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ABSTRACT 

THE IMPACT OF PALM COOLING GLOVES ON CARDIOVASCULAR, 

THERMOREGULATORY, METABOLIC, PERCEPTUAL, AND ERGOGENIC RESPONSES 

PRODUCED FROM ROWING ERGOMETRY 

Ian O’Brien 

April 17th, 2019 

Subjects (n = 34) did three rowing workouts of up to eight 2- minute stages 

separated by 45-60 second rests. Cardiovascular, ergogenic, thermoregulatory, 

perceptual and metabolic responses to workouts may be aided by intermittent palm 

cooling. Subjects received one of the following treatments per workout in a 

randomized sequence: no palm cooling, intermittent palm cooling during workouts, 

or palm cooling applied intermittently during workouts and post-exercise recovery. 

Methods: Palm cooling entailed intermittent cold (8-11o C) against the palmar 

surface of subject’s hands. Workouts began with 10 minutes of rest, followed by a 

10-minute low- intensity warm-up and the workout, concluding with a 20-minute 

post-exercise recovery period. Work volume was examined with a two-way ANOVA 

with repeated measures for workout. All other variables were each examined with 

three-way (gender, workout, time) ANOVAs. Results: Palm cooling elicited 

significant effects on decreasing HR and BP. A trend for work volume differences 

exist as follows: NoPC < PCex, PCex&post. [BLa-] saw a significant time effect. RPE 

results yielded non-significant differences. 
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CHAPTER ONE 

INTRODUCTION 

Statement of Problem 

During exercise, body temperatures rise drastically, resulting in increased 

sweating, dehydration, and subsequent impairments in cardiovascular, 

thermoregulatory, and metabolic function (Caruso, 2015, p. 814). In order to 

continue exercising and prevent the body from hyperthermia, excess heat must be 

removed. Prolonged exercise results in increased evaporation and blood flow to 

counteract the buildup of heat. With a drastic rise in core temperature there is an 

added strain placed upon the cardiovascular and thermoregulatory systems, thus 

there is a heightened need for efficient body heat removal with increased exercise 

intensities and durations (Sawka, 2011, p. 157).  

Purpose of the Study 

Areas with glabrous (hairless) skin, such as that on the palm of the hand, play 

a large role in thermoregulation, or the body’s ability to regulate its temperature. 

Glabrous skin is densely vascularized and has a large surface-to-volume ratio, 

allowing for rapid heat exchange (Romanovsky, 2014, p. 500). Placing a cold object 

against the glabrous skin of the palm expedites the removal of exercise-induced heat 

from the body through increased conductive heat loss. Conceptually, the removal of 

heat from the body’s blood via cooling of the palm should allow that cooled blood 
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from the hand to acquire additional heat once it returns to the working muscles and 

permit the continuation of exercise. (Grahn, 2012, p. 2559). 

The purpose of this study is to assess the ability of palm cooling gloves to 

limit cardiovascular, temperature, and metabolic changes produced by exercise 

performed on a rowing ergometer. To date, several studies examined at the effects 

of cooling on exercise outcomes and the results have been promising, but more 

research is needed (Stevens, 2016, p. 829-841). To briefly elaborate on the range of 

results, Heller et al. (2006) concluded that cooling can be more effective than the 

use of anabolic steroids when looking at exercise volume, while Maunder et al. 

(2017) found the results to be non-significant when comparing exercise 

performance and core body temperature.  

Need for the Study 

Although there are numerous studies that examined rowing ergometry or 

cooling methods, there is a lack of research that compared the effects of cooling on 

the exercise induced effects of rowing ergometry performance. Current research 

also lacks information on the effects of custom-made palm cooling gloves with a 

pouch to insert a frozen gel pack. There are several forms of cooling studies that 

have been researched, such as ingestion of an ice slushy, directly cooling the neck 

and face, or even pouring cold water directly on top of the subject (Stevens, 2016). 

Examination of a specific, uncommon style of cooling, especially if the results are 

promising, has the potential to inspire future research projects along the same lines. 
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Significance of the Study 

Findings from this study may provide evidence needed to support the impact 

of wearing palm cooling gloves during rowing trials. Having data that shows palm 

cooling improves cardiovascular, metabolic, and thermoregulatory effects will 

provide validity to usage of cooling during rowing ergometry. Positive results may 

promote the use of palm cooling gloves or other cooling methods during 

competitive rowing training. Demonstrating the efficacy of palm cooling gloves 

during exercise may also translate to different forms of activity such as outdoor 

work (e.g. gardening) or military use (e.g. soldiers in hot climates). Further research 

is needed to confirm the overall effectiveness of cooling during exercise. A new form 

of cooling that can effectively limit exercise produced changes in the body will 

provide motivation for continued research on this topic.  

Research Questions 

1. Does intermittent palm cooling impact the cardiovascular responses seen

during high intensity rowing ergometry?

2. Does intermittent palm cooling impact the thermoregulatory responses seen

during high intensity rowing ergometry?

3. Does intermittent palm cooling impact the metabolic response seen during

high intensity rowing ergometry?

4. Does intermittent palm cooling impact rate of perceived exertion (RPE)

during high intensity exercise?

5. Does intermittent palm cooling impact the total exercise volume during high

intensity rowing ergometry?
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Definition of Terms 

Glabrous skin is characterized by the absence of hair, dense vascularization, the 

presence of a large surface-to-volume ratio. To meet this requirement, this type of 

skin is located distally (Romanovsky, 2014, p. 500) 

Pre-cooling is defined as the application of cooling prior to a test of endurance 

performance or capacity, whereas mid-cooling is cooling concurrent to an exercise 

test. (Stevens, 2016).  

Mid-cooling has also been referred to as per-cooling, but this term appears less 

frequently, due to the possibility of confusion between pre-cooling and per-cooling 

(Bongers, 2015).  

Palm cooling is when a cold object, usually in the form of an ice or gel pack, is 

applied to a human subject’s palm with the intention to increase the rate of body 

heat removal via conduction. 
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CHAPTER TWO 

LITERATURE REVIEW 

Need for Palm Cooling 

Body heat increases with exercise, which can impact the body and its 

function. With elevated core body temperatures, the result of producing more body 

heat than the body is able to remove, have a negative impact on overall exercise 

performance. Being able to efficiently clear body heat may delay fatigue and 

improve exercise performance (Bongers, 2014). In drastic cases, when the 

misbalance between heat production and heat loss during exercise is extreme, 

severe heat illnesses, such as heat stroke can develop. Rowell et al. (1974) cites 

several major problems to human cardiovascular adjustments to exercise and heat 

stress, including how blood flow is distributed during various forms of exercise, how 

the adjustments are altered when work is prolonged, and how blood flow and blood 

volume distribution are adjusted during heat stress. 

Palm Cooling and Rowing 

As previously mentioned, the more strenuous the bout of exercise is, the 

more body heat is likely to be produced and accumulate. A mode of exercise that is 

particularly difficult, especially to those who are unfamiliar with the movement, is 

rowing on an ergometer. This movement is a full body exercise, which mainly relies 

on aerobic metabolism (Slater, 2005, p 1387-1388). Having subjects who are not 

trained at rowing, such as the subjects in the study by Roberts et al. (2005), requires 
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multiple familiarization sessions that focuses on form correction and improved 

exercise efficiency. Familiarization sessions, in theory, prevent the data from being 

skewed as a result of subject overexertion due to improper form.  

Types of Palm Cooling 

Since heat accumulation can have a negative effect on exercise, many 

researchers sought ways to efficiently remove excess body heat in order to improve 

exercise performance and mitigate the risk of heat-related injury. A systematic 

review by Stevens et al. (2016) observed the effects of pre-cooling and mid-cooling 

in 20 separate studies. Several methods of cooling were used, such as cooling 

hairless skin with cold packs and a cold-water spray, all with a common goal; to 

increase endurance performance. The collective data showed the use of cooling 

during an exercise test can help reduce the negative consequences of exercise 

induced heat stress on endurance exercise capacity and performance (Stevens, 

2016, p. 839). 

In the current study, the chosen method of cooling was mid-cooling via 

application of frozen gel packs to the palms of the subjects. In a similar study, Hsu et 

al. (2005) used a water-cooled, vacuum-sealed palm-cooling device to induce mid-

cooling during cycle ergometer trials. While efficient, this particular cooling device 

is not versatile enough to be used on a rowing ergometer. This study had positive 

results, with data that shows heat removal through the palm of the hand has the 

possibility to decrease tympanic temperature, increase oxygen uptake and lactate 

removal during submaximal exercise. Reducing these negative outcomes 
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contributed to a decrease in the time required to complete an absolute volume of 

work. (Hsu, 2005, p. 96-97). 

Purpose of the Study 

With a protocol comprised of absolute workloads and durations, the ideal 

outcome is clearly not to decrease time required to complete the work, but rather to 

observe palm cooling’s impact on the cardiovascular, metabolic, and 

thermoregulatory effects during multiple two-minute stages on a rowing ergometer. 

Several studies, including those previously mentioned, showed cooling techniques 

have great potential to positively affect exercise outcomes. However, research is 

extremely limited when it comes to the application of cooling techniques during 

rowing ergometer workouts, as well as looking at this specific form of palm cooling.  

Palm cooling can also be beneficial for situations other than resistance or 

endurance exercise. Kuennen et al. analyzed the possible benefits palm cooling has 

on reducing heat strain in military subjects during a simulated armored military 

vehicle transport (2009).  This study stated, during desert operations, the interior of 

armored vehicles reaches temperatures as high of 54.5oC (130.1oF). Subjects 

entered a temperature-controlled chamber to simulate the interior of an armored 

vehicle and were randomly assigned to one of three groups; no palm cooling (NC), 

palm cooling (PC), or palm cooling with negative pressure (PCVAC). The results 

showed those with palm cooling maintained a statistically significantly lower body 

core temperature while in a heated temperature chamber. Palm cooling reduced 

overall thermal strain in their hyperthermic subjects. There was no significant 
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difference between the PC and PCVAC groups. Palm cooling should be strongly 

considered in conditions where elevated body temperatures are likely. However, 

palm cooling is impractical in many situations, so more research needs to be done to 

make palm cooling more practical and accessible. 
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CHAPTER THREE 

METHODS 

Study Design 

Each subject will make six laboratory visits, beginning with three 

familiarization sessions, followed by three workouts, with sessions being at least 

three days apart from each other. The two main goals of familiarization sessions are 

to allow subjects to become comfortable with the palm cooling gloves and 

developing proper rowing technique. Member(s) of the University of Louisville 

Rowing Team will provide proper instruction and form correction at familiarization 

sessions.  As part of the first familiarization session, anthropometric measurements, 

including height, weight, leg length, arm length, and torso length will be collected. In 

addition, body composition data will be collected via Bioelectrical Impedance (BIA). 

Familiarization sessions should last about 25 minutes each. If the subject does not 

comply with the study requirements or if they are not able to complete the protocol, 

they will be withdrawn from the project. 

To begin workouts, subjects will sit quietly for 8-10 minutes. During that 

time, an assistant will put a heart rate monitor and watch onto the subject. 

Participants will also have an automated blood pressure cuff wrapped around the 

right arm and temperature sensors placed on the right thigh and forearm, as well as 

on the palm of the left hand. After 8-10 minutes, the following pre-exercise 

measurements will be obtained: heart rate, blood pressure, blood lactate 
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concentration, skin temperatures of the right thigh and forearm and left hand, as 

well as ear canal temperature. Once the subject’s fingertip has been cleaned with an 

alcohol prep pad, a sterile lancet will puncture skin and ~2µl of blood will be 

extracted that will be immediately placed upon a test strip to measure lactate. Ear 

canal temperature, measured with a hand-held device will estimate the temperature 

of blood within the subject’s head.  

After the pre-exercise measurements conclude, subjects will perform a ten-

minute low-intensity (75-90 watt) warm-up on a stationary bicycle. Each subject 

will continue to wear the heart rate monitor, watch, temperature sensors and blood 

pressure cuff as they ride the bike. The same pre-exercise measurements, aside from 

blood lactate concentration, will also be obtained after the warm-up. Subjects will 

then perform the rowing ergometer protocol. The protocol, if the participant is a 

male, is eight two-minute stages executed at the following power outputs: 100 

watts, 150 watts, 200 watts, and concludes with five consecutive 250 watt stages. If 

the participant is a female, the protocol is as follows: 100 watts, 130 watts, 160 

watts, and concludes with five consecutive 190 watt stages. Drag settings on the 

ergometer will remain at five and ten for female and male subjects respectively. 

Regardless of their gender, subjects will have 45-second rests after the first four 

stages; thereafter they will receive 60-second rests after each stage. Subjects will 

continue to wear the heart rate monitor, watch and temperature sensors as they 

row. For clarification, the data collection sheet used at workouts can be seen in 

Appendix D. 
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During the first four rest periods heart rates and temperatures of the four 

(right forearm and thigh, left hand, ear canal) sites examined in this study, will be 

collected. During the second 60-second rest period, subjects will submit to a blood 

lactate concentration measurement and provide a rate of perceived exertion (RPE) 

value based on how challenging the workout is up to that point. RPE values will be 

expressed on a 6 (very easy) to 20 (extremely hard) scale. During each of the final 

three 60-second rest periods heart rates and temperatures of the four sites will be 

collected. After the eighth and final rowing stage (assuming subjects can do all eight 

stages), post-exercise measurements immediately commence. At 0-, 5-, 10-, 15- and 

20-minutes post-exercise heart rate, blood pressure, blood lactate concentration

and temperature measurements at the four sites will be obtained. Also, at 20-

minutes post-exercise, subjects will give another RPE value to rate the rigor of the 

entire workout. 

Research Questions  

1. Does intermittent palm cooling impact the cardiovascular responses seen

during high intensity rowing ergometry?

2. Does intermittent palm cooling impact the thermoregulatory responses seen

during high intensity rowing ergometry?

3. Does intermittent palm cooling impact the metabolic response seen during

high intensity rowing ergometry?

4. Does intermittent palm cooling impact rate of perceived exertion (RPE)

during high intensity exercise?
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5. Does intermittent palm cooling impact the total exercise volume during high

intensity rowing ergometry?

Intervention 

During each of the three familiarization sessions, subjects will put on gloves 

prior to the warm-up that are identical to the ones they will wear during the final 

three visits. The sequence of their final three workout treatments will be 

determined by a coin toss. If a treatment involving the pre-cooled gel packs is 

selected, they will be at a temperature of 8.1o C (46.6o F) when inserted into the 

gloves and will gradually warm from body heat during the 5-6 minutes they remain 

in the gloves.  

Subjects will be randomly assigned to one of three workouts during each of 

the three final visits. Each subject will participate in all three workouts that may be 

briefly described as follows: no palm cooling (NoPC), palm cooling during exercise 

(PCex), and palm cooling during exercise and recovery (PCex&post). With the no 

palm cooling selection, subjects will still wear the gloves, but no cooling gel packs 

will be inserted. During palm cooling with exercise, cooling gel packs (8.1o C) will be 

inserted into the gloves at the end of the first stage, and reinserted after the fifth 

rowing stage. For that same workout, the gel packs will be removed at the 

conclusion of the third and seventh rowing stages. For the workout whereby palm 

cooling is administered during exercise and recovery, the gel pack protocol is 

identical to the palm cooling during exercise workout, except for the former 

workout gel packs are inserted at 0-minutes post-exercise, and reinserted at 10-
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minutes post-exercise. For that same workout gel pack removal occurs at 5- and 15-

minutes post-exercise. 

Instrumentation 

Data collection will be manually recorded during workouts. An assistant 

using a stopwatch will time exercise and rest periods. Workloads (in watts) and the 

volume of work covered as a function of distance (in meters) will be collected from 

Concept2 Model D Rowing Ergometer system. Heart rate will be collected 

continuously during exercise with a Polar H10 Heart Rate Sensor. Blood pressure 

will be collected automatically via an Omron BP742 Blood Pressure Monitor. 

Temperatures of the left hand, right thigh, and right forearm will be collected from 

Stress Thermometer Thermistors. Auditory temperature will be collected by Braun 

ThermoScan 5 Ear Thermometer. Blood lactate levels will be measured from ~2µl of 

fingertip blood that is immediately placed on a test strip inserted within a calibrated 

analyzer (Accutrend; Hawthorne, NY). The Borg Rating of Perceived Exertion (RPE) 

Scale will be used to gauge RPE at various times throughout the workout.  

Participants and Setting 

There were 34 college-aged subjects who participated in this research study, 

10 females and 24 males, all of which attend the University of Louisville. During the 

initial laboratory visit in the Wendy Novak Diabetes Lab, subject’s height, weight, 

and body composition were measured via a stadiometer and Bioelectrical 

Impedance respectively. Leg, arm and torso lengths were recorded from the left side 

of subject’s bodies with a cloth measurement tape in triplicate. Each participant was 

required to complete the informed consent prior to beginning the study. All subjects 
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were fluent in the English language and were able to understand prompts during the 

project. Participation was completely voluntary and subjects did not receive 

compensation while they were in the study. 

Protection of Human Subjects 

Subjects gave informed written consent and were in good health to 

participate in this study. Subjects were free of the following; diabetes, exercise-

induced asthma, high blood pressure, an abnormally high resting heart rate, heart 

disease, an overactive thyroid gland, ailments to muscles and bones, and convulsive 

disorders. If subject was a female of childbearing age and wished to participate, she 

had to also provide proof that they used birth control. Upon giving informed consent 

and filing out a medical questionnaire that showed the participant was healthy to 

participate, the subject was admitted into the study by the principal investigator, Dr. 

John F. Caruso. 

Data Analysis 

Prior to analysis, data was examined with Z-scores to identify outliers and for 

compliance to ANOVA assumptions (normality, independence, and equal variances). 

Data were considered statically significant at p values ≤ 0.05. Work volume data 

was analyzed using a Two-Factor ANOVA with repeated measures for workout.  All 

other dependent variables were examined using 3-way (gender, workout, time) 

ANOVAs with repeated measures for time and workout. A Simple Effects Post-Hoc 

was then used to place the dependent variables into groups that were statistically 

similar to one another. This allows for comparisons of all levels of the Independent 

Variables and gives flexibility when analyzing data.  
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Using a within-subjects design, there were three different workouts each 

subject engaged in, one with no palm cooling, another with palm cooling during 

exercise, and finally one with palm cooling during exercise and recovery. Another 

independent variable was the time of data collection. Each workout was comprised 

of up to 14 time periods in which data were collected. They include pre-exercise 

(baseline), followed by post bicycle warm-up values. Once the rowing ergometry 

began, data was collected after each two-minute rowing stage (post stage 1, post 

stage 2, post stage 3, post stage 4, post stage 5, post stage 6, post stage 7, post stage 

8-assuming they completed all eight stages), as well as at five-minute intervals post-

exercise (post 5-min, post 10-min, post 15-min, post 20-min). Subjects were 

encouraged to perform as much of the rowing protocol as they could. For those that 

completed all eight stages, 0-minutes post-exercise measurements coincided with 

those collected at the conclusion of stage eight. For those unable to complete all 

eight stages, 0-minutes post-exercise measurements coincided with the conclusion 

of their rowing efforts. The third independent variable was gender, which was 

separated into male and female groups. 

In this study, there were five categories of dependent variables. 

Thermoregulatory variables were auditory temperature, left hand temperature, 

right forearm temperature, and right thigh temperature. Cardiovascular variables 

were systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart 

rate and rate pressure product. The metabolic dependent variable measured was 

blood lactate concentration [BLa-]. The dependent variable for exercise intensity 
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perception was rate of perceived exertion (RPE). Finally, the dependent variable 

used to measure volume of work was the total amount of meters rowed per visit. 
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CHAPTER FOUR 

RESULTS 

The intention of the fourth chapter is to examine the results of the graduate 

thesis research study. In this section, there will be a characterization of the subjects 

who participated in the study, as well as an analysis of the data gathered from the 

study. There will be tables and explanations showing the results that were gathered 

throughout this research study.  

Purpose of the Study 

The purpose of this study is to assess the ability of palm cooling gloves to 

limit cardiovascular, temperature, and metabolic changes produced by exercise 

done on a rowing ergometer. To date, several studies have looked at the effects of 

cooling on exercise outcomes and the results have been promising, but more 

research is needed (Stevens, 2016, p. 829-841. To elaborate on the range of results, 

Heller et al (2006 made the conclusion that cooling can be more effective than the 

use of anabolic steroids when looking at exercise volume, while Maunder et al 

(2017 found the results to be non-significant when comparing exercise 

performance and core body temperature. 

Description of Participants 

There were 34 college-aged subjects who participated in this research study, 

10 females and 24 males, all of which attend the University of Louisville. During the 
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initial laboratory visit in the Wendy Novak Diabetes Lab, subject’s height, weight, 

and body composition were measured via Bioelectrical Impedance. Each participant 

was required to complete the informed consent prior to beginning the study.  

Statistical Design 

The work volume data was analyzed using a Two-Factor ANOVA with 

repeated measures for workout. The two-way analysis looked at gender (male, 

female) and the three workouts (NoPC, PCex, PCex&post). Data was considered 

statistically significant with a p-value ≤ 0.05. A simple effects post-hoc identified the 

source of the differences. 

Effects of Palm Cooling on Cardiovascular Function  

Blood Pressure 

Both systolic blood pressure (SBP) and diastolic blood pressure (DBP), 

measured in millimeters of mercury (mmHg), were measured six times during each 

of the three data collection sessions. Blood pressure was examined using a 3-way 

(gender, workout, time) ANOVA, with results showing an effect for time in both SBP 

and DBP.  

For SBP, the time that produced the highest mean blood pressure (121 ± 

1.6mmHg) was the post-bicycle warmup, which was significantly higher (p ≤ 0.05) 

than the pre-exercise and the four post-exercise SBP measurements. Table 2 shows 

the results (mean ± SEM) for SBP in mmHg for each data collection point.  
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Table 1 

Time Effect for Systolic Blood Pressure. 

a > b > c, a: post-bike, b: pre-ex, post 5-min, c: post 10-min, post 15-min, post 20-min 

Pre-ex Post-bike 
Post 

5-min
Post 

10-min
Post 

15-min
Post 

20-min

121 ± 1.6b 126 ± 1.5a 121.4 ± 1.2b 117 ± 1.1c 114.5 ± 1.0c 115 ± 1.0c 

DBP results showed the pre-exercise and post-bicycle warmup values were 

significantly higher than the four post exercise measurements. Table 3 shows DBP 

(mean ± SEM) results in mmHg for each data collection point. 

Table 2 

Time Effect for Diastolic Blood Pressure. 

Pre-ex Post-bike Post 5-min Post 10-min Post 15-min Post 20-min 

78 ± 0.94 a 77.5 ± 1.4a 65.1 ± 0.9b 62.5 ± 1.0 b 63.2 ± 0.9 b 62.6 ± 0.9 b 
a > b, a: pre-ex, post-bike, b: post 5-min, post 10-min, post 15-min, post 20-min 

Heart Rate 

Heart rate (HR) was examined using a 3-way (gender, workout, time) 

ANOVA, with results showing effects for both time and workout. The results 

expectedly showed that, as the workout proceeded and increased in intensity, there 

was a relationship between time and HR. Measurements that followed stages 4, 6, 7, 

and 8 produced the highest average values, followed by, in descending order, post 

stage 3, post stage 2, post stage 1, 5-min post-exercise, 10-min post-exercise, post-

bike, 15-min post-exercise, 20-min post-exercise, and pre-exercise. Table 4 shows 

HR results (mean ± SEM) in beats per minute measured at each data collection 

point.
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Table 3 

Time Effect for Heart Rate 
Pre-

ex 

Post-

bike 

Post 

s1 

Post 

s2 

Post 

s3 

Post 

s4 

Pos

t s6 

Pos

t s7 

Pos

t s8 

Post 

5-min

Post 

10min 

Post 

15-min 

Post 

20-min

72 ± 
1a 

95 ± 
2b 

124

± 2c 

145 

± 2c 

160

± 2c 

174

±2d 

177

± 2d 

177

± 2d 

177

± 2d 
101 ± 

2b 
97 ± 
1.5b 

94 ± 
1.4 b 

92 ± 
1.4 b 

a < b < c < d, a: post stage 4, post stage 6, post stage 7, post stage 8, b: post stage 3, c: 
post stage 2, post stage 1, d: post 5-min, post 10-min, post-bike, post 15-min, post 20-

min 

In addition, there was a workout effect for HR with regards to the three 

cooling treatments. Results showed average heart rate values were significantly 

higher during the NoPC workouts compared to the PCex workouts. In contrast 

PCex&post average heart rate values were not unlike those from the other two 

workouts. Table 5 shows the heart rate results (mean ± SEM) in beats per minute 

for the three workouts.  

Table 4 

Workout Effect for Heart Rate 

NoPC* PCex* PCex&post* 

126.1 ± 2.0a 124.6 ± 2.0b 125.5 ± 1.9a,b 

a > b, NoPCa, PCex&posta,b, PCexb 

Mean Arterial Pressure 

Mean arterial pressure (MAP) is calculated by taking the difference between 

systolic and diastolic blood pressure values, dividing that value by 3, and then 

adding the diastolic blood pressure value to that number. MAP was statistically 

examined using a 3-way (gender, workout, time) ANOVA, with the results showing a 

time effect. The highest average MAP values came from the pre-exercise and post-
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bicycle measurements. The four post-exercise measurements (post 5-min, post 10-

min, post 15-min, post 20-min) were significantly lower in terms of MAP. Results 

(mean ± SEM in mmHg) for MAP appear in the table below. 

Table 5 

Time Effect for Mean Arterial Pressure (MAP)

Pre-ex Post-bike Post 5-min Post 10-min Post 15-min Post 20-min 

93.2 ± 

0.91 a 

94.4 ± 

1.1a 

83.7 ± 

0.84b 

80.6 ± 

0.87 b 

80.2 ± 

0.81 b 

80.0 ± 

0.8 b 

a > b, a: pre-ex, post-bike, b: post 5-min, post 10-min, post 15-min, post 20-min 

Rate Pressure Product

Rate pressure product (RPP) is calculated by multiplying systolic blood 

pressure (mmHg) by heart rate (beats per minute). RPP is expected to increase 

linearly with an increase in workload intensity. It was statistically examined using a 

3-way (gender, workout, time) ANOVA, with the results showing a time effect.

Average RPP values were significantly higher (p < 0.05) at the post-bike, post 5-

min, and post 10-min data collection points when compared to the post 15-min, post 

20-min, and pre-exercise measurements. RPP results (mean ± SEM) appear in Table

7 below. 

Table 6 

Time Effect on Rate Pressure Product (RPP) 

Pre-ex Post-bike Post 5-min Post 10-min Post 15-min Post 20-min 

8954 
± 163 b 

13217 
± 1145a 

12408 
± 303a 

11419 
± 239 a 

10674 
± 229 b 

10590 
± 209 b 

a > b, a: post-bike, post 5-min, post 10-min, b: post 15-min, post 20-min, pre-ex 
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Effects of Palm Cooling on Thermoregulation 

Left Hand Temperature 

Left hand temperature (LHT) was measured by a wired thermistor attached 

to the subject’s palm. It was statistically examined using a 3-way (gender, workout, 

time) ANOVA, and results produced a two-way (time by workout) interaction. The 

time by workout results state that left hand inter-workout temperature differences 

were only significant (p < 0.05) at certain data collection points. The NoPC workout 

had a significantly average higher LHT values than both PCex and PCex&post at the 

following time points: post set 2, post set 3, post set 4, post set 6, post set 7 and post 

set 8. In contrast, both the NoPC and PCex groups had significantly higher 

temperatures than the PCex&post group at the post 5-min, post 10-min, post 15-

min, and post 20-min times. Results (mean ± SEM in oC) for left hand temperatures 

are provided below: 

Table 7 

Time by Workout Effect for Left Hand Temperature 

*: NoPC > PCex, PCex&post at post stage 2, post stage 3, post stage 4, post stage 6, post 
stage 7, post stage 8. NoPC, PCex > PCex&post at post 5-min, post 15-min, post 20-min. 

Pre-
ex 

Post 
bike 

Post 
s1 

Post 
s2 

Post 
s3 

Post 
s4 

Post 
s6 

Post 
s7 

Post 
s8 

Post 
5min 

Post 
10min 

Post 
15min 

Post 
20min 

No 
PC 

31.0 
±0.4 

32.6 
±0.4 

32.5
±0.3 

32.4
±0.4

*

32.9
±0.4

*

33.5
±0.3

*

34.5
±0.3

*

34.8
±0.3

*

34.9
±0.2

*

36.0 
±0.2

*

36.1 
±0.2 

36.0 
±0.2* 

35.9 
±0.2* 

PCex 31.2 
±0.4 

32.6 
±0.5 

32.5
±0.3 

26.6 
±0.6

*

27.0
±0.6

*

31.0
±0.5

*

28.8
±0.5

*

28.5
±0.6

*

32.1
±0.5

*

34.4 
±0.3

*

34.9 
±0.3 

34.9 
±0.3* 

35.2 
±0.3* 

PCex
& 
Post 

30.7 
±0.5 

32.3 
±0.4 

32.1
±0.3 

26.3 
±0.5

*

26.3
±0.6

*

30.4
±0.5

*

27.7
±0.6

*

28.3
±0.6

*

32.1
±0.5

*

29.2 
±0.6

*

33.9± 

0.4 

28.9 
±0.6* 

33.5 
±0.4* 
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Right Thigh Temperature 

Right thigh temperature (RTT) was measured by a wired thermistor 

attached to the anterior portion of the subject’s right thigh. It was statistically 

examined using a 3-way (gender, workout, time) ANOVA, with the results showing a 

time by workout effect. Results showed the NoPC workout produced significantly 

higher (p < 0.05) average right thigh temperatures than the PCex and PCex&post 

workouts at the post stage 6, post stage 7, post stage 8, and post 5-min 

measurements. Results for right thigh temperature (mean ± SEM in oC) are shown 

in Table 10. 

Table 8 

Time by Workout Effect for Right Thigh Temperature 

Pre-
ex 

Post-
bike 

Post 
s1 

Post 
s2 

Post 
s3 

Post 
s4 

Post 
s6 

Post 
s7 

Post 
s8 

Post 
5min 

Post 
10-
min 

Post 
15-min

Post 
20-min

No 
PC 

31.8
±0.3 

32.0
±0.3 

32 ± 

0.2 

32.2 
±0.3 

32.2 
± 

0.3 

32.8
±0.3 

35.3
±1.1

*

35.5
±1.2

*

36.1
±1.4

*

36.2 
±1.1

*

35.0 
±0.6 

34.8 
±0.5 

34.6 
±0.5 

PCex 
31.7
±0.2 

31.8
±0.3 

31 ± 
0.3 

32.1 
± 

0.3 

32.2 
± 

0.3 

32.5
±0.3 

33.1
±0.4

*

33.2
±0.4

*

33.6
±0.4

*

34.4 
±0.5

*

34.3 
±0.4 

34.1 
±0.4 

33.8 
±0.3 

PCex 
& 
post 

31.7
±0.3 

31.8
±0.3 

31 
±0.3 

32.0 
±0.3 

32.2
±0.3 

32.3
±0.4 

32.8
±0.4

*

32.8
±0.4

*

32.6
±0.3

*

34.4 
±0.5

*

34.3± 

0.4 

33.9 
±0.4 

33.8 
±0.4 

*: NoPC > PCex, PCex&post at post stage 6, post stage 7, post stage 8, & post 5-min 

Right Forearm Temperature 

Right forearm temperature (RFT) was measured by a wired thermistor 

attached to the anterior portion of the subject’s right forearm. It was statistically 

examined using a 3-way (gender, workout, time) ANOVA, with the results showing a 

significant time effect. Results showed RFT was significantly higher (p < 0.05) 

during post stage 6, post stage 7, post stage 8, post 5-min, post 10-min, post 15-min, 
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and post 20-min when compared to the first six measurements. Results for right 

forearm temperature (mean ± SEM in oC) are shown in Table 11.  

Table 9 

Time Effect for Right Forearm Temperature
Pre-

ex 

Post-

bike 

Post 

s1 

Post 

s2 

Post 

s3 

Post 

s4 

Post 

s6 

Post 

s7 

Post 

s8 

Post 

5min 

Post 

10min 

Post 

15min 
Post 

20min 

32.3

±0.2
a

33.3

±0.2
a

33.2

±0.2
a

33.4 

±0.2 
a

33.9

±0.3
a

34.6

±0.4
a

35.6

±0.4
b

36.0

±0.5
b

35.8

±0.4
b

36.6 

±0.4
b

36.4 

±0.4 

b

36.1 

±0.4 

b

35.8 

±0.4 
 b

a < b, a: Pre-ex, post stage 1, post-bike, post stage 2, post stage 3, post stage 4, b: post stage 6, 
post 20-min, post stage 8, post stage 7, post 15-min, post 10-min, post 5-min. 

Auditory Temperature 

Auditory temperature was measured in the subject’s left ear with a Braun 

ThermoScan 5 Ear Thermometer. Auditory temperature was examined statistically 

by using a 3-way (gender, workout, time) ANOVA. There was no statistically 

significant difference (p < 0.05) in auditory temperature when comparing the NoPC, 

PCex, and PCex&post workout groups.  

Effects of Palm Cooling on Metabolic Function 

Blood Lactate 

Blood lactate concentration ([BLa-]) is measured by drawing a small sample 

of blood onto a test strip inserted within a calibrated [BLa-] analyzer. For this study, 

there were effects for both time and workout when results were examined using a 

3-way (gender, workout, time) ANOVA. For the time effect, [BLa-] levels (mmol/L)

were statistically the lowest on average for the pre-exercise measurement (1.8 ± 0.1 

mmol/L). Average [BLa-] levels increased significantly to the mid-exercise 

measurement (9.1 ± 0.6 mmol/L) and 5 minutes post-exercise (9.9 ± 0.5 mmol/L). 

Blood lactate levels then decreased progressively throughout the 10-minute, 15-
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minute, and 20-minute post-workout measurements. [BLa-] results (mean ± SEM in 

mmol/L) appear in the table below.  

Table 10

Time Effect for Blood Lactate Concentration [BLa-]. 

Pre-ex Mid-ex Post 5-min Post 10-min Post 15-min Post 20-min 

1.8 ± 0.1 a 9.1 ± 0.6c,d 9.9 ± 0.5d 8.5 ± 0.4 c,d 7.2 ± 0.4b,c 6.2 ± 0.3b 

a < b < c < d, a: pre-ex, b: post 20-min, b,c: post 15-min, c,d: post 10-min, mid-ex, 

 d: post 5-min 

As previously mentioned, there was also a significant workout effect 

associated with [BLa-] values. The data showed there were significantly higher 

average lactate levels for the NoPC workout (8.1 ± 0.4 mmol/L) as compared to the 

PCex (6.9 ± 0.3 mmol/L) and PCex&post (6.4 ± 0.3 mmol/L) workouts. 

Effects of Palm Cooling on Rate of Perceived Exertion 

Rate of Perceived Exertion (RPE) was measured using the Borg Scale of Perceived 

Exertion (Borg, 1970). Subjects rated their own perceived exertion from 6-20 on the 

Borg Scale, with 6 being considered “no exertion” and 20 being considered “maximal 

effort.” Rate of Perceived Exertion was examined statistically by using a 3-way 

(gender, workout, time) ANOVA. There was no statistically significant difference (p 

< 0.05) for RPE when comparing the NoPC, PCex, and PCex&post workout groups. 

Results for RPE (mean ± SEM in mmol/L) are shown in Table 12 below.  

Table 11

No Effect for Rate of Perceived Exertion (RPE). 

TIME NoPC PCex PCex&post 

Mid-Ex 15.4 ± 0.3 15.1 ± 0.3 15.2 ± 0.3 

Post-Ex 15.5 ± 0.4 15.4 ± 0.6 16.0 ± 0.4 
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Effects of Palm Cooling on Exercise Volume 

Total amount of work, measured in meters (m) for each workout showed 

palm cooling had an effect for both the PCex and PCex&post workouts, meaning that 

subjects rowed significantly farther (p ≤ 0.05) with both palm cooling workouts as 

compared to the NoPC treatment. Results (mean ± standard error of the mean 

(SEM) for meters rowed were as follows: 

Table 12 

Two-Factor ANOVA with Repeated Measures. (N=34) 

*: PCex, PCex&post > NoPC where p ≤ 0.05 

Workout NoPC* PCex* PCex&post* 
Women 3165 ± 224.3 3246 ± 219.2 3038 ± 267.2 

Men 3442.8 ± 151.1 3639 ± 142.8 3576 ± 140.9 
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CHAPTER FIVE 

DISCUSSION 

One thing that palm cooling likely worked to combat was thermal 

stress and its negative effects on cardiac function. When the body begins to 

overheat, important functions, such as pulmonary capillary wedge pressure and 

cerebral vascular conductance, are significantly hindered. These effects, as well as 

several others, cause there to be a decrease in efficiency of the Frank-Starling 

mechanism (Wilson et al., 2012). In contrast, cooling of the body does the exact 

opposite; increasing pulmonary capillary wedge pressure and cerebral vascular 

conductance, while avoiding changes to systolic function (Wilson et al., 2012). While 

more research is needed to be completed, there is a possibility that palm cooling, as 

well as other forms of cooling, has the possibility of allowing maximal cardiac 

efficiency, such as keeping heart rate at a more homeostatic condition while 

exercising.  

In addition to palm cooling lowering heart rate, PC also was shown to 

significantly lower blood lactate concentrations. In fact, both PCex and PCex&post 

had significantly lower [BLa-] concentrations than the workout group who did not 

receive palm cooling. Higher rates of blood lactate accumulation have been well 

documented to decrease exercise performance. In fact, Hirvonen et al. (1987) 

concluded that blood lactate accumulation significantly decreases performance and 

exercise volume in short-term maximal exercise. In addition, with this research 
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study, palm cooling was shown to decrease the rate of blood lactate accumulation 

and increase the rate of clearance.  

In this study, palm cooling produced inter-workout differences for heart rate, 

blood lactate concentrations, and total work volume. Palm cooling allowed for the 

palm cooling groups to experience an ergogenic effect, resulting in an increase in 

overall work volume. Despite the greater exercise volume in the palm cooling 

groups, the heart rate and blood lactate levels remained lower than the no palm 

cooling group. It should also be noted that there were not any significant differences 

between gender (male, female) in any of the variables analyzed. 

Study Implications 

In multiple studies, applying cold objects against glabrous skin can reduce 

the accumulation of core body temperature associated with an increase in exercise 

intensity. However though current results include an ergogenic effect, Table 7 does 

not suggest greater heat losses through the palmar surface of the hand, as compared 

to the NoPC condition. Current results support the hypothesis that intermittent 

palm cooling can be beneficial with exercise, as well as several other practical 

applications. A meta-analysis by Bongers et al. found that subjects performing 

aerobic exercise benefitted more from palm cooling than those performing 

resistance training did.  

Although current research on cooling methods seem promising, there is still 

relatively limited literature on the topic. In fact, the current study that looks at the 

effects of intermittent palm cooling and its effects on rowing ergometry appears to 

be the first of its kind. This suggests more research needs to be completed before 
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conclusions can be confidently made, however current research shows there are 

benefits of using both intermittent palm cooling and cooling in general. There were 

also studies looking at other forms of cooling, which showed similar benefits. A 

combination of pre-cooling and mid-cooling has the potential to be the most 

effective strategy to improve exercise performance. For example, some methods 

that were examined include a cooling vest, cold-water immersion, cold-water 

ingestion, and cooling packs (Bongers et al., 2014). Moving forward, comparing 

different forms of cooling side by side to see which is the most efficient at heat 

removal should be strongly considered.  

Although the results of the study agreed with the original hypothesis, there 

were still some limitations. One of the most evident limitations was the difficulty of 

the rowing protocol. With the women’s reaching 190W and the men’s protocol 

reaching 250W, several subjects were not able to complete even the familiarization 

session. For many, this workload was above their maximal exercise capacity. In 

theory, lowering the exercise intensity would have allowed for more subjects to 

complete the entire study. If this study were to be replicated, it would be interesting 

to see the effects of intermittent palm cooling on a lower intensity of exercise. 

Another limitation that needs to be considered is the method of palm cooling. The 

gel packs were not applied directly to the palm, but were instead inserted into a 

glove, resulting in there being a layer of cloth between the glabrous skin and the 

cooling device. Also, the cooling pack was warmer by the time it was removed, 

indicative of a large volume of heat exchange. 
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One specific application for palm cooling outside of structured exercise is 

within a military setting. Often times, military personnel are located in extremely 

hot climates while wearing heavy, protective clothing and performing a high level of 

physical work. Such adverse conditions can lead to a significant decline in 

performance and result in heat injury. However, administration of palm cooling for 

military personnel may mitigate this effect. DeGroot et al. found cooling may reduce 

cardiovascular stress by lowering heart rate 10-25 beats per minute and increase 

work tolerance time by around 60% (2012). In fact, US Army Ranger Training has 

incorporated cooling methods as a part of their heat stress mitigation procedures.  

Overall, cooling during exercise is becoming a more researched method of 

increasing exercise performance. However, more research is still necessary to 

ensure the validity of this method. In addition, there needs to be more research 

completed that looks at rowing ergometry and responses to palm cooling. Future 

studies are recommended to compare cooling methods, more practical applications, 

and the effects of palm cooling on exercise performance in both trained and 

untrained individuals.  
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APPENDIX C 

MEDICAL QUESTIONNAIRE 

Please answer the following questions carefully, placing a check next to the most 
appropriate response. Please consult the witness if any of the following terms is 
unfamiliar to you. As a potential subject do you have the following: 

YES NO 

diabetes ____ ___ 

exercise-induced asthma ____ ___ 

high blood pressure ____ ___ 

rapid heart beat ____ ___ 

insufficient blood flow to the heart ____ ___ 

abnormal heart beat patterns ____ ___ 

overactive thyroid gland ____ ___ 

musculoskeletal ailments to either leg ____ ___ 

convulsive disorders  ____ ___ 

Dairy product allergies     ____ ___ 

enzyme deficiencies (Mc Cardle’s disease) ____ ___ 

I understand the investigative team will not screen for blood disorders; their reason 
for obtaining blood samples is to measure markers of muscle damage related to 
exercise. I have answered the above statements correctly: 

_______________________________ ____________________ 
Signature Date 

_______________________________ ____________________ 
Witness Date 
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APPENDIX D 

NAME __________________________ DATE________________  WORKOUT (circle one):     NoPC PCex PCex&post 

PRE-EX.  HR _________   BP_______/_________ RFA T _________   RT T __________   LH T __________   AUD T _______  [BLa
-
] __________ 

POST-BIKE:  HR _________  BP_______/_________ RFA T _________   RT T __________   LH T __________   AUD T _______ 

DRAG SETTINGS : MEN = 10 WOMEN = 5 

STAGE    PACE    METERS    HR   RFA T  RT T LH T AUD T  RMS 

_____   _____   _____ _____ _____ _____ _____ ______   ______    (45 seconds rest-insert) 

_____   _____   _____ _____ _____ _____ _____ ______   (45 seconds rest) 

_____   _____   _____ _____ _____ _____ _____ ______   (45 seconds -remove) 

_____   _____   _____ _____ _____ _____ _____ ______   (45 seconds rest) 

_____   _____   _____ RPE  _______ [BLa
-
] _______   (60 seconds rest-insert) 

_____   _____   _____ _____ _____ _____ _____ ______   (60 seconds rest) 

_____   _____   _____ _____ _____ _____ _____ ______   (60 seconds-remove) 

_____   _____   _____ _____ _____ _____ _____ ______   ______    (0 POST values-insert) 

POST:  HR  BP [BLa
-
]     RFA   RT   LH   AUD RPE 

5 (remove)  ______      _______/________ ______    ______       ______   _____   ______  

10 (insert)  ______       _______/________ ______    ______       ______   _____   ______  

15 (remove)  ______        ________/_______ ______    ______       ______   _____   ______  

20 _____    _______/________ ______    ______       ______   _____   ______    ______ 

AVERAGE ROOM TEMP: ______
O
C 
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