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ABSTRACT 

Hoppe, K.G. Energy cost of wearing Ti tin compression gear during exercise. MS in 
Clinical Exercise Physiology, December 2015, 3 lpp. (J. Porcari) 

The purpose this study was to determine the effects of wearing an 8 pound Titin \Veighted 
compressio11 shirt on heart rate (HR), oxygen consumption (V02), and caloric 
expenditure (kcal) during exercise. Eight male and eight female, apparently healthy, 
college-aged students participated in two testing session. Dtuing the first session subjects 
wore either the Titin weighted compression shirt or a compression shirt without weights. 
The second da)' subjects co1npleted tl1e session using the opposite condition. Four 
different exercise activities were completed during each session. Subjects performed 
each activity for 5 minutes. TI1e four activities included walking 3.5 miles per hour (mph) 
at 0% grade, walking 3.5 mph at 10% grade, running at a self-selected pace, and stepping 
up and down on a 12 inch bench at a rate of24 steps per minutes. During testing I-IR, 
V02, and kcals were measured. Significant increases (p<0.05) were found in V02 and 
caloric expenditure for the weighted compared to the un-weighted condition across all 
four of the exercises. There was a significantly higher HR during level walking, but no 
significant difference in HR response was found for graded walking, running, or 
stepping. When the four exercises were combined, the average increase in V02 and 
caloric expenditure was 7o/o. This value is identical to claims made by the manufacturer. 
It is concluded that using a Titin weighted compression shirt could increase the intensity 
of a work out and positively affect body composition. 
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INTRODUCTION 

The exercising population is always interested in how to achieve maximum 

benefits from their exercise programs. Many exercisers look for ways to increase 

exercise intensity in order to increase the energy cost of an activity (i.e., burn more 

calories). Tl1is will have a greater impact on positively effecting body composition. The 

addition of weights to the hands, wrists, and ankles has been popular in exercise 

progran1s to achieve this increase in energy expenditure (Claremont and Hall, l 988; 

Graves, Martin, Miltenberger, and Pollock, 1988; Martin, 1985). 

Loading of the extremities is a topic tl1at has been well researched. It 11as been 

shown that there is an increase in both oxygen consumption (V02) and heart rate (I-IR) 

when 3.0 pound (lbs) l1and or wrist weights are used (Graves et al., 1988). When 

compared to the un-weighted condition, there was a 9% it1crease in HR and a 14% 

increase in V02 observed for both hand and wrist weights. The study also found that 

there was an increase in energy expenditure without there being a significant change in 

the rating of perceived exertion (RPE). Claremont and I-lall (1988) similarly found that a 

combination of wrist and ankle weigl1ts while running resulted in an 8% increase in V02 

and HR. Lastly, Martin (1985) conducted a study that focused specifically on lower 

extremity loading. Subjects ran at 7.5 mph with 0, 1.0, or 2.0 lbs added to either their 

tl1igl1s or feet. The largest increase in V02 was 7% and was achieved when 2.0 lb weights 

were added to the feet. This led to the conclusion that the addition of weight to the lower 

extremities causes a minor increase in energy cost when exercising. 



Multiple studies have also been conducted investigating the effectiveness of load 

carrying around the trunk during walking or running. Kravitz and McConnick (2013) 

studied the effects of walking 2.5 miles per hour (mpl1) at different gradients while 

wearing a weighted vest containit1g 0, 10, or 15o/o of body mass (BM). 1"hey reported 

that when walking at 0% grade, there was only a significant increase in caloric 

expenditure when t11e vest containing 15% of BM was worn; the increase was 12%. 

When the grade of the treadmill was increased to 5-10%, there was a 13 % increase in 

caloric expenditure for both \veighted conditions. 

In a similar study, subjects walked on a tread1nill at speeds between 2.0-4.0 nlph 

while wearing weighted vests containing 0, 10, 15, or 20% of BM (Putoff, Darter, 

Neilsen, and Yack, 2006). It was fotmd that there was an upward shift in the walking 

speed vs. V02 relationship when a weighted vest was \vom. For example, when walking 

at 3.0 mph, there was an 8% increase in V02 when vests carrying l So/o of BM were worn. 

When walking speed was increased to 3.5 mph, there was a 12% increase in V02 when 

comparing the same two conditions. There was also a 6-9% increase in relative exercise 

intensity (%HRmax) at speeds greater tha11 2.5 mph. 

Titin weighted compression sl1irts are a new product, similar to a weighted vest. 

The Titin vest has 14 gel weights that ca11 be individually inserted; when all 14 weights 

are used the total weight of the shirt is 8 lbs. The company claims that wearing tl1is 

product will lead to a 7% increase in caloric expenditure. To our knowledge, there have 

been no published studies on this specific product. Therefore, the purpose of this study 

was to document the potential increase in energy cost of activity resulting from wearing a 

Titin weighted co1npression sl1irt. 
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METHODS 

Subjects 

The subjects for this researcl1 study were 16 apparently healthy, college-aged 

n1ales and females between 18-25 years of age. All subjects were regular exercisers (e.g. 

exercise at least 150 minutes per Vo/eek). Subjects initially filled out a Par-Q to screen for 

orthopedic and cardiovascular co11traindications to testing (Sl1epard, 1988). Eligible 

subjects then provided written informed consent. The procedures were previously 

approved by the University of Wisconsin- La Crosse Institutional Review Board for the 

Protection of Human Subjects. The physical characteristics oftl1e subjects are prese11ted 

in Table 1. 

Table 1. Physical characteristics of subjects (N=l6) 

Males (n~S) 

Females (n~8) 

Age (yrs) Height (in) 

22.l ± 1.25 

22.3 ± 1.58 

71.1±2.64 

66.1±2.75 

Weight (lbs) 

185.l ± 21.32 

142.1 ± 12.28 

When compared to the average body weight of both male and female subjects, the eight 

pound Titin weighted shirt was approximately 4.9% of body weight. 

Testing Procedures 

Each participant completed t\VO testing sessions in the I-Iuman Performance 

Laboratory located in Mitchell Hall. During each testing session subjects participated in 

four different exercise activities. The four activities included walking 3 .5 miles per hour 
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(mph) at 0% grade, walking 3.5 mph at 10% grade, running at a self-selected pace, and 

steppi11g up and down on a 12 inch bench at a rate of24 steps per minute. All exercise 

bouts lasted for a duration of 5 minutes. During the first session subjects completed the 

four exercise activities in rando1n order while wearing either the Titin weighted 

compression shirt or a compression shirt without weights. The second day subjects 

completed the exercises in the same order as day one, using the opposite condition. 

Workloads for each activity were held constant on both days, so that only the additional 

weight carried in the Titin weighted compression shirt could be responsible for potential 

differences in energy expenditure. 

For all testing, V02 was measured continuously using an AEI Maxus system (AEI 

Technologies, Puttsburgh, PA). l{eart rate was measured eacl1 minute using a Polar heart 

rate nlonitor (Polar Electro Inc., Lake Success, NY). Caloric expenditure was calculated 

from the V02 data assuming a constant of 5 kcals per liter of consumed. 

Statistical Analysis 

Standard descriptive statistics were used to characterize the demographic data and 

to summarize the physiologic respo11ses to each exercise bout. Physiologic responses 

bet\veen the weigl1ted and un-weighted conditions for each n1odality were compared 

using repeated measures ANOV A. Alpha was set at 0.05 to achieve statistical 

significance for all analyses. 
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RESULTS 

The physiologic responses for all four exercise bouts, subdivided by gender, are 

presented in Table 2. 
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Table 2. Physiologic responses of males and females to level walking, 
graded walking, running, and steJ2Eing witl1 and without added weight 

Un-weighted Weighted o/o Difference 

Level walking VO, (ml/kg/min) 
Males 16.7 ± 1.52 17.4 ± 1.43 4.2 
Females 15.6± 1.28 16.5 ± 1.72 5.8 

HR(b2ml 
Males !08 ± 21.0 114±25.3 5.6 
Females 111±17.0 118±13.7 6.3 

kcal/min 
Males 7.1±1.31* 7.3 ± 1.28* 2.8 
Females 5.0 ± 0.32 5.4 ± 0.48 8.0 

Graded walking VO, (ml/kg/min) 
Males 30.8 ± 1.63 32.8 ± 1.33 6.5 
Females 31.4 ± 1.92 33.3 ± 2.39 6.1 

HR(b2ml 
Males 149 ± 26.2 147±19.6 1.3 
Females 159 ± 26.0 164±25.0 3.1 

kcal/min 
Males 13.0 ± 1.85* 13.8 ± 1.60* 5.8 
Females 10.2 ± 0.56 10.7 ± 0.76 4.9 

Running V02 (ml/kg/min) 
Males 36.5 ± 5.77 38.4 ± 3.43 5.2 
Females 34.4 ± 3.43 35.6 ± 2.95 3.5 

HR(b2m) 
Males 154±17.6 155 ± 16.3 0.6 

Females 169 ± 13.7 164 ± 18.9 3.0 
kcal/min 

Males 15.4± 3.49* 16.1±3.14* 4.5 
Fe1nales 11.1±1.91 11.5 ± 1.78 3.6 

Stepping V02 (ml/kg/min) 
Males 22.5 ± 6.37 27.6 ± 4.29 22.7 
Females 25.3 ± 1.83 26.5 ± 1.86 4.7 

HR(b2m) 
Males 127 ± 19.2 137 ± 23.5 7.9 
Females 146 ± 26.0 148±22.7 1.4 

kcal/min 
Males 9.5 ± 3.02* 11.0± 1.31* 15.8 
Fe1nales 8.1±0.34 8.9 ± 1.36 9.9 

*Significantly greater thru1 females (p <0.05). 
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It was found that males burned significantly more calories than females in both 

the un-weighted and weighted conditions for all exercises. There were no significant 

differences in the HR or V 0 2 responses between males and females for any of the 

exercise conditions. Aggregate data for males and females combined are presented in 

Table 3. 

Table 3. Overall physiologic responses for four 
exercise activities with and without added weight 

Un-weighted Weighted o/o Difference 

Level walking V02 (ml/kg/min) 16.2 ± 1.46 16.9 ± 1.59* 4.3 

HR(bpm) 109±18.5 116 ± 19.8* 6.4 

kcal/min 6.0 ± 1.40 6.3 ± 1.38* 5.0 

Graded walking V02 (ml/kg/min) 31.1±1.74 33.1±1.89* 6.4 

HR(bpm) 154±25.7 156±23.4 1.3 

kcal/min 11.6 ± 1.94 12.2 ± 2.01 * 5.2 

Running V02 (ml/kg/min) 35.4±4.71 37.0 ± 4.44* 4.5 

HR(bpm) 162±17.3 160±17.7 1.2 

kcal/min 13.3 ± 3.50 13.8 ± 3.43* 3.8 

Stepping V02 (ml/kg/min) 23.9 ± 4.76 27.0 ± 3.23* 13.0 

HR(bpm) 136±24.0 142±23.1 4.4 

kcal/min 8.8±2.19 10.0 ± 1.70* 13.6 

*Significantly different than un-weighted condition (p < 0.05). 

There was a significantly higher V02 and caloric expenditure for the weighted 

compared to the un-weighted condition across all four of the exercises. The increase in 

V02 values ranged from 0.7 ml/kg/min during level walking to 3.1 ml/kg/min during the 
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stepping exercise. A similar trend fro1n seen witl1 caloric expenditure. There was a range 

from a 0.3 kcal/min increase during level walking to a 1.2 kcal/min increase during 

stepping. There was a significantly higher heart rate (7 bpm) during level walking 

between the weighted and un-weighted condition. However, for graded walking, 

running, and stepping there was no significant difference in HR response. 

The four exercises were combined into a total workout, so differences in 

physiologic responses could be observed. The average increase in V02 and caloric 

expenditure from the un-weighted to weighted condition was 7o/o. 
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DISCUSSION 

The purpose of this study was to determine if adding weight in the fonn of a Titin 

compression shirt would significantly increase physiologic responses during various 

aerobic exercises. For all four of the individual exercises perfOrmed, V02 and caloric 

expenditure were significantly higl1er for the weighted condition compared to the un

weigl1ted condition. When the four exercises were combined, the average increase in 

V02 and caloric expe11diture was 7%. This is identical to the clai1ns made by the 

manufacturer. 

The greatest effect of the Titin shirt was seen duri11g the steppi11g exercise. From 

the un-weighted to weighted condition there was a 13% increase in V02 and a 13.6o/o 

increase in caloric expe11diture. Dockter (1997) conducted a study which yielded similar 

results to the current study. Using an 8 inch bench and a cadence of28 steps per minute, 

subjects wore weighted vests with 0, 5, and 10% of their body mass (BM). They found a 

9.6% increase in V02 and a 10.3°/o increase in caloric expenditure from the un-weighted 

to the 10% BM vest condition. The 10% BM vest corresponded to an average of 12.7 lbs. 

In addition, the study conducted by Dockter (1997) had subjects walk 3.5 mph at 

0 and l 0% grade. During graded walking a there was a 5o/o increase in both V02 and 

caloric expenditure from the un-weighted conditio11 to the 5% BM vest condition. These 

values are comparable to the 6.4% i11crease in V02 and the 5.2% increase in caloric 

expenditure i11 the ctrrrent study. In their study 5% of BM corresponded to an average of 

6.6 pounds. In the ctrrre11t study the weight of the vest was 8.0 lbs. During level walking 

9 



with the 10% BM vest Dockter (1997) also fou11d a 10.So/o increase in V02 and a 10.1% 

increase in caloric expenditure. For the 5% BM vest only a 2% increase in both V02 and 

caloric expenditure was detected. 

Dockter (1997) also found that rating of perceived exertion (RPE) was 

significantly higher when wearing both the 5% and 1 Oo/o BM vests when compared to the 

unwweighted condition. It was also significantly higher wearing tl1e 10% BM vest 

co1npared to the 5% BM condition. 

Other studies have been conducted that were similar i11 design to the current study 

that focused on load carriage in a weighted vest. Kravitz and McCormick (2013) found 

a significant increase in caloric expenditure and V02 (ml/kg/min) when carrying 0 and 

lOo/o of BM and walking 2.5 mph at botl1a5 and 10% grade. Similarly, Puthoff~ Darter, 

Neilsen, and Yack (2005) found significant increase in V02 when walking between 2 and 

4 tnph while "vearing 10% BM. For exa1nple, wl1e11 walking at 3.5 inph a 1.4 ml/kg/1nin 

(8.8%) increase in V02 was observed. 

The present study found that the addition of a weighted Titin compression sl1irt 

can increase V02 and caloric expenditure dl1ring aerobic exercise b:y 7%. This value is 

identical to claims made by the manufacturer. This would be good for individuals who 

are looking to increase the intensity of their current exercise program and positively 

affect body composition. In addition, adding weight in the form of a compression shirt 

allows freedom of the ha11ds and wrists during exercise. Fu1iher researcl1 needs to be 

conducted on this particular product such as, studies involving agility or other types of 

exercise, along with effects of wearing the compression shirt on rating of perceived 

exertion. 
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APPENDIX A 

INFORMED CONSENT 



Informed Consent 
Energy cost of wearing a Titin compression vest during exercise 

Purpose and Procedure 

The purpose of this study is to determine energy expenditure \Vhile wearing Titin 
Compression Gear during steady-state exercise. The Titin gear mimics a weighted vest, 
but differs in that it is a compression type shirt that 14 gel weights. The shirt weighs a 
total of eight po11nds. 

My participation in this study will involve two sessions in the 1-luman Performance 
Laboratory, located in Mitchell Hall. Duri11g each session I will be required to exercise 
on four different 1nodalities. The four modalities will include walking on a treadmill, 
running on a treadmill, using an elliptical, and stair stepping. On one day, I will be 
required to complete these exercises while wearing the Titin compression vest, and on the 
other day I will complete the exercises without it. Each bout will be five minutes in 
duration. 111 between each condition I will be able to rest to allow my heart rate to ret11rn 
to a resting value. 

Throughout the tests I -will be required to wear a mouth piece to collect my expired air. I 
will also be required to wear a chest strap to monitor my heart rate. 

Potential Risks 

I understand this study could involve risks such as muscle soreness, fatigue, sho1tness of 
breath, or mild chaffing from the shirt. 

In an apparently healthy, regularly exercising population the risk of serious complicatio11s 
(e.g., heart attack, stroke) is exceptionally low. In the case of an emergency there will be 
individuals present wl10 are trained in CPR and an Auto1nated External Defibrillator 
(AED) will be readily available. 

To my knowledge, I consider inyself to be in good health and do not l1ave limiting 
physical conditions that would prevent my participation in the study described above. 

Potential Benefits 

Exercisers, athletes, and the general population may learn more information about the 
benefits of exercising using Titin Co1npression Gear. 

Rights and Confidentiality 

My participation in this study is entirely voluntary and I understand I can stop any 
individual test at any time or choose 11ot to return without penalty. 
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I consent to the publication of the study results in the scientific literature. I understand in 
this event my name and personal information will be kept anonymous. The investigator 
and appropriate laboratory persoru1el will be the only i11dividuals with access to my 
individual data. 

Questions 

I have read the information provided on this consent fonn. I have been infonned of the 
purpose of this test, the proced1ires, and expectations of myself as well as the testers, and 
of the potential risks and benefits that may be associated with volunteering in tl1is study. 
I have asked any and all questions that concerned me and received clear answers so as to 
fully understand all aspects of this study. 

If I have any other q1lestions that arise I n1ay feel free to contact John Porcari, the 
principal investigator, at (608) 785-8684. Questions in regards to the protection of human 
subjects may be addressed to the University of Wisconsin- La Crosse Institutional 
Review Board for the Protection of Human Subjects at (608) 785-8124. 

Subject Name (printed) Subject Signature Date 

Witness Name (printed) Witness Signature Date 
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APPENDIXB 

PAR-Q 



Pliysical Acfrr.ty Readmes> 
Questionna[e - PAR-Q 
(reV1sed 2002) PAR-Q & YOU 

(A Questionnaire for People Aged 15 to 69} 

Regular physical activity is fun and healthy, and increasingJ.j more people are starting to become more active every day. Being more active is very safe for most 
people. However, some people should check with their doctor before they start becoming much more physically active. 

H you are planning lo become much more plrjsically active than you are now, start by answering the seven questions in the box below. If you are between the 
ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. H you are over 69 years of age, and you are not used to being 
very active, check wtth your doctor. 

Common sense is your best guide when you answer these questions. Please read the questiom carefully and answer each one honestly: check YES or NO. 

YES HO 

D D 

D D 
D D 
D D 
D D 

D D 

D D 

If 

1. 

z. 
3. 

4. 

5. 

6. 

7. 

Has your dodor ever said that you have a heart condition W that you should only do physical adivity 
recommended by a dodor? 

Do you feel pain in your chest when you do physical activity? 

In the past monlh 1 have you had chest pain when you were not doing physical artivity? 

Do you lose your balance be<ause of di.r..r.iness or do you ever lose consciousness? 

Do you have a bone or joint problem (for example, back, knee or hip} that could be made worse by a 
change in your physical adivity? 

Is your doctor cUl'rently prescribing drugs (for eR•rnple, waler pills} for your blood pressure or heart con· 
dition? 

Do you know of AAY othtr rea_s_qg why you should not do physical adivity? 

you 
Talk liith your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE ynu have a fitness appraisal. Tell 
your doctor about the PAR-Q and which questions you answered YES. 

\bu may be able to do any activity you want-as long as ynu start slow~ and build up gradially. Or. you may need lo res1rict your activities to 
those which are safe for you. Talk with your doctor about the kind> of activities you wish to panidpate in and follow his/her advice. answered 
Find out Which community programs are sale and helpful for you. 

If you answered NO honestly to fill PAR-Q questions, you can be reasonably sure that you can: 
>tart becoming much more physi(a!ly active - begin slowly and build up gradua!ly. This is the 
safest and easie;t way to go. 

take part in a fitness appraisal - this is an e<(eilent way to determine your basic fitness so 
that )'OU can plan the best way for you to live actively. It is also highly recommended that you 
have your blood pressure evaluated. If your reading is over 144/94, talk with your doctor 
before you >tart becoming much more physically active. 

DELAY BECOMING MUCH MORE ACTIVE: 
• H' you are not feeling well because of a temporary illness such as 

a cold or a fever -wait until you feel better; or 
if you are or may be pregnant - talk to your doclor before you 

>tart becoming more active. 

PLEASE NOTE: If your ~ealth change> so that you then answer YES to 
any of the above questions, tell your fitness or health professional. 

Ask whether you should change your physical activity plan. 

lnfurm(:d Ll>e of !he PARO: The Cana,J;.in Society for Exercise Physiology, Health Canada, and their agents as;.ume flO liability !Dr persons who undertake physical acti,ity, and if in doubt a~er completing 
thb ques1ionnaire, consult your ductor wnr 10 physical actmty. 

No changes permitted. You are encouraged to photocopy the PAR~Q but only if you use the entire form. 

NOTE: If the PAR.q is heing given to a perwn before he or she parti::ipale-; in a µhysi::al activity program or a ftlness appraisal, lhic, oection may be used !Or legal or administrative purpose~ 

"I have read, understood and completed this questionnaire. Arrj questions I had were answered to my full satisfaction." 

NAME ----------------------

SIGW<TURE ·-------------

SIGNATURE Of PARE ITT----------------------
or GUAR!llAN (for partidpanl<; ur.dor tho a~ ot majorny) 

IJATE ________________________ _ 

ll/ITNE$S --------------------------

Note: This physical activity clearance is valid for a maximum of 12 months from the date It is completed and 
becomes Invalid H your condition changes so that you would answer YES to any of the seven questions. 
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REVIEW OF RELATED LITERATURE 

Introduction 

The exercising population is always interested in finding ways to increase tl1e 

intensity of their workouts and bum more calories. Research has shown that increasing 

energy cost during exercise can allow i11dividuals to attain greater physiological benefits 

(Graves, Martin, Miltenberger, and Pollock, 1988). Weighted fitness vests and the 

addition of weights to the hands, ankles, and wrists have been popular i11 exercise 

programs to achieve this increased energy expenditure. Titin weighted compression 

shirts are a product that are similar to a weighted vest. This weig11ted shirt has 14 pockets 

which individual gel weights can slide into. Tl1e shirt totals 8.0 lbs wl1en all weights are 

added. To our knowledge no research has been published on this specific product, but 

researchers have studied tl1e physiological effects, including energy cost, of load carriage 

on both the tru11k and extTemities. This review will focus on studies evaluating the 

e11ergy cost of exercising in load carrying conditions such as, walking and running with 

weighted vests, ankle \Veights, wrist weights, and hand weigl1ts. 

Extremity Loading 

Hand, wrist, and ankle weights are frequently used while performing n1any 

different exercise activities. They can be incorporated in aerobics classes, treadmill 

walking, aqtiatic exercise, and during light weight resistance training. Loading on the 

extremities is a well-researcl1ed topic mid various studies have sho\vn it to increase the 

physiological responses during exercise (Claremont and Hall, 1988, Graves et al., 1988, 

Martin, 1985). 
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Martin (1985) found that energy cost increased when load was added to the thighs 

or feet. The conditions tested \Vere 0, 1.0, or 2.0 lbs and the weights were added to either 

the feet or thighs. The subjects were then asked to run at 7 .5 miles per hour (mph) for l 0 

minutes. When trials were done with t11e addition thigh weights, oxygen consumption 

(V02) increased by 1.7% and 3.5% with the 1 and 2 lbs weights, respectively, when 

compared to the un-weighted co11dition. With t11e addition ofweigl1t to the feet, V02 

increased 3.3% with l lb weights and 7.2% \vith 2 lb weights. This led to the conclusion 

that s1nall increases in energy expenditure can be seen by adding light weights to the 

lower extremities. 

The physiological responses to walking with wrist, ankle, and hand weights were 

tested in sedentary individuals that had not participated in a regular exercise program for 

at least a year (Graves et al., 1988). Subjects completed four trials that included walking 

with no weights, 3 lb wrist weights (WW), ankle weights (AW), and hand weights (HW). 

It was found that the addition of WW, I-IW, and AW during walking increased V02 by 

3.8, 3.8, and 2.4 ml/kg/min, respectively. An increase in intensity, expressed in terms of 

%1-IRmax reserve, was also observed when weight was added to the extremities. It 

increased fro1n 60.4% with no weights to 70.9o/o with HW, 70.2% with WW, and 66.3% 

with AW. 

A study by Claremont and Hall (1988) used active 1unners as sttbjects. Subjects 

ran on a treadmill for 30 minutes with no weight, \.Vith hand weights, with ankle weights, 

and with a combination of hand and ankle weights. Results were similar to the findings 

of Graves et al. (1988) energy cost was found to increase 5w8% with weighted conditions. 

19 



The greatest increase was observed \vith t11e combination of hand and ankle weigl1ts. The 

lowest was seen with just ankle weights. 

Sagiv et al. (1991) took a different approach by studying the effects of using wrist 

weights on cardiopuln1onary and metabolic responses during cycling trials. Participants 

tested were all healthy males who engaged in four, 25-minute cycling trials. The bikes 

used \Vere stationary, so participants were able to have an arm swing while co1npleting 

the tests. The first condition involved working at 60o/o maximal heart rate reserve 

(MHRR) with either no weigl1t or 3 lb WW. The second condition also involved either 

no weight or WW, but was completed at 70o/o of the individuals MHRR. At one 1ninute 

intervals VQi, heart rate (I-IR) and ventilation were measured and recorded. There was 

no significant difference in HR, V02, or respiratory exchange ratio (RER) between the 

un-weighted and \Veighted conditions. 

Weighted Fitness Vests 

A variety of athletes and regular exercisers use the technique of load carryi11g 

close to the body. A couple ways this can be done are by the addition of a weighted 

fitness vest or a hip belt. The weight is held near to the trunk, and usually is adjustable to 

facilitate body mass differences between individuals. Several research studies have been 

conducted to test the idea that load carrying around the trunk can increase energy cost 

during exercise. 

Bastien, Willems, Schepens, and Heglund (2005) studied the responses of I 0 

physically fit individuals while walking at speeds of 1.1-3.8 mph, with loads ranging 

ffom 0-75o/o of their body mass in a weighted vest. V02 and RER were measured in 

order to calculate a mass specific gross energy consun1ption rate (Pgross). Energy cost was 
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found to increase in all loaded conditions compared to tl1e unloaded condition. In 

addition, gross energy cost increased proportionally with load, and extra energy cost was 

evident as walking speed increased. 

In another study that used weighted vests, Kravitz and McCormick (2013) tested 

13 women who walked at 2.5 mph on a treadmill at different gradients. Tl1e weighted 

vest weighed 0, 10, or 15o/o of their body mass (BM). It was found that loading with a 

weighted vest during walking increased metabolic cost and relative intensity. At 0% BM 

caloric expenditure was 5.7 kcals/min, whereas at 15% BM calories expended were 6.3 

kcals/min. In addition, the reslilts of wearing a weigl1ted vest had a greater effect at 

higher gradients. It was also found that there was little change to RPE when extra load 

was carried. 

Puthoff et al. (2006) also conducted a study i11volving weigl1ted vests. Subjects 

walked on a treadmill at speeds from 1.8-4.0 mph and wore a vest \veighing 0, 10, 15, or 

25% of their BM. The subject's V02 and HR were measured during each trial. A 

curvilinear relationship was observed between walking speed and V02, but as the weight 

of the vest increased there was an upward shift in the relationsl1ip between walking speed 

and V02. There was also a significant increase in relative exercise intensity (%APMHR) 

at speeds greater than 1.12 m/s. 

Another study focused on the n1etabolic costs of load carrying in healthy adults 

(Griffin, Roberts, ai1d Kram, 2003). The subjects walked on a treadmill at varying 

speeds, carrying loads of 0, 10, 20, and 30% of their BM in a hip belt positioned at their 

center. V02 and VC02 were measured to calculate metabolic rates. It was found that net 

inetabolic rate increased with the ca1Tiage of heavier loads, and that the percent of 

21 



increase in net metabolic rate was sin1ilar among all speeds. The external work rate was 

also found to increase proportionally to load. 

Multiple studies have loaded participants witl1 weigl1ted vests weighing :::::10% of 

t11eir body weight. Reiman et al. (2010) conducted a study that only loaded subjects with 

5o/o of their BW. Subjects \.Vere high school aged football players wl10 were asked to 

perform a dynamic warm up for 5 minutes, once under weighted conditions and once 

while un-weighted. This was then followed by subjects completing a power test \Vitl1out 

the weight vest. Results showed there was 110 significant differe11ce in power output 

between conditions. The authors concluded that using a weighted vest weighing 011ly 5o/o 

of the participants BW would not have significant impact on performance. 

Load Carriage in Backpacks 

Another way to load carry close to the body is to add weight to different types of 

backpacks. With backpacks the weight is mostly carried on tl1e back of an individual 

compared to being equally distributed to the front and back with weighted vests and hip 

belts. Multiple studies have been condttcted to test the position and weight of load on 

energy cost when carrying a pack on one's back. 

A sttidy was conducted to observe energy expenditure associated with load 

carrying in different types of backpacks (Lloyd and Cooke, 2000). Nine healthy subjects 

walked at 1.9 mph on a tread1nill at varying gradients. Conditions included walking 

unloaded, with 56.32 kg in a standard backpack, and with 56.32 kg in a rucksack, whicl1 

allo\vs load to be held in t11e front and back of the pack as opposed to jttst 011 the back. 

There was a sigi1ificant increase in V02 between the unloaded and loaded conditions. As 

a wl1ole, the AARN rucksack increased V02 by 5.3 ml/kg/1nin and tl1e standard backpack 
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increased V02 by 6.29 inl/kg/min when compared to the unloaded condition. This led to 

the conclusion that there is a higher cost associated witl1 load carriage. In addition, it 

costs more energy to carry a load strictly on one's back compared to the load being 

distributed between the back and front of the body. 

A study by Grenier et al. (2012) studied the effect of the weight of the equipment 

carried by soldiers. The average weigl1ts of battle equipment and road n1arch equipment 

can·ied by soldiers were 48 kg and 84 kg, respectively. Ten recently retired infantrymen 

performed three trials ofwalkiI1g on a treadmill at 2.5 1nph. The three trial conditio11s 

were lll1loaded, with battle equipment, and with road march equipment. It was found that 

both types of military equipment increased gross and net energy cost. Gross energy cost 

was approximately 22.3% greater witl1 battle equipn1ent, and 37 .1 o/o higher with road 

march equipn1ent compared to no load. Net energy cost was found to be 42.5% greater 

with battle equipment and 70.8% higher in road march equip1nent when compared to tl1e 

unloaded condition. 

Summary 

The literature shows that various studies have been done to evaluate the 

physiological responses to exercising with different types of load carriage. Several of the 

studies show that use of a weighted fitness vest duri11g exercise can increase V02 m1d 

HR. Similar results were folll1d among studies that looked at the effects of load carriage 

in backpacks. Other studies investigated load carriage of smaller amount of weight. In 

these investigations the increase in V02 and HR was either not as steep or not see11 at all 

between loaded and unloaded conditio11s. I11 addition, several studies regarding walking 

or running while loading extremities also shoV11ed increase in V02 values and HR. 
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