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Physiology of 
Hematological Parameters

• Hematology: The study of blood

• Hematocrit (HCT) 45%

• Formed elements of the blood

• RBC's, WBC's, platelets

• Plasma 55%

• Liquid portion

• Transport

• Hemodilution

• Viscosity

(Kenney et al., 2015)

Hematocrit
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JAMIHemodilution: decrease in HCT concentration in the blood as a result of fluid gain in the plasma portion or hemolysis of RBCs Viscosity: measures thickness of blood



Chronic Training Responses

↑ plasma 
volume

↑ water 
retention

↑antidiuretic 
hormone(ADH) ↑ aldosterone

↑ protein 
content

↑ albumin

(Kenney et al., 2015; Smith & Fernhall, 2011)
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Chronic training = multiple exercises sessions over a period of time v acute training which is one bout of exercisesSo through multiples aerobic sessions PV expansion will occur. This mainly occurs through an increase in antidiuretic hormone (ADH) and the hormone aldosterone which both INC water retention by the kidneys. Additionally, exercises causes an increase in plasma proteins, primarily albumin. This increase in plasma proteins within the blood causes a greater osmotic pull, causing fluid to be retained in the blood which INC total blood volume. ……it has been shown that 6 days of aerobic training can lead to plasma volume expansion. Can take up to four months to see an increase in red blood cell volumeThe first 2-4 weeks of aerobic training, PV expansion is thought to account for the blood volume increase. As training progress, blood volume expansion appears to be the result of both continued PV expansion and an increase in the number of blood cells. -> refer to HCT image the right is an aerobically trained individual that has a hemodiluted HCT so as you can see the majority difference is the INC in PV. RBC expansion will occur with training but it typically not seen until approximately 4 mo of training The increase in PV is a result on an increase in antidiuretic hormone and aldosterone (which increase fluid retention by the kidney). In addition, exercises causes an increase in plasma proteins, primarily albumin (Yang et al. 1998). This increase in plasma proteins within the blood causes a greater osmotic pull, causing fluid to be retained in the blood = INC blood volume.



(Kenney et al., 2015; Smith & Fernhall, 2011)

Why does this matter.....?

↑ blood volume ↑ preload ↑ stroke volume

↑ cardiac output
↑ oxygen 

consumption

(VO2) 
↑ PERFORMANCE!
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Define all these variables during presentationBlood volume: total amount of blood in body, so more volume going into the heart is going to INC preloadPreload: amount of blood going into the heart, and INC in preload will optimally increase the stretch of the heart which will increase the force in which the heart will contract leading to an increase in SV Stroke volume: blood ejected from the heart in a single beatCardiac output: blood pumped from heart per minuteVO2 is a measure of the volume of oxygen that is used by your body to convert the energy from the food you eat into energy for the muscles (adenosine triphosphate, ATP) that your body uses at the cellular level,Performance: Not just athletic performance, ADL’s too!



Purpose

The purpose of the study was to determine how an aerobic/moderate 
intensity (AE/mod) versus an anaerobic/high intensity interval training 

(AnE/HIIT) intervention affects plasma volume and VO2peak in 
sedentary individuals.
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HEMATOLOGICAL CHANGES IN ELITE 
KAYAKERS DURING A 

TRAINING SEASON
Our Study: Chronic hematological adaptations in sedentary 
individuals through an aerobic and anaerobic exercise regimen

Borges et al., (2012) study: Chronic hematological responses to various training loads 
in 8 elite kayakers during a 31-week training season

-Methods: blood samples were take at rest at four different time points of 
training: baseline t0, after 11 weeks (t1), 26 weeks (t2), and 31 weeks (t3). Each 
time period was set to a different training intensity and volume with t2 set at the 
highest and t3 set at the lowest.
-Conclusion: training at a higher intensity and volume elicited a larger positive 
change in hematological parameters compared to the lower intensity and volume 
training periods.
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Subjects
Eleven sedentary males and females, classified by not meeting ACSM’s minimum physical activity guidelines

Table 1

Descriptive Statistics of Subjects 

Test Mean SD

Age (yr) 21 ±1.3

Height (cm) 166.6 ±6.1

Weight (kg) 77.7 ±9.7

Body Fat (%) 34.7 ±3.4
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Presentation Notes
CHARLOTTE 	(TALK SLOW) Subjects recruited for our study were sedentary college students, classified by not reaching the minimum amount of exercise per week which according to the American College of Sport Medicine’s guidelines are 150 min of aerobic moderate intensity exercise, or 75 min of vigorous intensity exercise.  Initially, a total of 17 subjects participated in the study and were randomized into either the high intensity or the moderate group. However, six subjects were excluded from the study due to not meeting the terms of the intervention, leaving us with 11 subjects total. 6 in the high intensity group and 5 in the moderate group. As you can see subjects were on the higher spectrum of body fat percentage with a mean of about 35%.  A healthy BF% for males is 10 – 22% and for females 20 – 32%. 



Testing
Eleven subjects took part in a pre- and post-intervention testing session

General

• Blood Pressure
• Heart Rate
• Body Composition

Blood

• Capillary puncture
• HCT sample analyzed via centrifuge
• %∆PV = 100 (PVa-PVb)/ PVa (Dill & Costill, 1974)

VO2peak
• Graded cycle ergometer VO2peak test (Moseley & Jeukendrup, 2001)
• Analyzed on ParvoMedics metabolic cart

*Subjects were randomly assigned to exercise groups
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JAMIPV NOTES: Dillon & Costill: A=after dehydrationB=Before dehydrationPV is calculated by Total blood volume – cell volumeVO2peak notes: VO2peak is the maximum rate of oxygen consumption measured during an incremental exercise test.  Resistance on the bike started at 65 W increased by 30 W in the first stage than 35 W for each stage after that. 



Anaerobic, High Intensity Interval Training 
(AnE/HIIT) Intervention

5 min. 
Warm-up

Low Intensity 40-50% of W @ 
VO2peak

20 min. 
Cycle bout

High Intensity:  
30s  

Low Intensity:  
120s

High: 80-90% of 
W @ VO2peak

Low: 35-45% of W 
@ VO2peak

5 min. 
Cool-down

Low Intensity 40-50% of W @ 
VO2peak
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Presentation Notes
each persons intensity was individualized and determined based on the wattage they attained during their VO2peak cycle-ergometer pre-test. We took the wattage recorded during testing and used linear interpolation to determine what each persons specific wattage for the different intensities would be which is labeled as 40-50%For each exercise session a 5 min warm up and cool down was performed at a low intensity which is fairly easy – think of it as going for a leisurely bike rideThen for the actual anaerobic exercise bout each subject performed an interval of really hard cycling for 30s followed by easy cycling for 120s (2min) So the idea is to get them working extremely hard for 30s and then letting the recover for the 2 minutes.



Aerobic, Moderate Intensity (AE/mod)
Intervention

5 min. 
Warm-up

Low Intensity 40-50% of W @ 
VO2peak

20 min. 
Cycle bout

Moderate 
Intensity

60-70% of W @ 
VO2peak

5 min. 
Cool-down

Low Intensity 40-50% of W @ 
VO2peak
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Hypothesis

 The AnE/HIIT intervention will result in a greater plasma volume change than the AE/mod 

intervention 

 The AnE/HIIT intervention will result in a greater improvement of VO2peak than the AE/mod 

intervention
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Results
Table 2.
Plasma Volume Changes (%) 

Group n Mean SD
AnE/HIITa 6 -0.0941 ± 3.65995
AE/modb 5 0.839 ± 1.47207

Note: Plasma volume change was calculated via the Dill and Costill (1974) equation: %∆PV = 100 (PVa-PVb)/ PVa 
aAnE/HIIT= Anaerobic/ high intensity interval group
bAE/mod= Aerobic/ moderate intensity group
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CHARLOTTE 	 (TALK SLOW)This table displays plasma volume changes in percentages between the two groups. No significant differences were observed in the high intensity group or the moderate group. 



Figure 1. Changes in HCT before and after the intervention.  
No significant differences were found (p > 0.05). 
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CHARLOTTE	(TALK SLOW)The bar graph is showing the changes in HCT within groups and also between groups. The black bars represent the pre and post HCT percentages in the moderate group, and the green bars shows the pre and post HCT percentages in the high intensity group.  No significant differences were observed in HCT between the pre and post intervention testing in either the moderate group or in the high intensity group, nor within groups. 



Figure 2. Changes in VO2peak before and after the intervention.  
No significant differences were found (p > 0.05).

Table 3.

VO2peak Pre- and Post-Intervention Testing 
Pre-Intervention Post-Intervention

Group n Mean SD Mean SD
AnE/HIITa 6 28.6 ± 5.88 28.7 ± 7.62
AE/modb 5 29.7 ± 2.58 30.5 ± 2.71

Note: VO2peak (ml/kg/min) is compared between groups at both pre-intervention testing and post-intervention testing.  Only 11 subjects were included 
due to subjects not complying with intervention requirements. 
aAnE/HIIT= Anaerobic/ high intensity interval group
bAE/mod= Aerobic/ moderate intensity group
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CHARLOTTE 	(TALK SLOW)The graph and table shows VO2peak changes pre and post the intervention within and between the two groups. VO2peak did not change significantly in either group between the pre and post intervention testing, or within groups. 



Conclusion
Hypothesis not supported:

A 3 week AE/mod or AnE/HIIT training intervention did not alter plasma 
volume or VO2peak in sedentary individuals.  
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Why?

Method used for exercise intensity 

• Low wattage

• Heart Rate vs. Watts at VO2peak

Length of intervention 

Sample Size

• Inadequate number of subjects 
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Presentation Notes
JAMIThe method used to establish exercise zones elicited much lower wattage than anticipated.  While the VO2peak protocol was appropriate for sedentary individuals, the way it was graded caused an underestimation of wattage during interpolation.  (peoples legs gave out faster than their lungs)The length of the intervention was likely not long enough to elicit these changes. Studies such as the Borges study we reviewed earlier used a 31 week intervention while others we reviewed used as little as 4-7 weeks. The inadequate number of subjects resulted in no significant changes because a larger group would result in a stronger statistic in determining significance. Future research is necessary to determine the ideal method for intensity prescriptions to elicit significant changes in plasma volume as a chronic exercise response . The study could set a foundation for future researchers to examine how plasma volume and VO2peak are affected by different exercise interventions in sedentary individuals utilizing a longer intervention.
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