AB STRACT

Dockter, C. R, The physno]oglca] responses 10 walking and steppmg wh' ¢ wearin
weighted vest, MS in Adult Fltness/Cardmc Rchablhtauon December 1997, 30pp
(1. Porcdrl) ' .

- Fifteen female Ss, age 2139, were tested under a variety of conditions while wearmg il
weighted vest. The modalities tested include walking on a treadmill at 3.5 mph at 0 and
10% grades, stcppmg on a StairMaster Gauntlet at 52 steps/min, stepping on a chtrix

Stair-stepper at 40 feet/min, and stepping up and down on an 8 inch aerobic step at a
~metronome rate of 112. For each modality Ss exercised for 5 minutes under each of the
fo]lowmg conditions: no weight, 5%, and 10% of body weight (BW). Every minute VO,,
HR, RER, and Kcal/min were measured. RPE was measured prior to the 5th minute of
cach condition. In general, at 5% BW VO, and Kcal/min increased 6%, RPE averaged |
- unit higher, and HR increased 4 bpm. At 10% BW, VO, and Kcal/min increased | | %,

- RPE averaged 2 units higher, and HR increased 7 bpm. [t is concluded that the use of the

weighted vest can increase the mtermty of walking and stepping cxermses. therefore
providing addltlonal beneflts to one’s exercise program,
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INTRODUCTION

Over the years, the populatlon has become mterested in how to obtam the greatest
o bcneﬁte ﬁom then exercrsc piogram. One factor WhICh mﬂuenccs these beneﬁts is the '
. mtcnstty or how hard aperson exercmes. In attempts to mcreaee mtensny. peoplehave
used external wctghts I1) the form of wrist, ankle and hand held wetghts.

Researeh has shown that Wlth the use of etther hand- held or anklc wetghts people

C an increase the mtensity of a specttlc exercise without havmg to incrcase the speed of

movement (1.3, | 3). IncrcaSing intensity without increasi_'ngspeed is important for low fit

people and speoitll'popu!ations who cannot run or are limited to the speed at which they
can walk‘. Amos, Porcari. Ba'uer, and Wi'lson (3) found that walking w'ith 2.51b weighte
' etgmﬂcantly mcreased oxygen coneumptton by 10% when usmg ankle wetghts and by
- ' 21% when uelng wrist wctghte Ab‘ldle (1) studted the effccts of walkmg up an 8% grade "
~ using 6 1b hand and wrtet welghts He reported that lelttttvc oxygen consumptlon
. mclcased 12.4 and 16.2% wrth the addttton ot hand and wrist weights, respectwe]y
Onc possible problem aesocmted wrth the use of hand wclghts may be thc ,
occurrence of an exaggerated blood pressure reeponsc (7) Thlq reeponse is most hkely
' do to grtppmg of the wetght and may be contramdtcated for cenam patlcnt poou]anons
©) ' '
. Other mvestlgator.s have focused on Ioad camage closer to the body Schram and

_ Hanson (10) .studtcd the effecte of ]evel walkmg whtle weartng a wctghted backpack on




. oxygen consumption and hcart rates of cardiac palientb It was dls.covercd that OX}’ELH '

- consumpllon mcreased sigmﬂcanlly by an avcmgc of 12% and heart rates by 6-7 bpm

with cach addition of 5 kg welght

Walcott et al, (12) studled level walking whlle wearing a weighted vest wnlh 0, 10,

and 20% of body Weight. | For' fe'nmlcs walking al 3,5 mp,h it w

as cont:ltlldéd lhm'oxy'gen :
_consumptlon increased 8 and 16, 8%, reqpectlvely, wath the addition of 10 and 20% of

| body wclght Heart rates were found to increase by 4 and 10% under the same

"conditmns,

A relatwely new product on the mdrket Is an adjustable wc:ghted vest WhICh IS

demgned to be worn while cxercmng (SmartVest Tralmng Zone ("onccpte Fltnt MI)

" The :ded bchmd the welghted vcst IS to prowdc a much safer alternatwc to carrytng

' _wetghts or havmg them etrapped to the body Wclghts in a v'esl form also'allow Frcedom' .

of the hands which is beneficial for usmg vanous plecee of exercise equipment such as

' stalr-steppcri Thls freedom of the h.:mds enables a person to stabilize their balance, ahd

makes getting on and off the eqmpment much casier. Overall, individuals could obtain

grcater beneﬂts from their exercise workouts if thls addcd werght was fo'und to Increase

excrcme mtenslty

-Few studies exmt which focus on excrcmng on various modalities while using

c,xtra welght Most of the studlee have only focused on walkmg on level or up slight

. grades.- It was hypoth‘emze’d tha‘t_ wearing the weighted vest while doing a variety of




-stcpplng rclated cxercmes, where a person s required to ift the wclght upwards against
gl‘d\’lty. mlght enhance the physlological rcsponses and | mcrcase the intensity of the

- Lxcmigc! The pUrpoqe of this study was to determine the physlologlca] rcsponses of

) walking and pcrfonnmg a variety of steppmg related exercises whlle wearmg a weighted

“vest,

METHODS

{ S'ubiects '

I‘he subjects for thls resedrch study mcluded 15 co]legc dged femalec; from the -
- Unwer.slty of Wrsconsm La Crosse (UW L) All of the subjecte were dssumcd to be In

: good hcalth at lhe llme of tcstmg and were free from known he'ut disease or other

- mcdlcal conditlons which would contramdlcate exermse Prior to the testing sessmn thc '

B part:cnpant was asked to read sign, and date the mformed Lonsent (qee Appendle) that
: (lcscnbed the procedures and mk'; mvolvcd with the etudy whlch were prewously .
- dpproved by the UW- L [nstltutmnal Review Board ‘The paruc:lpam also answered a
| Physlcal Actmty Readmcas Queqtlonnmrc (';ee Appcndlx B) (2). Al Ihlb Lime, thc
mvestlgator answered any queqtlona that the pamclpanl may have had about the teetmg
procedures. . N
Testing Procedures

-Eat:h’ participant reported on five separate days for testing and were informed to

~ wear comfortablc clothmg, and ehoes Every paruclpant was requnrcd to complcte one of

: the fol]()wmg tests on edch day: l) walk on a treadmll] at 3.5 mph and 0% grade 2) walk

ﬂ h'_"

B . v
" ) . L.
o b, _-ﬂ..-..l.::ﬂh.‘ﬁ- : - E— :I: : .;l;:l:r't -a JI_I ﬁ:.-h. " —- i ;r;_ it el oDk Tl ]
— .
L+ el

e

-.- o
B AT oA et o

- =
APy el TR e 1 :

- e n ey
"a ‘.’Sp:ﬁr"*.-‘
" L L

Ll LN oo
- LETEY -,

: ) e
L P=ra L I L e LuT

vty

* ""'h- :'_ 8 .i"l'l'l'-"'-r
- i

ARG IPE, ¥ Ly

.. . h
e W b e

-t .

[ Fhniegt T gy m g

e

- =0 - ) . ‘“ P i:‘" - .E.‘ -
4 L A A i i il

:




on a treadmlll at 3 5 mph and 10% gradc 3) step on a I‘ectrix Stzumtcppcr a 40 fccl/mm |
B . 4) blep on 4 SmlrMaster Gdunllet at 52 btepe/min, and ﬁ) qtcp up dlld down (m an 8 inch

g aeroblc step at 2 metronomc rate of 1 12 On each day the participant romph,lud cuch of

o the followmg condttlorm 1) no weight 2) weighted vest wnth 5% of body wcnght and 3)
- weighted vest with 10% of body we:ght on cach modallty, in random order, The subject
, had a 3 min warm-up and lhcn excrcmd for 5 min with each condltmn. In bctwcen cuch
conditlon the subjcCt rested o allow 'the h'eiart rate to decrease within 10 bcals bf ' resting '
e,
‘Each partimpant was welghed with thelr shoes off to the nearest quartcr pound
Five and 0% of the meav.ured body weight was then calculated for the wcightecl vest. A

PO]d[‘ Vantdge XL (Polar Inc Stamford, CT) heart ratc momtor was put around the chest -

| of the partICIpant The wetghted vest was then flttcd for the part:c:pant and the

l'xppropnate we1ght was added when needed Thepammpant was dlso f[tted with a

' mouthplece and headgeal for the measurcment of oxygen consumptlon (VO,). 'I‘hc

- Qumton Metabolic Cart (QMC Qumton Instrument Company, Sedtt]e WA) was uscd 10

. measuré VO,. Prior to cach test, the QMC was cahbrated by analyzing gases wnh known
concentrauom of 0, and COz A3, 0 ] ‘;yrmge was used to calrbrate ﬂow meter volumes.

Oxygen consumptton. heart rate (HR), rcsplratory exchangc ratio (RER), and cnergy

- expenditure (Kcal/min) were monitored throughout the tests, Prior to the 5th min, the

- pammpa’nt was asked to rate her perceived exertion.(RPE) uSing the 6-20 Borg Scale (4).




. ﬁli_u_i_&_l_jpﬂl Analysis

ﬂld for each modaltty were analyzed w1th a one- way ana!ym of var lance with

_ lcpcdtcd nwmuros {0 detcrmmc if thcre was a sig,nlflcant diffcrcnce In the phys:o[oglcal

1 lcsponaes to l}m 0 S, and 10% of body welg,hl condltlons A Tukcy S poel hoc test was

-_ pcrformed to delel mine pdirwme differences when a ra'.lgmﬁcant F ratio was found T‘he
’alphd !evcl was set at 0,05 to achlcvc ';tatlstlcal significance,
" RESULTS

Fifteen female subjects from UW-L volunteered to participate in this study, The

| physical characteristics of the subjects are summarized in Table |

Table 1. Physical characteristics of subjects (N = 15)

Mean + Standard Deviation

Age (yr) - - . 25.33 i4'.03
- Height (in) - 65.08 £ 2,72
Weight (Ib) 127241533
5% of Body Weight Used (Ib) 6.6+ .83

0% of Body Weight Used (Ib) 127 1,53
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Thc phymolog:cal I‘LS]JOI]S% lo walking on the tre: ldmil! at 3.5 niph and 0% grade

e ptc.scnl(,d in T able 2,

' Tablc 2 P}]}’51010gICdl :espon.s.es to walklng on the tlcadmlll il 3.., mph (}% grade

‘No Weight S 5%

10%

5.3 +2.14 1564201 1694195 4
 HR 100+ 15.67  103%1553 *

106 + 14.59 i
"RPE 8.5+ 1.55 o 95 1.69

064203 #

RER  90+,05 91+.05 914 .04
_Kcal/min o 4.36+.85 445+ .87
-_AH values represcnt means + standard deviations,

* Significantly different from the no weight condition (p < 0.05).

# Significantly different from the no weight and 5% of body wetght conditions
(p <0, 05) ' ' o

480 £.79 |

'It Was Found that the ddd:tlon of 5% oF body welght mg,mﬁcantly (p < O 05) incrcused HR

and RPE compdred {0 the no wcnght condluon The dddmon of 10% of body wclght

mgmﬁcant]y (p < 0.05) mcreased VO;_, HR, RPE, .-.md Kceal/min comparcd (0 both the no

welght and 5% ot body welght condlt:om Wlth 10% of body wenghl VOz mcrcm,cd .6

ml- kg ‘min’ (10 5%) and HR mcrc'lsed 6 bpm (6%) compured to the no welght

condltlon.. The RER values were not mgmﬁcant[y (p > 0 05) dlffercnt




The physiological responses to walking on the treadmill at 3.5 mph and 10%

N crade are presented in T able 3.

- Table 3. Physiological responses to'walking on the treadmill at 3.5 mph, 10% grade

No Weight 5% 0%

, Oy 28.5+3.16 2094343 * C31.6+3.30 #
B urR 46+1958 14941850  153% 1942 #
A x5 1244196 * 137+209 #-
i RER 9404 95k04 ¢ 97405 4
Keal/min - '8.16& 132 857+ 141 *  010%1.47 4

AII values repteqent means i standard devmuom
~* Significantly different from the no weight condition (p < 0.05).

W Significantly different from the no weipht and 5% of body welght conditions
(p < 0.05).
ll wus detcrmincd tlml the uddltion of 5% of body weight Mgnificuntly (p <0, 05)
mcreuscd VOZ, RPE RLR nnd Kcn]/mm compared to the No weight condntlon Thc.

additlon of 10% of body WCIghl qigniticamly (p <, OS) ihcreased all of the phyqiologlcal
. msponses that wetc tcc;ted It waf; found lhat VO; incneu';cd 3.1 ml kg mm (10 9%)
and HR increaqed 7 bpm (4. 89%) f rom no wcight 0 1he 10% of body wclght condllion
B The physmlogicul rosponses to stepping on the StulrMuStcr_ Gauntlet at 52

~ steps/min are presented tn Table 4,




' Table 4, Physmlogwal responses to qteppmg on the StalrMaster Gauntlet at 52
eteps/mln -

l . IIO%
B vo.  m3:124 4134 258 1,51 #
EE o Girns msima £23.22 4
" ReE o4i164 ML E225 0 ¢ 1224291 4
" RER 92£.03  93£02 9340
Kealfmin - 667+.87 703 £.95 O T41£98 4
- A.Il values represent means + stundard dewanons - '

* Slgniﬁcantly different from the no weight condition (p < 0 05).

# Significantly different from the no weight and 5% of bedy weight eondltmnc;
(p < 0.05). -

1t was found that with the addition of hoth 5 and 10'% of body weight, VO, HR, RPE,
and Kcu]/mm were mgmficamly (p < 0. 05) htg,her eompnred (o the no welghl conditlon

'- Oxygen eonsumplxen mcremed by 2.5 ml kg ~min (10. 7%) and HR mcreu..sed by 8 bpmi
.(6%) ﬁ"em the no weigh‘t to 10% of bedy weighl eondition. 'I‘he RER values ebtnined_
' fwere not significantly (p > 0.05) dif ferent- ' .
The physiological responses to .steppmg on the Tectrix Stmr-stepper at 40 f‘eet/mln

, ' are presented in Table 5 All of lhe physno!oglcnl respen.ses tested were found 1o

s.lgnlficantly (p < 0 05) Increase with the udditlon ot‘ both 5 and 10% of body weight

'cenditlons.




10%
g Vo 257:138 2701178 2844135 #
RPE 109%187  119%153

_ _ 1344199 #
~RER  96%.03 98 .05

lOOi 05 #
)

b Keamin 14299 ZIEIRERE 8204119

§ All valucs. represent 'mcnne i standard devi'ltiom. _ -
B * Significantly different from the no weight condition (p < 0. 05)

| # Significantly different from the no wmght and 5% of body weight condmons '
' (p < 0. 05) ' -

It was found tlmt oxygen con.s.umption mcreased 2.7 ml kg min”! (10. 5%) and HR
PR o mcrcuscd 7 bpm (4 8%) from the no wenght to 10% body welght conditmn.

T hc physlologlcul reqponsee to stepping up and down on un 8 mch acrobic step at
'_ '-'amcnonome rmc of 112 meprcscnteci in Tab!e 6, It was found lhdt VO;, IIR RPE and

- Kcal/min were signifrcuntly (p <0, 05) higher for both lhe 5 and 10% condltions

| compared to the no weight condmon. Oxygen conqumptlon increusedz | ml: kg -mm

) 6%) und HR mcreascd by 9 bpm (7.1%) from the no weight to the 10% weaght

| condition. Thc RER vlues obtuincd'wcre not slg’nifica:nlly (p > 0.05) different,




| | Table 6. Physiological reiép(mses t,o s’te'pp'ing bn" an  8 inch acrobic step at a rateiof .l 12 _
'NO_Wéighl B . 5% 10%
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: Vo, 294157 229 130 © 240+1.76 #
HR 1262086 131£21.61 135%21.52
RPE  103%134  [13%172 1254192 4
RER 91,05 - O 91£.05 o C 91+.04
Keal/min 62174 65285 x 6851.91 #

All values repreqcnt means i stnndard devmtions

% Significantly different from the no weight condition (p < 0. 05) .
# Slgmﬂcantly dlffcrent from the ho weight and ‘S% of body weight conditions

(p <005)

DISCUSSION
The purpose of this investigation was to determine If adding external weight in the

form of a weighted ve'st would significantly increase the physiological responses to

various walking and stepping modalities, The results of this Investigation will be

compared to other research studies that focus on walking with hand, wrist, or anklie
“weights, weight loaded walking and stepping, and walking with a weighted vest,
For the five modalities used in this study, oxygen consutnption increased an
éwernge of 2.4 mlkg" min’! (10.4%) with 10% of body weight compured lo the no weight
condmon During the wulklng trials, thc increase in ORygen consumpllon t‘lom 0 lo 10%

- weight Was depcmlent on the grade dlf flculty Fot mstunce. m a 0% grade VO; mcreused




by 1.6 mbkg'“min" compared to 3; | ml'-kg'.'-min" ata 10% grade. However, during the

N sleppmg mod'\htles snmllar increases m oxygen con‘;umptmn were found mngmg from

21027 ml ke -rmn .

The results obtained for oxygen constimption from the current study are similar to
other research studies (3,7,13). These studies concluded that walking lw_ith 2.5 'an'd.'3 )
- ankle weights increased oxygen consumption by !i (lO%_)_and 2.4 mlkg ' min’',
respectively. Abadie (1) discovered a 12.4% increase'in relntiVe'\"Oz while using 6 .l'b
‘hand welghts and walking up an 8% grade. Schram and Hanson (10) also teported that
~ walking at 3 mph and 0% grade using 5 kg increments increased VO by 1.5 mlkg " min'
| t‘o'r e_ﬂéh 5 kg lolud.- ' This 1S compariible to the current sludy 'whc'i*c'a 16 ml«kg_;"'«min"l
'inmcaee in VO, was found whlle wulklng at 3.5 mph und (% gmdc mmg a mean welght
of 12, 7 Ib Invumgatou (9) uaing a rucksack for external wc:ght dcmonstmtcd that much
higher weights are necessary for similar increuses in oxygen consumption. For cxample, .
' walking with 31 5 kg increased VO, an average of 10% at speeds of 3.0 and 3.6 mph,
- The average increase In heort rate for all of the modalities, using 10% weight, was
7 bpm (6%). 'This represents the same heart rate vﬂlm’s reported in the study by -
Makalous, Araujo, and Thomas (8), which used 1 b hand weights and exaggerated arm
movements. Schram and Hanson (IIO) also detected a 6-7 bpm increase in HR per 5 kg
Jincrement of weight added. Heart vates were generally found to bc sllglilly high‘er in :

‘those studies that used wrist or hand weights (1,3,5,6). Graves, Pollock, Montain,

Jnckson, and O*Keefe (7) concluded that using 3 1b hand weights increased heart rates by




7-l3bp'm. Abndie(l)found heart mtes to increase by 11 bpm (8%) withwrist'wclg[m .

“and 15 bpm (10 5%) with hand welghts Smniar heart rates of 5 and 8 bpm were also

: 'repmled_durmg bench steppmg at a height of 8 mches nnd thc acldition of 2.7 mid 5.4 kg,

resp‘ectivéty (11).
. Ralmg of perceived exertmn valucqwclc mgmﬁcantly lnghe: with § and 10% of
hody wclg,ht tor all of the modahtlcs Ihew values agree with what. other IbhulICh studies
-- huve reported (3, 7 10) Amo.s. et nl (3) dctcrmmcd that RPE was slgmf 1c..mtly greater
.slng 2 5 b hand and wrist wc1ghts but not for anklc we]ghts.
Rcsplratory cxclmngc ruti'o vnl'ues were found to increnae sighif i.c.ﬂnt]y during WO -
- of the moclahtics. These fmdings are consistent with olhcr resumch .s.tudte.s in wlmh RLR _
. mcrenbcd N tWO and did not mc,n.asc In unot]u,r WO othm sllidies (‘i 5,6, 8)
- Energy expenduum ll1Cl‘¢HhLd In almost cvcry condulon. Only one .study (8 ) was
' dmcovered that te.stcd for energy cxpcndlturc and it was determined lo hc si&,mf iczmtly
grcatcr by 0.4 Keal/min (7%) with tlu, use of 1 Ib hand weights. ’1 he current study found
~ lnaverage incrcasc of 0, 7 Kcul/min (| 1%) ncross all fwc moda]ilws Wthh IS congistent
with the increase in VO;. . . .
Wulcott et al, (12) etudied thc re.spomes, lo Icvcl wulkmg, with a wclbhlcdvchh
He reported that for fcmale.s .s.ing IO% of body weight while walkmg 3.5 mph nml 0%
: grudo only incrcascd voz by 8% compared to the 10.5% increase detected in the current
.study He also rccordcd that HR increased by 5 bpm (4%) which ib compurablu lo lhe 6

~ bpm (6%) incrense found in thc current study. Ovcrull it was dctcrmincd that femuloq




o '.had a .s1gmf|oantly greater leSpome than did the maleq and that the responseb were also

~ greater at a Speod of 4.0 mph compared 0 3.5 mph

Engels and Wirth (5) als,o StUdICd the physmloglca] responsos to level waikmg at

3.0 mph whlle woarmg 0 wmghted vost and found .slmllar results, The valuos for VO;,

- IIR. and RPE Increased .s:gmﬁcanlly with each 5% weight load incroment The groatosl

o mcrease in V02 occurred at 25% of body wolght und equaled 1,92 ml. kg -mm (16%)

compared to l 6 ml kg ‘min’ (10 5%) increase reported In thc current study at 3.5 mph -

and 10% body weight, As in the current study, RER values were not significzmtly

_difforom.- '

Ovom[] the ¢ use of the wolghtcd voat mcrca.sod the mtenslty of ‘walking and

. htcppmg exorotscs. By usmg the wolghted vest mdwlduals muy increase the mlcnmty of

_ their workout without hnving to inoreaqe the f:equoncy or dumtiom The udded wolght ln'

Coavey l!o:m would u]ao allow freedom or‘ tho hands and should ot elleit an cxug'gerutod

, blood probxmo response which ; is often s.een whon using hand wetg,hls (7)
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WEIGHTED VEST STUDY
INFORMED CONSENT

B ——» Volunteer to be a subject in the weighted vest
“study to determine the physiological effects of walking and stepping while wearing a
wetghted vest. T will be required to report on five separite days for testing, Euch picce of
~ equipment will be tested on a separate day and include the following: walking on a
treadmill at 0% grade, walking on a treadmill at 10% grade, stepping on a Tectrix Stui-

- stepper at 40 steps/min, stepping on a StairMaster Gauntlet at 52 steps/min, and stepping

up on an 8 inch aerobic step it & metronome rate of 112, On each piece of equipment |
~will be wearing the weighted vest at 0, 5 and 10% of my body weight and wil} EXLICiNe S
minutes for cach condition. In between cach condition 1 will be able 1o rest and atlow my
heart rate to return to g resting vatue, Throughout the tests | will be required to breathe
through o mouthpiece for the measurement of oxygen consumption, I will also be
required to wear o heart rate monitor and rate my perceived exertion level. | understand
~that I can stop any individual test at any time, and/or choose not to return, -
, Lunderstand that this study may involve possible risks such as musele soreness,
dizziness, abnormal blood pressure, irregular heart rate, and in rare instances heupt attiek,
stroke or death, However, the benefits wil) include new knowledge about the effects of
walking and stepping while wearing the weighted vest, '

Lunderstand that part of the risk Involved with participating in this study is
refative to my own state of fitness and to the awareness, care and skill with which 1
conduct myself. 1 consider myself to be in good health and to my knowledge 1 am no
infeeted with o contngious disease or have any limiting physical condition or disabilit Y,
especially with respect o my heart, that would prevent my participation in the at study
described above, ' I o S

| have been informed and completely understand what is expected of me, |
~consent to publication of study results so long us the information is anonymous and
‘reported as group results and not individual Any questions that T had have all been

unswered to my satisfaction, | have been advised of al) possible risks involved und that |

may withdraw fron this study at any time without a penalty, B
' Concerns about any aspects of this study may be referred to the principal
researcher, Cindy Dockter at (608)787-6072 und/or thesis advisor:

John Poreari o
University of Wisconsin-La Crogse
216 Mitchell Hall -
La Crosse, W1 54601
(608)785-8684

Subject:_______ e . Date:_____
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Wei ghted Vest 'Stu_dy "

- Address: ___

Physi_(:a] Activity Readiness Questionnaire (PAR-Q)

1. Has your doctor ever said that you have a heart condition and
~ that you should only do physical activity recommended by a doctor?
Do you feel pain in your chest when you do physical activity?
- In'the past month, have you had chest pain when you were not doing
physical activity? S -
Do you lose your balance because of dizziness or do you ever lose
consciousness? ' B B
Do you have a bone or joint problem that could be made worse by a

“change in your physical aclivity? -
Is your doctor currently prescribing drugs (for extumple, water pills) for
your blood pressure or heart condition? '
Do you know of any other reason why you should ot do physical
activity? - ' R -

- The above questions have been answered truthfully and to the best of my knowledge. |
am not withholding any information regurding my health status which would place me at ,
an increased risk of injury or cardiovasculur problems by participating in this exercise
progran, . ' | - " _

Signed: ____ - e _bater______
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REVIEW OF RELATED LITERATURE

Introduction
As the population has become interested in obtaining greater benefits from their
exercise program, intensity is now a main focus of attention, Inorder to increase the -
intensity level associated with walking, researchers hzwe-s'ludie_d the use of load cau'i*iugc‘
while walking. This review will focus on studies evaluating the physidlc}gical 're.?;ptmses
1o exercising with load cm‘r'i;ige and will include the following: walking and running with
- hand and zmklc;_'we_igl1ts, weight loaded walking and stepping, and walking while wearing
A\ Wei_ghléd fitness v.e.st.
Hand and Ankle Weights
In 1990.'. Abadic (1) studied the responses of h.éa'lthy individuals white walking up
~an 8% grade using either 6 1b wrist or hand weights, Relative VO, was found to ihé.l"t:i §C
by 16,2 and 12.4% with the addition of wrist and hand weights, respectively, Heart rates
also increased fromy I_43_bpm with no weight, to 154 and 158 bpm with wrist and hand
weights, respectively,

Another study focused on obese adults who walked while carrying | b hand
weights with exaggemted arm movements (&). It was reported that oxygen consumption
increased 7%, from 1,086 l-min”" with no weight to 1,168 [-min’' with the addition of
hand weights. Heart rates were also found to increase stignificantly from 120 bpm with nno

weight to 127 bpm with hand weights, which represented a 6% increase.




RER values were not significantly ditferent lmlthczwuragﬁ 't'éil,t'}"ﬁf energy expenditure
-wuh the use of hand weights was sngnlflcanlly Ereatu‘ (7%) !han no wugus

Aublc Schwartz, and Robertson (3) clctected similar u,sulls wnh wa]lun;_, wlulc- '

pumpmg [, 2, 01 Ib Imnd wcnyus Oxygcn comumpuon increased as thc arm range of

mollon wug,hl Lunted and wulkmg, speed mucascd( 3;(),'3'.5.- and 4.0 m])h) AS 0

lchllll VO‘: 111L10dsed by 17 to 43 ml kg 'min', or | 13% Lo 255% gmllu lhdll nonmdl

wulkmg

Zarandona, Nelson, Conlee, and Fisher (15) tested 30 trained men who walked

~and ran on a treadmill with no weights, 1 1b weights, or 5 Ib weighls in cach hand. 1t was

found that walking and running while carrying the 5 1b weights in each huncl significantly
increased VO, Wh_ile walking only increased heart rate. The results suggesi that & pressor
reflex was not ehmted by c.lrrylng up to 5 Ib welghlb in each hand, The oxygcn pulse

data showed that changes found in hwrt rate and VO, were highly related. Therefore, it
was concluded that carrying;_hand-helcl weights could help increase exercise inensity.

' e.*;p;:ciully tor those people who do not want to increase their speed,
[n 1988 Claremont and Hall (4) studied the effects of extremity loading upon

energy expenditure and running mechanics. Although VO, increased from 2.47 to 2.64
l-min"' with increased load carriage, the values were statistically insignificant. Therefore,
it was determined that the small increases in energy expenditure, along with the polentiai

tor increased force of impact and the discomfort of the weight carriage, discredit running




with hand or ankle weights. A more desirable alternative would be to increase speed
_ and/or distance while training, -

Martin (9) reported that the energy cost oxygen consumption, and heart rale
ussociated with rupning were incré:-.&';cd when the amount of load Cint‘rled c"jn'the lower
“extremities was also increased, The sludy _included loads of .25 and .50 kg which were
' ﬂd{léd to each lhigh ot f(ml. Ah the load on bolh thc thlgh's and fect increased, so did V(}w

~and heart rate. lWith the addition of 25 and .50 kg wclghta to th. thigh VO, incre twd Dby
.7 and 3.5%. thn these weights were added to thc feet, VO, IHCICdSL(l l)y 3 and

7 2% 1espectwcly

. Walking with _himd-held weights has become popumr.-, especially for patients with

- cardiac disease, These weights enuble patlentsto increase the mtenmly of their wulking
program and thus get their h'e:-.;rl r‘ales into an ﬂppropriule’ lraining zone. One study
c{mipurc(l_ the eftectiveness of walking without weights to walking with 2.5 1b w.ri.x‘l Or
un'kle.wcights (2). Eighteen maie patients in a Phase [ and 1V cardiac rehabilitation
Program volumecréd for thé study. The subjects walked on a treadmill while using either
ankle or wrist welghts or no weights at all. it was found that the addition of either ankle
or wrist weights increased the intensity of walking 'exércise. Oxygen consumptiorn
increased 1.7 mlkg - min” (10%) using ankle weights and 3.5 ml-kg ' 'min’ (21%) Using
wrist weights, Heart rates also increased 4 bpm when using ankle weights and 13 bpm
when using wrist weights. The RER values for using wrist weights were significantly

greater than the no weight and ankle weight conditions, but RER was not different
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between no weight and ankle weights. The RPE values were Signit'icunlly higher wilh the

- use of' wrist weights but not ankle weights, Therefore, it was dLlerincd ot anlxlc ..uul

wrist wclght..s could be effective fox Inc,reasm;, exercise mlensity In Phasc [ and 1V

curdiac pallenla.

In a study con(luued by Graves, Po!lock Montdln, Jackson, anci O'Keefe (7) i

Wi ls tound that 3 lh lmnd hclcl wctghts LOUId mucasu th IHthhUIIC cost of training, The
- subjects which included I’J untmmcd mein, parlncnpuled In (Wo maxinmal and three
~ submaximal treadmill tests. Heart rate. oXygc'n uptake, and RPE were significant]y

greater with the addition of hand-held weights to walking exercise. Walking Wiih 31

welghls increased oxyg,en consumption by apploxumtc]y | MET uncl heart rate hy 7-13

hpm It was also found that an ang:,gur.ued increase in systolic and dmslollc blood

' [}ressures occm'r'ed with the addition of hand-held weights during walking exercise, For

Lhis reason, the use of hand-held wcight.s may be |11.0.st' beneficial for those individuals
who are llealthy and wish to increase the intensity of their wa'lk_ing program. However,
hzind-held WGights mily be contraindicated for certain patient populations because of the
exaggerated blood pressure response.

Another study done by Graves, Martin, Miltenberger, and Pollock (6) found
stmilar results when using hand-held weights, wrist weights, and ankle weights, The
SUbjects included 12 sedentary men who completed three treadmill tests with 3 1b wcigins
and exercised at 75% of maximal heart rate reserve. Blood pressures and rating of

perceived exertion were not significantly different for any of the three kinds of weights,




During walking, the energy cost increased 2.4 mbkg ' 'min’! for ankle weights and 3.8

’ r'l TRl \ ¢ .r. . | P ¢ . codd e .- . - - _ . |
ml-kg min for hand and wrist welghls. Heart rntesulso increased from 147 bpm wills
N0 We ight to 15‘3 16| hpm wlth the addition of wcu,hls Thc RER values wcrc

slgmflc mtly glcalur wuh thc addition of wughls compared to no weights,

. Wcig ht Lozlded Walking and Stepping

ln'z‘t'ddltion to hand, wrist, and ankle weights, researchers have studied the eftects '

of load carriuge closer to the body and not on the extremities. Patton, Kaszuba, Mello,
and Reynolds (10) studied the physiological responses o pmlon_ged treadmitl walking

- with external loads of 31.5 and 49.4 kg, The load was carried in a rucksack with ain

cxlc_t'liill frame and belt with suspcndcrs* It'wus concluded tha_t oxygen consumption i

heart rate 1ncrca.sed Mgl]lflCElI]ﬂy durmg pro]onged walking wﬂh external loads. th

walkmg, with 31,5 kg, VO, increased an average of 10% at spccds of 3.0 and 3.6 mph

_ S_im.ililrly, arrying 49.4 kg increased VO, by i average of 16% at speeds of 2.5 and 3.6

mph.

Left ventricular responses with prolonged treadmill walking during heavy load
carriage were sthdied by Sagiv, Ben-Sira, Sagiv, Werber, and Rotstein (11). The subjects
~included well trained healthy malés who carried a 38 or 50 kg baCRpack while walking on
a treadmill for 4 hours. It was found that with the 50 ky backpack there were
signiticantly highier values for heart rate, and oxygen uptake compared to the 38 kg

bi’l'ckpuck. Values for VO, increased from 14.3 with the 38 kg backpack to 19.2 ml-kg’
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"min"" with the 50 kg buck'pitCR. Heart rates also 'i'ncrcu:'ie(l:frmﬁ 104 to 128 bpim at the

.s.-.nnt, weight loads. Rntmgb of pelccwed Lxertmnclld not sugmﬁuunly increase,
.Schram and Hanson (12) e,Vuluatcd the cffect of added weight on oxygch
consumptlon and heart rate of 13 ma]b cardlac rchablhtutlon p.-.luenls [:ach sub]cc
i w;ﬂkad on a treudm:ll at 3 mph and 0% grude in fwe nequcntlul 8 mm 'sl:u,us Dunn;_, tlw
first qta;,t., subjc,cls walkcd without a load and In the fOI]OWlllé, smgch weight Wi udf.lcd 1

5 kg | increments unu! the subJu:l uch:eved 2 prcscrlbcd trammg heart rate or complclccl

the fmh blage at 20 kg, It was found that oxygen comumplmn und heart rate increased

, wnhout the ap'penrance of dysrhythmius o1 ischemic electrocardiogram changes. 'Iri ﬁ.lCL
OXygen consumption and heart rate increased linearly by 1.5 ml-kg"min" and 6-7 l)’piil'al;
cach 5 kg Ibad. A significant increase in rate of perceived exertion was also found at each
5 kg load. -

The effects of welght loaded bench %teppmg has been studied by Stanfoﬂh find
Stanforth (13). Scuba wclz,hls and a belt were used with 2.7, S 4, and 8.2 Kg of added
weighl. Par'ticipants stcpp'c{l at 120 bpm on three different bench hetghts, It was t'oimd
that oxygen consumption increased by 18.6 ml:min"' for each kg of weight added whilc
using the 20,3 cm (8 inch) bench helghl At this saume bench height, heurt rates increased
by 5 bpm with the uddition of 2.7 kg and by 8 bpm with the addition of 5.4 kg of weight,

Weighted Fitness Vest
Recently a study was conducted by Engels and Wirth (5) to determine the

physiological responses to steady-rate level walking while wearing a weighted vest, The




subjects included five males and five females who walked o the level at 3 ‘mph for 10
min durmg, euch tcsl Thc lests were conducted with ho welght and wlth lhe vest In..lclcci
wnlh 5, ]0 15 20, and 25% o[ body weu,ht Vulucs for VO, HR, and RPE :nc:wacd

. «.l&,ntllumily wnh thc welg,hl Ioad lnc:cments. le RER vuluea .showul No su,m!‘wunl

cllifclcnu,s. "[ht, g,nculcsl mc:casc in VO, occuned while walking Wlth the wclghtcd ves(

at )J% of body welght, and equalcd 1,92 ml kg ‘min’ (_16%)'. T}wnuthors beiie#fcci that

it would be ncccssdly fm the vest to be louded consldcmbly mbre in order to p:owdc )
citcctwe phyqlologlcul stimulus of uny pmcucu] sngnltlcance. .

Walcotl ct al, (14) nlso sludled heart rate and VO, responsm lo level walking witl
a wmghted vest (0, 10, 20, 30, and 40% of body welght) at 3.5 and 4.0 mph, I was
l*cporlcd lhm oxygen consumption and HR inc:"'ease_d_significuntly for males and femuales
w;llking at 3.5 and 4.0 mph. Females walking at 3.5 mph showed 8 and 17% increases i
VO; with the addition of 10 and 20% body weight, respectively, At 4.0 mph there were
|1 and 21% increases in VO, with the same weights. Heart rates also increased at the
same load carriages. From 0 to 10% of body 'weight, a5 bpm (4%) increase was found.
Overall, the authors concluded that females had a significantly greater response than
males did for each speed and load carried. The responses were also significantly greater
at 4.0 mph compared to 3.5 mph.

Sumimnary

As shown from the literature, numerous studies have evaluated the effects of

various types of load carriage on the physiological responses to exercise. In several

studies hand and ankle weights increased the intensity of walking for trained men as well




o as cardlac pdtlenth (l 2,3,6,7, 8 15) Oxygen comumpllon lllf‘ltilHEd tlom 7- 255% OVer

. lhal oi‘ wulkmg without weights. It was determined that g geaer ally wrist weights showed

greater mc_rcases in VO, compared to Imnd WeightS. and pu’mping hand wetghts resulted

in the "gretitcst Increases. Howcver, renning with weight

5 was found to have little or no

“effect on oxygen consumptmn (4,9, IS) Resmuchers have also lcpor‘i{t..d significant

mcrcahcs in VO und hcdlt rate wuh the use of a welghted haukpack or mnnlur load

- curmlgc (iO 1, 12) Fumlly. ltwns concluded that wcm‘ing 0 Weightc'd vest with jevel
wall\lng can increase oxygen c(}nsumpllon by 8% with the 1dd1t10n of 10% of bndy

welghl (14)
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