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ABSTRACT 

Six healthy male varsity oarsmen from the University of Victoria volunteered 

to participate in a 14 week training program. This study was designed to 

investigate the acute and chronic responses of hemoglobin (Hb), hematocrit (Hct), 

white blood cell (WBC), and creatine phosphokinase (CPK), to a 4 week control 

period and an 8 week training program of increasing intensity and to relate these 

to changes in a performance test (PT). Mean maximum oxygen consumption 

(Vo2max) increased from 4.4 ± 0.1 to 4.9 ± 0.1 l·min-l and body weight and 

skinfolds decreased significantly during the study. No change occurred in maximal 

or recovery heart rates. The chronic response of Hct showed a 4 % decrease 

during both the control period (weeks 1-4) and over weeks 5-8 of training but 

increased 4 % from weeks 9- 13. Hb decreased 7 % during weeks 1-4 and a further 

decrease of 1.9% occurred during weeks 5-8. The acute values of Hct and Hb 

were slightly smaller than the chronic values but followed similar trends. The 

mean difference between the chronic and acute values during the weeks of 

training was 2.4 % for Hct (48.5 ± 0.9, 47.6 ± 0.9 %) and 2.9 % for Hb (14.6 ± 0.97, 

14.5 ± 0.4 g·dC 1) respectively. The only significant changes in WBC occurred in 

the acute fluctuations of the chronic response. CPK increased from week 1 to 

week 13 both chronically (63.9 ± 0.9 to 98.9 ± 0.4 U•C1) and acutely (63.7 ± 1.3 to 

109.0 ± 1.3 U·C1). Weeks 5-8 showed the greatest change with a two fold increase 
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in the chronic (129.9 ± 1.2 U•C1) and a four fold increase in the acute response 

(253.7 ± 2.3 U•C1). All subjects improved in the PT over the 13 weeks with the 

greatest improvement occurring between weeks 4-7 (p<0.05). In conclusion the 

acute and chronic responses of Hct and Hb elicit similiar changes to repeated 

bouts of training (r=0.571). CPK levels in venous blood were significantly 

different in the acute and chronic response to exercise. This study was not able to 

demonstrate a decrease in the PT with changes in the acute and chronic levels of 

Hb, WBC, and CPK. However, a decrease in Hct was related to an increase in 

performance despite the low N and homogeneity of the sample (r=0.340). 

Examiners: 
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Chapter I 

INTRODUCTION 

In recent years coaches have begun to use changes in blood chemistry to help 

monitor training programs (Rushall & Busch, 1980) and to establish the general 

state of health of the athlete. Abnormal levels in blood chemistry can occur 

because of the stress of continual training which can eventually become a limiting 

factor in optimal performance (Ekblom et al., 1972). 

The appearance of staleness and fatigue in athletes is regularly associated 

with a marked fall in hemoglobin (Hb) concentration in the blood (Sutton, 1971). 

Ekblom et al., (1972) point out that the total amount of circulating Hb correlates 

well with maximum oxygen consumption (Vo2max) and a decrease in Hb 

concentration would result in a decrease in physical performance which would tax 

Vo2max. Several studies (Astrand & Rohadl, 1977; DeWijn et al., 1971; Burke et 

al., 1985) have shown that subnormal Hb concentrations inhibit performance in 

aerobic events because oxygen is transported by the Hb. Reduced Hb due to iron 

deficiency can occur without anemia and involves an exhausted store of iron and 

diminished iron bearing tissue enzymes (DeWijn et al., 1971). 

The stress of endurance exercise decreases blood and plasma volume resulting 

in a decrease in hematocrit (Hct) levels. Likewise the ability of the circulatory 

system to support aerobic work increases as the Hct rises towards a certain level 

(Hct above 60.0%) and declines beyond that value (Guyton, 1981). These changes 

depend on the severity of the exercise and the duration (Wilkerson et al., 1977). 
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Therefore, it would be desirable to have both Hb and Hct values at their 

maximum for serious competition in activities that rely on oxygen transport 

(Rushall & Busch, 1980). Problems of low Hb and Hct have been found to occur in 

Olympic athletes, with a particularly high incidence in rowers and runners 

(Clement et al., 1977). 

One of the changes that occur in blood chemistry as a consequence of 

endurance training is the increased presence of the muscle enzyme, creatine 

phosphokinase (CPK). It has also been shown that among serum enzymes studied in 

the blood, CPK activity is the most sensitive to changes in the exercise load 

(LaPorta et al., 1978; Magazanik, 1974) and is the most specific indicator of 

pathological changes in skeletal muscle. Heavy exercise and continual training 

have been demonstrated to increase serum CPK provided that the exertion is of 

sufficient severity (Hunter & Critz, 1971). 

Both short term and endurance exercise have also been found to rapidly 

increase the circulating white blood cells (WBC) (Burke et al., 1985). 

Competitive rowing is one of the most physically demanding endurance sports 

as it utilizes the major muscles in the body at high rates and relatively long 

durations (Strydom et al., 1967; Hagerman et al., 1979). It was considered to be an 

ideal activity to study the acute and chronic responses to progressively increasing 

training loads because: the adaptation to training and change in work performance 

could be easily measured and evaluated with the use of a rowing ergometer which 

is specific to the training mode of exercise (Martindale & Robertson, 1984); the 

oarsmen would be participating in identical workouts and therefore the absolute 

intensity and duration would be equal for all subjects; and rowing has already 
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established a land based ergometer performance test (PT) which is nationally and 

internationally accepted (Hagerman et al., 1979). 

The purpose of this study was to investigate the acute and chronic responses 

of Hb, Hct, WBC, and CPK, to a progressively more difficult training program and 

to relate these to changes in a rowing ergometer PT. 



Chapter II 

METHODS 

Six healthy male varsity oarsmen from the University of Victoria volunteered 

and signed informed consent (Appendix A). Prior to testing, the subjects were 

familiarized with the procedures and the physical demands of the testing and 

training. The subject characteristics are presented in Table 1. 

2.1 Physiological Testing 

Vo2max was assessed prior to and following the 4 week control period and 8 

weeks of training (Figure 1). The Vo2max was assessed by open spirometry using a 

continuous multistage test on a rowing ergometer (Gjessing Ergorow). The subjects 

were seated and connected to the electrocardiograph and the Beckman Metabolic 

Measurement Cart (MMC) via a Rudolph low resistance valve (Model 65). The 

loads for the incremental test are given in Table 2. 

Physiological measures including volume of expired air (VE), oxygen 

consumption (V 02), and respiratory exchange ratio (R) were recorded and analyzed 

every 30 seconds. The gas analyzers were calibrated using gases of known 

concentrations before and after each test. Heart rates were recorded every 

minute during exercise and the 6 minute recovery. 

To confirm that Vo2max was attained, all subjects met at least one of the 

following criteria; a plateau or decline in Vo2max with increasing power outputs, 

maximal heart rate and/or respiratory exchange ratio .!:l.15. 
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Males 
(N=6) 

Note: 

Table 1 

Mean Age, Weight (WT), Height (HT) and Skinfold (SK) 
Measurements of the Oarsmen 

Age WT HT SK 
(yrs) (kg) (cm) (mm) 

22.5 82.0 186.4 12.8 
(±0.5) (±2. O) (±1.4) (±1.2) 

Standard error shown in parentheses. 

Table 2 

The Loads on the Gjessing Ergometer for the Incremental 
Maximum O:x:ygen Capacity Test 

Resistance Duration RPM Stroke • min- l 
(kp) (minutes) 

1.50 2 600 30 
1.75 2 600 30 
2.00 1 600 30 
2.25 1 600 30 
2.50 1 600 30 
3.00 1 max max 
3.50 1 max max 

5 

Prior to the first and last Vo2max, skinfold measurements (SK) were 

performed using the protocol of Durnin and Womersley (1974). 
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Figure 1: Experimental Protocol 
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2 .2 Blood T est.ing 

Antecubital venous blood samples were collected without stasis, twice weekly. 

The first sample was obtained immediately following a training session so that the 

values from the blood analysis would reflect the acute response to exercise. The 

second sample was obtained following a minimum 24 hour rest period so as to 

reflect the chronic status of the subjects. The blood was analyzed for Hct, Hb, 

WBC, and CPK. 

Hct was measured using the microhematocrit centrifuge with the Adams 

readocrit and no correction was made for trapped plasma. Hemoglobin 

concentration was measured by the cyanomethemoglobin technique as described 

by Drabkin (1949). The activity of CPK was determined as per Sigma Chemical 

Technical Bulletin # 45-UV at 37°C. The Unipette microcollection system 

(Becton-Dickson Recorder # 5855), was used to determine the whole white blood 

cell counts. The reproducibility of the WBC counting technique was ± 5.0% 

(standard deviation of the difference as determined between 2 counters in the 

analysis of 20 samples with a range from 1900 to 16000). Samples were taken 

every 3 weeks to the Royal Jubilee Hospital and analyzed to compare the 

reliability of the tester. All samples were found to be within ± 5.0 %. 

2.3 Performance Testing 

Changes in performance were monitored weekly on the morning after the rest 

day through the use of the adapted land based PT of the Canadian Amateur 

Rowing Association (CARA). The PT was designed to simulate the intensity and 

duration normally experienced under race conditions (Hagerman et al., 1979). The 
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PT was designed to be exhaustive where the athlete achieved maximal or near 

maximal metabolic levels. The subjects completed a PT for 13 consecutive weeks 

of the study in which they were encouraged to give an all out effort and to 

improve their score from week to week. The normal 6 minute ergometer PT 

(Hagerman et al., 1979; Hagerman & Howie, 1966) was considered too long and 

stressful for each week and might predispose the athletes to a poor mental set 

throughout the study. Also, because rowers tend to follow a unique style of 

pacing, the most significant responses are often reached during the first minute or 

two of each exerc ise (Hagerman et al., 1979). With these factors in mind a 

modified 4 minute PT was used to achieve the objectives of a PT. 

During the PT the feet of the subject were placed on the foot boards and 

strapped down. The customary rowing start was given "Sit up. Are you ready? 

Row". The PT consisted of a 2 stage, discontinuous submaximal and maximal 

protocol. The first stage involved a 2 minute warm up at the load of 1.5 kp at 600 

revolutions per minute (RPM). At the end of the warm up, the subject was given 

time to check his foot placement and compose himself. The load was pre-set at 

3.0 kp and the verbal start given again. The second stage lasted for 4 minutes and 

verbal feedback was given on stroke rate and RPM. However, there was no 

predetermined stroke rate or RPM. 

2.4 The Training Program 

Subjects trained on an average of five and a half days per week for eight 

consecutive weeks. The training program was designed to increase in intensity and 

duration as the program progressed. The majority of the workouts maintained 
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Vo2max pace with emphasis on eliciting heart rates at approximately 175-185 

beats per minute. The training program also included the following components of 

a rowing program but, to a lesser extent; steady state (SS), sprint work (SP), 

weight training (Wt. Train.) etc.... These workouts are outlined in detail in 

Appendix B and C. 

2.5 Statistical Analysis 

A multivariate analysis of variance (MANOVA) was used to determine any 

significant differences between the dependent and independent variables and a one 

way analysis of variance (ANO VA) was used to determine any interaction effects. 

A Pearson Product Moment Correlation was computed between the following 

variables; Hct, Hb, WBC, CPK and PT. Pre-test and post-test variables were 

compared with a non-parametric Wilcoxon test. The alpha level for significance 

was set at p<0.05. Descriptive statistics in the form of mean ± SEM and 

percentages were calculated for dependent variables. 
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RESULTS 

The effect of 8 weeks of training on the cardiorespiratory system are shown i 

Table 3. Mean Vo2max increased significantly from week 1 to week 13. Body WT 

was decreased following training from a mean of 82.0 ± 2.0 to 80.0 ± 1.6 kg. SK 

measurements decreased from a mean of 31.5 ± 3.2 to 27.0 ± 2.4 mm (p<0.05). 

However, maximal and recovery heart rates showed no changes. 

Table 3 

Mean Change in Maximum Oxygen Consumption from Pre-Control 
Through the Training Period 

Vo2max Test 

ml·kg-1·min-l l·min-l 

Pre-control 54.4 (±1.0)a,b 4.4 (±0.l)a,b 
Post-control 58.4 (±0.8)~ 4. 7 (±0.1)~ 
Post-training 60.4 (±1.9) 4.9 (±0.1) 

Note: Standard error shown in parentheses. 
Paired letters indicate significance at p<0.05. 

The chronic response in Hct (Figure 2) decreased 4.0 % between week 1 

(51.4 ± 0.6 %} and week 4 (49.3 ± 0.6 %} and between week 5 (48.5 ± 0.5 %} and 

week 8 (46.8 ± 0.8 %}. During weeks 9 (48.2 ± 0.9 %} to 13 (49.8 ± 1.3 %}, Hct 

increased by 4.0 %. The acute response mimicked this pattern but with slightly 

- 11 -
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Table 4 

Correlation Matrix of the Dependent Variables 

Hct Hb WBC CPK 

Hct 
Hb 0.571 
WBC 0.148 0.001 
CPK -0.299 -0.111 -0.077 
PT -0.342 0.120 -0.218 0.252 

smaller differences. The mean difference between the chronic (48.5 ± 1.0 %} and 

the acute (47.6 ± 0.9 %) response during the 8 weeks of training was 2.4 %. 

Hb showed a more stable response to training than Hct (Figure 3). The mean 

chronic value showed a decrease of 7 .0 % from the pre-control value of week 1 

(14.5 ± 0.6 g·dC 1) to week 4 (13.5 ± 0.8 g•dC 1). This remained stable until week 8 

when Hb decreased to a low of 13.3 ± 0.4 g•dC 1 and a drop of 8.9 % from week 1. 

The acute response followed the same pattern but with lower values. The mean 

difference between the chronic (14.4 ± 0.4 g·dC1) and the acute (13.9 ± 0.4 g·dl-1) 

response during training was 2.9 % (p<0.05). However, the difference between the 

chronic (14.6 ± 0. 7 g·dC 1) and the acute (14.5 ± 0.4 g•dC 1) response at week 13 

was only 0.3 %. 

During weeks 1-4 the chronic levels of WBC were significantly higher than the 

acute levels. The only significant changes that occurred in the training period of 

weeks 5-13 were weekly fluctuations in the acute response (Figure 4). 

The greatest change in all 4 variables occurred in the response of CPK (Figure 

5). The mean serum enzyme level significantly increased from week 1 to 13, both 

chronically (63.9 ± 0.9 to 98.9 ± 1.7 U•C1) and acutely (63.9 ± 1.3 to 
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Mean Hct Values During the Control Period and the Progressively 
More Difficult Training Program 
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Mean Hb Values During the Control Period and the Progressively 
More Difficult Training Program 
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Mean WBC Values During the Control Period and the Progressively 
More Difficult Training Program 
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109.0 ± 1.3 U•C1). The greatest difference between the 2 responses was a 49.0 % 

higher level during weeks 5-7 in the mean acute response of 253.7 ± 2.3 U•C1 

compared to the chronic level 129.9 ± 1.2 U•C1 (p<0.05). 

The PT (Figure 6), showed that all subjects improved over the 13 weeks with 

the greatest improvement between weeks 4- 7 (p<0.05). Weeks 8-13 showed some 

fluctuation in mean PT scores but remained considerably higher t han the 

pre-control values of week 1. 

The degree of correlation between the variables are shown in Table 4. These 

values indicate a low degree of commonalty between the variables measures and a 

poor predictive relationship over the 13 weeks. 
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Mean CPK Values During the Control Period and the Progressively 
More Difficult Training Program 
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Mean PT Values During the Control Period and the Progressively 
More Difficult Training Program 
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Chapter IV 

DISCUSSION 

Co-operation in the study by the athletes and their coaches was very good. 

Motivation was maintained at a high level by frequent meetings and discussion of 

the results. Compliance in reporting training data, and in conducting regular 

criterion PT, and attendance for blood sampling by every subject was excellent. 

The acute and chronic response in the 4 variables employed were similar at 

the start of the training program (week 5). The six subjects who participated were 

of similar rowing experience, functional capacities (as measured by the Vo2max 

and the PT), age and anthropometric data. 

The control period coincided with final exams and late night studying. This 

package of stressors required considerable emotional and adapt ive demands which 

may account for the control period fluctuations in the hematological responses 

and the low Vo2max values at the beginning of the control period. 

The 6.4 % increase in Vo2max over the control period (Table 3) may be the 

result of a learning effect as none of the subjects had experienced a V 02max test 

on the rowing ergometer prior to this study. Secondly, the subjects were 

instructed not to compensate for the absence of a training program during the 

control period with more intense physical exercise and during this period training 

was not supervised. 

- 24 -
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Vo2max showed a 4.1 % improvement during the 8 week training program. 

Similiar investigations involving endurance training (Coyle et al., 1986; Ekblom et 

al., 1968) have showed that an increase in Vo2max was due mainly to an enlarged 

stroke volume (SY) and maximal cardiac output resulting in more oxygen 

transported arterially during maximal exercise. The aerobic capabilities of these 

oarsmen are comparable with other oarsmen in other countries using a rowing 

ergometer (Cunningham et al., 1975: USA, 4.69 l·min-1). 

The mean acute and chronic Hb responses during the pre-control, control and 

training periods (Figure 3) were below the average for the Canadian male 

population (16.0 g·dC1; range 14-18 g·dC1) (Clement et al., 1977; Pate, 1983). The 

levels in this study are considered low because several authorities have proposed 

that athletes should have Hb higher than the normal (Bevegard et al., 1963; 

Clement et al., 1977 Kjellberg et al., 1949). 

During the first 4 weeks of training (weeks 5-8) an initial decline in mean Hb 

response occurred. Reports on the iron status of athletes have documented low 

Hb values ("sports anemia") in those involved in heavy endurance training and with 

an absence of disease (Davis & Brewer, 1935; Dressendorfer et al., 1981; 

Lindemann, 1978; Oscai et al., 1968; Pate, 1983; Williamson, 1981; Yoshimura, 

1970). Since the clinically accepted criterion for anemia has been a Hb 

concentration below 14 g·dC 1 in men (Wintrobe, 1981), sports anemia becomes a 

clinical anemia in an athlete (Pate, 1983). It can occur when the athlete / 

experiences an increased destruction of erythrocytes (RBC) from the acute stress ✓ 

of exercise (Clement & Sawchuk, 1984; Ekblom et al., 1972). This can result from 

a weakening of the structural integrity of the cell membrane, possibly due to the 
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trauma of increased circulatory rate, increased body temperature and compression 

of the RBC by muscular activity and acute exercise acidosis (Clement et al., 

1984). Yoshimura (1970), quoted evidence which suggested during strenuous 

muscular exercise, adrenalin secretion is elevated and the contraction of the 

spleen releases a hemolysing factor which increases the fragility of the RBC and 

initiates sports anemia. This anemia which occurs in response to the acute 

training process could be an adaptation to training and therefore advantageous to 

the athlete. Yoshimura (1970) states that the destruction of RBC allows the 

protein from Hb to be used to "promote growth or hypertrophy of the muscles and 

regeneration of new strong RBC". 

Another contributing cause of sports anemia is the increase in blood volume .,_ -

(BY) that occurs with training. Several investigators (Dill & Costill, 1974; Oscai et 

al., 1968; Brotherhood et al., 1975), suggested that this anemia represents an 

apparent, rather than absolute anemia, and is the result of exercise induced 

increases in total BY without an equivalent rise in the number of RBC. Oscai et 

al., (1968) found that BY increased 6 %, total body Hb was unchanged, and Hb 

concentration decreased from 15.2 to 14.4 g·dC1 over 16 weeks of running and 

Brotherhood et al., (1975) demonstrated a significant increase in plasma volume 

(PY) and total Hb content in a group of runners with no apparent increase in Hb 

concentration. Thus a lower Hb concentration does not rule out an equal or higher 

Hb content in the body. 

The accumulated training up to week 8 produced a slight drop in the PT and 

both of the Hb responses attained their lowest values and their largest decreases 

during this period where the acute Hb response dropped down to 12.9 ± 0.2 g•dl-l 
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from 13. 7 ± 0.5 g•dl-l and the chronic response dropped down to 13.3 ± 0.4 g•dl- l 

from 14.8 ± 0.2 g·dC 1. Clement & Sawchuck, (1984) have stated that even with 

only minor decrements in Hb, anemic subjects have shown impaired physical 

performance. However, sports anemia would not be expected to affect power 

output until Hb dropped to less than 12.0 g•dC 1 and previous research has used a 

criterion measure of ± 2.5 g·dl-l to indicate whether changes in values were 

noteworthy (Rushall & Busch, 1980). Since the difference between the chronic and 

acute values was not of this magnitude and nor did they go as low as 12.0 g•dl- 1, 

the PT were not significantly impaired. 

Hb rose during weeks 9-11 as compared to weeks 5-8 and the control period. 

This suggested that cumulative endurance training can increase the mean Hb 

concentration and that a transient anemia, as seen in weeks 5-8, may occur at the 

onset of endurance training. 

A difference of only 0.3 % occurred during weeks 11-13 between the mean 

chronic and acute Hb response. This suggested that endurance athletes will reach 

and maintain a steady state in the middle to low levels of the normal Hb range. 

The mean Hb concentration at week 13 was 14.6 ± 0.5 g·dl- l which is clearly 

within the normal range but slightly below the male population mean. 

The chronic response showed higher mean values than the acute response in 11 

of the 13 weeks. This could have been due to the minimum 24 hour rest period 

which re-established the losses of RBC during the exercise or when the chronic 

response were sampled. Changes in Hct have often been used to indicate the 

degree of hernodilution or hemoconcentration of the blood in healthy individuals 

(Senay et al., 1965 and Poortmans, 1964). Intense high level endurance training is 
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typically reflected by an increase in PV (Williamson, 1981; Lindemann, 1978; Ross 

et al., 1983) and lower Hct levels which mimic anemia (Maron et al., 1975, 1977). 

These lower Hct levels are associated with normal levels of RBC or even slightly 

above normal but diluted in a larger PV. 

During the first 4 weeks of training (weeks 5-8), a hemodilution effect 

occurred with a decrease of (3.0 %) in the acute response and a slightly larger 

change (4.0 %) in the chronic response from the pre-control period. The total BV 

closely relates to the level of conditioning and that trained individuals usually 

have a naturally expanded BV (Brotherhood et al., 1975, Coyle et al., 1986; Dill & 

Costill, 197 4). Therefore, it would be difficult to produce a large increase in BV 

in individuals who are already in good condition with exercise induced 

hypervolemia already present (Oscai et al., 1968). 

A decrease in Hct occurred during weeks 5-8 which was likely due to an 

increase in PV whereas an increase in Hct and Hb occurred during weeks 9-11 

which was probably due to a maintenance of BV and an increase in RBC or Hb 

production. Thus Hct would increase. Most studies have demonstrated that PV like 

BV is decreased as a result of the repeated exercise loads causing Hct and Hb 

concentration to increase (Costill & Fink et al., 1974; Greenleaf et al., 1977; 

Novosadova, 1977). This hemoconcentration effect may also be partially 

attributed to environmental influences towards the end of the study which 

increased sweating and dehydration of the subjects and which possibly decreased 

the PV. 

A comparison of the results of this study following the acute and chronic 

exercise indicates the importance of work intensity in stimulating the 
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hypervolemic response during repeated days of exercise. Maximal exercise 

intervenes more deeply and stimulates outward movement of fluid from the 

vascular space resulting in a decrease in PY (Convertino, 1980) thereby affecting 

the magnitude of the Hct. 

The importance of Hb and Hct concentration for human physical performance, 

has been discussed (Astrand & Rodahl, 1977; Kjellberg et al., 1949). An optimal Hb 

concentration for athletes requires consideration of the relationship between Hct 

and blood viscosity. Hct is highly correlated with Hb concentration (Pate, 1983) 

and this study showed a correlation of r=0.571. Exceptionally high Hct, such as 

those in polycythemia, can result in a reduced oxygen delivery to the peripheral 

tissues because of the high oxygen carrying capacity of the blood is more than 

offset by a reduced rate of blood flow. The optimal Hct has been suggested to be 

near the upper end of the normal range; i.e. near 45 % (Stone et al., 1968). 

However, this generalization has been challenged. Studies on experimental 

enhancement of Hb concentration by removal and subsequent reinfusion of RBC 

(blood doping) have indicated that such treatments are associated with increases 

in maximal aerobic power and endurance performance (Ekblom et al., 1972). 

Recent animal model investigations indicate that an optimal Hct for oxygen 

delivery during exercise may be high as 50 % (Buick et al., 1980). The mean acute 

Hct value in this study was 4 7 .8 ± 0.8 % and the mean chronic value for over the 

13 weeks was 49.2 ± 0.9 %. Both of these values are closer to the upper end of the 

normal range and they are in agreement with Astrand and Rodahl, (1977) norms 

for trained athletes. 
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Many would assume that any decrease in Hb or Hct would inhibit performance 

because it would retard oxygen delivery to the tissues. This study was not able to 

show a decrease in the PT through changes in the level of Hb and the correlation 

was low (r=0.120). This may be because there is no relationship or because a 

correlation with a low Nanda homogeneous group will likely be low. However, the 

increase in performance was related (r=-0.340) to the decreased Hct in spite of 

the low N and homogeneity of the sample. 

The total amount of circulating Hb correlates well with maximal oxygen 

uptake (Ekblom et al., 1972) and a physiological increase in Hb concentrat ion is 

associated wi t h an increased capacity for physical endurance (Astrand & Rodahl, 

1977; Kjellberg et al., 1949; Oscai et al., 1968). This in turn may indicate a 

readiness for maximal physical performance (Clement et al., 1977) and is also 

associated with reaching a peak in physical training (Falsetti, 1983). 

A summary of the results has shown that the acute and chronic reponses of Hb 

and Hct elicit similar changes to repeated bouts of training. It would appear that 

both Hb and Hct had risen to optimal levels by the end of this study which 

increased the ability of their aerobic systems to support aerobic work. The 

increase in the PT and the improvement in the Vo2max of the oarsmen that 

resulted from an 8 week vigorous training program is an example of a long term 

adaptation to increased chronic stress. Physiologically, no decrement in 

performance output was shown with such a t r c. ining program. This latter effect 

would be advantageous to athletes whose performance requires such loads. It is 

therefore possible that the subjects in this study may have reached their physical 

peak during the training period which would be desirable for serious competition. 
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The highest mean values in WBC counts, in both the chronic (7356 ± 624.0) and 

the acute (5424 ± 856.0) conditions occurred during the control period. These 

elevated values may be indicative of the "package of stressors" that accompanied 

the subjects during the control period. During the training period the mean values 

of both WBC responses were at the low end of the normal male range 

(4000-11000), and 38.0 % lower than the pre-control values. Similiar results (a 

decrease of 15 %} were reported by Dressendorfer et al., (1981) in his study of 12 

male endurance runners. 

WBC counts showed weekly fluctuations in the acute response to training. 

Physical exercise is said to have a rapid effect on circulating WBC causing an 

increase in both short term and endurance exercise (Burke et al., 1985). This 

phenomena is commonly cited in the literature (Dressendorfer et al., 1981; Lamb, 

1978; Guyton, 1981) and is usually explained as an effect of increased circulation 

during exercise; a "washing out" of the WBC, specifically the neutrophils, which 

adhere to the walls of the capillaries. This increased rapid flow of blood through 

the capillaries, pulls the WBC off the walls, mobilizing them through the 

circulation. The WBC count will return to its normal value within 1-2 hours after 

completing the physical exercise because the majority of them will again be 

sequestered in the capillaries (Guyton, 1981; Lamb, 1978). 

Therefore, what appears to be an increase in the production of WBC due to 

inflammation or an increase in the training load as shown by the small amplitude 

changes in the acute response, is merely an increase in the amount of circulating 

WBC after a hard workout. This study was not able to show a decrease in PT with 

an increase in the number of WBC as shown by the low correlation (r=-0.218). 
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CPK activity both at rest (the chronic response) and after exercise (the acute 

response) has been the subject of considerable interest. The mean chronic values 

for CPK during this study fall within the ranges established for upper limits of the 

normal population, which are between 10-100 U·l-l (Rutledge et al., 1978). The 

increase of serum enzyme activities tends to be maintained for several hours or 

even days after exercise, particularly in the case of CPK ( Fowler et al., 1962; 

Rose et al., 1970; Gimenez & Florentz, 1984; Haralambie et al., 1976). This may 

contribute to the "chemically" higher chronic value observed during the training as 

compared to the control period. Elevated serum CPK has been attributed to a 

variety of causes. In downhill running it has been suggested (Schwane et al., 1983) 

that prolonged repeated impact on hard surfaces contributes to a substantial 

elimination of intracellular CPK. Rowing is characterized not only by an absence 

of such trauma but also by reduced force production. Forces of 130-275 kg are 

reportedly exerted during the striking phase of running (Bates' study cited in 

Symanski et al., 1983). The magnitude of the force that is needed to develop 

dynamic strength in rowing is equal to about 84.0 kg (Secher, 1983) which is 

considerably less than at foot strike. Energy demands and forces placed on an 

oarsmen are somewhat different than those placed on other endurance athletes. 

Rowing utilizes arm, back, and leg muscles whereas running involves the use of 

the legs almost entirely. Additionally, rowing is a weight-supported activity in 

contrast to a non weight-supported activity such as marathon running 

(Cunningham et al., 1975). Exercise induced muscle soreness is known to be 

greater in muscles which were lengthened while they were active (eccentric 

contractions) than in muscles which were allowed to shorten (concentric 
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contractions), (Assmussen 1956; Edwards & Harrison, 1984) This may be why 

higher levels of CPK are found in the landing phase of running activities due to 

the amount of muscle damage that occurs with eccentric contractions as opposed 

to rowing which involves concentric contractions. 

During weeks 5-7 a 4 fold increase in the acute (253.7 ± 2.4 U·l-1) and a 2.5 

fold increase in the chronic (147.7 ± 2.7 U•C1) levels of CPK from the pre-control 

value (63.9 ± 1.1 U•C1) occurred. Since this was the onset of training, these levels 

reflect a substantial increase in muscle load. During the weeks 8-11 the level of 

CPK decreased as the muscles began to tolerate the exercise loads. Following a 

marathon run, plasma CPK peaks some 6-24 hours after the end of the run (Young, 

1984). Siegel et al., (1981) have found the largest increase in CPK, of 20 fold, 

following marathon running at 8-24 hours post exercise. Similar findings have 

been observed after cycling (Ahlberg & Brohult, 1967), crosscountry skiing 

(Stromme et al., 1978), bobsledding (Haralambie et al., 1976), and rowing (Hansen 

et al., 1982). If our samples of CPK were assessed at 6, 18, and 24 hours, it is 

possible that the magnitude of change for CPK may have been even higher (Brynes 

et al., 1985). 

Muscle fibre type has also been implicated with CPK efflux. Type 1 (slow 

twitch) fibres in contrast to type 2 (fast twitch) fibers are characterized by a high 

oxidative capacity and lower CPK activity (Haralambie, 1978). Muscle samples 

obtained from rowers have revealed that they have approximately 70 % slow 

twitch fibres and the presence of very few fast-twitch fibres (Hagerman & Staron, 

1983; Larsson & Forsberg, 1980). This inability to elevate serum CPK following 

rowing workouts may be the result of the reduced mechanical trauma or a smaller 

number of type 2 fibres utilized during the activity of rowing. 
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Other studies have reported that following an exercise training program, the 

serum CPK response was reduced ( Hunter & Critz, 1971; Maxwell & Bloor, 1981). 

Since these studies used exercises requiring less of an eccentric component, a 

direct comparison with the present study is quite possible. The mechanism 

responsible for lower CPK following training is not apparent (Fox et al., 1977). 

There are several possibilities, one of which is the state of physical conditioning 

of the athlete and two, the susceptibility to skeletal muscle insult which 

subsequently may limit the degree of CPK release. 

The enzyme response in the present study may reflect exceptional training 

status of the oarsmen. Trained skeletal muscle has an increased availability of 

ATP which may better maintain the integrity of the cell membrane during work 

and thus reduce enzyme efflux (Hunter & Critz, 1971). When an athlete starts a 

specific exercise load his CPK may reach 250 U·C1 and then, when he becomes 

better trained, the same load may elicit only 200 U·C1 (Brown, 1983). The mean 

value of CPK at week 11 (121.4 ± 1.7 U•C1) was only a 2 fold increase but the 

intensity and duration of the work loads was much higher than week 7 (Table 5; 

Appendix 2). Millard et al., (1981) reported a steady decline in mean post-exercise 

CPK among collegiate swimmers during a 5 month training season, despite 

progressive increases in yardage. 

Rowing performed by highly trained oarsmen at high levels of intensity or 

prolonged durations may impose sufficient degrees of trauma producing muscular 

stress to disrupt the structural integrity of the cell membrane. This will result in a 

loss of intracellular CPK to the bloodstream. The muscles respond to the initial 

change in CPK from the intense exercise stress and eventually adapt to the 
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chronic heavy intensity exercise by eliminating smaller amounts of CPK. This 

study was not able to show decreases in the PT with changes in CPK and the 

correlation was low (r=0.252). However, CPK levels in venous blood are 

significantly different in the acute and chronic response to exercise. 

In summary, the results of this study have shown that the acute and chronic 

levels of Hb and Hct are similiar in their response to repeated bouts of training. 

From the comparison of the levels obtained following acute and chronic exercise 

it maybe concluded that acute exercise intervenes more severely in the PV 

affecting the Hct. The acute response shows a higher Hct than is found in the 

chronic response and this supports a decrease in PV. The onset of heavy training 

can cause a transient anemia during the initial weeks due to the chronic increase 

in PV. This anemic process could be one of adaptation and is advantageous to the 

athlete. Therefore during chronic exercise the Hb concentration is maintained at a 

steady state in the middle to lower levels of the normal range. 

The largest increase in both the acute and chronic levels of CPK occurred in 

the first weeks of training and may be attributed to the acute stress of the 

exercise load and not to muscle damage. Following this response the muscle 

adapted to the CPK through increased permeability which resulted in smaller 

amounts of CPK being eliminated. 

Increasing WBC is an effect of circulation during exercise and has no special 

benefit towards the performance of the athlete. The response of WBC to training 

does not seem to be an effective variable to predict physical fitness. 

The improvement in the performance of the oarsmen and in the physical 

performance capacity that resulted from a 13 week vigorous training program is 
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an example of a long term adaptation to increased chronic stress. The low values 

of Hb and Hct are normal for highly trained athletes and thus sports anemia does 

not produce a decrement in the performance of these athletes during a 

progressively more difficult training program. 

In conclusion, Hb, Hct and CPK could provide, on the basis of this study 

reliable information on physical performance and could be an index of the 

response of the oarsmen adapting to varying amounts of exercise load during 

training. Hct and CPK appear to be the more sensitive of these three variables 

and an increase in the level of CPK might also be predictive of the level of 

physical fitness. However, further studies are still necessary for a better 

understanding of the adaptation of muscle to training and the relationship with the 

observed blood parameters. 
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REVIEW OF LITERATURE 

E:rercise and Training 

The changes in blood after a single bout of exercise (acute training) or after a 

period of training (chronic training), are not always easily predicted. A wide range 

of normal values are found for most of the blood variables at rest and the ranges 

increase after exercise and training. The inconsistent effects of exercise on the 

blood can be partially attributed to normal variations which occur at rest, to 

variations in the exercise or training programs, to how the analysis of the blood is 

conducted, and that all athletes do not response in the same manner (Lamb, 1978). 

The blood constituents most often identified to help monitor and tailor 

training programs are: hemoglobin (Hb), hematocrit (Hct), white blood cells 

(WBC), and creatine phosphokinase (CPK) (Burke et al., 1985; Falsetti, 1983). Hb is 

the iron protein substance located in the red blood cell (RBC) and the primary 

function is transport of oxygen from the lungs to the tissues. Since Hb in the RBC 

carries oxygen, it is the number of RBC and the amount of Hb in those cells that 

are important in determining how much oxygen can be carried to the working 

muscle of the athlete. Serum Hb increases when the RBC are destroyed and in 

certain diseases. Low levels are recorded in anemia, after large blood loss, and 

sometimes in trained athletes. Total Hb levels in man range from 14 to 18 grams 

per decilitre of blood ( g•dl-1) (Clement et al., 1977; Lamb, 1978; Pate, 1983). Hct 

is the percentage of RBC in the plasma (the water portion of the blood), 
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comprising the total blood volume (BV). Low values are seen after excess fluid 

intake and severe bleeding and in RBC anemia. High concentrations of RBC are 

seen in athletes after exercise in hot weather. Sweating causes a loss of fluids 

from the plasma which will increase the concentration of RBC. Normal Hct values 

for men are 45-55 % (Lamb, 1978; Stone et al., 1968). 

WBC are used in fighting infections. The number of WBC increase in response 

to infections or inflammations and help destroy the causative agents. Physical 

exercise has a rapid effect on circulating WBC causing an increase in both short 

term and endurance exercise. Short term exercise results in lymphocytosis, where 

as endurance exercise leads to a preferential increase in circulating neutrophils. 

The increased WBC that is often seen after exercise is explained as an effect of 

greater circulation during exercise, "washing out" the WBC from their storage 

places. Emotional stress has also been seen to raise WBC (Burke et al., 1985). 

Normal values range from 4000-10000 per ml of blood (Guyton, 1981; Lamb, 1978). 

CPK is a muscle enzyme that is released into the circulation during and after 

strenuous exercise (Young, 1984). Hard exercise, particularly eccentric 

contractions, can cause large increases in CPK (Byrnes et al., 1985). This release 

after exercise is thought to be analogous to the release of cardiac enzymes after 

an infarct where the magnitude of the release reaches a maximum some 24 hours 

later (Newham et al., 1983). Similarly, the release of skeletal muscle CPK enzyme 

is thought to be proportional to the intensity and duration of the exercise (Apple 

et al., 1985). It should also be noted that high levels of CPK may be due to an 

accumulation effect (i.e. a delayed enzyme response may increase for successive 

days) (Haralambie et al., 1976). The normal range is between 10-100 international 
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units per liter ( U•C1) (Rutledge et al., 1978). Clinically significant differences are 

found between the trained and the untrained muscle; with the untrained muscle 

having greater rises in CPK than the trained muscle (Byrnes et al., 1985; Fowler 

et al., 1962). The physiological mechanism allowing the enzyme to enter the blood 

is currently unclear (Burke et al., 1985; Young, 1984). Increased activity of CPK 

may be related to transient changes in the permeablity of the membrane of the 

muscle, allowing a greater flow of the enzyme out of the muscle (Sanders & Bloor, 

1975; Thomson, 1975). 

Training Studies 

Several authors have used an experimental model to observe the effects of 

heavy training on hematological variables. Yoshimura (1970) has suggested that a 

transient anemia may occur with the onset of endurance training and this 

relatively mild, apparently functional pseudoanemia condition has been termed 

"sports anemia". This hypothesis does not appear to be extensively documented 

(Pate, 1983). Davis and Brewer, (1935) observed a transient anemia during the 

first few weeks of endurance training in dogs. In humans, Lindemann (1978) and 

Oscai et al., (1968) reported reduced Hb concentrations with training. 

Dressendorfer et al., (1981) observed a substantial decrease in Hb concentrations 

in runners participating in a 20 day road race, although Glass et al., (1969) 

reported no change in Hb in cyclists who underwent a marked increase in training 

load. 

Therefore, heavy training may cause a transient anemia during the inital 

weeks of exercise. In the longer term, Hb concentration in endurance athletes 



47 

seem to maintain a steady state in the middle to lower levels of the normal range 

(Pate, 1983). 

Possible Causes of Sports Anemia 

Reports of anemia and suboptimal Hb levels in athletes have generated much 

speculation regarding the causes of sports anemia. First, a relative anemia could 

develop through a hemodilution effect of an expanded PV. Second, reduced Hb 

synthesis. and/or erythropoiesis could result in an actual decrease in total Hb. 

Third, an increased rate of destruction of RBC and degradation of Hb could 

decrease the concentration of Hb in the blood (Ekblom et al., 1972; Pate, 1983; 

Williamson, 1981). 

Blood and Plasma Volume 

It is well documented that endurance athletes have a relatively large total 

blood volume (Brotherhood et al., 1975; Dill & Costill, 1974; Kjellberg et al., 1949) 

and that endurance training is accompanied by increases in plasma volume (Oscai 

et al., 1968). Total blood volume is defined as the plasma volume plus the total red 

cell volume (BV = PV + RCV). Changes in PV and/or changes in RCV therefore will 

affect BV. 

It appears that the relative intensity at which the exercise is performed and 

the duration of the session are the indices of the volume changes during 

submaximal work. During maximum (or near maximum) intensity sustained for 

short periods of time, a decrease in PV occurs resulting in a hemoconcentration 

effect (Van Beaumont et al., 1972). Joyce and Poortmans (1970) reported a 
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decrease in PY of 3 % following 90 seconds (s.). high intensity exercise and 

Rotstein et al., (1982) report a decrease of 11 % after 30 seconds of all out 

cycling. Thus, the decrease in PY is attributed to an increase in capillary 

hydrostatic pressure brought about by the increase in arterial pressure during 

maximal exercise. The major effect of chronic exercise on blood seems to be an 

increase due primarily to an increase in PY. In studies comparing endurance 

athletes to sedentary people, the endurance athletes exhibited an increase in BY 

of 20-30 % (Dill et al, 66; Kjellberg et al., 1949). Studies comparing BY in pre and 

post-training have found similiar results. In previously sedentary individuals, 

increases up to 6 % as a result of training occurred, with total Hb unchanged and a 

decrease in Hb concentration from 15.2 to 14.4 g·dC1 (Oscai et al., 1968). In fit 

individuals (high V 02max), training increased BY up to 8 % (Convertino et al., 

1980) and may have some implications in work performance. Kanstrup and Ekblom, 

(1984) have shown that even if Hb concentration was decreased by 8 % due to an 

increased PY (by plasma expansion), V O2 max could still be maintained. Thus total 

Hb may be more relevant to high aerobic power than the Hb concentration. 

However, a reduced Hb concentration with an elevated blood volume may result in 

an unchanged Vo2max but a reduced performance time. Other findings indicate 

that the physical performance during high intensity exercise is somewhat 

dependent upon other factors besides Vo2max (Coyle et al., 1986) such as an 

increased cardiac output, which would compensate for the reduced arterial oxygen 

content. 

With exercise, plasma is lost from the vascular space to the interstitial fluid, 

thus decreasing PY. When work intensity exceeds 40 % Vo2max a threshold is 
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reached at which the rate of fluid efflux exceeds the rate of solute efflux. This 

produces a net hypotonic plasma loss and increases the Na+ concentration and 

osmolality proportionate to the work load. Convertino et al., (1981) indicated that 

work intensity stimulated the hypervolemic response associated with chronic 

exercise. An exercise training intensity greater than 40 % V 02max may be 

required to stimulate arginine vasopressin (AVP) which is associated with water 

and salt retention following exercise, and in turn, increases water retention and 

PV. This was consistent with the observation that exercise training at 65 % 

Vo2max produces larger AVP and hypervolemic responses than training at 50 % 

Vo2max (Convertino et al., 1980). Wilkerson et al., (1977) concluded that % PV 

could not be expressed as a discrete linear function of work intensity over an 

entire range of exercise but that a definite break occurs at a relative work rate of 

about 65 % Vo2max. 

Destruction of RBC 

Some researchers believe that the anemia response is one of adaptation and is 

therefore advantageous to the athlete. Yoshimura (1970) points out that sports 

anemia is caused by an increased destruction of RBC which is a result of an 

increase in fragility due to the acute stress of the exercise. This increase in the 

destruction of RBC is caused by a liberation of some hemolysing factor from the 

spleen. When an athlete does strenuous exercise muscular exercise, adrenalin 

secretion is promoted by the stress and the contraction of the spleen may be 

accelerated; and release of the hemolysing factor (Yoshimura, 1970). The Hb 

from the destruction of the RBC could than be utilized for muscle protein 
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synthesis and new red cells. This adaptive response promotes growth and 

hypertrophy of the muscle and regeneration of new RBC in response to strenuous 

physical training. 

Changes in Hct have often been used to indicate the degree of 

hemoconcentration or hemodilution of blood in healthy individuals (Joyce & 

Poortmans, 1970; Saltin, 1964; Senay et al., 1965). However, direct comparison 

PY measurements during exercise do not always show concomitant changes in the 

Hct (Kaltreider & Meneely, 1940; Saltin, 1964). An extreme difference was 

reported by Sal tin, (1964) who found a 25. 7 % decrease in PY but only an 8.5 % 

increase in maximal exercise. 

The hemoconcentration that occurs with exercise explains the observed 

increases in RBC count, Hb concentrations and Hct, all of which reflect the 

greater concentration of the RBC in a given volume of blood. 

Mode of Training 

During training, RBC concentrations (Hct ratio) are lowered (Dill & Costill., 

1974) but the relative amount of RBC appears unaltered. When the mode or 

training was running, Ekblom et al., (1972) found no change whereas others have 

found a small decrease (Dressendorfer et al., 1981). When rowing was the mode of 

training, Tomaski, (1979) found a slight increase. Although it may be beneficial for 

endurance athletes to have a greater RCV the research shows that no appreciable 

change occurs as a result of training. 
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Impact on Performance 

A substantial base of physiological information has suggested that anemia 

could negatively affect certain types of athletic performance. Hb plays a central 

role in oxygen transport. Hb concentration determines the oxygen carrying 

capacity of the blood and this in turn affects oxygen delivery to peripheral tissues. 

Since the maximal rate of oxygen delivery to the muscles is a principal 

determinant of maximal aerobic power, anemia could be a determinant in 

activities that depend on a high rate of aerobic energy yield. 

The relationship between endurance performance and Hb concentration is not 

as clear when only clinically normal Hb values are considered (Pate, 1983). It is 

well established that total Hb correlates highly with Vo2max in litres per minute. 

However, these correlations become nonsignificant when V 02max is expressed 

relative to body weight ( ml·kg•min-1) as is typically the case in studies of the 

functional abilities of the athletes. For example, Vellar and Hermansen, (1971) 

found no significant relationship between hematological variables (within the 

normal range) and Vo2max expressed relative to body weight. It may be that in 

such studies the importance of Hb concentration is obscured by the statistical 

weight of the many other variables that affect Vo2max. This is suggested by the 

studies that have used blood reinfusion to increase Hb levels while holding other 

variables constant. These exercise studies, performed in chronic anemics 

(Kjellberg et al., 1949) as well as in acutely-induced anemic subjects (Ekblom et 

al., 1972), have shown reduced maximal oxygen uptake and physical performance. 

After erythrocyte reinfusion (Ekblom et al., 1972), Hb concentration, Vo2max and 

physical performance have all been increased. 
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Therefore, low serum iron values and suboptimal hemoglobin (Hb) values have 

been demonstrated among athletes, in particular those who are involved in heavy 

physical training (Yoshimura, 1970). This has been looked upon as a possible factor 

responsible for suboptimal oxygen transport and hence lower capacity for physical 

performance since those persons who exercise regularly are expected to have 

values that are at least average and possibly higher than the average (DeWijn et 

al., 1971; Kjellberg et al., 1949). 

CPK Responses 

Some authors have suggested that the magnitude of the increase in serum of 

CPK levels after exercise depends on the physical condition of the subjects and 

that training may prevent CPK enzyme release (Sanders & Bloor, 1975). This 

seems in contrast with the observations of Stromme et al., (1978) and the results 

of Rose et al., (1970) who showed that highly trained as well as moderately trained 

cross-country skiers and marathon runners had marked increases in CPK after 

exertion. Furthermore, Misner et al., (1973), were unable to find any reduction in 

the exercise induced enzyme increase in a group of subjects who participated in a 

progressive exercise program 3 times a week for 15 weeks. The study of 

Dressendorfer and Wade, (1983) of 12 runners averaging 28km per day for 10 days 

followed by 2 days rest showed an approximately 4 fold increase above the 

baseline early in the race and it remained 2 times higher than the upper limit of 

the normal. Serum CPK returned to normal following the two day rest period but 

became elevated again after running resumed. These studies may suggest that 

chronic elevation in CPK activity could be an enzymatic marker of exercise 
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related, muscle injury. Fowler et al., (1962) reported decreases after exercise and 

marked fluctuation of CPK. However, there was considerable intra-individual 

variability of CPK at rest and in response to exercise indicating the labile nature 

of the enzyme. The possibility that a large muscle mass is the factor that is 

causing the elevation has been suggested because of the difference in fibre type 

distribution. (Hagerman & Staron, 1983; Larsson & Forsberg, 1980). Fast-twitch 

fibres are known to contain more CPK than slow-twitch fibres, and the pattern of 

muscular contraction in different types of exercise might influence the release of 

CPK. Therefore, this might also cause problems in comparison of data from 

studies with different experimental conditions. 

Many investigators have reported on the changes of serum enzyme activities 

after various kinds of exercise stress. These results suggest that CPK is the most 

sensitive index of acute stress in well-conditioned individuals (Critz & 

Cunningham, 1972; Hunter & Critz, 1971; Fowler et al., 1962; Laporta et al., 1978; 

Sanders & Bloor, 1975). 
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UNIVERSITY OF VICTORIA 
P.O. BOX 1700, VICTORIA, BRITISH COLUMBIA, CANADA VSW 2Y2 
TELEPHONE (604) 721-7211 , TELEX 049-7222 

,~~rand S!✓ne:J:J £o/ ~ntte 

School of Physical Education 
721-8373 

INFORMED CONSENT 
FOR 

PHYSIOLOGICAL ASSESSMENTS 

In order to assess physiological function(s) the following laboratory assess­
ments will be performed: 

Lab 
Initial 

Subject 
Initial 

Submaximal 

You will exercise on 
maximum heart rate. 
will be measured: 

Cardio-Respiratory Function 
an ergometer at 75% of predicted 
The following-indicated variables 

a) ventilatory responses c) thermoregulatory 
responses 

b) heart rate responses d) other ------

Maximal Cardio-Respiratory Function 
You will exercise on an ergometer with progressively 
increasing loads to elicit maximal responses in the 
following indicated variables: 
a) oxygen consumption c) ventilation 
b) heart rate d) other ------

Submaximal and/or Maximal Muscular Contractions 

You will perform submaximal or maximal muscular contractions 
in the following modes: 

isometric isotonic isokinetic eccentric 

Blood Chemistry 
Blood samples may be taken prior to, du ring, or post­
exercise by: 
a) venipuncture b) finger tip prick 



Consent Form 

Lab 
Initial 

Subject 
Initial 

Page 2 

Body Composition 

Lean body mass and percent body fat may be assessed by: 

a) anthropometric measures b) body densiometry 

Tests will be administered by qualified personnel under 
the direct supervision of the investigator(s). 

Blood samples will be taken by a qualified laboratory 
technician or registered nurse. 

Training will be monitored by the investigator(s) or 
trained assistants. 

Test and training data and results will be treated in 
a confidential manner and used only to describe group 
responses. 

Absolute confidentiality of individual results will be 
maintained unless specific approval has been given to 
other use of the material by each subject, or guardian 
where necessary. 

While it is highly unlikely that a subject should be 
injured or taken ill during a test or training session, 
lab personnel are trained in emergency procedures and 
emergency equipment is on-site at ~11 times. 
All laboratory activity will be completed proximal to 
medical and/or paramedical assistance. 

The maximal exercise loads imposed will not exceed those 
which might be expected of an athlete during sports 
performance. 

I have read the above and agree to participate in this research project/ 
fitness appraisal at my own risk. I regularly take part in strenuous physical 
activity at least as intense as these tests. I realize that I may expect a 
thorough explanation and/or demonstration of any procedures and that I may 
terminate participation at any time in any or all procedures of my own volition. 

Having voluntarily assumed participation and the risks thereof, in the 
project, I hereby disclaim and release the University of Victoria, its agents, 
servants or employees, including all personnel involved in the research project 
fitness appraisal from any and all liability that might otherwise arise as a 
result of my participation as a research subject in this study/or fitness appraisal. 

NAME: DATE: 
(please print) 

SIGNATURE: 

I, the undersigned guardian, am guardian of -~---,--__,--,--___,,----,---,----' 
the intended subject. I have discussed the expe rimentation with the subject and 
have read the material supplied by the experimentors. I agree on behalf of the 
subject to permit his/her participation on the terms and subject to the waiver 
and release of the University of Victoria hereinbefore set out. 

GUARDIAN'S SIGNATURE: 
(where applicable) 

DL:gs 
84/10/25 
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INFORMED CONSENT 

FOR 

PHYSIOLOGICAL ASSESSMENTS 

In order to assess physiologi cal function(s) the following laboratory assess ­
ments will be performed : 

Lab 
Initial 

Subject 
Initial 

Submaximal Cardio-Respiratory Function 

You will exerci se on an eryometer at 75% of predi cted 
maximum hea rt rate. The following -indicated variabl es 
will be measured: 

a) ven tilatory responses 

b) heart rate responses 

c ) thermoregulatory 
responses 

d) other _____ _ 

Ma ximal Cardio-Respiratory Function 
You will exe rcise on an ergomete r with progressivel y 
increasing loads to elicit maximal responses in the 
following indicated variabl es: 
a) oxygen con sumption c ) ventilation 

b) heart rate d) other _____ _ 

Submax imal and / or Ma xi mal Mu scular Contract ion s 

You will perform submaximal or maximal muscular contractions 
i n the followi ng modes: 

i somet r ic i sotoni c isokineti c ecce ntri c 

Blood Chemistry 

Blood sampl es may be t ak en pri or to, during, or post­
exerc i se by: 

a) venipuncturc b) finger tip pri ck 
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Consent Form 

Lab 
lni tial 

Subj ec t 
Ini t ial 

Page 2 

Body Compo sition 

Lean body mas s and percent body fat may be assessed by: 

a) anthropometri c measures b) body densiometry 

Tests will be administered by qualified personnel under 
the direct supervision of the investiqator(s). 

Blood sampl es will be taken by a qualified laboratory 
technician or registered nurse. 

Training will be monitored by the i nvestigator(s) or 
trained assistants. 

Test and training data and results will be treated in 
a confidential manner and used only to describe group 
responses. 

Absolute confidentiality of individual results will be 
maintained unless specific approval has been given to 
other use of the material by each subject, or guardian 
where necessary. 

While it is highly unlikely that a subject should be 
injured or taken ill during a test or training session, 
lab personnel are trained in emergency procedures and 
emergency equipment is on-site at ~ll times. 

All laboratory activity will be completed proximal to 
medical and/or paramedical assistance. 

The maximal exerc ise loads imposed will not exceed those 
which might be expected of an athlete during sports 
performance. 

I have read the above and agree to parti cipate in this research project/ 
fitness appraisal at my own risk. I regularly take pa rt in strenuous physi cal 
act ivity at lea st as intense as these tests. I realize that I may expect a 
thorough explanation and/or demonstration of any procedures and that I may 
terminate participation at any time in any or all procedures of my own volition. 

Having voluntarily assumed participation and the risks thereof, in ttie 
project, I hereby disclaim and release the University of Victoria, its agents, 
servants or employees, including all personnel involved in the re search proj ec t 
fitness appraisal from any and all liability that might otherwise arise as a 
resu lt of my participation as a research subj ect in t hi s study/or fitness appraisal. 

NAME: DATE: 
(pl ease print) 

SIGNATURE : 

I, the undersigned guardian, am guardian of ______________ , 
the intended subject. I have di scussed the expe rimentat ion with the subject and 
have read the materia l supplied by t he ex perimentors . I agree on behalf of the 
subjec t to permit his / her parti cipat ion on the te rms and subject to the waiver 
and release of the University of Vi cto ria here inbefore set out. 

GUARDIAN'S SIGNATURE: 
(where applicable) ----------------

DL :gs 
84/l 0/25 

66 



Appendix B 

CLASSIFICATION OF ROWING WORKOUTS 

- 67 -



Hard 

3 minute interva ls on -off 

Hard 

Table 5 

Classification of Rowing Workouts 

INTENSITY 

Medium Easy 

4- 6x3 minu te intervals on - off steady state (SS) 

2000m short spri nts 

race day drills; starts 

Performance test 400 hard strokes 

VO2 max test 

10 min ute intervals on - off 

DURATION 

Medium Easy 

1 0x3 minute interval on - off 6x3 minute intervals on - off 4x3 minute intervals on - off 

1 0x90 strokes on 3 minute off 4x2000 meters Performance Test 

Race day 

1 0xl 0 minute intervals on-off 

WEEK NO. I WORKOUTS INTENSITY DURATION 

NO. PER WEEK Easy Medium Hard Easy Medium Hard 

6- 7 10 3 3 4 10 

7-8 9 1 3 5 5 3 1 

8- 9 9 2 7 7 2 

9-10 10 1 4 5 4 3 3 

10- 11 8 3 1 4 3 4 

11 - 12 9 1 3 5 3 1 5 
12- 13 8 1 2 5 2 1 5 
13- 14 9 1 3 5 3 1 5 
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Table 6 

Collection of the Dependent Variables during the Control Period 

Week I Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

A.M. HT, WT, SK A.Blood PT C. Blood, PT 

P.M. VO2Max 

2 

A.M . A.Blood C.Blood, PT 

P.M. 

3 

A.M. Race- 2000m A.Blood C.Blood, PT 

P.M. 

4 

A.M. A.Blood C.Blood, PT 

P.M. 

5 

A.M . A.Blood 

P.M. 

Legend: 

A.Blood = Acute Blood HT = Height 

C.Blood =Chronic Blood WT = We ight 

PT = Performance Test SK = Skinfold 

VO2Max =VO2Max Test 
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Table 7 

T esting and Training Sessions During the Exercise Period 

Week# Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

6 
A M. C.Blood. PT 4x3"on - off 4x3"on - off ss B.C.Champ . Victoria C.Blood. PT 

32- 34 strks/ min 32 - 34 strks/ min A Blood Regatta Regatta 

P.M. 4x3'on- off 4x3'on - off VO2Max . Test ss off off off 

32-34 strks/ min 32- 34 st rks / min WT, SS 

7 

A M. 4x2 .5 'on - off 4x3 'on - off 3x10 'on 20 ' o ff off P.N .W .Champ . P.N .W .Champ . off 

34 - 36 strks/ min 32 - 34 strks/ min 28 strks/ min Regatta Regatta 

A .Blood 

P.M. 4x3 .5 'on - off 4x3 'on - off 1.0 hrs . sh ort off P.N.W.Champ . off off 

32 - 34 strks/ min 34 - 36 strks/ min SP Regatta 

8 
AM. C.Blood , PT 4x3 ' on - off 4x3'on - off 6x3 'on - off 6x3 'on - off off Victoria 

32 - 34 s trks / min 32- 34 strks/ m in 32- 34 strks/ min 32 - 34 strks/ m1n Regatta 

A .Blood 

P.M. 6x3 'on - off 6x3 'on - off off 4x3 'on- off off C.Blood, PT Victoria 

32 - 34 st rks / min 32- 34 strks/ min Wt . Train . 32- 34 strks/ min Wt . Train . Regatta 

9 

A.M. 6x3 'on - off 6x3 'on - off 1.5hr SS off Shawnig an Lake P.N .W .Skul l ing off 

32- 34 strks/ min 32 - 34 strks/ min A .Blood Wt . Train . Regat ta Regatta 

P.M. 4x3' on - off 4x3 'on - off 6x3 'on - off 4x2000m Shawnigan Lake off C.Blood, PT 

32- 34 strks/ min 32- 34 str ks / min 32-34 strks/ m in Tempo Regatta 

10 

A.M. 1 0x3'on - off l0xgo strks 3'off off 10x3'on - off 1 0x90 ' on 3'off of f C.Blood , PT 

30,32,34,32,30 3- 32 ,3- 34,4- 32 Wt . Trai n . 30 .32,34 ,32,30 32.34 ,36,34 ,32 

st rks,2 of each st rks,2 o f each st rks,2 o f each . 

A.Blood 

P.M. ss SS,ST.SP off ss off off 1 0x3 'on - off 

drills 400 hard strokes drills Wt . Train . 32- 36 2 of each 
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Week # Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

11 

A.M . 1 0x90 strks3- 32 1 0x3"on - off pyr 1 0x90 strks 1 0x3 'on - off 3x2000m off C.Blood. PT 

3- 34,3- 36.1- 38 30- > 38.38- > 30 3- 34.4 - 36,3- 34 Te mpo.A .Blood Race pace 

P.M. off SS ST SP off SS.4x6' off off 1 0x3 'on - off 2- 32. 

Wt . Train . 400 hard strks W t . Train . 24- 28 3- 34.4- 36. 1- 38 

12 

A.M . 1 0x90 st rkspyr 1 0x3'on - off 1 0x90 strks 1 0x3 on - off 3- 32 off off C.Blood . PT 

30- > 40.40- > 32 Tempo 3- 32. 4- 34 .3- 32 3- 34 .3- 36. 1- 38+ 

A Blood 

P.M . off SS 4x6·on - off off SS.ST.SP off off 1 0x3 'on - off 2- 32 . 

Wt. Train . 26-> 28 Wt . Trai n. 400 hard strks Wt . Train . 3- 34.4- 36. 1- 38 

13 

A.M. 1 0x90 strkspyr 1 0x3 'on - off 1 0x90 strks 1 0x3 'on - off 3- 32 3x2000m off C.Blood . PT 

30- > 40.40- > 32 Tempo 3- 32 .4- 34 .3- 32 3- 34 ,3- 36. 1- 38+ Race pace 

P.M. off SS.4x6'on- o ff off SS ST SP off off off 

Wt . Train . 26-> 28 Wt . Train. 400 hard st rks Wt . Tra in . 

14 

A.M. off HT. WT. SK HT. WT. SK off off off off 

P.M. off VO2Max . Test VO2Max . Test off off off off 

Legend: 

ss Steady state HT height A.Blood = Acu te Blood 

ST Starts WT weight C.Blood =Chron ic Blood 

SP Sprints SK ski nfold pyr =pyram id 

strks=Stro kes PT =Performance Tests strks/ min =strokes per m in ute 

Wt . Train . =Weight Training 
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