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ABSTRACT

_ VANDE VOORT, C. K. Heart rate responses to chair a ' Ob ¢cs in healthx older women,
MS in Adult Fltness/Cardiac Rehabllitatlon, December 1998, 67pp. (N. K. Butts) -

‘This study mvestigated hean rate responses of 12 older (mean age = 63,1 yrs) apparently .
healthy women from the La Crosse Exercise and Health Program. Although each -
~ volunteer participated in 2, 24-hour heart rate monitoring sessions, only portions of that
time period representing sleep, daily activities, chair aerobics, and peak heart rate were
‘analyzed. Heart rates were recorded minute-by-minute using a Polar Vantage XL heart
~rate monitor and activity logs were kept. There was a very strong and significant (p <
.01) correlation (r = ,94) between heart rates of day 1 and day 2. A two-way REANOVA
showed significant (p <.05) differences among heart rate responses of sleep (69.9 bpm),
datly activities (85.4 bpm), chair aerobics (102.4 bpm), and peak heart rate (124,8 bpm).
%HRmax (calculated using 220-age) for sleep, daily activities, chair aerobics, and peak
‘heart rate were 44,6, 54.5, 65.3, & 78.8%, respectively, The majority of Ss obtained their
peak heart rate during low-lmpact aerobics or some other form of exercise. Based on
these results, chair aerobics and peak heart rates were classified as “moderate” and “hard”
intensity, respectively, thus meeting the American College of Sports Medicine (1998)
recommendations for exercise intensity for healthy adults. Chair aerobics, as well as
other light to moderate exercise, may play a role in reducing the rate of age-associated
detenoratlon in many physmloglcal functions, even if these activities do not reach the
_ mtens:ty necessary to increase absolute measures of ﬁtness. -
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CHAPTERI

INTRODUCTION

Heart rate, the number of times the heart beats or contracts in one minute, is

' controtled by both intrinsic and extrinsic mechanisms, Both the sympathetic and

P’alras)'mpathetic pOrtions of the autonomionervolm system control heart rate through '

chi onotrOpio and inotropic effects. At rest the atria are under parasympathetlc

stimulation or vagal control resultmg in a restmg heart rate below the mherent 100 beats &
_pe:rmmute of the Sln'oatrial node, the normal Pa'Cemaker.' Durmg exercise, the autono'mlo f

, 'nervous system withdraws the parasympathetic sttmulation and begms stlmulatmg the

sympathetlo ﬁbers to the atrla resulting in an increase in heart rate. As heart rate

'moreases, more blood is pumped to the tissues in the_ body thatneed it, thus heart rate

vaties 'gr‘eatly with different activities and within individuals.

Durmg exercise the cardrovascular system is stressed and reacts wath increased

heart rate and blood pressure to-supply the increased nee‘d for blood to the tissues.

' Accordmg to the Amertoan College of Sports Medlcme (ACSM 1995) exercise

1mproves cardlovascular functlon as seen wrth increased maxlmal oxygen Uptake, ancl

lower myocardlal oxygen cost, heart rate, and blood pressure for a given submaxlmal
intensity. A reductionin ooronary' a’rtery diseaserisk factors such as high 'blood p‘ressw;'_e,- .
o hrgh cholesterol, and body fatness may also occur with regular exercrse. Lower mortal ity

' and morbtdlty are also beneﬁts of regular phys:cal aotwity Furthermore, exercise ma y

also decrease anxrety and depressnon and enhance feelmgs of well belng In order to

o YT VRS




tecolve these benefits, the ACSM (1998b) recommends 20-60 minutes of exercise, 3-5

- days pe'r week, at an intensity of 55-90% of maximum hesrt rate,
Chair aerobics has become a popular form of exercise in the last several years,
especialiy among the oider population. Chairaerobics COnsiSts of strengthening,

' 'stretchmg, and aerobic dance like movements done with music while sitting in a chait.

- Because the partrorpant remains seated, there is less stress on the jomts than activities .

' such as Jogging or waikmg At this pomt there has not been any research done on the '
_ effect that chair aerobics has on the cardiovascuiar system or if it stresses the heart
sufﬁciently to meet the requirements needed to receive the beneﬁts of exercise as
suggested by the ACSM (1995), I '
. Need for the Studz
Chair aerobrcs provides an alternative exercise for many people. Due to the
recent development of this type of exerctse class, however, no research has been
pubhshed on the effect of chair aeroblcs on the heart rate of older women. Can chalr
acrobics stress the cardiovachiar system (i.e., heart rate) enough to obtain the training'
* benefits of exercise? Monitoring heart rate during a variety of activities including sleep,
" daily activities, chair aerobics, and peak heart rate would allow a compaison of heart
*rates achieved in each of these areas, .
. Pum )se of the Studg
The purpose of this study was to compare heart rates obtained durmg charr

B aerobics to the heart rates achieved during normal dally activities in healthy oldcr

‘women,




- ' l"_' ' thesis
The null hypothesis for this study was: there will be no significant difference in
heart rate responses during chair aerobics as compared to normal daity activity in older
ssumptions

' - This study had the following assumptions:

The Po_larf Vantage XL Heart Rate Monitor (Polar USA, Inc., 1992) measured heart

. ' , __ra't'es acourately,
Each subject kept an accurate record of her daily activities during the monitoring '
o , , . .
The daily routine of the subjects consisted of activitifcs done in normal, everyday life
(i.e., eating, cooking, sleeping, shopping, housework, etc.). These activities varied
from su'bject to subject. . .
Each subject was physically capable of completing all the movements involved in the
chair aerobics class,
The heart rates achieved during the first few hours of sleep were consistent with those
‘achieved during the l'ast hours of sleep. -
“Sleep heart rates were averaged during sleep hours repbrted on the activity log.
- Average heart rates between 8 a.m, and 3 p.rn.représented daily activities.

Peak heart rate was the highest heart rate achieved regardless of time period.
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This study had the followingdelimitations:
Subjects were women ranging in age from 54 to 70 yedrs old who were members of
the Adult Fitness portion of the La Crosse Exercise and Health Program (LEHI‘)
The chait aerobics instructor remained the same tlu'oughout the testing period,
. Each subjeot took preseription medications as usual,
Limitations
The following limitations were recognized:

The subjects volunteered for the study.

A limited number of subjeots were tested,

~ Definitions of Terms
The foliowmg terms were used In this study:
Adult Fitness ~ a portlon of the LEHP for people w:th no known caxdiae pulmonary, or
metabolle dlsease Superwslon Is unnecessary durmg exercise for this popuiatlon. .
Chalr Aeroblcs - a combmatlon of strengthemng, stretching, and Upper and iower body
- movements led by an instructor whlle llstemng to music and sitting in a straight-back
chair,

Chair Aerobics Heart Rate — an average of the rainute-by-minute hea'rt rates recorded
during the 30-minute chair aerobics session.

' Dailectivities — things done throughout the day including eating, cooking, wash.ing

' dlshes, sleepmg, vacuummg, dustlng, oleamng, walkmg, biking, sleeping, shopping,

‘-talkmg on the phone watchmg TV readmg the paper, and receptlomst wnf'k




o _. Datlg Aotwtttes Heart Rate — the average of the hourly heart rates from g a. m, -3 P m,

ximal em Ra te — the maximal ttmes the heart beats in one minute determmed

B .dtreotly through an exercise test or predtoted usmg an equatton In the present study, tt N

 was predited using two ACSM (1995) equations: 220 - age; and 210 - (5 x ago).

. | _.Peak Heart Rato ~ the htghest heatt rate achieved for three eonsecutlve mimttes, whlolt

: were not more than 5 beats apart and could occur during any aotwlty

e ol . V_ ' 'ntage_}_(_li,ﬂMMomtor a heart tate momtor designed to lndloate heart

rate levels durmg activity. A monttor/transmtttc:r worn around the chest senses electrical

. slgnale generated by the heart and eleotromcally computes and digl tally dlsplays the lteatt

 rate in beats per mtnute (bpm) or1 d watch displa V. The watch hae the ability to store I

, heart rate data for further analysus (Polar USA Inc., 1992)

N S__e_gﬂe_ﬂ_lgme the average of the hourly heart rates durmg sleep hours as recordecl on

' actwtty logs.




'CHAPTER II
' REVIEW OF RELATED LITERATURE
' Introduction - :
A cl'e:m‘ linear relationship exists between heart. rate and energy expenditure, thus
measuring heart rate is one of the easiest ways to measure intensity during exercise.
Different modes of exercise, however, may vary thie relationship between heart rate lan'd'
VO,. As the body ages, the cardiovascular system experiences many changes that affect
how the heart reacts to stress, It should be noted, however, that older individuals do
experience the same benefits Of exercise as the younger population (ACSM, 1998a). .
, sercise -
| According to the ACSM (1995), the benefits of regular physical activity have |
been well established. These benefits consist of imptoved cardiorespiratory function I
inoluding increased maximal oxygen uptake (VOsma), lower VO, cost for a given .
submaximal intensity, increased lactate threshold, increased exercise threshold fo’r _thé
~ onset of disease symptoms, and lower heart rate and blood pressure at given submaximal
 intensities, Regular exercise also reduces coronary artery disease (CAD) risk factors .
 through modest reductions in resting blood pressures in hypertensives, lowering serum
triglycerides and raising hlgh-dehéity- lipoprotein (HDL), reducing body fat composition,
‘and improving glucose tolerance. Also regular physical activity can result in deoreased

anxioty and depression, Increased well belng, and enhanced performance at work and

play.




~ The ACSM (1 9995) iia's’ set'guidelines for exercise to receive the benefits

enttoned above Tltey recommend exerclsmg at 40-85% of VO;mM or

- ].55 90% of maximum heart rate, ‘The ACSM suggests 20 to 60 mtnutes of conttnuous

aerobio aotwity Performed 3- S days per week lndwiduals who are unfit should exercise . .

at 55_—64%of HRmax _and may need to begin wrth a sltorter durauont
.Older Populatton . | o

N “As the body ages, several physrologlcal changes take place Maximal heart rate, -

-VOZW, cardlac output muscular strength ﬂexlhility, and bone mass decrease (ACSM, I.

. .1995) The ACSM recommends modifications in the exerclse programs of older

' lndtvlduals, but also emphasizes that each person 18 umque in the aging proeess. The

_ recommended intensity for older adults ls 50- 70% of heart rate reserve. ln addition, new

| gurdelines (ACSM, 1998a) recommend that the frall and very old exerotse at 40- 60% of .

heort rate reservet To avold injury, duration should he mcreased before intenslty, und the

' " modality used should not lmpose signlﬁcant orthopedlo stress. ' ‘
' There have been many studies on the eft‘ect of aerobio exerclse on the older

" populatlon. Green and Crouse (1993) dld A meta analysis of the effects of endurance '

tr_aining on the elderly. Theyrevlewed 29 studlee with 1,446 subjocts with a meanage of

| | 68.3 + 4.5 They found that endurance exercise training significantly increased VOma n B

‘this populatlon - An “average” 68-year-old who exercises 30 minutes, three times per ” _ F

‘week can improye V()zm.,; by 3.5ml kg" mln of approxlmately 14%. Although this was

' _ alightly lower than younger subjects it still can be very beneficlal, This amount ean be -

- -' enough to make Q dlffcrence hetween independent dally llvlng and e.tslsted living




' | _according to Green and Crouse, Age related ventricular limitations were the main reason
' ' that older individuals obtamed smaller increases s in oxygen uptake than younger
counterparts o
Hamdorf thhers, Penhail and Haslam (1992) studled the effects of a six month,
B twice weekly progresswe walking program on'the_cardioresprratory fitness and habitual

activity patterns of previously sedentary 60-70 year old women, The workouts included

: _' flexibility, strength, caiisthenics, and walking at 40-60% of heart rate reserve. Asa '

result reSting heart ra‘te decreased signiﬁoantly (7.4%) as well as the submaximai

- exercise heart rate (6 9%) ’I‘he subjects also showed sngntﬁcant improvements in
B habitual activity pattems that included things such as dressing, taking out the trash,

'. vacuuming, walking, climbmg, and jogging

Blumcnthal et al (1989) investigated how exerclse cun modify the aging process.-

Cardiovascular perf‘ormance decline due to age is caused by changes in peripheral
' circulation and intrinsic myocardlal systolic and diastolic i‘tmction. Thcy studred 130
' men and women ranging in age from 60-83 who were free of eoronary disease. They
' exercised three times per week for 16 weeks during which time there was a warm-up, 30
minutes of cycling, 15 minutes of walking or jogging, and using thc arm ergomctcr. The
workload Was 70% of maximum heart rate reserve. Women signif‘icantly increased peak
VO; (8 6%) and anaerobic threshold (1 3%) Cholesterol was slgniﬁcantly reduced and
' bone mineral ccntent was increased in those wlth initially low hone density., Physlceily
the partlcipants reported that they felt better. locked better, and had more onergy,

endurance, and ﬂcxiblltty. Socially tltey also reportcd improved famillal relations and




__'ﬁ'betters‘ex lives. In addition, they reported better moods, and more self-confidence and
life satisfactton

The ACSM posmon stand “Exerctse artd Physical Actwlty for Older Adults"

i .-_(19933) reports that older adults achieve the same 10- 30% increases in VOzmu wnth

enduranoe exercise trammg as younger mdivlduals do. Thts increase is attributed mamly .

__ to an morease in the mammal artertovenous 02 difference in women, There has been no
evidencethat women aehte_ve an inoreased VOamax from an tncrease in left ventrtoular

 mass, cardiac output, stroke volume, or end-diastolic volume during maximal exereise as

seen in men, .

“The cardiovascular system responds very similarly to submaximal exercise in .'

“younger and older adults. When working at the same percent of VO, or relative

workload, heart rate is lower in older individuals, but at the same absolute work rate,

heart rate responses of young and old are slmllsr. Arteriovenous()z dlffarenoe atthe

same absolute wotkload ls hlgher In older adults while cardiac output is lower Total
' _ perlpheral reslstance tends to be higher in older women at relative and absolute
. workloads (ACSM, l9_98a).
.- - - Chair Acrobl
| _There is llmited research on chair aerobies, and the majorlty of studies available_ o

focus more on 'ﬂexibllit'y and s'trengthenlng than the acrobic component, Muscle

strength ﬂexlbtllty. and neurologloal response deoreose as the body ages (ACSM 1995), N

however, range of motton and muscular strength are needed to maintain balance. Mllls

'(1994) studied the eft“eot of low-lntensuy acrobic exercise on musole strength, ﬂexlblllty,




. | ._ - and balance on 47 subjects 65 years old and older. The subjects participated in 8 wecks
2 - of chair exercises consisting mostly of stretching and strengthening. He found that low-
intensityaerobioexereise in the ehairimproved ﬂexibility and range of motion in the
anl-:les and rlght lmee. Muscle strength and balance dld not ohange perhaps becauae of
the short length of the study or t00 low of an mtensity was performed .
McMurdo and Rennie (1993) lnvestigated the effects of a chair aerobics class
- with 49 subjects ranging in age from 64-91 living in a nursing home. The experimental -
-~ group participated in 45-minu'te exercise-to-music session 2 times per week for 7
months. The i‘irst 10 minutes were warm up followed by 35 minutes of seated exercise
, putting the joints through a full range of motion and dolng repetitwe upper and lower
~ limb strengthening Pre- and posttest measurements included posturai sway, ﬂexibrlity of
* spine and knees, handgrip strength, and functional capacity Following the seven-month .
 trial the exeroise group had significantly higher grip Strength,_bletter splnal ﬂexion,' faster
chair to stan'd time, an‘d a higher score on anaetivlties of daily living questionnaire. The
exercise group improved whlle the control group deteriorated This study showed that .
ohair exeroise ls safe and effeotive for residents in nursing homes,
. Many adult fitness participants around the country take patt in aerobic dance
 classes for exercise. Acrobic dance refrs to a choreographed routine of movement from
~ various types of dance combined with other rhythmic movements continuously

performed to music, Low Impact acrobics by definition means that one foot must always

bein contact with the ground, Hopkins, Murra'h, Floeger, and Rhodes (1990) looked at




~the effects.cf low-impact aerobic dancc on the functional fitness of older women.
Functional fitness refers to the ability of the individual to meet the normal and
- unexpected demands of daily life effectively and safely, Sixty-five women, ranging in
~ age from 57-77 years cld,- were divided into an experimental group who exercised 50
* minutes per day, 3 times per week, fer 12 weeks, and a control group, The elass
~ consisted of 15 minutes of warm-up, 20 minutes of aerobic dance, and a 15-minute cool
: “down, Thedance movenients consisted of large arm movements and using major muscle

: -grc'ups ot‘the legs. A half-mile walk test was used te evaluate cardicrespiratory --

> _: I'endurance. The results shcwed the experimental group impreved srgnlﬁcantly m

o '. cardnorespiratcry endurance (+ 13%), strength (+62%), ﬂexibility (+9%), agility (+l3%), _

- body fatness (+5%), and balance (+1.2%)‘ -The control group deteriorated in

cardlcrespiratory endurance, motor control, andngillty, and remalned the same in the

o other areas, Thls study showed the nccessny of exercise for older wemen as well as the

_ speciﬁc benellts of aeroblc dance.

Taking i heart tate count is the most comnion way o measure intensity during

nercbic dance. l:\erry, Lllne. Berry, and Davis (1992) lnvestigated the relationship of

heart rate and VOz during two forms of aerebic danee and treadmlll runnlng The female
subjects exerclsrd at epproxlmately 50% of thelr VO;,m durlng each of the fcllcwing
three exerclse trials. aeroblc dance where the arms were used exteuslvely overhead
(ABOVE), aerobic dance where the arms were ltept beicw the shoulders (BELOW), and ,

'- treadmill running (TR) Mean heart rates durlng each of the trials were 136 bpm, Mean

. ' VO; values for ABOVE, BBLOW, and TR were 1,48, l.-51,andl.47lmln‘-_,respectlvely, - }




* and were not significantly different. Mean cardiac output values were also not
. significantly different. These results show a similar relaticnship between heart rate and
" | Vdeuring low-intensity aerobic dance and running, o . .
. . ~ Heart Rate and VO,
| Hea’rt rate s easy to measure aud is linearly related to VO, scit is cttcu used ta
| measure aerobic trmnlng lntenstty However, there has been some questlon as to the
- relattcnshlp of relative maxlmal heatt rate (%HMM), maximal heart rate reserve
- (%HRmax reserve), and maximal oxygen uptake (%VOsma) in older subjects. Panton et :
al, (1996) looked at this relationship in men and women age 60- 30 durmg submaxlmal
~ exercise cn' a t,'rea’dmill. Each subject did three 6-minute stages on the tre'_admlll eliciting
' 40, 60, aud'BO% of I-IRmax reserve. Maximal heart rate rcserve was signlflcantly less -
‘ - than %vozm for all three Intensities, especlally between 53 and 88% of VOamax. thn
‘I 'uslng the %HRmax reserve methcd resting heart rate reprcsents an exercise intensity of
zero but oxygen uptake at rest rcpresents some propcrtlcn of VOz.m greater than 2610,

. When rcstlng energy expendlture represcnts i relatlvely high perccntage of voz.m, the %
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HRreserve methcd can undcrestlmate true energy cost of exercise. In young and mlddle-
- 'aged lndlviduals with average or hlgh fitness levels, resting VO, does ot Plﬂ}’ a “0'3 '

" bcceuse lt represents'less tha’n 10% of VOymay Butin scmeene Wlth A lcwcr fitncss level,
restlng VO, may represcnt up to 25% of VO;W whlch cculd result in % HRreserve
underestlmatlng true energy cost, Uslng % HRJnax may be a more approprlatc way to

. prescrlbe exerclse for older lndlvlduals because it does not correot for restlng heart rate,
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" In summ:ary, the rclatlettshlp's betWeen %HRmax reserve and %VO;W may change as




~ people age (Panton et al.).-. Also, there is interindividuaivariabiiity in the'reiations'hip |

N betwe‘eﬁ %VOanus and %HR max in women (Franklin, Hodgson, & Buskick, 1980)

Recently the ACSM rewsed their 1990 posmon stand, “The Recommended

R .Quantlty and Quality of Exercnse for Devolopmg and Matntatnmg Cardiorespiratory and

' _Muscular Fitness and Flextbthty in Healthy Adults” (l998b) Thev have changed the

| recommendations for tramtng from 60- 90% of maximum heart rate ot 50- 85% of

- maximum oxygen uptake reserve to 55-90% of maximum hea_rtrate and 40-85%

* maximum oxygen uptake reserve. They recommend these lower intensities for

~individuals who are unfit. They also increased the approximate difference between the

%V Ozmax (or %HRR) and the % HRmax from 10 to '1 5% for light and moderate
1ntens:ties Londeree and Ames (1976) among others found that HRmax underesttmates
) '%VO;W by about 15% depending somewhat on the age ofthe subjects and the intensity
of the exercise ' _ _ ' B
Af’ter the age 0f25 years, Vozmdecreases 5to 15% per dec'adc’ '(ACSM 1998a).
" This decrease is attributed to a decline in maximal cardiac output (due to a decrease in
maximai heart rate) and maximal artertovenous O, difference. Older aduits depend
. greatly on the F I‘rank-Stariing mechaniem to increase stroke volume during exercise as
shown by the increase in end diastolic volumes. Larger end systciic and diastoiic

.voiumes resuit in a decreased election t‘raction in oidcr aduits
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ging Effects

- L‘akatta ( 1'993) stated that as the bod'y' increases in age, there is an increase in the
B elasttc and collagenous tissue in all parts of the conductton system of the heart Also t‘at
_ builds up around the srnoatrtal node and at the age of 60 there is a decrease in the l
. number of paeemaker cells. In the srttmg posrtton, heart rate decreases wrth agc in males
o | and females however there is no dtt‘ference between supme heart rate m older and

younger subjects. Resprratory variation of heart rate also dlmmlshes Wlth age as well as a

. 'spontaneous vanatton in heart rate over a 24-hour period

Lakatta (1993) indlcated several eardtovascular changes that occur as the body

- ages. _With orthostatic stress, the acute heart rate mcrease takes longer to achieve and | is
less in magnltude wlth age. Heart rate varlabthty decrenses with age when comparing the
| standlng or supine posltron because of reduced baroreceptor acttvity Perlpheral vaseular

' resistance does nhot drcline wlth age. Although the heart rate increase fs bluntcd in older

_ lndlvlduals, troke volume is better preserved, and eXpeoted end diastolic volume

reductlon is less than yonnger subjects.

Maxlmal heart rate decreases eight to ten beats pcr decade or about 7% of heart

o rate reserve (Paterson. 1902) Some of the reasons for this may be a decreased end organ
sensltlvlty to beta-adrenergle stlmulatlon and an age dependent lncrease in basal levels of
_ oatecholomlnes, deoreased heart rate response to betauagomsts and blunted heart rate

'.response to beta-adrenerglc blockade.




It is well accepted that the heart rate of older individuals is lower during exercise

 than younger individuals, One reason for this may be the difference in the chronotropic

 response to catecholamines. Kohrt, Spina, Ehsani, Cryer, and Holloszy (1993) studied

S 130 activ‘e srjbjects_-— young and old - who were active but not regnlar exercisers. Theyj B

'participated in' a 9-monthprogressivc exercise program., After training, supine, Standing,
| cxerctsc, and postexcrclse heart rates decreased in all subjects When comparmg young
to old they found srmllar basal norcpmcphrme and epmephnne levels, but these levels of

n -noreprnephnne and epmephrme dtffercd srgmﬁcantly m response to stress, Older '
~ subjects had an exaggerated norepinephrine response to posture change and an attenuated
- norepinephrine and epinephrine response to exercise. The older population had a higher
catecholamine response to thesame level of exercise. After 9 months of exercise, the
. increases in norcpinephrineand epinephrine were 39 and 57% lower which makes sense
when lookmg at the smaller incrcase In heart rate and the improvement in VO;W because
of'improved exercise tolerance. Kohrt et al concluded that compared to younget '
.su__bjects, older subjects have a bluntedcatccholammere‘s‘ponse to exercise at the same

~intensity. This could be a result of the smaller muscle mass used during exercise. They

also found that exercise training reduced metabolic and hemodynamic stress during '

exercise in older and yo'tmge‘r SUbjccts.

“The A(“SM (1995) givcs several equations used to prcdlct maximai heart rate.

~ These include: HRm,.,uet 220 - - age (low estimate) and HRuac= 210 - (0.5 % 380) as high

, estimatc. 'I‘hc ﬁrst equation may underestimate maximal heart ratc while the seccnd may

- slightly overestimate _maximal heart rate, Bccause of this. the ACSM (1995) _




- _reccrnrnends using'a mea”sured 'maximal heart rate instead of A pr'ediction Whenever

'posmble because of the vartabiltty in maximal heart rates in persons over the age of 65.
N When establtshing : trammg heart rate in older lndi duals, the ACSM (1995)

-_recomme'nds usmg the HR reserve method:

"HR = [exercrse mtensrty X (HRW — HRW)] + HRmt. _

" He gg Bg_tg Vartgbllity

Heart rate varlability (HRV) is the thythmic periodicity of sinoatrial neural
discharge and is a noninvasive way {0 measure parasympathetic activity., It 1S determincd
by tecording and analyzmg eachRtoR mterval The parasympathettc and sympathetlc _
. _ systems modulate circulatory function thus there 18 interplay between the two, modulated .
by respiraticn, called sympathcvagal balance. Reduced parasympathetic dominance, as
reflectec by decreased HRV durmg resptratton, s assoclated wnth an increased incidence
of sudden death. Beat to beat variation measures cardtac autonomtc responses.
. Schwartz, Gibb and Tran (1991) found that HRV decreases with age. They
: studicd 56 healthy subjects rangmg in age from 20-81, They studied beat tobeat HRV
) using Power Spectral Analyses and looked at Spontaneous and metronome breathing.

'I‘hey found that supine heart rate does not correlate with age but absoiute heart rate was

o lower in older subjects. The balance between parasympathcttc withdrawal and increased

sympathetic s‘timulatlon. as mcasured by spontaneous breathing, was not aft‘ected by‘ age.

) However. they dld seo an agc affected difference In metronome breathlng whlclt s

associated wlth parasympathctic withdrawal and beta-adrenergic rcsponscs.




Along with the diminishing of HRV with age comes an autonomic balance shift
' toward the sympathetic dominance Which leads to greater cardiovascular degeneration |
. De Meersman (1993) studted 72 male runners and 72 se dentaty males rangmg in age
- from 14- 83 to look at the role of exercise in HRYV in the agmg populatron I-Ie assessed
. HRVdurrng rest and also dld stress tests to determme fitness levels of the suh_]ects and
found those with significantly higher fitness levels were associated with a significantly
. higher HRYV. This provides evidence that regular physical exercise benefits the aging. y
- _ population by increasingHRVcompared to SEdentary individuals. Regular 'erteroiSers -
. may see a shift toward parasympathetro domtnance, which offers cardtoprotectlon .
Low heart rate vartabtllty is a rtsk factor for coronary heart disease (CHD) and
o oardrac sudden death (CSD) and the inoldence of both increases in women after
menopausei. Davy, tholie‘r, Taylor, Stevenson, and Seals (1996) studied physioally
aotwe postmenopausal women and found that they have a htgher HRV than less active
_ women. They also found that greater HRV was assocrated wrth an elevated spontaneous
N cardiac baroreﬂex sensltlvlty proposing a llnk with cardtao vagalmodulatlon of heart _
i _ , o . -
nses to Different Activities
Sleep

Soraers, Phil, Dyken, Mark, and Abboud (1993) investigated sympathetic-nerve

activity, blood pressure, and heart 'rate during sleep in normal subjeots. They f‘ound heart
‘rates to be lower durlng deep non-REM sleep than while they were awake, Somers ot al

.suggested that this results t‘rom modulatlon of the baroreceptor reﬂex. While 3 in REM
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i sleep, sympathetic-nerve activity was higher than during wakefulness and blood pressure
and heart rate were similar to the values recorded during wakefulness. The actual

! changes in heart rate and blood pressure during sleep.were relatively small,

Roberts and Palmer (1996) reported 'that irregular heart rate and premature

_.:ventricuiarcontractions are common durin‘g’ REM sieep. They found that sinus
 ' .bradycardra (heart rate < 60) often occurred durmg non-REM sleep possrbly due to

i mcreased parasympathctrc activity.

* Normal Daily Activities

The 'vari'ation of heart rate has been monitoredinbotb young and old as well as '

- 'women and men m some prevrous research In 1996 Roberts and Palmer studied three
. elderiy men and six eiderly wonen to monitor their cardiac responses to normal aotivrtres
- and aerobic walkmg They recorded heart rate and heart rhythms with a Hoiter momtor
| and had tbe subjects keep a drary of how time was spent and what activrties they
ﬁparticrpated in, They pcrforrned activrtres such as walkmg, climbrng stalrs, carrymg

groceries and setting them on a counter, and snufﬂeboard (to simulate sweeping and

vacnuming)._ They found that sinustachycnrdia (heart rate > 100,bpm) occurred with

“walking during u‘srtal activities and oocasionaiiy during REM sleep.

Witke et al (1995) studied the energy expenditure during household tasks in
women with coronary artery disease (CAD) Thirty -six older women, 26 witii stable
CAD and 10 age-umatched normal women, pariicipated in nina househoid tasks* wnshing '

dishes, scrubbing pots, ironing olothes, unpaoking groceries, sweeping the ﬂoor,

. vacuuntingcarpet, 'rnopping,_changing beds, and washing the fioor.. In the more vigorous _




o tasks (vacuummg, moppmg, changmg beds, and washtng the ﬂoor) the normal subjeets

- were compared to those wlth CAD Mean heart rates ranged from 96 bpm while n'omng

to 129 bpm while washing the floor They found that percentage of peak heart rate

= ranged from 62 + 2% whrle washmg drshes to 73 + 2% whlle washmg the ﬂoor There

o were 1o slgnlﬁcant drfferenoes in heart rate responses to household tasks between the

CAD and normal groups thke et al suggested that housework may be useful as a

o supplement to an aeroblo exercise training program in this pOpulatron

‘ Exercis

Heart rates during exererse vary w1th mode and mtensnty Brown Wu, Lr, and '
- Mao (1994) studled the cardtorrspiratory responses of healthy females dunng exercise on
.' rowmg, oycle and am ergometers Sub,tects exercrsed at a target heart rate of 1 15 bpm o

Iwhroh was 35% of heart rate reserve or 50% Hanax They found no srgmﬁcant

- "'drf”ference in oardrao output (Q) and stroke VOIume (SV) between rowing and cyclrng but

Q and SV were srgmﬁcantly lower dunng ann ergometry. Pichon, Hunter, Moms, Bond
and Metz (1 996) tnvestlgated heart rate responses dunng cis eurt and tradrttonal

. werght]rftmg Exerctse hea.rt rates were srgniﬁcantly htgher dunng orrcult werght trarmng_ '

' -(135 hpm) than tradtttonal wetght trammg (120 bpm) while llﬂrng the same percentage of o

' .-one repetttton maxunum.-

- Porcari et al. (1987) investigated if fast walking was an adequate aerobic training

"~ stimulus for 30 to 69 year old men and women. Ninety-one percent of women reached
" their target heart (THR was >70% HRmax) while walking a mile as fast as possible.

~ Women age 60-69 years worked at 90% of their predicted heart rate maximum (mean




heart rate _ ] 4 0) Pan ton o al (1996) studled cjderly rndwrduals durmg submaximal

- exercise ona treadmill Thoy found heart rates werc 106 hpm, 124 bpm, and 145 bpm at
'-.':'40, 60, and 80% of maximal heart ratc reserye, respectively

' ' ' §umr_narx '

Exercise has been shown to be very advantageous for the older populatron.

" Although maxrmal heart rate decreases with aglng, older and younger indtvrduals respond
. slmtlarly to submaxlmal exercise The ACSM (19983) states that exercismg at moderate
' to hard mtcnsity may be requrred to produce cardrovascular adaptations and reduce
' oardiovascular rlsk factors. Howevor, mitratmg or maintaimng 8 light to moderatc

,' mtensrty exercise program may reduce age-associated detericration of physwlogical

. ﬁmction n older adult's';' Studles have shown low lmpact aeroblcs, walkmg,;brl(mg, and .
7 -weight hftmg as ways to reach these intensrties. l-Iowever, since there has been no
research on ehalr aerobios, whether th1s meets the mtensrty recommendatlons needs to be

'determinedr




'CHAPTER Il

METHODS AND PROCEDURES |

Introduction

 The purpose of thts study was to compare heart rates obtamed during chatr

| aerobics to heart rates achieved during normal daily act:vities in healthy older women,

- "'Heart rates were measured in healthy older women dunng 2 24 hour monitoring '

o sessnons. Alth‘ough the total 24 hours was not reponed heart rates were averaged during _
sleep, 7 hours of daily activities, chatr aerobics, and peak heart rate Peak could occur at
' 'any tlme dunng the monttoring pertod . .

" Subject Sglegtlog

Stxteen female partlclpants inthe La Crosse Exercise and Health Program

: (LEHP) volunteered to be subjects in the study aﬂer they were mformed of the act:vmes

| they would be mvolved in and the reqmrements of the study All subjects were classrﬁed -

| as “Adult,Fttness” members of LEHP-meaning thoy w_ere free ﬁom c_ardiac, puimonary,
 andmetabolic disease. S '

' -Prior to initiating the s‘tudy, approval from the University of Wisconsin-La' Crosse
-II nstltutional Review Board was obtamed Each subject ﬁllcd out an mformed consent
_form prior to partimpatlon (see Appendlx A) and was gtven a detarled explanation of

testmg procedures and the purpose of the study ln addttton to the mformed consents, the

subjects were also re_mmded verbally thatthey_ could wrthdraw from the study '_at any
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tnme. Each partlclpant also filled out a Mcdlcal/Health History Questlonnalre (see

Appendix B).

Each subject was assigned a number, : Polar heart rate watch, and a transmitter.
- | fhe pilot study took placc durlng an LEHP exercise session at 4 p m.ona Wednesday
o rhe partlclpants were as'ststed in putting on the w"atch and transmitter before chalr
| aerobios began. The transmttter, attached to an elastic strap, was placed snugly around
R the thoracio cawty, slightly bclow the hra line. Watchos were worn on the wrists of the
.' subjectst The heart rate monitors had been set to the | proper tlme of day and
preprogrommed to record heart rates at 60- second intervals.
The subjects took their places in the stratght-backed chatrs and mstrucnons were
| written on poster board for each one to follow (see Appendlx C) The researchers talked
them through each step and asmsted those who needed help as well as checkmg to see
t.hat each watch was started prOperly
. Bveryone parttclpated ina 30-minute chalr arobics tnal session weanng the heart '
rate momtors S0 they had the opportunlty to get used to weanng thcm. The workout
E consisted of 5- 10 mtnutes of range of motion and stretchmg and 20 minutes of
 cardiovascular and muscular endurance training for both the upper and lower body. This
~ session also provided an opportunity for those who had never done chair aerobics before '
to leam the different movements. The researchers downloaded the information from the

 watches into the computer and got a printout of each subject’s heart rate recorded each




~ minute. Results of this preliminary study showed that the watches functioned properly

~ and recorded all the information required,
. On the following two Wednesdays, each subject reported to LEHP at 4 p m. to

o begm thetr monitoring session with the chair acrobtcs class They were asslsted in

- putting the watch and transmlttcr on and startmg the watches as in the pilot study Aﬁer

thc 30 mmute chatr aerobics scssion thcy were allowed to go about thelr normal daily
: activities weanng the watch until 4 p.m. the following day. Beginmng wtth the chair
. aerobics class allowed the insu'ucto'rs to assist those who needed help with their watches
o and ensure that everyone started at thc same time. I .

An expcrienced chair aerobics instructor led each class which consisted of 30

' mmutes in the chair of various upper and lower body movements (see Appendlx D). The N

subjects were only requlred to parttcipate in the sntttng portion of aerobics but had the .
option to patttctpate in the standmg iow-tmpact aerobics followtng ch.air acrobics.
o Each participant received an instruction sheet explaining how to restart their
watch i tf necessary, gutdelmcs on showenng and bathmg wnth the watch on, and the .
researchers phone nurnbers in case of dtfﬁcultlcs (see Appendtx E). They alsorecewed '
an 'acttwty log to fill out for the enttru time they' had their monitor on (see Appendnt F). '
" The actmty logs had suﬁtctent space to record then' actwlttes throughout cach day hcur
by hour. They were encouraged to be qutte detatlcd in their accounts but to go about
thmgs as norma! includtng houseworlc-,-shoppmg, work, yolunteer work, relaxatton,l and

 exercise.




Aﬁer each subject hud worn the heart rate monitor for the 24-hour period (4 p m,
_Wednesday 4 p m, Thursday), they turned in thelr watches, transmitters, and activity
'I . logs on Frlday at LEHP, The investig'ators downloaded the watches onto the computer
. using the Polar Monitor program. The: computer printout showed the heart rates listed
' .mrnute by minute for both 24 hour penods. The data were saved and printed The -
K investigators then matched the heart rates recorded with the actrvity log turned in .

I N 7 showing the heart rates achieved during sleep, darly activrtres and chair aerobics, and

: - peak heart rate for portions of both days. -

Some difficulties occurred in the testmg requrrmg several partrcrpants to repeat '
the 24 hour monitoring until 2 successful triais were completed These problems .
included dead batteries, watches that shut off dunng sleep because of a bad conneetion,
- or the program was changed to record at 5or15 second mtervals when a subjeet was
| - restarting the watch for vanous reasons. Four subjccts were unable to complete the study
i '. l sodatawereanalyzcd for only the remarmng 12 subjects.' . .
. .' S_mq_sLsa_Aelxﬂs
Standard descriptive statistics were used to deﬁne the subject porulation. A
' Pearson product moment correlation was calculated to determrne the reiiability of
. rnomtormg heart rate durmg various aetrvrtie'r. A two-way ANOVA with repeated
- measures was uscd to determrnc whether signiﬁcant dtfferences existed between heart
- rate during sleep, daily activities, and chmr aerobtcs, emd peak heart rate from day one to
| day two. A Tukey s post-hoc test was computed for vanables rndrcated as srgmﬂcant by

~ the ANOVA All data were analyzed at the p <.05 level of sigmftcance.




'CHAPTER IV
RESULTS AND DISCUSSION
[ntroducti '
The ma]or purpose of this mvestigation was o compare heart rales obtained
: during chair aerobtcs fo the heart rates achieved during normal daily activities in older o

o women One-mmutc heart rate readings were obtained throughout the two monitormg

L penods to determine *he reliability of the values from day l to day 2. A two-way '

_' ' ANOVA with repeated measures was culculated to determine rf there were srgmﬁcant _'

- dtfferences in heart rates durmg sleep, dally acttvittes, chatr aerobics, tl peak heart rate o *

_ When appropriate, a Tukey 5 post hoc analysrs was performed on those varinbies that the

B ANOVA indicated were slgntﬁcant.
Results

P| "sto 'h" *c ristic

' ) Slxteen older female subjects volunteered f'or the study mrtially, however, four of . |

- those subJects were unable to complete the study. Two of the subjects had drl‘ﬁculty wrth
the heart rate momtors continuing to record dunng acttvrty because of some unknown
. mterference (i.e., the monitcr shut off frequently or would display 8 zero) cheral -
i ‘monitors were trred to cnsurc rt was not i problem wtth the transmitter or watch. One - |
- subject hadother' time commitments and couldnotcomplete the study 'Thc fourth was .
. dropped from the study beceuse she was classiﬁed asa cardiac patient. bven thouglr she |

- had no cardtac event in her history, she took subltngual mtroglycerin dmly for typical

25
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| _anginai The remaining 12 subjects who completed the study were between the ages of

. '54 70 years and memhers of the La Crosse Exereise and Health Program All subjects

:;_{ff '_ -'_successﬁxlly completf..d two days ef heart rate monitering The deserlptive charaeteristies

- of the subjects are pJesented in Table 1,

Table 1. Physical Characteristics of Subjects (N = 12)

Variable ‘Mean  Standard Deviation ~ Range
CAge(yy 61 48 5470
Height (cm) 1648 29 C160-170.2
. Weight(kg) 751 1s1 5681136

' Heart Rate Response During Day | and 2 Monitoring Sessions
. Du'ring each 24, hour momtoring pened a total of 1 440 heart rates were
- preduced Only pornens of the 24- hour period were used in the study, The heart rates '
recorded eaeh minute of the 30—mmute chair aerobics session were averaged and this l
average was'used to represent heart rate reSpensea to chair aerobics. To acquire an
average for each hour, the heart rate at the 1%, 13%, 25", 37", and 49® minute were
= averaged and were then used to obtam averages for sleep and daily activities. Using the -
N hourly averages as prevmusly explamed an averape fer sleep was obtamed by averagmg
ﬁ -.the actual heurs spent sleepmg as recorded in the aet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>