natual  movement of jogging 
around the track. Subjects had been familiarized with this procedure 
on a previous day. A five electrode setup (Toronto Rehabilitation 
Centre, 1996) (back of ne&, upper sternum, left m, left leg, and V5 
position) with the electrodes being connected to the transmitter was 
used. Antennae around the track relayed the heart rate to the receiver 
mainframe. Subjects were instructed to wak, jog or run around the 

tradc starting the exerase at their own pace. Subjects were asked to 
increase the Pace up until they could "can hear their breathing" or "cm 
readily hear their breathing" by raising their right hand at which point 
they were instructed to maintain the exercise intensity by maintaining 
the level of breathing sound that they indicated (Le. if the sound of 
breathing became louder then the subject would slow down to the 
sound of breathing first indicated and if the sound of breathing became 
softer or disappear2d they would speed up to the sound of breathing 
they first indicated), for 10 minutes. The heart rate at the end of each 
minute throughout the test was recorded with the telemetry system 
(transmitter, antennae and receiver mainframe) as well as the point 
indicated by the subject where they could "can hem their breathing" or 
"can readily hear their breathing". Following the test, subjects cooled 
down by walking one or two laps around the track. Breathing 
frequency was not recorded as there was no mobile equipment 
avaiiable; the subjects were not stationary as during the submaximal 
cycle ergometry exerase testing. 



Chapter 4 

Results 

Subject Adherence 
Twenty one male subjects were recruited. Two subjects 

discontinued the study; subject 20 and 21 left due to illness and family 

problems respectively. Subjects 7 and 11 did not finish the experiment 

due to time constraints. Seventeen subjects remained and were used 
in all analyses with the exception of subject 14 who was exduded only 
from phase three (field test) data analysis as he failed to comply with 

the pro tocol. 

Subjects' Characteristics 
The subjects were all within the range of a normal healthy 

population (Canadian Society for Exercise Physiology, 1986) with 
aerobic power scores ranging from sedentary (e.g. V 0 2  peak of 31.06 
mlmkg1.min-If subject #14) to very physicaily active (e.g. V 0 2  peak of 

71.18 ml.kg-l.min-lf subject #IO). Refer to Tables 7 and 12. 



Table 7. Resting Values for Subjects. 

Subi& Sex: Age: BMI: Rest HR: Rest BP: 
I V 

(kprn-2, ( b e a ~ - m i n - ~ )  (-Hg) 
1 Male 18 2 9 . 6  64 210/70 

Male 
Male 
Male 
Male 
Male 
MaIe 
Male 
MaIe 
Male 
Male 
Male 
Male 
Male 
Male 
Male 

19 Male 24 28.05 66 110/70 
Mi 22 23.72 69 118 /68 
SD: 13 k3.23 *8 521 /S 

(BMI - body mass index, HR- heart rate, BP - blood pressure) 
(M - mean, SD - standard deviation) 

Sulistical Assumptions 
The seventeen subjects were randomly assigned into two groups 

by order of entry into the study, ensuring independence. Prior to 
hypothesis testing, certain underlying assumptions must be met to 
ensure validity. The t-test for either independent (unpaired) or 
dependent (paired) samples require (1) homogeneous population 
variances, (2) normally distributed populations, and (3) independence 
between scores or pairs of scores. The t-test is robust to the violation of 
the first two assumptions, homogeneous population variances and 
normally distributed populations (May, Masson & Hunter, 1990). 
There are five assumptions required to use the repeated measures 
analysis of variance (ANOVA). The data are interval or ratio, the 
population distributions are nomal, the population variances are 
equal, there is homogeneity of difference score variances (assumption 
of sphericity), and observations are independent. The repeated 
measures ANOVA is robust to the violation of the first three 
assumptions, data are interval or ratio, normally disfxibuted 



population, and population variances are equal (May, Masson & 

Hunter, 1990). Problems caused by order effects were addressed by 
having several subjects start the study with phase two (rnechanism). In 
the situation where the F ratio from the repeated measures ANOVA 
was greater than F critical and the nuli hypothesis was rejected, 

planned (a priori) comparisons were made between the conditions 

using a Bonferroni t (Dunn's test) (May, Masson & Hunter, 1990). 

Ail statistical tests were camed out using the cornputer software: 
"SigmaStat for Windows Version 2.0 / Copyright O 1992-1995 Jandel 

Corporation / Build 2.02.177". AU defadt settings of SigmaStat were 

used unless otherwise specified. SigmaStat uses the Kolmogorov- 
Smimov test (with LilLieforsr correction) to test the assumption of 

nonnality (Gaussian distribution). Prior to statistical testing the data 

was assessed for normality and equal variance. Only when the data did 

not pass these two tests was failure noted. Alpha (probability of a type I 
error) was set at 0.05. 

Biologicd variability and the small sample size (economic 

reasons) resulted in statistical power ranging from 0.05 to 0.99 

throughout the statistical analysis of phases one to three. Where the 
power of the performed test was below the desired power of 0.80, 

nonsignificant findings were incondusive (Le. nonçignificant findings 

may have been significant). 



Phase One: 
Reliability Tests (1 to 3) 

The reliabüity (repeatability) of the two phrases, "can hear their 
breathing" and " c m  readily hear their breathing", to elicit the same 
exeruse intensity as measured by heart rate and breathing frequency on 
different days was assessed according to the procedures of Bland and 
Altman (1986). Tables 8 and 9 contain the individual heart rate and 

breathing frequency results of alI 17 subjects on each of the three 
reliability tests conducted in phase one respectively. The heart rates 
and breathing frequencies in Tables 8 and 9 are the values 
corresponding to the time at which subjects' raised their hands 
indicating they heard their breathing. Subjectç (#4, #5, #6, #8, #9, #IO, 
#12 & #13) used the phrase " c m  hear their breathing" and the 
remaining subjects (#1, #2, #3, #14, #15, #16, #17, #18 & #19) used the 
phrase "can readily hear their breathing". Figures 5 and 6 display the 
plots of the standad deviation of the three measurements (lst, 2nd & 

3rd) against the mean of the three measurements (Bland & Altman, 

1986) for each subject in the "can hear their breathing" group for heart 
rate and breathing frequency respectively. 



Table 8. HR for Reliability Tests. 

Subject: 1s t: 2nd: 3rd: M(1-3): SD (1-3): ZSD(1-3): 
4 (H) 119 124 115 119 45 + I O  
5 (Hl 143 137 136 139 +4 f 8  
6 (Hl 118 116 117 117 f l  +2 
8 (H) 143 128 118 130 +13 S 6  
9 CH) 108 101 110 106 +5 +IO 
10 (Hl 76 86 82 81 25 I l 0  
12 (Hl 102 115 112 110 17 t14 
13 (Hl 111 109 110 110 f l  f 2  

M: 115 115 113 114 15 I l 0  
SD: E22 416 f 15 +17 

SD: +23 Il6 k21 Il 9 
(1st - first reliabiiity test, 2nd - second reliability test, 3rd - third reliabiIity test) 

(i-i - " c m  hear their breathing", R - "can readily hear their breathing") 

Table 9. BF for Reliability Tests 

Sub je& 1st: 2nd: 3rd: M(1-3): SD (1-3): 2SD (1-3): 
4 (H) 17 18 19 18 i-1 +2 
5 (Hl 20 24 23 22 f 2  +4 
6 (H) 29 23 29 27 +4 k8  
8 (Hl 22 29 24 25 +4 +8 
9 (H) 14 12 14 13 t l  +2 
10 (H) 11 14 14 13 k2 24 
12 (Hl 32 32 21 28 +6 Il2 
13 (Hl 14 15 15 15 +1 f 2  

M: 20 22 20 20 f 3  k5 
SD: +7 +7 +5 26 

1 (R) 32 17 18 22 +8 216 
2 (RI 13 16 2 6 15 +2 +4 
3 (RI 16 20 30 22 I7 f14 
14 (R) 21 29 20 23 +5 + I O  
15 (R) 32 3 1 27 30 2 3  1 6  
16 (RI 38 32 30 33 1 4  k8 
17 (RI 18 19 23 20 1 3  26 
18 (RI 38 39 39 39 +1 k2 
19 (R) 30 25 22 26 24 +8 

M: 26 25 2.5 26 k4 It8 
SD: k10 f8 3-7 k7 

(1st - first reliability test, 2nd second reliability test, 3rd - third reliability test) 
(H - "can hear their breathing", R - " c m  readily hear their breathhg") 

-83-  



Figure 5. Standard deviation of the 3 retiability tests plotted against the 
mean of  the 3 tests for the "can hem their breathing" group at the heart rates 
indicated by each subject 

Figure 6. Standard deviation of the 3 reliability tests plotted against the 
mean of the 3 tests for the "can hear their breathing" group at the breathing 
frequencies indicated by each subject. 



A one-way repeated measures ANOVA was conducted for both 
heart rate and breathing frequency in the "can hear their breathing" 
group (Bland and Altman, 1986). The results of the repeated measures 
ANOVA for heart rate are displayed in Table 21 in appendix two and 
reveal that F = 0.356 with a P value of 0.71. The variation among ail 
three reliability tests (heart rate) is not significantly greater than 
expected by chance. The power of the test was 0.05 which is below the 
desired power of 0.80. The results of the repeated measures MOVA 
for breathing frequency are displayed in Table 22 in appendix two and 
reveal that F = 0.257 with a P value of 0.78. The variation among aii 
three reliabili ty tests (breathing frequency) is no t significantly grea ter 
than expected by chance. The power of the test was 0.05 which is below 
the desired power of 0.80. 

Figures 7 and 8 display the plots of the standard deviation of the 

three measurements (lst, 2nd & 3rd) against the mean of the three 
measurements for each subject in the "can readily hear their breathing" 
group for heart rate and breathing frequency respectively. A one-way 
repeated measures ANOVA was conducted on heart rate revealing that 
F = 1.496 with a P value of 0.25. There is not a statistically significant 
difference between the three reliability tests. The power of the 
performed test was 0.11 which is below the desired power of 0.80. Table 

23 in appendix two display the ANOVA results for heart rate in the 
"can readily hear their breathing" group. A one-way repeated 
measures ANOVA was conducted on breathing frequency revealing 
that F = 0.214 with a P value of 0.81. The power of the performed test 
was 0.05 which is below the desired power of 0.80. Table 24 in appendix 
two display the ANOVA results for breathing frequency. 

Although the power of the performed tests was low and results 
in an increased probability of making a type II error (beta), it will be 
assumed that the two phrases are reliabie otherwise further analysis 

would be unwarranted. 



Figure 7. Standard deviation of the 3 reliability tests plotted against the 
mean of the 3 tests for the "can readily hear their breathing" group at the 
heart rates indicated by each subject. 

Figure 8. Standard deviation of the 3 reliability tests ploaed against the 
mean of the 3 tests for the "cm readiIy hear their breathing" group at the 
breathing fiequencies indicated by each subject. 



Phrases 
Prior to further analysis unpaired t-tests were used to determine 

if the two phrases "can hear their breathing" and "can readily hear 
their breathing" were different at the heart rate and breathing 
frequency indicated by the subjeds (the average of ail three reliability 
tests was uçed in this analysis). The results of the t-test for heart rate 
are displayed in Table 10. The two-tailed P value was 0.47 and was 
considered not sipificant; the means of the two groups based on heart 
rate are not statisticaliy different. The power of the performed test was 
0.05 which is below the desired power of 0.80. 

Table 10. Unpaired t-test for HR between the two Phrases. 

Parame t er: "can hear . . . " " c m  readily hear , . . " 
Mi 114 121 
SD: 17 19 
SEM: 6 6 
Min Value: 81 94 
Max. Value: 139 154 

mean difference = -7 
95% Q for the difference of means: -26 to 12 

t = -0.747 with 15 degrees of Ireedom 
two-taiIed P value = 0.47 

(SEM - standard error of the mean, CI - confidence interval) 
(Note: values were round4 to integers) 

Table 11 displays the resdk of the t-test for breathing frequency 
between the two phrases, "cm hear their breathing" and "can readily 
hear their breathing". The two-tailed P value of 0.12 was considered 
not significant; the means of the two groups based on breathing 
frequency are not statistically different. The power of the perfonned 
test is 0.22 which is below the desired power of 0.80. 



Table 11. Unpaired t-test for BF between the two Phrases. 

Parameter: "can hear . . . " "can readilvhear . . . " 
Mi 20 26 
SD: 6 7 
SE1M: 2 2 
Mih Value: 13 15 
Max, Value: 28 39 

mean difference = -5 
95% CI for the difference of means: -13 to 2 

t = -1.64 with 15 degrees of freedom 
two-tailed P d u e  = 0.12 

(SEM - standard error of the mean, CI - confidence interval) 
(Note: values were rounded to integers) 

The two groups, "cm hear their breathing" (n=8) and "can 
readily hear their br ea thing" (n=9), were no t significantly diff erent a t 
( ~ ~ 0 . 0 5 )  and so will be analyzed together as one group (N=17). Power (1 

- beta) is the probability of detecting a difference or effect if there really 
is a difference or effect The power of the performed tests is below 0.80, 
increasing the probability of a type II error (beta) or inueasing the 
likelihood of conduding that there is no difference between the two 
phrases when there is a difference. Combining the two groups (i.e. 
subjects using the different phrases) will increase the power in 
statistical tests performed in further analysis. The estimated number of 
subjects required to achieve a power of 0.80 with an alpha value of 0.05 
based on the heart rate results in Table 10, using a standard deviation of 
18 (mean of the two phrases, SD=17 and SD=19) and an expected 
difference in the means of 7 beats per minute, would be 210 subjects 
(105 in each of the two groups) as calculated by SigmaStat. Figures 9 
(heart rates), 10 (% of HR max) and 11 (breathing frequencies) display 
the individual results of the cornparisons between the subjects using 
" c m  hear their breathing" and "can readily hear their breathing" 
phrases. The two phrases "can hear their breathing" and "can readily 
hear their breathing" will be referred to as the "breath sound check" 
(BSC). 
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Figure 9. Comparison of h a r t  rates between the " c m  hear their breathg" 
group and the " c m  readily hear their breôth'ing" p u p .  Heart rates correspond 
to subjects' initial indication. 
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Figure IO. Comparison of " c m  hear their breathing" and "can readily hear their breathing" 
groups as a % of KR max. Percentages correspond to subjects' initial indication. 
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Figure 11. Comparison of breathing frequencies between the "can hear their breathing" 
group and the "cm readily hear their breathing" group. Breathing fiequencies correspond 
to subjects' initial indication. 



Relationship to the VTI, HR max and V02 max 
The results of the maximai aerobic capauty cyde ergorneter tests 

are displayed in Table 12. Five subjects (#1, #4, #6, #12 and #14) 
achieved V02 max and ail the remaining subjects tests met the criteria 
to be classified as V02 peak. The first ventilatory threshold ranged 
from 41% of V02 peak (subject #17) to 71% of V 0 2  peak (subject #2) and 

corresponds to the range cited in the literature (Yeh et ai., 1983). 

Table ï2. V02  Max Test Results. 

Subjed: VOZ plm: HR plm: VTl Vn: : BP: 
( 1  1 (beats*minel) (% of V02 p h ) :  (HR occurred) (BF) (BF) 

1 57.46 180 62 133 29 29 

SD: k9.39 C l  1 28.5 % k16 +6 +6 
(p/m - peak/max. VTI - first ventilatory threshold, BP - breakpoint, 

BF - breathing frquency) 

The assessrnent of the "breath sound check" to place subjects at 
or near the first venüiatory threshold was conducted according to the 
procedures of Bland and Altman (1986); the plot of the ciifference 

between the BÇC and VTI against VTI (see Table 13) was used to 
measure the agreement between the BSC and VTI. 



Subjects after indicating an exercise intensity using the BSC 
maintained the chosen workrate for five minutes. Cardiorespiratory 
adjustment (equilibration) to a set submaximal workrate requises 
approximately two to three minutes (h t rand  & Rodahl, 1986) / four 
minutes (Durnin & Passmore, 1967). The heart rates from minutes two 
through five were averaged and taken as a representation of steady 
state (or more precisely called steady rate, &lcArdle, Katch & Katch, 
1996)) at the chosen workrate using the BSC (see Table 13). The steady 
rate heart rate is the exercise intensity at which the duration of exercise 
will be carried out. 

Table 13. Measure of Agreement between BSC Steady Rate and ml. 

Subject: HR max: BSC HR (2-5 min): VTZ BSC - VTï: BSC - VTl: 
(beats. min*l) Cbeats/%) (beats/%) (beatsemin-l) (% HR max) 

1 180 106 (59%) 133 (74%) -2 7 -15% 
2 162 113 (70%) 144 (89%) -3 1 -19% 
3 171 137 (80%) 144 (84%) -7 -4% 
4 182 128 (70%) 149 (82%) -2 1 -1 2% 
5 190 154 (81%) 143 (75%) 11 6% 
6 196 126 (64%) 148 (76%) -22 -11% 
8 184 145 (79%) 148 (80%) -3 -2 % 
9 193 118 (61%) 123 (64%) -5 -3 % 
10 178 85 (48%) 148 (83%) -63 -35% 
12 162 117 (72%) 120 (74%) -3 -2% 
13 182 119 (65%) 144 (79%) -25 -14% 
14 193 120 (62%) 123 (64%) -3 -2% 
15 187 145 (78%) 130 (70%) 15 8% 
16 198 136 (69%) 147 (74%) -1 1 -6% 
17 178 98 (55%) 104 (58%) -6 -3 % 
18 194 162 (84%) 164 (85%) -2 -1 % 
19 180 154 (86%) 113 (63%) 41 23 
PVX: 183 127 (70%) 137 (75%) -1 O -5 % 
SD: +I l  k21 (&Il%) +16 (B%) k22 (+13%) 

Table 13 displays heart rate in beats per minute and as a 

percentage of HR max for al1 17 subjects at the first ventilatory 
threshold and the "breath sound check" (steady rate). Figures 12,13 
and 14 display the plots of the difference between the steady rate heart 
rate and VTI heart rate against VTI heart rate for the "can hear their 
breathing", "cm readily hear their breathing" and "breath sound 
check" groups respectively. 
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Figure 12. Difference between the steady rate and WI 
plotted against VT1 for t!!e "can hear their breathing" 
group as hem rate. 
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Figure 13. Difference between the steady rate and VTI 
piotted against VTI for the "cm readily hear their 
breathing" group as heart rate. 
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Figure 14. Difference between the steady rate and VT1 plotted 
against VTI for the breath sound check as heart rate. 



Figure 15. Difference between the steady rate and VT1 
plotted against VT1 for the " c m  hear their breathing" group as 
a % of HR max. 

Figure 16. Difference between the steady rate and VTI plotted 
against Wl for the "can readily hear their breathing" group as 
a % of HR max. 

O 

M l . I . I . i . I . I . , . i '  
55 60 65 70 75 10 U W 

V T I  (% ER m u )  

Figure 17. Difference between the steady rate and VTl 
plotted against W 1 for the breath sound check as a % of 
HR max. 



Figures 15,16 and 17 display the plots of the difference between 
the steady rate and VTI as a percentage of HR rnax againçt VTI as a 

percentage of HR max for the " c m  hear their breathing", "cm readily 
hear their breathing" and "breath sound check" groups respectively. 

Each of the Figures (12 through 17) demonstrate the agreement 
between the "breath sound check" (steady rate) and the first ventilatory 
threshold. Figures 14 and 17 demonstrate that using the breath sound 
check during cycle ergometx-y place subjects on average 10 beats per 
minute (5% of HR max) below VTI. 

Figure 18 displays the k s t  ventilatory threshold against the 
"breath sound check" (steady rate) as a bar graph for ail 17 subjects as 
heart rates. 

0 '%math sound check" 
first ventilatory threshold 
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Figure 18. Heart rates during cycle ergometry at the first ventilatory threshold compared to 
steady stae hart rates (mean oF2-5 minutes) elicited using the "breath sound check". 



Table 14 displays the breathing frequency at which subjectsf first 
indicated they heard their breathing using the BSC, the breathing 
frequency at the first nonlinear increase (breakpoint, BP) in breathing 
frequency during the maximal aerobic capacity test and the difference 
behveen the two breathing frequencies. 

Table 14. Breathing Frequency Breakpoint. 

Subjed: BSC: BP: BSC - BP: 
(breaths* rnin'l) (breathsvnin-1) (breaths*mW1) 

1 22 29 -7 

SD: +7 +6 +.7 

Figures 19,20 and 21 display the plots of the difference between 
the phrase used as a breathing frequency and the BP against the BP for 
each phrase and as a combined group, BSC. Subjects on average choose 
the breakpoint in breathing frequency with 95% (2SD) of the difference 
between 14 breaths per minute above the breakpoint in breathing 
frequency and 14 breaths per minute below the breakpoint in breathing 
frequency. 

Figure 22 displays the breathing frequency at which subjects' 
indicated they heard their breathing using the BSC against the 
breakpoint in breathing frequency as a bar graph for al1 17 subjects. 



Breakpoint @rachr~min") 

Figure 19. Difference between subjects' breathing tiequency at time 
o f  indication @SC) and the breakpoint in breathing fiequency plotted 
against the breakpoint for subjects using the ptirase " c m  hear their 
breathing". 
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Figure 20. Difference b e ~ e e n  subjects' breathing frequency at time 
of indication @SC) and the breakpoint in breathing frequency plotted 
against the breakpoint for subjects using the phrase "can readily hear 

breathing". 
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Figure 21. Difference between subjects' breathing fiequency at time 
of indication @SC) and the breakpoint in breathing fiequency plotted 
against the breakpoint for al1 subjects. 
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Figure 22. Breathing fiequencies during cycle ergometry at the first nonlinear 
increase (breakpoint) in breathing fiequency cornpared to breathing fiequencies 
at initail indication using the "breath sound check" for dl 17 subjects. 



Phase Two: 
Table 15 displays the results of phase two (mechanism). AU 

subjects indicated they heard their breathing with a mean heart rate 
seven beats per minute (value determined prior to rounding Table 15 
values to integers) higher than without masking. The masking test 
was stopped for 10 subjects (#4, #5, #6, #12, #14, #15, #16, #17, #18 & 

#19) after indicating they heard their breathing using the BSC. The 

masking test was tenninated pnor to the five minutes at the workrate 
indicated, for several different reasonç induding: discornfort from the 

intensity of the white noise and an inability to maintain the 60 
revolutions per minute pedalling cadence. A steady rate heart rate for 
phase hvo was not determined. The mean breathing frequency at the 
thne of indication using the BSC was 5 breaths per minute higher than 
without masking. 

Table 15. Masking Test HR Cornparison. 

Subie& VTl: Mean HR: HR: BP: Mean BF: BF: 
(b01nin-~) (1st - 3rd) (white noise) (brvnin-l) (1st - 3rd) (white noise) 

1 133 100 103 29 22 26 

SD: +16 +18 &23 +6 I7 2 2  1 
(Hl3 - heart rate, BF - breathing frequency, BP - breakpoint in breathing frequency) 

(brzninrzninl - beats per minute, bromin-l - breaths per minute) 



A one-way repeated measures ANOVA was conducted on alI 

conditions in phases one and two where subjects used a cycle 
ergometer as the mode of exercise. A repeated measures ANOVA, of 
the heart rates at the "breath sound check", steady rate (mean of two to 
five minutes), "breath sound check" when breathing sounds were 
masked and the heart rates at the first ventilatory threshold was 
camed out (Table 25 in appendïx two). Variation among heart rate (F = 

7.97, P value = 0.0002) was significantly greater than expected by chance. 
The power of the performed test was 0.98. The data failed the test of 
normaliq (P value = 0.0006). 

A one-way repeated measures ANOVA, of breathing frequencies 
at the '%reath sound check", breakpoint in breathing frequency, "breath 
sound check" when breathing sounds were masked and the breathing 
frequenues at the first ventilatory threshold, was conducted (Table 26 
in appendix two). Variation among breathing frequency (F = 3.44, P 
value = 0.0241) means was significantly greater than expected by chance. 
The power of the performed test was 0.57 which is below the desired 
power of 0.80. The data failed the test of norrnality (P value = 0.0330). 

Bonferroni t tests were conducted for heart rates and breathing 
frequencies on all conditions. The probability of a type 1 error (alpha) 
increases with multiple t-tests whereas the Bonferroni t test allows for 
multiple cornparisons while maintaining a constant alpha value (May, 
Masson & Hunter, 1990). The results are displayed in Tables 16 and 17 

respectively. 
Table 16. Bonferroni t for HR. 

Cornparison: Mean difference: t P C 0.05 
vnvsMa5king 12 3.093 YeS 
VTI vs Steady Rate 10 2.386 m 
VT1 vs Indication 19 4.816 YeS 

Indication vs Masking - 7 -1 -723 m 

Indication vs Steady Rate -1 0 -2.430 m 

Steady Rate vs Masking 3 0.707 m 
(VTl- first ventilatory threshold, vs - versus, Masking - white noise test) 

(Steady Rate - rnean heart rate from 2 to 5 minutes afier BSC) 
(Indication - initial indication at BSC) 

(yes - significant difference, no - no sigrufïcant difference) 



Table 17. Bonferroni t for BF. 

Cornvarison: Mean difference: t P < 0.05 

VTl  vs BP 

VTI vs Indication 

Indication vs Masking 

Indication vs BP 

BP vs Masking -5 -2.872 yes 
(VTI- first ventilatory threshoId, vs - versus, Mas- - white noise test) 

(BP - breakpoint in bre&îng frequency, Indication - inka1 indication at BSC) 
(yes - significant difference, no - no significant difference) 

Figures 23 and 24 illustrate the different experimental conditions 
as measured by heart rate and breathing frequency. The initial time of 
indication by the subjeb using the "breath sound check" in masked and 
unmasked breathing sound conditions is significantly different from 
the first ventilatory threshold as measured by heart rate, 12 and 19 beats 
per minute lower respectively (Table 16). AU other conditions are not 
significantly different from one another as measured by heart rate. 

Table 17 reveals that the only significant difference in breathing 
frequency in al1 conditions is between the first nonlinear increase 
(breakpoint) in breathing frequency and when breathing sounds were 
masked. The mean masked breathing frequency is 5 beats higher than 

the mean breakpoint breathing frequency. Figures 23 and 24 

demonstrate a discrepancy in the relationship between heart rate and 
breathing frequency; the heart rate when breathing sounds are masked 
is below the heart rate at  which VTI occurs and the breathing frequency 
when breathing sounds are masked is above the breathing frequency at 
which VT1 occurs. 



Jogging Steady Rate 

VT 1 (Cycling) 

Cycling Steady Rate 
Masked Breathing Sounds 

Indication 

Figure 23. The arrows indicate the mean heart rate for the BSC (N=17) group for 
each experimental condition. Jogging Steady Rate i s  discussed in phase three. 

Masked Breathing Sounds 

VTl (Cycling) 

Indication 
& 
Breakpoint in Breathing Frequency (BP) 

Figure 24. The arrows indicate the mean breathing frequency for the BSC (N=17) group 
for each experimental condition. 



Phase Three: 
The heart rates at each minute for ail 17 subjects are displayed in 

Table 18 for the field test. Breathing frequenv was not determined 
during phase three as was Oiscussed in the methods section. 

Table 18. Field Test HR. 

S#: VTI: In& 1st  2nd 3rd 4th 5th 6th 7th 8th 9th 10th SR: 

SD: +16 f16 +17 +18 +18 k17 I l 7  I l 6  +16 +18 f16 k17 +17 
(ç# - subject number, VT1 - first ventilatory threshold, Ind. - initiai indication at BSC) 

( lst, 2nd, 3rd . . . - 1st minute, 2nd minute, 3rd minute, etc.) 
(SR - mean heart rate from 2 to 5 minutes after BSC, steady rate) 

(M - mean, SD - staiiciard Cêviation) 



To detennine if using the "breath sound check" enables subjects 
to maintain steady rate exer~se, the mean heart rate from two to five 
minutes (steady rate) after initial indication by subjects was compared 
to the heart rate at the tenth minute of exercise. A paired t-test was 
used to detennine the capacity of the "breath sound check" to maintain 
a constant exercise intensity (Table 19). The two-tailed P value was 
considered significant; the heart rates from steady rate were 
sisnificantly different from the heart rates from minute 10. The mean 
difference was 5 beats per minute. The power of the performed test was 
0.77 which is below the desired power of 0.80. 

Table 19. Paired t-test for Constant HR 

Parame ter: Jogging (S teady Rate) Jogging (lom min) 
Mi 154 159 
SD: 17 17 
SEM: 4 4 
MitL Value: 124 132 
Max. Value: 181 182 

mean difference = -5 56SD 
95% CI for the difference of means: -8 to -1 

t = -3.034 with 15 degrees of freedom 
two-taiIed P value = 0.008 

(SEM - standard error of the mean, CI - confidence interval) 
(Note: values were rounded to integers) 

A one-way repeated measures ANOVA comparing the heart 
rates at the first ventilatory threshold, cycling heart rates (steady rate) 
and jogging heart rates (steady rate) was performed and a significant F = 

12.9 with P value = 0.00009 was found (Table 27 in appendix two). The 
variation among the three heart rates (VTI, cyding and jogging) is 
significantly greater than expected by chance. The power of the 
performed test was 0.99. A Bonferroni t test was conducted and 

revealed a significant difference between the steady rate heart rate for 
jogging compared to VTI and cycling heart rates (Table 20). 



Table 20. Bonferroni t for Cyding, Jogging and VTI HR. 

Cornparison: Mean difference: t P < 0.05 

 OS -1 6 -3.13 ves 
Vil  vs Cycle 

CycIe vs jog -26 -5.04 yes 
(VTI - first ventiiatory threshold, Jog - steady rate jogging heart rate) 

(Cycle - steady rate cycling heart rate, vs - versus) 
(yes - significant difference, no - no significant difference) 

Summary of Resuits 
Figure 25 displays two subjects from each group, " c m  hear their 

breathing" and "cm readily hear their breathing", summarizing the 

heart rate response from phase one, two and three. The two different 
phrases were not considered to elicit significantly different responses 

and so were referred to as the "breath sound check". The '%reath 
sound check" is considered a reliable method placing subjects a t  the 
same HR +6 beats per minute (lSD, Table 8) and BF M breaths per 
minute (ISD, Table 9) on different days. The "breath sound check" 
cycling steady rate corresponds to the first ventilatory threshold. 
Subjects' breathing frequency at the time of indication using the 
''breath sound check" corresponds to the first nonlinear increase 
(breakpoint) in breathing frequency. Subjects were able to indicate they 
heard their breathing when their breathing sounds were masked with 

white noise at 70 dB HL and were also able to use the "breath sound 
check" during a different mode of exerase (i.e. jogging). 



HR max Il801 

" 
Subjcct # 1 (Readily) 

HR rnax (100) 

A Subject #5 (Hear) 

( ) - Heart rata when subject raised their hand 
-x- 1 SI Subinaximal Cycle Ergometer 

HR m a  ~ l s e )  -.- 2nd Submaximal Cycle Ergorneter 
2m 

1901 
-r- 3rd Submaximal Cycle Ergometer 
-A- Field Trial (Jogging) 
-+- White Noise 
................ First Ventilatory Threshold (VTl) - Maximum Heart Rate (HR max) 

Subject # 16 (Readily) 

Figure 25. Heart rate response for phases one through three in relation to V1'1 and I-IR mm for twvo subjects using 
the phrase "can hear their breathing" and two subjects using the phrase "can readily hear th& breatliing". Head 
rates deicrinincd from VO, inax tests arc indicated in 1 ] brackcts. 



'Tf, then, life is an action of the soul and seems to be greatly 

aided by respiration, how long are we likely to be ignorant of 

the way in which respiration is useful?" 

Galen of Pergamum 
Circa 130-201 AD 



Chapter 5 

Discussion 

Examination of Outliers 
Table 9 contains the individual breathing frequency results of ali 

17 subjects on each of the three reliability tests conducted in phase one. 
Subject one has a noticeably higher breathing frequency on his first 
reliability test compared to either the second or third reiiability test. 
Subject one's chest circumference was çmall making it difficult to 
adjust the strain gauge to acquire an accurate reading. This may have 
led to the higher breathing frequency. Subject three also had a 

noticeably higher breathing frequency during his thKd reliability test 
cornpared with the first and second reliability tests. There is no 
apparent reason for this discrepancy. The calculation of the breathing 
frequency was based on the time taken for two full respiratory cycles at 
the point indicated by the subject The conversion from breaths per 
second to breaths per minute requires multiplication by 60. Therefore a 
s r n d  error would be magnined by a factor of 60. Large variation could 
be introduced if one of the breaths was a hiccup leading to a higher 



breathing frequency per minute, or a cough which w o d d  lead to a 
lower breathing frequency per minute. 

Table 15 displays the mean heart rates and breathing frequenaes 
from the reiiability tests and the masked breathing sounds test. Subject 

18 has a noticeably higher breathing frequency (60 breaths per minute) 
during his masked breathing sounds trial compared to his rnean 
breathing frequency (39 breaths per minute) from the reliability tests. 
Subject 18's peak breathing frequency during his V02 max test was 58 

breaths per minute. As discussed above a hiccup or cough can 

introduce considerable error. Another possible explanation may be 
voluntary hyperventilation. 

Subject 10 had a large discrepancy between the "breath sound 

check" and the first ventilatory threshold as measured by steady rate 

heart rate (Figure 18) and the breakpoint in breathùig frequency (Figure 
22). There is no apparent reason for the "breath sound check" placing 
subject 10 at a lower breathing frequency and heart rate compared to his 

breathing frequency breakpoint and first ventilatory threshold 

respectively. Subject I O  differed from the other subjects in that he was 
a triathlete with a V02 peak of 71.18 ml.kg-lemin-l who trained one to 

four and a half hours a day, seven days a week. Highly trained athleteç 

have more efficient cardiorespiratory systems and are more perceptive 
of physiological changes. This increased sensitiviq maybe a factor. 

As demonstrated by Figures 23 and 24 there is a divergence in 

the relationship between heart rate and breathing frequency. For 

example, when using the "breath sound check" heart rate and 
breathing frequency, at the time of initial indication, were both below 
the first ventilatory threshold. In contrast, when breathing sounds 
were masked, the heart rate at the tirne of indication was below the first 

ventilatory threshold whereas the breathing frequency was above the 
first ventilatory threshold. Although there is no obvious explanation 
for thiç divergence, we speculate that during the masking of breathing 
sounds, subjects may have hyperventilated to determine if they could 

hear their breathing. The breathing frequency may have been recorded 
during a period of hyperventilation and may not reflect the exercise 
hyperpnea. 



lnterpretution of Resuk 
This study has demonstrated that the two phrases, " c m  hear 

their breathllig" and " c m  readily hear their breathùig" (i.e. the "breath 
sound check"), are reliable and place subjects at an exeruse intensity 
dose to their individual first ventilatory thresholds. The hypothesis 
that subjects would indicate the exeruse intensity that corresponded to 
the first breakpoint in breathing frequency was also supported. An 

unexpected finding in this study was that subjects indicated that they 
could hear their breathing during exercise despite having their 
breathing sounds masked This unexpected finding poses the question, 
'What triggers subjects to indicate an exerase intensity using the 
'breath sound check"', 

Sensory signais are composed of (1) signals that we are aware of, 
(2) signals that we are not aware of but perceive (i.e. the ability to 
consciously discriminate stimuli, even when one is not aware of the 

stimulus (Dixon, 1987) and (3) signals that work at an unconscious 
level that we are not aware of (Shea, Banzett & Lansing, 1995). In 

further explanation of point two, subjects have accurately reported tidal 
volume changes even though they report that they were only guessing 
(Banzett, Lansing & Brown, 1987). 

It is diff idt  to determine what subjects used to perceive the 

chosen exercise intensity. In this regard, the point at which subjects 
indicated using the "breath sound check" (23 breaths per minute) 
corresponds to the breakpoint in breathing frequency (23 breaths per 
minute) ( ~ ~ 0 . 0 5 ) .  This supports the hypothesis that subjects may be 
able to distinguish a change in sound caused by the nonlinear increase 
in breathing frequency. 

Niinimaa et al. (1980) have reported that the switching from 

nasal to oronasal (mouth-nose) breathing during incremental cycle 
ergometry also occurs at a breathing frequency of 23 breaths per minute. 
In the present study we did not monitor nasal and oronasal breathing, 
however based on the similar breathing frequencies, a switch from 
nasal to oronasal breathing may have played a role in triggering 
subjects to indicate an exercise intensity using the "breath sound 

check". 



The medianism by which subjects indicated an exercise intensity 
when their breathing sounds were masked is also undear. Although 
we masked breathing sounds, the assumed niechanism of hearing 
cannot be ruled out. Masking with white noise is believed to reduce or 
eliminate the ability to hear. However the possibility remains that the 
subjects still heard their breathing. Another possibility is that when 
b r e a t h g  sounds are masked subjects perceive input from other 
mechanisms (Shea et al., 1995). Subjects may have an awareness of 
breathing sensation and perceive specific sensations associated with the 
rating of perceived exertion (RPE). Shephard (1994) discuçses the array 

of sensory inputs shaping the overall RPE which includes respiratory 
information and peripheral sensations (arising from s b  and musde 
temperatures, lactate levels, and sensations of strain in the working 
musdes). Each of these points (respiratory information and peripheral 
sensations) will be briefly discussed below. 

Respiratory proprioception can be perceived in subjects as 
changes occur in pressure (respiratory muscle force) and volume 
(movement) (Stubbing, Killian & Campbell, 1981; Altose et al., 1982; 
Stubbing et al, 1983). Changes in tidal volume between 50 and 100 ml 
can be perceived and scaled by subjects (Gliner, Folinsbee & Horvath, 
1981; Wokove et al., 1981; Katz-Salamon, 1984; Fox et al., 1986). Oxygen 
uptake of the respiratory muscles is correlated to breathing sensation 
(Takano & Deguchi, 1997). Subjects are also able to perceive and detect 
flow of air in the upper airways (SanCAmbrogio, 1982; Shea et al., 1995). 

Fregosi and Lansing (1995) investigated possible mechanisms 
that control the oronasal distribution of respiratory airflow during 
exercise in 13 healthy subjects (11 men and two women) ranging in age 
from 22 to 33 years. Subjects performed a maximal cycle ergorneter test 
from which the work rates of 20,40, 60, 80, and 90% of maximal work 
were detennined. The subjects then exerased at each of these 
intensitieç (20, 40, 60,80, and 90%) for five minutes without 
intemenhg rest periods. The electromyographic activity of the nasal 
dilator muscles of the alae nasi was rnonitored as well as the relative 
contributions of the nose and mouth to respiratory volume. The 
results from the study revealed that the nasal airflow and 
electromyographic activity of the alae nasi muscles increased linearly 



with increasing exercise intensity until60% of maximal power was 
reached where both variables plateaued. The volume inspired (VI) 
increased linearly until 60% of maximal power at  which point VI 
increased exponentially as well there was an increase in oral VI and the 

onset of flow turbulence in the nasal ainvay. The authors suggest that 
the switching from nasal to oronasal breathing is govemed by 
resistance in the nasal ainvay and that this sense of discornfort or 
increased effort may cause subjech to switch to predominantly mouth 
breathing to minunize the increase in pulmonary resistance and the 
mechanical work of breathing. Subjects using the breath sound check 

may be aware of turbulent airflow in their nasal airway and switch 
respiratory routes and thus use this as a tngger as previouçly discussed 
with the article by Niinimaa et al. (1980). 

Several studies have demonstrated that an electromyographic 
threshold occuls coincidentally with both the first breakpoint in blood 
lactate concentration and the first ventilatory threshold (Airaksinen et 
al., 1992; Mateika & Duffin, 1994; Glass et al., 1997). 

Mateika and Duffin (1994) studied seven healthy males (mean 
age of 23) with the objective of detennùiing whether the 
electromyographic threshold occurs coincidentally with the first 
ventilatory threshold under conditions where the first lactate and first 

ventilatory thresholds are uncoupled. The uncoupling of the two 
thresholds (lactate and ventilatory) was achieved with two consecutive 
incremental exercise tests as this procedure has been demonstrated to 
be successful (Davis & Gass, 1981; Busse & Maassen, 1989). The seven 
subjects underwent two consecutive incremental treadmill tests to 
volitional exhaustion with a seven minute active recovery period 
between the two tests. Respiratory parameters and blood samples were 
measured and analyzed to determine the first nonlinear increase in 
ventilation and blood lactate. The electromyographic data were 
collected using one pair of bipolar surface electrodes placed over the 
vastus laterab muscle. The first nonlinear increase in the root mean 

square voltage (rmsv) 
The root mean square 
the exerusing muscles 
the rmsv is correlated 

of the electromyographic signal was detennined. 
voltage is an indicator of the neurogenic drive to 
as it has been demonstrated that an increase in 

with the nurnber of active motor units 



(Basmajian & De Luca, 1985; Montani & Muro, 1987). The results of 
the first incremental trea- test revealed that the three thresholds 
(ventilatory, lactate and electromyographic) occurred at similar t h e s  
and oxygen uptakes during the test Results from the second 
incremental treadmill test revealed that the first lactate threshold was 
significantly different, from both the first ventilatory threshold and the 
first electromyographic threshold, and occurred at a later t h e  and 
higher oxygen uptake. This investigation by Mateika and Duffin (1994) 
was the first to demonstrate that the electromyographic threshold and 
firçt ventilatory threçhold c m  occur independently of changes in blood 
lactate concentration. Although the association between the first 
ventilatory threshold and the electromyographic threshold was no t 
demonstrated to be cause and effect, the association provides a possible 
alternative mechanism (as opposed to the buffering of hydrogen ions 
from lactate) for the first nonlinear increase seen in ventilation during 
incremental exercise. Subjectç may be able to sense or detect a sudden 
increase or change in motor unit recruitrnent that may be associated 
with using the breath sound check. 

Prior to the description and discussion of the next study, 
Stachenfeld et al. (1995), the significance of norepinephrine and plasma 
renin activity wiU be outlined. The autonomie nervous system is 
divided into the sympathetic and the parasympathe tic nervous 

systerns. The sympathetic system helps prepare the body for 
unexpected stressful situations such as the fight-flight response or 
exercise. This is done through the actions of catechoIamines. 
Norepinephrine (NE) is one such catecholamine used as a chernical 
transmitter for the sympathetic nervous system (Kapit, Macey & 

Meisami, 1987). The renin-angiotensin system helps to regulate blood 
volume and therefore blood pressure. When there is a deaease in 
blood flow through the kidneys, the renin-angiotensin system 
stimulates vasoconstriction and the secretion of aldosterone whiCh acts 
on the kidneys causing retention of salt and water (Fox, 1996). Plasma 
renin activity ( P U )  is measured as an indicator of activity of the 
renin-angiotensin system (Ganong, 1997). Stachenfeld et al. (1995) 
examined the sympathetic nervous system and plasma renin activity 
responses in relation to VTI and VT2. Ten active women (mean age of 



30) were studied with ail experimental procedures conducted in the 
first six days of their menstrual cycle to control for menstrual cyde 
phase effectç. The procedures consisted of one maximai cyde 
ergometer test with 25-30 watt increments every minute and two 
submaximal cyde ergometer tests each lasting 20 minutes in duration. 
The submawimal cycle ergometer tests consisted of cyding at a heart 
rate just below VTI for the first test and cycling at a heart rate just 
below VT2 for the second test. AU three tests were conducted on 
nonconsecutive days. Ventilatory parameters (ventilatory equivalent 
for oxygen and carbon dioxide) were monitored during the maximal 
cyde ergometer test to determine VTI and VT2. Venous blood samples 
were taken at the beginning and end of exerase and during recovery 
from the two submaximal cyde ergometer tests to measure lactate, NE, 
epinephrine, PRA and hematocrit levels. The results demonstrated a 
significantly greater increase in both NE and PRA when cycling above 
VTI as compared to cyding at or below VTI. When working above 
VTI there is a significantly greater increase in sympathetic nervous 
systern activity and renin-angiotensin system activity. Subjects may be 
able to detect this increase in sympathetic activity and/or renin- 
angiotensin activity and use this as a trigger while using the breath 
sound check. 

To determine the potentiai contribution of these mechanisms, 
future studies would have to include rneasurernents of some or all of 
these variables. In summary, hearing may be the mechanism when 
subjects are able to hear and when subjects are unable to hear, other 
factors as discussed above may act as the mechanism. 

Despite the breathing frequency during the masked breathing 
sounds trial (28 breaths per minute) being significantly different from 
the breathing frequency at the breakpoint it was not significantly 
different from the frequency at the first ventilatory threshold. 
Therefore, regardless of whether the subject is in a quiet or noisy 
environment, the "breath sound check" while exercising places the 
individual close to the first ventilatory threshold. 

As reported in the results section the heart rates indicated by the 
subjects using the "breath sound check" were significantly different 
between the cyclîng and jogging trials. The mean jogging heart rate 



using the "breath sound check" was 27 beats per minute higher than 
the mean heart rate for cyding (154 versus 127). This discrepancy c m  

be attributed to the higher heart rates reported for the first ventilatory 
threshold when jogging. Buchfuhrer et al. (1983) demonstrated that 
the anaerobic threshold (as measured using respiratory parameters, 
LTl/VTI) was 13% higher on a treadrnill than on a cycle ergorneter. A 

13% increase of heart rate (cycling) would increase the heart rate to 145 

beats per minute and account for most of the obsemed difference. 
A final observation in this study was that the heart rates during 

the field trial statistically increased slightly from steady rate (mean of 2 

to 5 minutes) to minute 10 after the "breath sound check" by five beats 
per minute (i.e. 154 to 159). However it is accepted that a steady rate 
heart rate during exeruse can fluctuate up to kfive beats per minute 
(Jones & Campbell, 1982). With regards to the statistical difference, 
subjects may have increased their exercise intensity because their 
breathing frequency decreased producing a lower sound. A lower 
sound would potentially cause subjects to increase their Pace to eliut 
the same breathing sound as when they initially indicated. However 
because we did not monitor breathing frequency during the filed trial 
we cannot determine the validity of this hypothesis. Altematively if 

breathing frequency rernained constant, subjects may have become 
desensitized to the loudness of breathing and increased their pace to 
elicit the same perceived intensity of breathing sounds. 



Implications 
The "breath sound check" is a new method to monitor exercise 

intensity and has several advantages compared to the current methods 

for assessing exercise intensity. For example the "breath sound check" 
can be used simultaneously with exercise without interruption 
whereas monitoring heart rate interferes with the exercise; e.g. while 

jogging an individual m u t  slow down or stop to assess the pulse rate. 

Rating of perceived exertion (WE) requires the RPE scale to be present 
to regulate the exercise intensity (Abadie, 1996). The "breath sound 
check" doeç not require a scale. Furthemore the "breath sound check" 
is unaffected by extemal noise, c m  possibly be used by anyone and has 

the unique advantage of regulating exercise intensity individually for 

each participant in relation to their metabolic intensity (i.e. their first 

ventilatory threshold). In summary, the "breath sound check" is 
simple to employ, specific to each exercise participant's fitness level, 
and requires no equipment or instruction. Also, individuals can self 

monitor their exercise intensity at a level concurrent with health 
benefit. The "oreath sound check" places individuals at a moderate 
intensity level corresponding to the first ventilatory threshold thus 
meeting the current recommendations for health (American College of 

Sports Medicine, 1990,1995 & 1998; Blair & Connelly, 1996) and at the 

minimum threshold in the threshold response exercise model. 

Limitations 
The present study o d y  investigated young healthy male 

subjects. Different populations may not be able to use the "breath 

sound check" as reliably or accurately thus Iimiting its availability as a 
method of monitoring exeràse intensify. Preliminary trials in older 

adulh (46 year old female and 58 year old male) indicate the technique 

is successfd (personal communication, Goode, 1998). 
The srnaIl sample sizes (8 and 9 subjects) limited the power (Le. 

probability of correctly rejecting a false null hypothesis) of the unpaired 
t-test to determine significant differences between the two phrases, "can 
hear their breathing" and "can readily hear their breathing". In an 

attempt to increase the power of the unpaired t-test we used al1 the 
reliability tests (instead of using the mean of the three reliability tests) 



for the 17 subjects (8 subjects, 24 experiments versus 9 subjects, 27 

experiments). The corresponding heart rates for the two phrases were 
still not signihcantly different (Table 28, appendix two). By using al1 
three tests, the power of the performed test was increased from 0.05 to 
0.11. However this was stül below the desired power of 0.80. 

A standard set of instructions which explained the test 
procedures to each subject was not used, aliowing greater interpretation 
of what was to be done by the subjects. This may have introduced 
greater variance in how the subjects carried out the field test (Le. 

progression of jogging and how to maintain their Pace using the 
"breath sound check") leading to a greater variability in the heart rates. 

Although measures were taken to prevent subjects from using 
information from previous submaximal reliability tests (i.e. one and 
two), subjects may have relied on an interna1 sense of time, number of 
workrate increases or some other sensation as opposed to using the 
"breath sound check" during the cycle ergometry and the jogging field 
trial. The loudness of the white noise, 70 dB hearing level, may have 
made subjects aware of the purpose of the test. 

If a certain breathing frequency is responsible for triggering 
subjects to choose an exercise intensity then entrainment of breathing 
(i.e. synchronization of limb movement and breathing frequency 
(Plowman & Smith, 1997)) as seen in select sports such as rowing may 
limit the different sport populations in which the "breath sound 
check" can be used. 

Future Research 
The small increase in heart rate with time during the field trail 

using the "breath sound check" should be further studied with a longer 
time duration to assess the extent of the increase or possible plateau in 
heart rate. A V02 max treadmill test with the determination of VTI 

and monitoring of breathing frequency during the field trial would also 
add significant information to the validity of the "breath sound check" 
while jogging. 

The versaülity of the "breath sound check" should be assessed 
for different modes of exercise (e.g. swimming, rowing, and skiing) 
and different patterns of exercise (e.g. rhythmical exercise for 30 



minutes versus sporadic bursh of 10 minutes exercise, five minutes 
rest, 10 minutes exercise, five minutes rest, . . .). A future experiment 
could examine the same submaximal cyding protocol used for 
reliability in the present study but conducted in the reverse direction. 
Once the heart rate, breathing frequency and workload at  which 
subjects indicate using the l'breath sound check" are established, 
subjects could start at workloads above this point and have the 
workload gradually reduced. The subject would then be asked to 
indicate when they could not hear their breathing. This would 
elucidate differences between progressing from low to high intensity 
exercise versus progressing from high to low intensity exercise. 
Prel iminq studies suggest that the "breath sound check" c m  be used 
in either situation and eliats the same exercise intensity (personal 
communication, Goode, 1998). 

The mechanism that triggers subjects to indicate an  exercise 

intensity using the "breath sound check" couid be assessed in t ems  of 
respiratory route. The switching point from nose to mouth breathing 
has been previously studied (Niinimaa et al., 1980) and may play a role 
in triggering subjects to indicate an exercise intensity. Subjects 
exercising using the "breath sound check" with no interference in their 
respiratory route (i.e. nose or mouth breathing) as compared to wearing 
nose plugs or using an oral airway obstruction device could provide 
further information regarding possible mechanisms. 

In the present study, the hearing (air and bone conduction) of 
breathing sounds was assumed to be masked. To further evaluate the 
role of hearing, two random samples could be drawn from a 

completely hearing impaired (deaf) population and an air conduction 
only hearing impaired population. This would assess the role of 
hearing, both air and bone conduction, as a mechanism. 

Studies using a microphone placed near the subjects mouth 
could assess loudness and pitch of breathing sounds at the point 
indicated using the "'breath sound check". Repeated trials would 
further elucidate the reliability and possible mechanism involved (Le. 

are subjects picking the same loudness and pitch of breathing sounds 
each time). 



A study shouid be conducted to assess the reliability and validity 
of the "breath sound check" to place different populations (Le. fernales, 
cardiovascular diseased individuals, chronic obstructive puhonary  
diseased uidividuals, as thma tics, elderly and ciifferen t age groups) in 
the recommended exercise intensity. 

In the present study the phrases, " c m  hear their breathing" and 
"can readily hear their breathing", did not appear to suffiaently 
differentiate exeruse intensities. A study could be conducted to 
determine the possibility of eliciting higher and lower exercise 
intensities using different phrases. 

A training study could be camed out to determine which 
physical fitness parameters change over tirne while using the "breath 
sound check". Favourable results would provide strong evidence in 
favour of its use. 



Conclusions 
There was no significant difference between the heart rate and 

breathing frequency indicated by subjects uçing either the phrase 
"can hear their brenthing" or " c m  rendily hear their brenthing" 
and thus the two phrases are referred to as the "breath sound 
check". 

The breathing frequency elicited by using the phrase " c m  henr 
their breathing" was not significantly different from the 

breakpoint in breathing frequency . 

The breathing frequency elicited by using the phrase " c m  readily 
henr their breathing" was not significantly different from the 

breakpoint in breathing frequency. 

There was no statistical significant difference between the 
breakpoint in breathing frequency and the first ventilatory 

threshold (VTI). 

Subjects were able to indicate a n  exercise intensity using the 

phrases " c m  henr their breathing" and " c m  rendily henr their 
brenthing" during the masking test in phase two. 

Subjects were able to use the phrases, " c m  henr their brenthing" 
and "con rendily henr their brenthing" during the field trial, 

jogging- 



The phrases, "can hear their breathing" and "can readily hear 
their breathing", indicate an exercise intensity during cycling which 
place young healthy male subjects in the recomrnended exercise 
intençity range of 55 to 90 percent of maximum heart rate (Arnerican 
College of Sports Medicine, 1998). In environments where hearing 
may be partially impaired, this method will also place individuals in 
the recommended exercise intensity range (assuming a 10 beats per 
minute increase). This method is simple and easy to employ and has 
recently been introduced to school physical education programs and 
fitness classes (Ontario Lung Association, 1998). 
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Chapter 6 

Appendices 

Appendix I 

Volunteer Consent Form 
Project Title: Ventilatory Sounds as an Index of Exercise Intensity. 

Principal Investigator: Dr. R. C. Goode 

Co-Investigator: Mr. R. W. Mertens, B.P.H.E. 

(name, address, phone no.) 
hereby volunteer to participate as a test subject in the University of 
Toronto experiment on the influence of hearing in determining 
exercise intensity. 1 have had the opportunity to study and discuss the 
attached protocol with the investigator and 1 have been informed to 
my satisfaction about the possible discomforts associated with these 



tests. 1 agree not to consume alcohol for 48 hours before or caffeine on 
the rnorning before each test. 1 agree not to perform moderate to 
vigorous physical activity 12 hours pnor to coming to the laboratory. 1 

agree to eating a light snack 2 hows before coming to the laboratory. 

2. 1 am aware that the familiarization visit will consist of a pure tone 
hearing test conducted at 20 db hearing level at 500,1000,2000,4000, 

and 6000 hertz for each ear separately. 1 am dso aware that the 
familiarization visit will indude pedalling a cycle ergometer a t  60 
revolutions per minute with the resistance progressively increasing 25 
watts each minute. This test will continue until85% of my predicted 
maximal heart rate has been reached as calculated by the Karvonen 
formula. 

3. 1 am aware that, on one session, my maximal aerobic power will be 
determined on a cyde ergometer by progressively increasing the 
resistance until 1 can no longer continue. During this test, my heart 
rate and ventilation will be monitored. Monitoring of ventilation will 
require wearing a nose clip and breathing through a mouthpiece and 
one way valve. 

4. 1 understand that there will be three sessions that wiU involve 

pedalling a cycle ergometer at 60 revolutions per minute with the 
resistance progressively increasing 25 watts each minute. During these 
tests my heart rate and ventilation will be monitored. These tests will 
continue until the heart rate corresponding to 85% of my maximal 
oxygen uptake is reached. 

5. I understand that there will be one session that will involve wearing 
headphones and listening to white noise in the frequency spectrum of 
20 to 20,000 hertz at 70 dB hearing level while pedalling a cycle 
ergometer at 60 revolutions per minute with the resistance 
progressively increasing at 25 watts per minute. During this test my 
heart rate and ventilation will be monitored. The duration of the test 

and white noise will be terminated at the heart rate corresponding to 
85% of my maximal oxygen uptake. 



6.  1 understand that there will be one session that will involve 
waiking, jogging or ninning around an indoor 200 meter track while 
progressively increasing my pace. During this test m y  heart rate and 
ventilation will be monitored. This test will be terminated at the heart 
rate corresponding to 85% of my maximal oxygen uptake. 

7. 1 am aware that, on two sessions (V02 max test and field test), the 

test will be conducted at  the Toronto Rehabilitation Centre. All other 
tests will be carried out at the University of Toronto. 

8. 1 have been told that the prinapal risks of this experiment involve 
lightheadedness, fainting, abnormal blood pressure response, chest 
discomfort, leg cramps, and nausea. 1 understand and accept these 
risks. I have also been given examples of minor (skin irritation) and 
remote (myocardial infarction and temporary hearing threshold shift) 
risks associated with this study and consider these risks acceptable. In 
addition, 1 understand that this experiment may involve risks that are 
presently unforeseen and that 1 may be exposed to these risks. I accept 
this possibility. 

9. 1 hereby consent to the screening assessrnent outlined in the 

protocol and agree to provide responses to questions that are to the best 
of my knowledge, truthful and complete. Furthemore, 1 agree to 
advise the investigators of any health status changes since my initial 

assessrnent (including but no limited to viral illness, new prescription 
or over-the-counter medications). 1 have been advised that the 
medical information 1 reveal and the experimental data conceming me 
will be treated as confidential and not revealed to anyone other than 
the investigators without my consent except as data unidentified as to 

the source. 1 am aware that a physidan will be on-cal1 at  the University 
of Toronto and the Toronto Rehabilitation Center during any test. 

10. In the highly unlikely event that 1 become incapacitated during my 
participation, 1 hereby consent to whatever emergency medical 
intervention deemed necessary by the attending medical personnel. 



11. 1 acknowledge that 1 have read this forrn and 1 understand that my 
consent is voluntary and has been given under circumstances in which 

1 can exercise free power of choice. I have been informed that 1 may, at 
any tirnef revoke my consent and withdraw from the experiment, and 
that the investigators or the physician my terminate my involvement 
in the experiment, regardless of my wishes. 

Volunteer's Signahire Date 
Witness's Signature Date 
Witness's Name 

Tables 
Table 21. ANOVA for HR ("can hear . . .") Reliability Tests. 

Source of Degrees of Sumof Mean 
variation: freedom: squares: square: 
Between Subjecis: 7 6156 879 -429 

Behveen 
Treabnents: 
Residual: 

Total: 23 6734 

Table 22. ANOVA for BF (?an hear . . .") Reliability Tests. 

Sounie of Degrees of Sumof Mean 
variation: freedom: squares square: 
Between Subjects: 7 823292 117.613 

Between 
Treatments: 
Residual: 

Total: 23 973.958 



Table 23. ANOVA for HR ("cm readily hear . . .") Reiiability Tests. 

Source of Degrees of Sumof Mean 
variation: freedom: squares square: 
Between Sub jects: 8 8911.185 1113.898 

Between 
Treatments: 
Residual: 

Total: 26 10024519 

Table 24. ANOVA for BF ("can readily hear . . .") Reliability Tests. 

Source of Degrees of Sumof Mean 
variation: fieedom: squares: square: 
Between S u b j d :  8 1267.185 158.398 

Between 
Treatments: 
Residual: 

Total: 26 1662.519 

Table 25. ANOVA for HR in Phases One to Two. 

Source of variation: Degrees of Sumof Mean 
freedom: sa uares: sauare: 

A I 

Between Subjects: 16 17917.7 1119.9 

Between 
Treatments: 
Residual: 

Total: 67 27669.0 



Table 26. ANOVA for BF in Phases One to Two- 

Source of variation: Degrees of Sumof Mean 
fceedom: squares square: 

Between Subjects: 
16 2710.9 169.4 

Between 
Treatments: 
Residual: 

Total: 67 4212.9 

Table 27. ANOVA for Cydùig, Jogging and VTI HR. 

Source of variation: Degrees of Sumaf Mean 
freedom: sauares: sauare: 

I - - 

Between Subjecls: 
15 8750.3 583.4 

Between 
Treatments: 
Residual: 

30 6515.8 21 7.2 

Total: 47 20887.0 

Table 28. T-test for HR between the two Phrases (n=24 & n=27). 

Parame ter: "can hear . . , " (n=811 "can readily hear . . . " (n=9)' 
M: 214.0 120.6 
SD: 
SE: 
Min. Value: 
Max, Value: 143 166 

mean difference = -6.59 
95% CI of the difference: -17.0 to 3.83 
t = -1.27 with 49 degrees of freedom 

two-taiIed P value = 0.2098 
(CI - confidence intervai, 1 - # of subjects) 



Appendix III 

First Ventilatory Threshold (VT 1 ) Determination 

The first ventilatory threshold was determined on the basis of 
three plots (VEQ02, VE and VC02 each plotted against V02) as 

previously desaibed in the methods section under phase one, maximal 
aerobic capacity test The plot of VCO, against V 0 2  is determined by 

the V-slope method of Beaver, Wasserman and Whipp (1986), and 
thus is determined by the SensorMedics 2900 Metabolic Measurement 
Cart/System. The oxygen uptake corresponding to VTI was 
determined as an average between two independent blinded reviewers. 
Table 29 displays the oxygen uptakes for each of the three plots 
corresponding to VTI and the final average between each reviewers 
results for al l  subjects. The dosest measured oxygen uptake to the 

average between the two reviewers was used. The heart rate and 
breathing frequency corresponding to the oxygen uptake representing 
VTI was used. The coefficient of variation for a single VTI 

determination based on the same respiratory plots has been reported as 
4.2% (Kavanagh et al., 1991). 



Table 29. VTI Determination by Two Independent Reviewers 

Reviewer 1 M (SD) 1.826 (fl-571) 

Reviewer 2 M (IÇD) 1.862 (fl.517) 
("( Y - oxygen uptake of 2nd reviewer, Final - oxygen uptake choosen to represent Vïï) 

(M - mean oxygen uptake between the two reviewers) 


