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ABSTRACT
Introduction: This study examined the validity of several mehof physical activity
assessment in older adults. The physical actgugstionnaires (PAQs) used included two
designed for use with older adults known as theeYalysical Activity Survey (YPAS) and the
Physical Activity Scale for the Elderly (PASE) aode designed for use in the general
population, the 7 Day Physical Activity Recall (PARThese PAQs along with one
accelerometer, the ActiGraph GT1M (GT1M), were exsd in comparison to the criterion

method, the SenseWear Pro 3 Armband (SP3).

Methods: Participants (n = 36; age = 69.7 £ 5.9 years) viloeeSP3 and the GT1M for seven
days. Atthe end of the seven days, participamtspteted the YPAS, PASE, and PAR. Pearson
and Spearman correlation coefficients were usexamine significant relationships. Paired

samples t-tests and Bland-Altman plots investigatetther differences between methods.

Results: GT1M'’s estimates of daily steps were not signiittacorrelated (r = .369) with SP3
assessment of daily steps. The ACT-F (r =.628)A@T-C (r = .524) equations each
demonstrated a significant (P<0.01) correlatiorhv8P3 estimates of physical activity energy
expenditure (PAEE). Bland-Altman analysis indiciatieat the ACT-C underestimated PAEE by
an average of 184 kcal/day. The PAR was the omdyRAQ to demonstrate any significant
associations with the SP3. These relationshigadeche PAR PAEE with SP3 PAEE (r = 4.64,
P<0.05), SP3 total energy expenditure (TEE) (r =,35®.01), SP3 physical activity (PA) (r =
.394, ¥0.05) and the PAR PA with SP3 PA (r = .3780R5). Bland-Altman plot assessments

indicated that the PAR overestimated PAEE (1007/dag) and PA (1294 min/week) more than



vi
either the PASE (PA = 324 min/week) or YPAS (PAEE7S kcal/week & PA = 230

min/week). The PAR also demonstrated a very steystematic bias.

Discussion: While the GT1M did not show a significant corretetibetween estimates of step
count with the SP3, it correlated reasonably witleo estimates from the SP3 and provided the
closest estimates in comparison to the SP3. Tihissa reasonable choice when assessing PA in
older adults, but may not always be practical d@uisthigh initial cost. As for the PAQs, while
the PAR demonstrated the highest correlationssat demonstrated high systematic bias and PA
estimates were the furthest from average SP3 dst#nod all methods examined. While PASE
and YPAS provided slightly more accurate estimdtesr correlations were not significant in
comparison to the SP3. Estimates with PAQs wen@raccurate in individuals with lower PA
levels, however may still be useful when used aséhwith higher PA levels to determine PA

patterns.



CHAPTER 1. INTRODUCTION

Physical activity helps prevent Type Il diabetedltus (Knowler et al., 2002),
osteoporosis (Kohrt et al., 2004), stroke (Wendes ¥t al., 2004), and coronary heart disease
(Oguma & Shinoda-Tagawa, 2004) while physical ivégthas been linked to declines in both
muscle strength (Hunter, McCarthy, & Barnman, 2004 cardiovascular function (American
College of Sports Medicine Position Stand, 1998kt with all the evidence of the benefits of
physical activity, 61% of adults over the age ofa6& not meeting the recommended levels of
physical activity (Centers for Disease Control Babieal Risk Factor Surveillance System,
2007). The number of adults over 65 years of agha United States has increased from 31.2
million in 1990 to 35 million in 2000 and now aces for 12.4% of the total population (Hetzel
& Smith, 2001). Life expectancy has now increasedearly 78 years of age (Arias, 2007).
Increased physical activity can lead to an incréaseéependence and higher quality of life by
helping combat medical conditions often associatigl age. Thus, it is vital to target the older
adult population with activity promotion. In ordier decrease the number of elderly who are
inactive, it is important to quantify the typespsfysical activity they are participating in,
including assessing types, intensities, duratiand,frequency of the activities. It is also
important to be able to assess physical activicpetely and reliably in order to better
understand the relationship between physical agtand health (Bonnefoy et al., 2001).

There are many ways to assess physical actimeyding self-report questionnaires,
physical activity monitors, and the doubly labeleater (DLW) technique. DLW is the most
accurate method for assessing average energy aipenaver a period of time and therefore
often is considered to be the “gold standard.” Ewer, DLW is only able to assess average

energy expenditure over a period of time. It salnable to provide information on physical



activity patterns throughout the day. Due to itghltost, it is impractical for everyday use
(Welk, 2002). Physical activity questionnaires ased most frequently for physical activity
assessment for many reasons. These include tisgiroé@administration, low cost, and ability to
capture quantitative and qualitative data (WellQ20 There are disadvantages to questionnaire
use, including reliability and validity issues asisted with difficulty in reliable activity recall.
Moreover, the ability of questionnaires that weegaloped using younger populations to assess
physical activity trends in older populations isartain (Washburn, 2000). Physical activity
guestionnaires are likely more accurate in thelrethigher intensity activities than lower
intensity activities (Bonnefoy et al., 2001). Qi@elults typically engage in light and moderate
physical activity. Due to the decreased abilitgeheral questionnaires to assess physical
activity accurately in older populations, there éideen several questionnaires developed for this
population. These include the Physical Activityaedor the Elderly (PASE) (Washburn, Smith,
Jette, & Janney, 1993) and the Yale Physical Agti8urvey for the Elderly (YPASE) (Dipietro,
Caspersen, Ostfeld, & Nadel, 1993).

As with questionnaires, there are many differgpes of activity monitors. These
include accelerometers such as the BioTrainer (#8te&8ns), Tritrac (Stayhealthy Inc.), and
Actigraph (Actigraph LLC). The Actigraph (GT1M)ike most widely used accelerometer
(Welk, 2002) and widely available to the generdlmu Recently there has been a new type of
activity monitor developed, the SenseWear Pro Jamd (SP3), which not only incorporates
accelerometry into its energy expenditure calcoketj but also heat flux, galvanic skin response,
skin temperature, and near body temperature vaiaty of sensors located on the device
(Jakicic et al., 2004). It also takes into accayender, age, height and weight in the energy

expenditure algorithms (Jakicic et al, 2004)is a relatively new type of monitor, but has bee



shown to be highly valid and reliable (Jakicic let 2004; Fruin & Rankin, 2004). With these
design patterns, the SP3 may provide a more aeceséimate of energy expenditure than more
conventional accelerometers (Jakicic, et al., 2604in & Rankin, 2004). However, there are
some problems that have arisen with the SP3, sti@h ability to accurately apply the
appropriate energy expenditure algorithms under lixeng conditions (Jakicic et al., 2004).

Due to the uncertainties associated with use g$ighl activity questionnaires in older
adults and their ability to not only accuratelyesssenergy expenditure but also physical activity
patterns, the proposed study will evaluate thatglmf two questionnaires specifically developed
for the older adult population. These includeR#SE and the YPAS as well as a questionnaire
used extensively in the general population knowthasStanford 7-Day (PAR), to assess energy
expenditure in older adults accurately. To deteen@ccuracy, the results from these
guestionnaires will be compared to two criterioramges, the energy expenditure results
recorded by the SP3 as well as one of the mostiyuded and available accelerometers, the
GT1M. Both monitors will be worn for the same seway period over which the subjects will
be asked to complete the questionnaires. Thetsesoim this study should provide a more
accurate estimate of activity levels in older aghalpulations, therefore allowing more accurately

prescription of physical activity programs.



CHAPTER 2. REVIEW OF LITERATURE

I ntroduction

The many benefits of a physically active lifestgte well established as are the
detrimental effects of physical inactivity (Robe&®8arnard, 2005). However, despite the
evidence of these health and lifestyle benefit8p &f adults aged 65 and over do not meet the
recommended guidelines of at least 30 minutes aferade-intensity physical activity on 5 or
more days a week (Center for Disease Control BehaviRisk Factor Surveillance Survey,
2008). The elderly population is increasing baotmumber (Hetzel & Smith, 2000) and in life
expectancy (78 years of age) (Arias, 2007). Theegfincreasing the prevalence of physical
activity in older adults can reduce the public treurden by decreasing their risks for chronic
diseases such as cardiovascular disease (Oguma&dahTagawa, 2004) and diabetes mellitus

(Knowler et al., 2002). It will also increase thquality of life and enable them to age better.

Physical activity is defined as “any bodily moverhproduced by skeletal muscles that
results in caloric expenditure” (Schoeller & Sante®82). Physical activity can be placed into
separate categories, such as occupational physitiaity, leisure time physical activity,
household chores, and transportation. In orddetermine how best to increase physical
activity in older adults, it is essential to asaerttheir current physical activity habits. To sm
an accurate and reliable method of physical agtasisessment, which specifically targets this
population, is needed. There are many ways tesagse/sical activity, including direct
observation, accelerometry, indirect calorimety)(land doubly labeled water (DLW). These
methods are not always practical or cost effedtivéarger populations. Because of their low

cost, the preferred method of physical activityeassent is often physical activity



guestionnaires. However, relatively few instrunsdmave been developed specifically for older
adults and it is unclear which is the most accurattis population. Therefore, the purpose of
this literature review is to describe the beneditd disadvantages of select questionnaires which
have been developed for the older adult populaswell as a general population questionnaire
which might suffice as a physical activity assessnmi@ol for older adults. Recent research with

the instruments used in this study will also beuksed.

Questionnaires

Questionnaires are a popular method of physicaligcassessment due to their ease of
use and low relative cost. Additional benefitgjaéstionnaires over other methods, such as
DLW, include their ability to capture the durationtensity, and type of physical activity as
opposed to just total energy expenditure (TEE) eveeriod of time (Welk, 2002). However,
there are also some disadvantages to the use sicphgctivity questionnaires. Some of these
include the misinterpretation of questions by theipipant, inaccurate recall of activities’
duration or intensity, and the resulting inaccuegmation of TEE (Washburn, Smith, Jette, &
Janney, 1993; Welk, 2002). Questionnaires alsatiigehigh-intensity activity more accurately
than light or moderate-intensity activity (Bonneflyal., 2001; Washburn, Jette, & Janney,
1990). For example, Bonnefoy et al. (2001) adnnel ten questionnaires spanning various
time periods (e.g. week to 3 months) to a groupeaithy older men (n=19, age: 73 + 4 years).
The TEE estimates obtained from these questiormaiege then compared to those obtained
using DLW and results from a \\@nax test. Statistically significant positive alations were
seen between the questionnaires which recalled mtese activities and the DLW
measurement (r = 0.18-0.65), ¥R« (r = 0.26-0.62), and Total Energy Expenditure/Rest

Metabolic Rate (TEE/RMR) ratio (r = 0.19-0.75). dibnally, since physical activity patterns



change over time, the TEE from the questionnaif@isiwcovered the same time period as the
DLW correlated better than those covering justypittal” week in the past year or a longer time

period than the DLW.

Many physical activity questionnaires have beeretiped for younger populations
(Taylor et al., 1978; Sallis et al., 1985; Dannegb&eller, Wilson, & Castelli, 1989). These
“age-neutral” questionnaires may be inaccurate wised with an older adult population
(Washburn, Jette, & Janney, 1990). One study exegithe accuracy of one general population
survey, the Center for Disease Control's (CDC) Badral Risk Factor Surveillance Survey
(BRFSS), which is usually administered via teleghtmadults over the age of 18, when
administered to an older adult population (Washpdette, & Janney, 1990). When time spent
in physical activity was compared to a physicaivégtdiary, the BRFSS underestimated total
physical activity in older adults by a mean 2 haamd 45 minutes a day. The best agreement
was found between higher intensity activities, teesrgious activity was underestimated by only 5
minutes a day, while light intensity activity wasderestimated by 2 hours and 20 minutes a day.
While the differences in estimated and actual tpent in light intensity activity seems
dramatic, this could be due to the emphasis 0BRESS questionnaire on higher intensity
physical activities, such as competitive sportgyegathan lighter intensity activities. The latter

compromise a majority of the activities engagebyrolder adults.

Consequently, because of results from studies asithese, there have been several
guestionnaires developed specifically for use endlier adult population, such as the Physical
Activity Scale for the Elderly (PASE) (Washburn, #imJette, & Janney, 1993) and the Yale
Physical Activity Survey for the Elderly (YPAS) (@iardson, Ochoa, & Wang, 2001). There

are several differences in questionnaires usedumger people and those developed for the



older population. These include shorter questioeador older adults to increase recall
accuracy, more types of activities in which oldeulss participate in such as walking, gardening
and other lighter chores, as well as fewer opeperese questions (Washburn, Smith, Jette, &
Janney, 1993). The reliability and validity of $eequestionnaires have been evaluated

individually.

Physical Activity Scalefor the Elderly (PASE)

The PASE was developed by Washburn and colleg@uashburn, Smith, Jette, &
Janney, 1993) based upon reviews of over 40 pre\pablications as well as the results of a
pilot test of the questionnaire. The first drdftlee questionnaire was compiled with information
gathered from the studied publications by detemgnvhich information from each category
was most relevant for older adults. The PASE was developed is a short 10-item
guestionnaire which assesses physical activity fituerpast week. The questionnaire includes
guestions not only on occupational, household,leisdre time activities but also living
situation, sleep, and restricted activity dayse Tlequency of these activities are classified as
never, seldom (1-2 days/week), often (3-4 days/\emid mostly (5-7 days/week). Duration is
also classified as less than 1 hour, between Rdralirs, between 2 and 4 hours, and more than
4 hours per week. The final PASE activity scordatermined by multiplying the amount of

time spent in each activity (hr/week) by an itemghée

The first draft of the PASE questionnaire was piéstted in a small sample (age 65-74, n
=12; age 75-84, n = 15; age 85+, n = 9) of oldkidta living around Boston and Amherst, MA.
The questionnaires were administered by trainezivigwers. Based upon results from the pilot

test, the questionnaire was modified from its ordjiversion.



The PASE was then administered to a larger saofpger adults (n = 396). The PASE
had reasonably high test-retest reliability (r 25), with the mail version having a slightly
higher reliability (r = 0.84) than the telephonesien (r = 0.68). As expected, PASE scores
declined with age (r = -0.13) and men exhibitedststently higher scores compared to women
in each age group. The scores were also significaarrelated with two health status
indicators, the Sickness Impact Profile (r = -0.48% perceived health status (r = 0.34). PASE
scores were positively correlated with grip stréngt= 0.37), static balance (r = 0.33), and leg
strength in dominant (r = 0.25) and non-dominanrt (x28) legs. PASE scores also exhibited
seasonal fluctuations, with higher scores in thenvest months compared to the colder months (r
= 0.83). Individuals suffering from hypertensiarmdachronic respiratory diseases scored
significantly lower on the PASE. In this samplee PASE scores were skewed slightly to the

right.

Later work supported many of the original findingsch as age being negatively
correlated with PASE scores (r = -0.21) as webysolic blood pressure (r =-0.18) and
positively correlated with balance (r = 0.20) (Waisim, McAuley, Katula, Mihalko, & Boileau,
1999). Scores were also significantly positivatyrelated with peak oxygen uptake (r = 0.20).
Schuit and coworkers slightly modified the PASHrtore closely match the Dutch lifestyle and
compared those scores to energy expenditure add®gsfd W method over a 2 week period in
Dutch elderly (Schuit, Schouten, Westerterp, & §atb97). The modified version of the PASE
was completed at the end of the second week. dinelation between the PASE score and
Physical Activity Ratio (PAR = Total Energy Expenuae/Resting Metabolic Rate) was positive

(r = 0.68).



One study examined several questionnaires aimagifispdly at older adults, including
the YPAS, PASE, CHAMPS, and modified Baecke, in parison to measures of physical
function (Moore et al., 2007). Participants (n4 Bhen = 11, women = 43, 70% African-
American) ranged from 50 to 93 years of age (me@i years) and participated in a physical
activity and nutrition intervention. Data were legted over three 60-minute sessions during
which all questionnaires were administered verbiaylya trained interviewer. Additionally,
information from the Health Status Questionnaire e mini-mental state examination
(MMSE) as well as demographic information was gagtie Participants also completed the CS-
PFP10, which is a group of 17 tasks of daily livimigich provides functional fithess scores for

strength, flexibility, balance, endurance, and dowation.

The PASE showed group differences based upon pa€e(1), education level (p<0.05),
and income (p<0.05). African-Americans with a hggihool education or higher and those with
annual incomes >$20,000/year had higher scorestitwese who did not. PASE score seemed to
be one of the best indicators of CS-PFP10 score®#5, p < 0.01). Significant correlations for
subscores included PASE total score and upper stweyggth (r = 0.32, p<0.05), upper body
flexibility (r = 0.39, p<0.01), lower body strength= 0.47, p<0.01), balance/coordination (r =

0.40, p<0.01), and endurance (r = 0.45, p<0.01).

Another study compared the PASE against DLW (Booyet al, 2001). The
participants in this study were 19 healthy oldenrfreean age = 73.4 £ 4.1 years). Participants
completed a V@naxtest at the beginning of the 2-week test peribde PASE was positively
correlated with PAR (r = 0.36). It was also pagly correlated with DLW TEE (r = 0.28) as

well as the VGQnaxtest (r = 0.33).
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Overall, the PASE is a brief, easily administegedstionnaire which is reasonably valid
(Bonnefoy et al, 2001; Schuit, Schouten, Westert®rparis, 1997; Washburn, McAuley,
Katula, Mihalko, & Boileau, 1999). However, thA$E measures physical activity of the
previous week rather than physical activity in pi¢gl week. This is important to remember as
physical activity can be influenced by externaliefices, such as weather, which could cause

deviation from the normal pattern (Schuit, SchouWesterterp, & Saris, 1997).

Y ale Physical Activity Survey (YPAS)

The YPAS is an interviewer-administered, 36 quesgihysical activity questionnaire
developed in the late 1980s (DiPietro, Caspersstfeld, & Nadel, 1992). To develop this
guestionnaire, a total of 222 participants werevdréfom urban and suburban senior centers and
senior residential communities. Participants wierm various socio-economic backgrounds
and agreed to participate in an open-ended interviehese included questions concerning the
types of activities which are most often engageblyimlder adults and the reasons for
participating or not participating in these actast This information was used to formulate the

YPAS.

The questionnaire assesses physical activity patiara “typical week” from the past
month. It has two main sections from which eigldres are tabulated. The first section of the
guestionnaire contains a checklist with questimrcerning work, exercise, and recreational
activities. This assesses time spent in relataditaes with activity participation expressed in
hours per week. The second section of the questimcontains categorical responses which
assess participation in several different typeshysical activity, including vigorous activity,

low intensity activity, walking, and general movameThree main indices can be calculated,
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including total time (hours/week), energy expendit(kcal/week), and activity dimensions. In
calculating total time, the time for each activitythe checklist is summed over all activities. To
calculate energy expenditure, the time for eacleldist activity is multiplied by an intensity
code, and then summed for a total of kcal/weekalBi, the activity dimension index is
determined by combining the scores of five différactivities, including vigorous activity,
leisurely walking, moving, standing, and sitting.he score for each of these is calculated by
summing the duration of each activity and taking dlaration multiplied by a frequency score.
That number is then multiplied by a weighting factehich is dependent upon the intensity of

the activity performed.

After the development of the YPAS, researchersgperéd sub-studies which examined
both the validity of the YPAS and the 2-week relipof the YPAS. Participants for both sub-
studies were subjects from the original particigaodl who agreed to be recontacted. Of the
original 134 who agreed to be recontacted afteirtiial study, 76 [12 men (71.0 £ 6.8 years)
and 56 women (71.1 + 6.3 years)] completed theatapdity study and 25 [14 men (70.7 £ 5.5

years) and 11 women (68.0 * 5.6 years] qualifiedHe validity study.

For the repeatability study, participants were adstered the YPAS twice by the same
interviewer with 14 days between the first and selcadministration. Repeatability was
assessed for each question of the checklist poasomell as each of the indices. The validity
study included measurement of several physiologi@bles, including skinfolds, height, and
weight, and VQnaxmeasured via indirect calorimetry during a tredbitest. Additionally, a
Caltrac accelerometer was worn for 2.5 days ahhight with Caltrac readings recorded every 3
hours in an activity diary. After the collectiohall physiologic variables, participants were

administered the YPAS by a trained administrator.
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The YPAS was adequately repeatable and demonsadezfiate validity. For the
repeatability sub-study, there were no signifiadifferences in mean activity hours between the
first (34.4 + 18.4 hours/week, 7,613 = 4,502 kcaki) and second (30.6 + 16.7 hours/week,
6,739 £ 4,267 kcal/week) administrations betweenairthe checklist activities. Test-retest
correlations for the three main indices were Odstdtal time, 0.58 for energy expenditure, and
0.65 for the activity dimensions. The correlatiémisthe sub-scores of the activity dimensions
index ranged from 0.42 (sitting) to 0.61 (vigorquaith higher correlations found for the more
vigorous activities. As for the validation subéjuthe YPAS activity dimensions summary
index was significantly associated with estimaté€d?vhax (r = 0.58, p = 0.004) as well as
percent body fat (r = -.043, p = 0.03). It wadtsund that the moving index was associated
with resting diastolic blood pressure (r = -0.33; p.10) and body mass index (r =-0.37, p =
0.06) and the sitting index correlated positivelyhwesting diastolic pressure (r =0.53, p =

0.01).

Other studies have also examined the accuracyegeatability of the YPAS. One of
these studies examined the 2-week repeatabilitygaodracy in volunteers (n = 56, age: 56-86
years) at two different sites (Schuler, Richard€achoa, & Wang, 2001). Participants at both
sites completed a medical history with exclusidtega of cardiovascular disease history or
elevated resting blood pressure above 160/90. Uthmofirst visit, the participants were
administered the YPAS by a trained volunteer (TiheDuring the second, visit body fat
percentage was assessed by the skinfold methodaatdparticipant completed a graded sub-
maximal bicycle stress test. Two weeks after tiiteai administration of the YPAS, there was a
second administration to assess repeatability (TmeAt the completion of this they were asked

to keep a physical activity diary for seven day$e participants were asked to write a general
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description of the activity, an estimation of théensity, and the number of minutes spent in the
activity. Upon completion, the diary was handedoimn investigator who reviewed the

completed diary with the participant to maximizew@acy.

Repeatability for each measure of the YPAS (tataéf total energy expenditure, and
total activity summary index) was examined sepéyaed showed moderate to good short-term
repeatability (r = 0.70-0.82). However, the subgaties for the total activity summary index
ranged from low to moderate short-term repeataifidit vigorous, walking, and moving (r =
0.51-0.70) to no repeatability for either sittingstanding (r = 0.16-0.27). It is noted, however,
that lower repeatability measures may not necdgsiemonstrate lower repeatability but only

differences in amounts of physical activity perfedrfrom week to week.

As for validity measures, no differences betweefemand females were seen.
Statistically significant correlations were founetlveen physical activity as noted in the physical
activity diary and the total time index (r = 0.27me 2), total energy expenditure (r = 0.27,0 .30,
Times 1 & 2), total activity summary index (r = 6,3ime 2), and vigorous activity subcategory
(r=0.39, Time 2). Significant correlations weaiteo found between predicted maximal oxygen
consumption and total time (r = 0.49, Time 2), tat&ivity summary index (r = 0.64, Time 2),
vigorous activity (r = 0.54, Time 2), and moving=0.50, Time 2). It is also important to note
that greater the most significant associations Wwete/een the second administration of the
YPAS (Time 2) and the validation criteria. Thisutshbe due to being more familiar with the
YPAS after the first administration as well as tinee of the second administration overlapping

more with the keeping of the physical activity giar
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The accuracy of the YPAS has also been examineltier adults in comparison to
accelerometers and DLW (Starling, Matthews, Ade®,a&himan, 1999). Participants included
healthy older men (n = 32) and women (n = 35) betwtbe ages of 45 and 84 years. To collect
data, it was required that on the first day pgsaaits stay overnight at a testing facility where
they were administered their dose of DLW as wethasYPAS, in addition to one other
guestionnaire, by a trained interviewer. The folltg morning, resting metabolic rate (RMR)
was determined from 45 minutes of indirect calotipyébody composition via duel-energy X-
ray absorptometry, and aerobic capacity were medsufen days after the initial assessment,
subjects returned to provide final urine samplesring the 10 days out of the testing facility,

the Caltrac accelerometer was worn during all wakiaurs.

For the data analyses, average daily physicalipcanergy expenditure over the
measurement period was used from the Caltrac, Datl,YPAS. For the women, physical
activity expenditure measured by the Caltrac (371%2 kcal/day) was significantly lower than
the physical activity energy expenditure measurethb YPAS (863 + 447 kcal/day) and DLW
(873 + 244 kcal/.day). For men the results wemglar, with the Caltrac also showing
significantly lower physical activity expendituralues (554 + 242 kcal/day) when compared to
the YPAS (1,107 + 612 kcal/day) and DLW (1,211 ®4&2al/day). No difference was found
between the YPAS and DLW for either men or womEowever, Bland-Altman data indicate
that the limits of agreement were wide for both rr@rn310 to +1,518 kcal/day) and women (-
963 to +981 kcal/day). Results from this studyvebad that the YPAS compares favorably with

DLW in group evaluation; however, uses individuatigy be limited in older men and women.

One study examined the accuracy of the YPAS bygusia intake-balance method in

assessing the energy expenditure of physical &c(WAEE) (Kruskall, Campbell, & Evans,
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2004). A total of 28 participants (11 men and Iofnen) with an age range from 55 to 78 years
participated in the 14-week study. Weeks 2, 38| 14 were conducted on an inpatient basis
while weeks 1, 4-7, and 9-13 were conducted onugipatient basis. All subjects were sedentary
during weeks 1 and 2, during which they were easiigaed to one of three groups: sedentary,
lower body resistance exercise or whole body rascs exercise during weeks 3-14. The YPAS
was administered at weeks 2, 8, and 14 by the saemw@iewer each time. During the weeks of
the study, all subjects consumed a controlled di¢te diet provided 0.8 grams of protein per
kilogram of body weight, and non-protein energyteon of 60% carbs and 40% fat to maintain
body weight within £0.5 kg of baseline body weigltll meals were consumed in the presence

of a registered dietitian or diet technician.

The results showed that the women were able totaiaitheir baseline bodyweight
while the men’s declined slightly. The PAEE forrmeas figured at 595 + 103 kcal/day,
women at 412 + 68 kcal/day, and for both sexes coeab486 + 59 kcal/day. At week 14, the
YPAS estimated the PAEE for women at 565 * 93 kiegl/ men at 625 + 93 kcal/day, and the
combined estimation was 588 + 53 kcal/day. Thaosjles us with a statistically significant
correlation (r = 0.30), although considered a lownipderate correlation. The results from this
research project seem to support the results foyrgtarling and colleagues (Starling,
Matthews, Ades, & Poehlman, 1999). Although theppse of this article was not to assess
repeatability, it appears to support the findinfSchuler and colleagues (Schuler, Richardson,

Ochoa, & Wang, 2001) in demonstrating moderateotmlgepeatability.

Repeatability of the YPAS has been examined in BeExdAmerican older adults
(Pennathur, Magham, Contreras, & Dowling, 2004 )total of 49 participants were recruited for

this study (women = 42, men = 7) from senior centeEl Paso, Texas (mean age = 74 years).
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Only 15 completed the second administration oRAS (mean age = 78 years). All
participants were of Mexican origin and spent yeditheir childhood and young adulthood

living in Mexico and lived in their own homes. Thevere both English and Spanish versions of
the survey, as well as several bilingual interviesngho were able to administer the survey. A

period of 2 weeks was allowed between the first@awbnd administrations of the YPAS.

Results showed that activities such as shoppirgqt24), light housework (p = 0.787),
and food preparation (p = 0.458) activities shosigaificant positive intraclass correlations.
Spearman correlation coefficients showed signifigansitive correlations for lawn mowing (r =
0.477) and raking activities (r = 0.711). As foeaall estimated energy expenditure it was
significantly positively correlated (p = 0.437, 0:626). The total time (r = 4.75) and vigorous

activity index (r = 0.589) were significantly colaieed with Spearman correlation.

Previously discussed research discussed (pagedeshmined the YPAS (Moore et al.,
2007). Results related to the YPAS indicate incalifferences with the YPAS energy
expenditure summary index (p<0.01). The YPAS energenditure summary score also
seemed to be a strong predictor of CS-PFP10 scer8.40, p<0.01). Other significant
correlations include the energy expenditure sumnmatgx and upper body strength (r = 0.39,
p<0.01), lower body strength (r = 0.42, p<0.01)abee/coordination (r = 0.34, p<0.05), and

endurance (r = 0.38, p<0.01).

Another study examined the YPAS as well as the yRecall in 59 individuals between
the ages of 60 and 80 years and from various etfaukgrounds (Young, Jee, & Appel, 2000).
All were also participants in a 12-week study om ¢ffects of aerobic exercise and Tai Chi on

blood pressure. All participants were previoudgentary and free from any physical ailments
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which would prevent them from participation in aercise program. Resting pulse rate, BMI,
weight, and VQnaxwere assessed. Each participant participateifhareghe aerobic or Tai Chi
group program for at least one hour a day twiceklyaa addition to a home-based exercise
program. Between 10 and 12 weeks post-intervestian date the questionnaires were

administered in random order.

Results showed that the YPAS W« was significantly correlated with the summary
index (r = 0.33, P =0.01), moving index (r = 0.B6= 0.007), and the standing index (r = 0.28, P
=0.04). Significant correlations were also folretween BMI and the summary index (r = -
0.31, P = 0.02), the moving index (r = -0.30, P.82), and the standing index (r =-0.25, P =
0.05). Pulse rate was not found to be signifigaotirrelated with any YPAS measures. As for
weekly energy expenditure correlation was highest WO,max (r = 0.20, P = 0.14).
Researchers concluded that the YPAS shows somdgwamits ability to detect changes in

physical activity.

Previously described research (page 6, Bonnefal; 2001) also examined the YPAS as
one of the administered questionnaires. The cirogl between the YPAS TEE and DLW TEE
was classified as low (r = 0.18). The YPAS vig@aativity index was positively correlated (r
= 0.23) with DLW TEE. Other results show that ¥#f@AS overestimated EEPA by around 90
kcal/day, or around 11%. Limits of agreement wd@ to 645 kcal/day for the energy

expenditure score.

Overall, the YPAS seems to demonstrate good short-tepeatability (Schuler,
Richardson, Ochoa, & Wang, 2001). While the reqiaiity seems to be good, results suggest

that there is increased accuracy of the YPAS wised in assessing groups rather than assessing
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individuals (Kruskall, Campbell, & Evans, 2004; @itay, Matthews, Ades, & Poehlman, 1999).
As with many self-report assessments, the YPAS dsimates better accuracy for more intense

physical activity (Schuler, Richardson, Ochoa, &\Wa2001).

7-Day Physical Activity Recall

The 7-Day Physical Activity Recall (PAR) is a gtiesnaire developed in the general
population (Sallis et al., 1985). It is a 14-itemtrument in which the individual is asked to
recall time spent in activity in the previous weekth a minimum duration of 10 minutes,
sleeping (1 MET) and performing moderate (4 MET®&)d (6 METS), or very hard (10 METS)
physical activity. Time spent in light activity BLMETS) is calculated as [24 hours — (Time
spent sleeping + time spent in moderate + hardry vard activity)]. Total daily energy
expenditure (TEE) is estimated as the sum of theusutnof time (minutes/day) spent in each
category of physical activity multiplied by the MBE/&lue associated with each physical activity

category as well as body weight in kilograms.

The accuracy of the PAR has often been compardetBbLW method. As it was
designed for use in the general population, thegyaants in these studies are often younger,
although they still cover a wide variety of popidas. One of these studies examined a total of
46 individuals (women = 29, men = 17) aged 17-3ryevho were classified as overweight or
moderately obese (BMI = 25.0-34.9) as well as sealgr<500 kcal/week of leisure time
physical activity). The study spanned a time peob16 months and was aimed to assess the
impact of aerobic exercise on body weight and caitiom. Therefore, body composition,

maximal oxygen uptake, and RMR were assessedtpribe start of the study. They were then
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given a dose of DLW which was monitored daily foe next 14 days. The PAR was

administered on day 7 or 8 of the DLW protocol ns@e that the two were overlapping.

Results showed that there were no significanediffices found between the PAR
(11,825 + 1,779 kJ/day) and the DLW (11,922 + 2,k1lay) assessments for this study (r =
0.58, P<0.01). On average, the PAR underestindsidyg energy expenditure (DEE) by 96 +
2,080 kJ/day. Bland-Altman analysis showed thatewestimation of DEE increased as DEE
increased. Analysis of energy PAEE also showesligmificant difference between the PAR
(3,286 + 502 kJ/day) and DLW (3,508 + 1,863 kJ/dayt) were not significantly correlated (r =
0.12). As with DEE, the underestimation of PAEEreéased as PAEE increased. Results from
this study suggest the PAR is able to provide anrate estimate of DEE and PAEE but may be

limited in its ability to assess individual levels.

The PAR was assessed under free living condiiimid8 healthy women (age = 21-37
years). The study protocol was seven days in leagtl started with an overnight stay at the
research facility. Subjects consumed a dose of i had RMR measured in the morning.
Additionally, they wore the Tritrac-R3D and the GQauter Science Applications (CSI)
accelerometers during all waking hours over tha sexen days. At the end of the seven days,
subjects returned to the research facility to rethe monitors and respond to the PAR. The
PAR was interviewer-administered and the samevigeer conducted all interviews. Subjects
also had their body composition assessed as wpkals oxygen consumption within four weeks

of the end of the experimental period.

Results show there was no significant differencBAEEE estimates between the PAR

(642 £ 35 kcal/day) and DLW (798 + 83 kcal/day)wat mean difference of -156 kcal/day. In
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cases where PAEE according to DLW was less thark&@day, the PAR overestimated PAEE
on average 137 kcal/day and when it was greater308 kcal/day, the PAR underestimated
PAEE on average 287 kcal/day. Results suggestitbd®AR may not accurately assess PAEE

for all individuals.

Another study examined the ability of the PAR teess EE in 14 obese women (Racette,
Schoeller, & Kushner, 1994). All participants wéeslthy, premenopausal, nonsmokers
between 21 and 47 years of age with a body falepéage >35%. The study spanned 17 weeks
and was part of a larger study to examine weigbs-toeatments. Subjects were advised on a
specific diet, either a low-fat or low-carb died,gromote 1 kg/week of weight loss.

Additionally, oxygen consumption and BMR measuretsevere performed. Subjects were then
given a dose of DLW and spent one night at thearebefacility. Samples were also collected at
the same time of day one and two weeks later. iguhiese two weeks, subjects were asked to

wear a heart rate monitor for all waking hoursdbleast three days during the week, as well as
recording notable activities throughout the dag iiolder. At the end of each two week DLW

measurement period, each subject was administeecdAR.

Results showed that mean TEE values from the PAfRR nat statistically different than
the measurements obtained from the DLW during eitre@ght maintenance (2,665 kcal/day vs.
2,616 kcal/day, P = 0.58) or during the weight-ldes (2,440 kcal/day vs. 2,452 kcal/day, P =
0.89). The PAR (P =0.92) agreed with DLW bettamnt the heart rate monitor (P = 0.14).
Overall, the PAR provided accurate assessment&Bfduring both weight maintenance and the

diet periods and was able to detect differencésARE during diet periods.
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Another study which examined the PAR in comparigoBLW and a physical activity
diary had 27 male subjects, which were all paréinip in another larger feeding study (Conway,
Seale, Jacobs, Irwin, & Ainsworth, 2002). Par@its ranged in age from 27-65 years (mean =
41 + 2 years). Subjects participated in a two waekocol during which DLW was
administered on day one with samples being takeadoh day over the next two weeks. They
were also asked to keep a physical activity dianyrdy either the first or second week with
whole body calorimetry being performed on the ojgposeek. The PAR was administered on
both day seven and 14 of the protocol. The feesglindy was maintained throughout the DLW
research period, with a diet of 35% fat, 15% prgtand 50% carbohydrates with a kcal intake

meant to maintain body weight + 1 kg.

Results show that the PAR overestimated free-lidiad: according to DLW by 31%
with a significant difference between the PAR (1¥ .4.45 MJ/day) and DLW (13.27 £ 0.35
MJ/day). The PAR showed higher individual vapatwith DLW than did the physical activity
diary. Researchers in this study concluded thatestimation could be lessened by awarding
lower MET values to “hard” and “very hard” physieadtivity categories as well as the PAR
having limited abilities in assessing energy exjemnel in individuals and small groups. A study
previously described (Bonnefoy et al., 2001) alsangined the PAR in 19 older men. Results
showed that the PAR had a high strength of assogiatith DLW (r = 0.37, P<0.05). Time
spent in moderate (r = 0.52) , hard (r = 0.27), ey hard (r = 0.18) were all statistically
significant (P<0.05) when compared to TEE from DLWhe PAR overestimated TEE from
DLW by an average of 276 kcal/day (10.8%). Onaugrbasis the PAR compared favorably

with DLW.
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One study examined the PAR in comparison withaxial accelerometer specifically for
measuring time in exercise (Sloane, Snyder, Deréaknefried, Lobach, & Kraus, 2009).
Participants were also involved in a dietary staohyed to increase fruit and vegetable intake,
reduce total and saturated fat intake, and incrphgsical activity among cancer survivors.
Participants were either survivors of breast ostate cancer. Those with any physical ailment
which would prevent them from participating in amsupervised exercise program for six
months were disqualified from the study. Subj€its 115, mean age = 58 * 10 years) reported
to the research center and were provided an acceéter to wear for seven days during all
waking hours. At the end of the seven days, ameis the PAR modified to be administered
via telephone, was given to each participant. Ressnents were performed after one and two
years in the same manner. Results showed th&ARewas more strongly associated with the
RT3 at baseline (r = 0.54, P<0.0001) and year two(.53, P<0.0001) than year one (r = 0.24,

P<0.01). In all, these correlations suggest a matd@ssociation between the RT3 and the PAR.

Previously described research (Young, Jee, & A#)0) also examined the PAR in
comparison to various physiological measures. Feshowed that DEE as assessed by PAR (r
=0.34, P =0.01) and moderate activity hours @t32, P = 0.02) were the only PAR measures to
significantly correlate with V@nax Neither resting pulse rate nor BMI significantiyrrelated

with any PAR measures.

Overall, the 7-day Physical Activity Recall seem$& more reliable in assessing groups
and seems more limited in assessing individualssfWiarn, Jacobson, Sonko, Hill, & Donnelly,
2003; Leenders, Sherman, Nagaraja, & Kien, 2000k PAR also seems to be more accurate in
assessing those individuals with moderate actleigls as opposed to those who have

extremely low (overestimate) or extremely high (@restimate) activity levels (Washburn,
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Jacobson, Sonko, Hill, & Donnelly, 2003). In groagsessment, the PAR has demonstrated
moderate to high correlations with DLW (Washbuagabson, Sonko, Hill, & Donnelly, 2003;
Racette, Schoeller, & Kushner, 1994). The PARB®e examined in many different

populations but further examination in older aghgpulations is necessary.

Accelerometry-Based Activity Monitors

Accelerometers are an increasingly popular metiqghysical activity assessment.
They are motion sensors that detect acceleratioleceleration using a piezo-electric sensor.
Monitors are more sensitive in detecting motiogentain planes of motion (e.g. vertical,
anteroposterior, lateral) than others. Thereforenitors are known as uniaxial, biaxial, or
triaxial based upon the number of planes in whindytare most sensitive at detecting motion
(Murphy, 2009). Accelerometers are most commordynat hip level but can be worn on other
parts of the body, such as the ankle or wrist. yTdre often able to store large amounts of data,
often days or even weeks. This information islgakwnloadable for the researcher at the end
of the study period. With this information, resgbaars are able to see objective patterns of
activity throughout each day in as little as 30osecor 1-minute epochs as well as general

patterns over the period of time during which thenitor is worn (Welk, 2002).

There are several benefits to using accelerometestsidies; they are easy to operate,
small, non-invasive, able to store large amountdatd, and are able to provide an objective
report of overall movement (Welk, 2002). Howewedisadvantage of accelerometers is their
inability to accurately assess various types ofspta} activity such as walking up an incline,
carrying a load while walking, and stationary cygl{\Welk, 2002). The acceleration pattern for

walking up an incline and walking while carryindoad does not differ from normal walking
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while stationary cycling provides little or no atgration at the hip where most accelerometers
are worn (Welk, 2002). Thus, these activitiesraoedetected as different from walking or
inactivity, respectively. While accelerometersofunderestimate graded walking, this may not
be a serious limitation since variations in graceret as important as variations in duration,
intensity, and speed which make up the bulk ofatemns in daily physical activity (Montoye et
al., 1983; Welk, 2002). In estimating graded walkia triaxial accelerometer is not superior to a
uniaxial accelerometer. This suggests that aifdiaccelerometer may not improve EE

estimates compared to a uniaxial accelerometeki¢Jatal.,1999).

Other studies have examined the placement of telexometer on the body as a
potential source of error. Researchers have exatihre positions of accelerometers on the
body, including on the ankle, wrist, waist, as veaslcombinations of these to examine optimal
placement for these monitors. For example, ondystamined the placement and orientation
of accelerometers on assessment of EE during wa(Bouten, Sauren, Verduin, & Janssen,
1997). The researchers performed a complete cdrapse/e mechanical analysis of placement
and orientation in 2 participants (age: 23-24 yeakdeasurements were made at the lower back
using a triaxial accelerometer (ICSensors 3031-@&a%isting of three separate uniaxial
accelerometers with measurement directions indlgétal, transversal, and vertical axes. The
participants walked on a treadmill at 3, 4, 5, & km per hour for 3 minutes each. During the
sessions, @consumption as well as G@roduction were monitored to predict EE.
Accelerometers were placed at the lower back el the monitors lined up on several
different planes of motion. Researchers also egéchthe integral of the modulus of body
acceleration (IMA), as a linear relationship hasvpsusly been established, in helping predict

EE. High correlations between IMA values and EB§dor summed IMA from measurement
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directions) were found. The combined results ftbra study allowed researchers to conclude
that monitor placement does not affect predictib&B. While this study supported monitor
placement on the lower back, the preferred siteast often the hip. This position has proven
more comfortable for the participant, less obtrasand is well suited to measuring normal daily
activity (Welk, 2002). During prolonged unsupeedseriods, monitor positioning and
compliance issues can be a problem as there iglgdance and supervision to ensure the

monitor is being worn appropriately (Welk, 2005).

There are other limitations to the use of accateters. While accelerometers have
proven beneficial in laboratory and field settinthg initial cost of these monitors ($200-$500)
may prohibit their use in studies with large nunsbafrparticipants. Accelerometers are also
unable to assess any water-based physical actiVitgre are also some issues in distinguishing
between short periods of sedentary behavior anecompliance with wearing the monitor,
since each would result in either low or zero ceurBome monitors are sensitive enough to

accumulate a small number of counts even whendhejpant is sedentary (Welk, 2002).

Each accelerometer has its own unit of measureshwiiakes it challenging to compare
EE across different types of monitors. Also, EBo$ assessed directly but can only be
estimated when the number of counts measured byémétor is used in an equation provided
by the company or which has been developed duasgarch (Welk, 2002). As a consequence,
accelerometry-based physical activity assessmeamblsably more valid in assessing general

physical activity behavior and less accurate irdjuteng EE (Welk, 2002).
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GT1M Actigraph Accelerometer

The GT1M (Actigraph LLC), previously a uniaxialcaterometer known as the CSA and
MTI, is now a dual-axis accelerometer. It is of¢he most widely used and available
accelerometers on the market. It measures anddsboth activity counts and steps taken.
These can later be used to determine level of palactivity as well as estimate energy
expenditure (EE). The GT1M is capable of recordintvity in epochs ranging from one
second to several minutes. When using one mimgehs, it can record up to 378 days of data
(Murphy, 2009). Benefits of this version over goais versions of the accelerometer include no
need for calibration, a rechargeable battery, andsions in both hardware and software

(www.actigraph.com).

Older versions of the GT1M, the CSA and the MTé among the most validated
physical activity monitors. One meta-analysis ased studies validating the CSA or MTI,
along with other activity monitors, against DLW §Bfjui & Westerterp, 2007). The studies
included in the meta-analysis assessed womenehjlddolescents, Swedish, Scottish, black,
and Hispanic populations with a total of 464 pgpaants. Other uniaxial accelerometers
evaluated included the Lifecorder (Suzuken Co.)thedCaltrac (Muscle Dynamics Fitness
Network), while biaxial accelerometers included Aatiwatch (Minimitter Co., Inc), and
triaxial accelerometers included the Tritrac-R3PofBssional Products) and the Tracmor
(Philips Research). Of the uniaxial acceleromegeedyzed in this study, the CSA/MTI was the
only one which was repeatedly shown to correlarigcantly with energy expenditure derived
from DLW (R = 0.30-0.96). The Tracmor had the bresults (R = 0.63-0.91), but is not
available for commercial use. The results of stigly are in agreement previous research which

examined the CSA/MTI in comparison to the BiotraiReo, Tritrac-R3D, and the Actical in
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college-aged participants (Welk, Schaben, & Morr@@Q4). Participants in this study
participated in treadmill walking at 3 mph for Smate bouts for each monitor. Results show
that CSA/MTI was found to have the least variapiditross monitor units and trials and the

highest overall reliability (ICC >.80).

Another study examined the ability of the GT1Mwadl as several other physical
activity monitors, to assess time spent in modexatkvigorous physical activity (MVPA) in
comparison to indirect calorimetry (Berntsen et2010). There were a total of 20 participants
whom wore the monitors for a total of 120 minutdslevparticipating in physical activities of
various intensities. Results show that the GT1Mrestimated time spent in MVPA by 2.5%

(p= 0.007) but underestimated MVPA and total enexgyenditure.

While several studies have been performed witlottler versions of the GT1M, only a
handful have examined the new version, which has Inearketed since 2005 (Rothney, Apker,
Song, & Chen, 2008). One study compared the pednce of two previous generations of
Actigraph accelerometers, including the 7164 (r8¥dnd the 71256 (n = 12), to the newer
version GT1IM (n = 12) (Rothney, Apker, Song, & Ch2008). Motions in this study were
simulated with an orbital shaker which producesbrations similar to human walking or
jogging. Five radius values, which help simulaféedent gaits and walking/jogging speeds, of
the orbital shaker were evaluated at a consistequéncy (150 rpm). This would be similar to
evaluating different subjects walking at the sameepwith different stride lengths. Epoch
lengths were set at one minute and measured fonétes, with at least 3 minutes of rest
between different radii values. The second tetdrdened the range of the monitors. It was
performed with a fixed radius value and testedladi#ferent frequencies ranging from 25 to 250

rpm. Although the limit value listed for these alsrometers is around 150 rpm (2.5 Hz), 250
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rpm (~4 Hz) is still within the ability of human mement. The lower limit was dictated by the

ability of the machines.

The results from this study showed that all geti@na of Actigraph monitors had counts
that were correlated with the radius at a frequesfcd50 rpm (7164%= 0.978, 71256°r=
0.986, GTIM T = 0.999). The 7164 and the 71256 had similaresidp = 0.229) but the two
were significantly different from the GT1M (P < 01). As for the different rpm speeds, all
three monitors showed a similar curve shape. Hewall the monitors were significantly
different from each other at speeds over 160 rpm QF017). The GT1M and the 7164 were
significantly different at all frequencies exce@0lrpm, and the GT1M was different from the
71256 at all frequencies except for 120, 140, &@irpbm. The 7164 and the 71256 were
significantly different at 30, 35, 50, 60, 90, ak&D rpm. It was also found that the 7164 and the
71256 had similar responses to lower rpms, the GTdddired a stronger acceleration to record
a non-zero reading. Finally the intermonitor vaoias for the GT1M (<1%) were found to be
consistently lower than the 7164 or the 71256 (3-B%nitors for frequencies greater than 40
rom. The GT1M appears to be more consistent thewiqus versions of the Actigraph, but has
reduced sensitivity in detecting lower frequenaesvell as reduced amplitude at higher

accelerations.

The validity of the GT1M in estimating EE has bessessed. One of these studies
included 85 patrticipants (age 18-70 years, 37 s&nwyomen) who completed an overnight stay
in a room calorimeter while three different accefeeters (GT1M, Actical, & RT3) collected
activity information in one minute epochs (Rothngghaefer, Neumann, Choi, & Chen, 2008).
Participants were also asked to complete two stradtactivity sessions, with the morning

consisting of walking or jogging and the aftern@@ssion consisting of sedentary activities.
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Each activity was performed for 10 minutes witteaist 10 minutes between activity sessions.
For the remainder of the time in the room calorgngparticipants were asked to complete their
normal daily activities (~15 hours). At the endloé study, the activity counts were then used
with selected regression equations designed fdr semitor. The GT1M was examined using
three different equations known as AG 1 (Freedbtelanson, & Sirard, 1998), AG 2
(Hendelman, Miller, Baggett, Debold, & Freedsom@Q & AG 3 (Yngve, Nilsson, Sjostrom, &
Ekelund, 2003) for the purpose of this study. tAfee equations were from the literature with

AG 2 having been developed using mainly free-liveiegjvities.

The results from this study showed that AG 2 ditipredict any time spent in sedentary
(1-1.5 METSs) behaviors (0.0% of total time predictes. 80% actual) as well as overestimated
the amount of time spent in light (1.5-3 METS) aities (87.8% of time predicted vs. 16.6%
actual). The AG 2 equation had the greatest p&agerof error. AG 1 and AG 3 best predicted
the amount of time spent in moderate activitidhe AG 1 equation was better at estimating
time spent in moderate (1.5% of time predicted2vd% actual) and vigorous physical activity
(2.3% of time predicted vs. 1.5% actual) but unatedicted mean physical activity level (1.29
predicted vs. 1.4 actual). The AG 3 equation shibmeedifferences in physical activity level
from the criterion measure (1.35 predicted vs.at#ial). It was suggested by the authors that
even though some of these equations seem moreafdedhan others, they may not be practical
for assessment in free living settings. The eguatassume that different types of physical

activity are equally likely present in free livimgnditions.

Abel et al. (2008) also aimed to validate the GTdddelerometer in walking and running
in adults (Abel et al., 2008). Participants in@ddLO females and 10 males who completed a 10

minute walking trial during which steps were couhby two observers and indirect calorimetry
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was used. Six different speeds were assessec dreddmill, ranging from 54-188 m/min. At
the slowest speed, the GT1M counted 64% +/- 15%e&teps. On the remaining treadmill
speeds, the GT1M undercounted all steps but bythess3%. The Freedson equation
(Freedson, Melanson, & Sirard, 1998) was usedtimate energy expenditure from the GT1M
activity counts. It was found that, when compaxeddirect calorimetry, the equation produced
the most accurate estimates of total energy experdat moderate to fast walking speeds as

well as moderate jogging pace.

Overall, the GT1M is one of the most valid andatele dual-axis accelerometers
commercially available. Older versions of the GThM8e produced energy expenditure values
which have correlated significantly with the valygeduced by DLW. Finally, the GT1M has
shown lower intermonitor variations (<1%) than poess versions (3-5%). Due to these reasons,

it seems to be the accelerometer which is bestd i current use.

SenseWear Pro Armband 3

Recently there has been a new tool developed&enseWear Pro3 Armband (SP3)
activity monitor, which not only estimates totakegy expenditure but also assesses patterns of
activity throughout the day as well as intensitggluency, and duration. The SP3is a
lightweight armband designed to be worn over tgbtrupper arm. It is a wireless pattern
recognition monitor which assesses skin temperahaat flux, galvanic skin responses, and
motion via a 3-axis accelerometer (SenseWear, 200@) subject’s height, weight, and age are

also taken into consideration for calculationshiy $P3 algorithm (SenseWear, 2009).

Several studies have been performed to validatSEgagainst DLW and indirect

calorimetry in several populations. Mignault etealaluated the SP3 against DLW in six Type Il
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diabetic patients under free-living conditions (kkgilt, St-Onge, Karelis, Allison, & Rabasa-
Lhoret, 2005). Participants wore the armbandHergame ten day period during which DLW
assessed energy expenditure. The results showsidmbcant differences, with the mean daily
energy expenditure (DEE) from the SP3 at 2,237&Kfal/day and DLW at 2,315 + 625
kcal/day. The correlation between the SP3 and De¥¢hed r=0.97 (P < 0.001). St-Onge et al.
(2007) also evaluated the SP3 against DLW in 4&-likeng individuals aged 20-78 years (St-
Onge, Mignault, Allison, & Rabasa-Lhoret, 2007)editng metabolic rate (RMR) was estimated
using indirect calorimetry and the thermic effetfamd was estimated as 10% of DEE. Physical
activity energy expenditure was estimated by sebtrg the RMR and thermic effect of food
from the DEE estimates. The results showed thenrb&E underestimation of the SP3 was 117
kcal/day (2,375 £ 366 kcal/day, P<0.01) but erraswonsistent with an intraclass correlation

(ICC) of 0.81.

There have also been studies which examined thdityadf the SP3 at rest. Malavolti et
al. (2007) examined 99 subjects (mean age: 39yeaks) at rest using the SP3 in comparison to
indirect calorimetry (Malavolti et al., 2007). Baipants had resting energy expenditure (REE)
measured in the morning, following at least 12 Bafrfasting and refraining from structured
physical activity for at least 24 hours. To as$eEg&, participants were asked to lie quietly in an
isolated room for 30-40 minutes while wearing tiR8Svith VO, assessed via indirect
calorimetry. The REE estimates from the SP3 (15280 kcal/day) were not significantly
different from the estimates obtained by indireadbometry (1700 + 330 kcal/day) and were
significantly correlated with one another (r = Q.86< 0.0001). Cereda et al. (2007) also
examined the SP3’s ability to assess REE in corsgiautio indirect calorimetry in cancer patients

(Cereda et al., 2007). Ten patients participatetiis study (mean age: 56.6 + 13.3 years). REE
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was assessed on days 0, 7, 14, and at the erehtrhent at a local hospital. REE assessments
were done in the morning after fasting for 12 houdsiring REE assessment, participants rested
supine for 45 minutes. There were no significafiedences between SP3 estimates of REE
(1705 x 278 kcal/day) and the indirect calorimedsyimates (1645 + 282 kcal/day). The

correlations between the two methods in this study also high (r = 0.84).

The SP3 may be less adept at assessing exercisen Mvuin & Rankin evaluated the
SP3 compared to indirect calorimetry in 13 aerdhjaantrained individuals, the SP3 was found
to overestimate the energy expenditure (EE) of ingliat 3mph by 14% and at 4mph by 38%
(Fruin & Rankin, 2004). Walking on a 5% grade umdémated EE by 22%. No significant
differences were found between the measurememesting energy expenditure measured via
indirect calorimetry when compared to estimateshieySP3 and were highly correlated (r =
0.76). Another study examined the EE during trafidmlking, cycle ergometry, arm
ergometry, and stair stepping in 40 men and wongex 48-35 (Jakicic et al., 2004).
Individuals participated in each exercise protanobandom order with the pace regulated by a
metronome. The energy expenditure (EE) estimabes fhe SP3 for each exercise protocol
were compared to open-circuit calorimetry. When B was estimated with the general
algorithm supplied by the company, it underestimate EE of walking (ICC = 0.77), cycle
ergometry (ICC = 0.28), and stair stepping (ICC.63) and overestimated arm ergometry (ICC
=0.74). However, when exercise-specific algonshwvere applied, the estimates improved
dramatically. The ICC increased for walking (IC@87), cycle ergometry (ICC = 0.89), stair
stepping (ICC = 0.82), but decreased for arm ergon{eCC = 0.66). The researchers
concluded that in order to receive more accurdimates from the SP3 exercise-specific

algorithms must be applied. The algorithms forSR8 have since been refined by the
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manufacturer. Another previously described stijdy 27; Berntsen et al., 2010) also examined

the SP3. Results for the SP3 show that it ovenestid MVPA by 2.9%.

The SP3 has been examined with obese individualsa@glou et al., 2006). The
participants in this study included 142 obese imtligls (BMI = 42.3 £ 7.0) as well as 25 lean
and slightly overweight individuals (BMI = 25.3 £23. All participants had REE estimated in
the morning after fasting for 12 hours with the $#8ainst indirect calorimetry. Of the obese
individuals, 29 also participated in exercise pcote. The exercise protocol included cycle
ergometry, stepping, and walking. It was found tha SP3 underestimated REE in comparison
to indirect calorimetry (1811 + 346 kcal/day vs808t 382 kcal/day) but highly overestimated
EE in the obese individuals during the exercissises. The overestimation for cycle ergometry

was 19%, stair stepping 31%, and walking 31%.

The SP3 has also been evaluated against four atbeterometers, the CSA, TriTrac-
R3D, RT3, and the BioTrainer-Pro (King, Torres,tBQtBrooks, & Coleman, 2004). The
participants in this study included 21 individuadgh high fitness levels (V&ea>50 mi/kg/min)
who walked and jogged at several different spedaldirect calorimetry was used as the criterion
method. Even though the SP3 overestimated totatEiost speeds when compared to indirect
calorimetry, it more accurately assessed EE whemaoed to the accelerometers. The slower
speeds (54 m/min) were assessed less accuratélypmit a moderate correlation with indirect
calorimetry (r = 0.65) than the higher speeds 2@, m/min) which reached and stayed at high
correlations (r = 0.82). The SP3 was found to lostraccurate at a moderate pace (161 m/min)

(r = 0.85).
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Several more recent studies have been perform#étefugxamining the reliability and
validity of the SP3. One such study examined teieacy of the SP3 in measuring DEE in
healthy adults under free living conditions (Jolsemet al., 2010). This study had a total of 30
healthy adults aged 30-64 years who wore the SPBAfconsecutive days under free living
conditions. The results obtained from the SP3 werapared to the results obtained from DLW,
which was assessed over the same 14 day periodrage DEE estimates obtained from the SP3
were within 112 kcal/day of the DLW criterion meth@CC = 0.80). Another study further
examined the two different software versions of 8 specifically in older adults (Mackey et
al., 2011). A total of 19 older adults with a meaye of 82.0 years participated in this study.
Participants wore the SP3 for a mean of 12.5 da@igs< + 1.1 days), including sleeping time.
Energy expenditure over the same time period wsasataluated with DLW. Results showed
that there was reasonable agreement with no difteren means between DLW (2,040 = 472
kcal/day), SP3 software version 6.1 (2,012 + 4%/kay, p = .593), and SP3 software version
5.1 (2,066 £ 474 kcal/day, p = .606). Further exation shows that individual methods were
highly correlated, with the SP3 software versiahghowing an ICC of r = .893 (p<0.001) and

the SP3 software version 5.1 having an ICC of904..(p<0.001).

One study has examined the validity of a previaersion of the SenseWear armband,
the SP2, against the IDEAA activity monitor (WelltcClain, Eisenmann, & Wickel, 2012).
Participants in this study were 30 college-agedi@pants and wore the SP2 and the IDEAA
monitor while participating in normal activities déily living. Results showed that the SP2 was

able to provide EE estimates of within 0.10 METShaf EE estimates of the IDEAA monitor.

The SP3 has been evaluated under many differeditamrs, including free-living

(Mignault, St-Onge, Karelis, Allison, & Rabasa-Lbgr2005; St-Onge, Mignaults, Allison, &
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Rabasa-Lhoret, 2007) and laboratory conditionsifReuRankin, 2004; Jakicic et al., 2004;
King, Torres, Potter, Brooks, & Coleman, 2004)t (€&ereda et al., 2007; Malavolti et al., 2007)
and exercise (Jackic et al., 2004). There have beegral populations examined with the SP3,
including Type Il diabetic patients (Mignault, St@e, Karelis, Allison, & Rabasa-Lhoret,
2005), cancer patients (Cereda et al., 2007), abesaduals (Papazoglou et al., 2006), high
fitness level (King, Torres, Potter, Brooks, & Quolen, 2004), aerobically untrained (Fruin &
Rankin, 2004), and children (Arvidsson, Slinde,dsan, & Hulthen, 2007). With the results
from all of these projects combined, the SP3 agpabe a reasonably accurate method to

accurately assess energy expenditure.

There are some advantages of the SP3 over DLWeagitkrion measure in studies. The
monitor is priced similar to other activity monisoand can store up to 11 days worth of data. It is
non-invasive for the participant; data are eagilglgzed with the correct program for the

researcher. Finally, the SP3 is able to assefegdlitt activity patterns while DLW cannot.

Summary

Reliable and valid physical activity assessmemstjonnaires aimed at older adult
populations are somewhat limited. However, with ginowing population of older adults as well
as the increase in life expectancy, there has ineegased interest in developing methods
specific to this population, including the develaarhof several population-specific
guestionnaires. While the validity of these quastaires has been examined somewhat,
guestions remain on how the results from thesetmumesires compare not only to each other,

but to an accurate criterion method. Thus, thedithe present study is to assess the accuracy
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of these questionnaires and their ability to coraggareach other by comparing their energy

expenditure estimates to the estimates providatido$P3 and the GT1M accelerometers.
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CHAPTER 3. METHODOLOGY

Participants

Participants in this study included 36 men and eomged 60 and older. Individuals
less than 60 years of age or those with an impiaeliectronic device were excluded from the
study. In return for participation, participanten& given their choice of either a $25 gift card or
a free semester of membership in the ExercisecCihiowa State University. Prior to any data
collection, approval for the study was obtainedrfrime Institutional Review Board of lowa

State University.

Study Protocol

Visit One

During the first meeting, participants receiveth@rough explanation of the purpose and
methods of the study. Those still interested inigipating voluntarily provided written
informed consent. Weight and height were meastaréice nearest tenth of a kilogram or
centimeter, respectively. Participants were fitteth both the SenseWear Pro3 (SP3) and the
Actigraph (GT1M) activity monitors and instructed proper wear and positioning of each
monitor. The GT1M is worn at the waistband of tigiat hip while the SP3 is an armband worn
over the middle of the right triceps, thereby allogvthem to be worn simultaneously.
Participants were asked to wear each monitor sanatiusly for one week, during which they
were to participate in their normal activities, @nmg the monitors only for bathing or
swimming. An appointment exactly one week lates weheduled with each participant to

return their activity monitors as well as to comelthe physical activity questionnaires.
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Visit Two

Upon return a week later, the SP3 and GT1M werewed and data were downloaded.
Next, participants completed the 7-Day Physicaiviist Recall (PAR) (Sallis et al., 1985),
Physical Activity Scale for the Elderly (PASE) (Wisirn, Smith, Jette, & Janney, 1993), and
the Yale Physical Activity Survey for the ElderlyRAS) (Richardson, Ochoa, & Wang, 2001),
which were given in a randomized order. Upon catigh of the physical activity
questionnaires, participants were given their ahoica $25 Target gift card or a free semester at
the lowa State University Exercise Clinic. Comelphysical activity reports, including physical
activity levels (PA) and energy expenditure (EE@revmade available and later mailed to each

participant.

Data Processing

Data recorded by the SP3 (Software version 6.1)&nhtM (ActiLife software version
4.0.4) were downloaded to a computer and analyzédprogram-specific software for each
monitor. Those participants not obtaining datanfithe monitors for at least three days for eight
hours a day were excluded from the data analydie SP3 uses a formula based upon
movement patterns along with height, weight, agd,@ender to determine PAEE and total EE.
Data obtained from the GT1M were applied to the AEZand ACT-C equations (Freedson,

Melanson, & Sirard, 1998) to determine energy egare in kcal/day.

Questionnaires were scored by hand via their adsgescales. The YPAS produced
scores of both min/week as well as kcal/day, th& Pfoduced scores of min/week and
kcal/day, while the PASE produced only min/week andactivity score. Results obtained from

guestionnaire scores were then compared to theriontmeasure of the SP3 data, as well as the
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Actigraph data. Pearson correlation coefficiengsenused to examine differences between both
kcal/day energy expenditures as well as min/weektsim physical activity. Differences

between genders were examined using one-way ANOMAthods showing high-correlations
were examined further using paired-samples t-testietermine differences. All methods were
compared to the SP3 using Bland-Altman Plots (Aft&aBland, 1983). Comparisons were
made individually between the SP3 and the alteraatiethod to determine limits of agreement

as well as the level of confidence for each.
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CHAPTER 4. RESULTS

A total of 36 subjects completed data collectidiable 1 describes the characteristics of
the observed population. The men were heavietallst than the women £9.01) though the

BMI between the two groups did not differ.

Table 1 - Sample Characteristics (means + SD)

N Age (yr) Height (cm) Weight (kg) BMI
Female 28 69.7 £ 6.0 161.1+5.2 66.4 +13.3 25.5+45
Male 8 69.5+55 176.3 £ 6.5** 87.3+11.7* 28t13.3
All 36 69.7£5.9 164.5+ 8.4 71.1+15.6 26.1+4.3

**P<0.01 Males vs. Females

Descriptive statistics for estimates of PAEE amgh stount obtained from the GT1M can
be found in Table 2. Average GT1M wear time far sudy sample was 5.1 days and 12.3
hours/day. Statistically significant differencesre@ found between males and females for
estimates of PAEE (kcal/day) for the SP3@®5) as well as the ACT-F PAEE (kcal/day),
ACT-C PAEE (kcal/day) and step counts from the GT(E%0.01). Additionally, due to various
issues, data gathered with the GT1M has a sligimigller N for females (N=21) resulting in a

smaller total N (N=26) when compared to data gatthérom the SP3 for both females (N=24)

and total (N=29).

Table 2 - ACT EE and Step Count Characterigtiesans + SD)

N SP3 PAEE ACT-F PAEE  ACT-C PAEE SP3 Steps ACT Steps
(kcal/day) (kcal/day) (kcal/day)
Female 21 342 + 260 175 £ 180 129 £ 99 8237 £2533 3999 + 2947
Male 5 663 + 392* 872 £ 474* 435 + 65** 8292 +@D 10167 + 6716*
All 26 397 + 304 309 = 375 188 £ 154 8247 £ 2572 5185 * 4505

An=24,°n=29; *P<0.05 Males vs. Females; *.01 Males vs. Females
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There were robust correlations<(P01) between the SP3 PAEE (kcal/day) data and
physical activity estimates obtained from the GTfovithe ACT-F PAEE (kcal/day) and the
ACT-C PAEE (kcal/day) equations as well as ACT P&8tep estimates (Table 3). Statistically
significant correlations were also found(RP05) between SP3 PA (min/week) data and ACT
Daily Steps. Table 4 shows Spearman correlatiefficeents. The SP3 PAEE (kcal/day) and
the ACT-F PAEE (kcal/day), ACT-C PAEE (kcal/daypdathe ACT Daily Steps were
significantly correlated(£0.01). There was a high correlation between thg R (min/week)

and the ACT Daily Steps which demonstrated statisgignificance (£0.01).

Table 3 - ACT Pearson Correlation Coefficients
ACT-F PAEE  ACT-C PAEE ACT Daily

(kcal/day) (kcal/day) Steps
SP3 PAEE (kcal/day) .620** .524** .544**
SP3 PA (min/week) - -- .502*
SP3 Daily Steps .384 .263 .369

**P<0.01, *P<0.05

Table 4 - ACT Spearman Correlation Coefficients
ACT-F PAEE ACT-CPAEE  ACT Daily

(kcal/day) (kcal/day) Steps
SP3 PAEE (kcal/day) 645 538+ 558+
SP3 PA (min/week) - - 511%*
SP3 Daily Steps 492+ 382 441

**P<0.01, *P<0.05

Estimates of physical activity for individual quesinaires can be seen in Tables 5 and 6,
with Table 5 showing PAEE estimates in kcal/daye&ionnaire score for PASE) and Table 6 in
min/week. SP3 estimates are provided for comparigonly the SP3 demonstrated statistically

significant differences in estimates between gen@t0.05) for kcal/day of all methods.
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Table 5 - PAQ EE and Scorer@biristics (means + SD)
N SP3PAEE  PARPAEE  YPASPAEE PASE

(kcal/day) (kcal/day) (kcal/day) (score)
Female 28 342+260 1293 £ 967 627 + 539 174 + 93
Male 8 663392 1445 + 939 282 +201 150 + 90
All 36 397 + 304 1327 £ 950 550 + 503 169 + 92

An=24, Bn=5,n=29; *P<0.05 Males vs. Females

Table 6 - PAQ Minutes per Week Glageristics (means + SD)

N SP3 PA PAR PA YPAS PA PASE
(min/week) (min/week) (min/week) (min/week)
Female 28 538 + 338 1801 + 1194 989 * 799 888 £ 681
Male 8 795 + 486 1629 + 1091 789 + 1072 459 + 592
All 36 582 + 371 1763 £ 1159 945 + 854 793 + 678

An=24,%n=5,“n=29; *P<0.05 Males vs. Females

Table 7 shows Pearson correlation coefficienta/éen estimates of PAEE (kcal/day),
total PA (min/week), or the score derived from tegpective questionnaires, and readings
obtained from the criterion measure of the SP3th@fquestionnaires, only the 7-Day Physical
Activity Recall (PAR) demonstrated any statistigadignificant association with the criterion
measure. These significant relationships were beemeen PAR PAEE (kcal/day) and SP3
PAEE (kcal/day) (R0.05) as well as SP3 TEE (kcal/dayx(F01), and PAR PA (min/week) and
SP3 PA (min/week) #0.05). Correlations for the YPAS ranged from -.@38161 while
correlations for the PASE ranged from .097 to .3%hen using Spearman correlation
coefficients as seen in Table 8, similar relatiopslare seen as with Pearson correlation
coefficients in Table 7. The only questionnairgémonstrate statistically significant
associations with the SP3 is once again the PARImMAtes that demonstrated significance were
between the PAR PAEE (kcal/day) and the SP3 PAIEEI/fday) (0.05) and the SP3 TEE
(kcal/day) (R0.01). When using Spearman correlation coeffisiéfRAS correlations range

from -.055 to .170 and PASE correlations range froa0 to .267.
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SP3 PAEE SP3 PAEE SP3TEE SP3 PA
(kcal/day) (kcal/kg/day) (kcal/day) (min/week)
PAR PAEE (kcal/day) A464* .366 556**
PAR PA (min/week) .376*
YPAS PAEE (kcal/day) -.039 .048 -.078
YPAS PA (min/week) 161
PASE Score .266 311 .238 314
PASE PA (min/week) .097
**pP<0.01, *P<0.05
Table 8 - PAQ Spearman Correlation Coedfité
SP3 PAEE SP3 PAEE SP3TEE SP3 PA
(kcal/day) (kcal/kg/day) (kcal/day) (min/week)
PAR PAEE (kcal/day) A424* 361 .524**
PAR PA (min/week) .295
YPAS PAEE (kcal/day) .045 .066 -.055
YPAS PA (min/week) .170
PASE Score .259 .260 .250 .267
PASE PA (min/week) 120

*»*P<0.01, *P<0.05

Bland-Altman plots were used to allow for a moreedi comparison of the methods used
versus the SP3 criterion measure. Figure 1 dematastdifferences between the data gathered
from the SP3 in regards to PAEE (kcal/day) andegtenated PAEE obtained from the ACT-C
equations. The ACT-C formula underestimated PARHyut 184 kcal/day. There is a

systematic bias in the ACT-C equations.
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Figure 1. SP3 PAEE and ACT-C Differences.
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Figure 2 illustrates differences between SP3 PAREestimates obtained from PAR
PAEE. The PAR overestimates PAEE by a mean 108//veek. The data suggest that there is

a robust systematic bias.

Figure 3P3 PAEE and PAR PAEE Differences.
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Figure 3 shows the differences between PA estsr@itined from the PAR and data

obtained from the SP3.

The PAR overestimates regspent in physical activity by about 1294

kcal/week. Again, there is a systematic bias.
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Figure 4 shows differences between the SP3 PAatataY ALE PA estimates. The

YALE method overestimates PA by around 476 min/we&klower physical activity levels

(<1000 min/week), the measurement bias seems tang®m while at higher physical activity

levels (>1000 min/week) the biased seems to be sy@tematic.
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Figure 8P3 PA and YPAS PA Differences.
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Differences between the SP3 measurement of PABEstimates in PAEE obtained
from the YPAS are demonstrated in Figure 5. Th&SBurvey overestimates PAEE by a mean
230 kcal/day when compared to SP3 data. Thesealdatanstrate random bias as there seems to

be no pattern in the data.

Figure SP3 PAEE and YPAS PAEE Differences.
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Figure 6 shows differences between the SP3 PAnhwaek data and physical activity
estimates obtained from the PASE questionnair&e bther questionnaires, the PASE

overestimates time spent in physical activity, thise by a mean 324 min/week.

Figure 6. SP3 PA and PASE PA Differences.
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CHAPTER 5. DISCUSSION

The goal of this study was to examine both objecéind subjective methods of physical
activity assessment in an older adult populatidhis was accomplished by using three
popularly used questionnaires, the 7-Day PhysicaivAy Recall (PAR) (Sallis et al., 1985),
Physical Activity Scale for the Elderly (PASE) (Wisirn, Smith, Jette, & Janney, 1993), and
the Yale Physical Activity Survey for the ElderlyFAS) (Richardson, Ochoa, & Wang, 2001),
and the most popularly used accelerometer, theadagph GT1M (Actigraph LLC), and
comparing them to a criterion measure of the Serse\Wro3 Armband (SP3) (SenseWear,
2009). The two monitors, the SP3 and the GT1Mgewenrn for one week and upon their
return, participants completed the aforementiorfggigal activity assessments. Based upon the

estimates obtained during this time period, congoas were made between methods.

Comparison of Accelerometers

It has been suggested that an acceptable rangelykteps for healthy older adults is
between 6,000-8,500 steps/day (Tudor-Locke & My2@§1). The daily step average seen in
this study was 8,247 steps/day for the SP3 andbStEps/day for the GT1M. These data fall in
the recommended range for the SP3 and slightlybtie range for the GT1M. Daily step
counts between the SP3 and the GT1M were not ggnify correlated when using Pearson
correlation coefficients but were significant ag ##0.05 level when using Spearman

Correlations.

Daily steps were not the only method of comparisetween the GT1M and the SP3 as
kcal/day of physical activity energy expenditurdBE) and min/week spent in physical activity
(PA) were also examined. As the GT1M does notidedirect readings of kcal/day estimates,

the activity counts provided by the GT1M must bedus specialized regression equations
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which provide these estimates. There are sevqtat®ns which can provide kcal/day
estimates, two of these being the Freedson equ@tiom-F) equation (Freedson, Melanson, &
Sirard, 1998) and the Combination equation (ACTtHa} were examined in this study. The
ACT-F equation requires 1,952 counts per minutetat minute to be considered physically
active. This equation is considered to be modiratcurate for estimating the EE of locomotor
activities (Crouter, 2006). However, most actastiof daily living include both locomotor
activities and lifestyle activities. This is whehe ACT-C equation is considered. It uses the
Freedson equation for minutes with counts over2@&@unts and the Work-Energy-Theorem for
minutes with counts below 1,952 counts. Using s@acorrelation coefficients both the ACT-F
equation (r=.620) and the ACT-C equation (r=.524dpced statistically significant correlations
with SP3 PAEE (kcal/day) at the<®.01 level. Upon examination of the Bland-Altmdat for

the ACT-C there is evidence of a strong systeniasis with the ACT-C underestimating
physical activity expenditure by a mean 185 kcal/dahis effect is increased at higher activity

levels.

Some issues with the GT1M, as with most accelerersgare its ability to capture
physical activity performed by the upper body. Mgst accelerometers are worn on the waist
band, most are unable to capture activity thaerégpmed when the individual is non-mobile. In
the older adult population, this constitutes a mij@f their physical activity, including
household activities and occupational activitigébis may help to explain the difference in
kcal/day estimates provided by the ACT-F and AC&eDations and the kcal/day data provided
by the SP3. The SP3 is worn on the upper arm andidibe able to more accurately estimate
this upper body activity while the GT1M cannot. Haxer, with the difference in body

positioning it is more likely that the GT1M is maable to accurately assess step count as the
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SP3 worn on the upper arm is more likely to migimtet upper body movement as steps than the

GT1Mis.

Comparison of PAQswith Criterion Measure

Of the physical activity questionnaires (PAQs) eiaad, the PAR demonstrated the
highest correlations with the criterion measutewds the only PAQ to demonstrate statistically
significant Pearson correlation coefficients witle triterion measure and did so for both PAR
PAEE and PAR PA. However, further examinationhaf Bland-Altman plots demonstrates a
strong systematic bias seen in the PAR when cordgarthe SP3 and shows the PAR
overestimates PA more at higher levels. This isointrast to previous studies which have found
the PAR to underestimate PA in adults (Matthewsr&eldson, 1995). While the PAR was not
designed for use in older adults, it demonstratedstrongest correlations with the criterion
measure. Similar findings between the PAR andth8 were found in a companion study

(Mclintyre, 2010).

The PASE and the YPAS were the two PAQs that wragnined in this study which
were specifically designed for use in older aduligither of them demonstrated statistically
significant Pearson correlation coefficients with3S however, in comparison to the PAR (1,294
min/week), both the YPAS (476 min/week) and PASEA(Bin/week) overestimated minutes
spent in physical activity expenditure by far Iéa8en examining PAEE in kcal/week the
YPAS also overestimated by far less than the PAIR thie YPAS overestimating by 230
kcal/week in comparison to the 1007 kcal/week ostereated by the PAR. A comparison of

PAEE in kcal/week was not possible as the PASEhdidprovide this information.
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There are several possibilities for the overedioneof the PARs. One of these
possibilities includes “double reporting” of phyai@activities. For example, in the YPAS an
individual could double report time spent doinghais under the categories of light housework

and dish washing, not realizing they were doing so.

Another possibility in the overestimation of the RAis related to the relationship
between absolute metabolic equivalents (METS) atative METS. The definition of a MET is
the amount of oxygen consumed while sitting at pestkilogram of body weight and is figured
at 3.5 ml @/kg/min (Jette, Sidney, & Blumchen, 1990). Thi&m®wn as absolute METS.
Therefore individuals working at 3 METS would berkiag 3 times as hard as they would be at
rest. However a problem with this standardizabbMET activities in determining intensity of
physical activities is that not every individuash@MET equivalent of 3.5 mbi{kg/min, which
is only able to be determined through such metlagdadirect calorimetry. The actual MET
levels of individuals are known as relative METBelative MET levels are affected by the
individual’s fitness level and factors such as agemany factors allowing a higher functional
capacity deteriorate with age (Jette, Sidney, &then, 1990). Functional capacity is the
maximum MET level an individual is able to obtaifiherefore individuals with lower relative
MET levels and lower functional capacity MET levelsuld be more likely to report activities
performed as more vigorous or more time was spewigorous activities (such as on the PAR)

in comparison to the activities’ absolute MET level

Limitations
Limitations to this study include the study samjflermn which findings would be difficult
to generalize to the entire older adult populatiomthis study there was an imbalance of men to

women, with 28 of 36 total participants being femaRdditionally, all study participants were
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Caucasian and from southeastern lowa. Improvenemitd be to take a larger sample that is
more representative of the entire older adult paporn.

Another common issue when working with older adultsudes recall bias and difficulty
accurately recalling activities performed (Washb@mith, Jette, & Janney, 1993; Welk, 2002).
While participants were able to ask questionspist was done not to lead them. It is unknown
whether this influenced their answers in any wagditionally it is possible that the fact that all
data were gathered during the autumn season ckeldthe data although how is unclear.

Other issues included compliance and monitor probleith the GT1M as data were
able to be obtained and used from only 26 out gé@®icipants. The most likely explanations
include that, for various reasons, monitors stoppedrding data at some point during the
monitoring period or that individuals decided agaiand/or forgot to wear their monitors while
they were ambulatory. Finally, when administeriing PAQs they were inadvertently mostly
given in the same order so future studies examitliage PAQs should make effort to further
randomize them.

Conclusion

The purpose of this study as it is stated wasttihién examine and validate specific
PAQs designed for the older adult population, tiRA% and the PASE, in comparison to
another PAQ designed for use in the general papualahe PAR, and a commonly used and
available accelerometer, the GT1M, was accomplisfiéee GT1M is one of the most
commonly used accelerometers on the market andopiestudies have shown it to be an
accelerometer with a very low intermonitor varigpi(Rothney, Apker, Song, & Chen, 2008)
and displayed the highest significant correlatioha group of accelerometers examined in

comparison to doubly labeled water (DLW) (Plasqui&sterterp, 2007 ). However in the
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current study the GT1M differs from our criterioreasure in step count but demonstrates higher
correlations when the ACT-F equation is used torege PAEE and PA.

When examining how the PAQs fared against therooih measure, the PAR
demonstrated the highest correlations but demdedtearobust systematic biased. Both the
PASE and the YPAS overestimated the PAEE and RAmmparison to the criterion measure,
however the PASE overestimated by the least andBAveek. Of the two PAQs that estimated
kcal/week, the YPAS overestimated by far less tdrthe PAR (230 kcal/week vs. 1007
kcal/week); however neither the YPAS nor the PA8Ednstrated any significant correlations
with the criterion measure.

When examining the accuracy of PAQs, there are rsanyces of error that should be
controlled in order to obtain the most accurateresgtes of PAEE (kcal/day) and PA (min/week)
from these methods of assessment. While the begt@ts can be made to control these sources
of error, such as order of questionnaires, notilgpgdarticipants, and obtaining a study sample
representative of the population, other sourcesmair such as recall bias, errors in time
estimates by the participants, and double repodfragtivities are less able to be controlled by
the researchers. The estimate errors of these RAEQRost likely not a result of any one source
of error, instead, a combination of all sourcesmbr. Learning to control each source of error
individually will likely contribute to a reductiom the total error of the instrument; however, this
theory should be further examined.

With the information obtained from this study, are aware that there are many tools
that can be used to assess physical activity buhtee been designed specifically for use in
older adults. However, as the methods examindaisrstudy demonstrate weaknesses and lack

in accuracy, they should all be used in cautiotihéolder adult population. Results from this
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study agree with previous research suggesting A8Fand YPAS seem to be more accurate
when used with individuals with lower PA levels ¢dada, Chiu, King, & Stewart, 2001)
However, the PASE and YPAS can still be useful wathividuals with higher PA levels in
determining PA patterns as determining PA patteamshelp in determining health status and
function (DiPietro, 2001). When compared to the3fexamined in this study the GT1M had
higher correlations than did any of the PAQs. Bhresults seem to agree with results obtained
from other studies in that it correlates reasonabtly a criterion method (Plasqui & Westerterp,
2007) and demonstrates higher correlations tham thet PASE and YPAS with a criterion
method (Colbert, Matthews, Havighurst, Kyungmanr§éhoeller, 2011) but, as with the PAQs,
should be used with caution and may not alwaysraetipal due to their higher initial costs

when compared to PAQs.
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