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Current negative trends in adolescent disease risk factors (e.g., ove)weay
be related to physical activity. To study these relationships usingemoeiters, how to
estimate physical activity from accelerometer counts must be batlerstood.
PURPOSES (1) To develop new accelerometer cut points for estimating physical
activity using disease risk factors as criteria. (2) To evahmteestimates of physical
activity using these newly developed cut points agree with comparison negsire
previously suggested cut point and self-report physical activity recallioumesires).
METHODS: National Health and Nutrition Examination Survey (NHANES) and Trial

of Activity for Adolescent Girls (TAAG) data were examined. Newpmihts were



developed using iterative correlations and signal detection and receiverraperat
characteristic (ROC) curves. To identify new cut points, potential cut poants

identified in a development sample and validated in an evaluation sample. Agreement
between new cut points and comparison measures was examined using concordance
correlation coefficients, Bland-Altman plots, McNemar’s tests, and ptiops of
agreementRESULTS: Using the correlation method, two new combinations of light,
moderate, and vigorous intensity cut points were identified in NHANES (1900, 4300, and
10000 counts/min and 1900, 4000, and 5000 counts/min) and two in TAAG (1450, 1950,
and 2450 counts/30 sec and 1050, 1550, and 2050 counts/30 sec). Using the signal
detection/ROC curve method, eleven new cut points were identified in NHANES
(ranging from 100 to 2300 counts/min) and three in TAAG (ranging from 100 to 200
counts/min). Concordance correlation coefficients for minutes of activityawi

previously suggested cut point tended to be strorg@reQ) with higher cut points(

2300 count/min), while those with questionnaires were less than 0.10 or the 95%
confidence intervals included zero. One new cut point (1800 counts/min) was §imilar

= 0.6) to a comparison measure for classifying meeting recommendations.
CONCLUSIONS: Some cut points may be more strongly associated with disease risk
factors than previously suggested cut points developed using oxygen consumption, but
associations are not strong. The new cut points and comparison measures may be

measuring different aspects of physical activity, as they were in poegragnt.
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Chapter 1: Dissertation Introduction

BACKGROUND

The prevalence of overweight and obesity increased among children and
adolescents from NHANES Il (1976-1980) to NHANES 111 (1988-1994) to NHANES
1999-2000 (Ogden, Flegal, Carroll, & Johnson, 2002). It showed no signs of changing
through 2005-2006 (Ogden, Carroll, & Flegal, 2008). This trend may have negative
health consequences. Overweight and obese adolescents are at incileésetsidin
resistance and diabetes, hypertension, dyslipidemia, and poor cardioresfilrasdesy as
well as obesity in adulthood (Boreham & Riddoch, 2001). The overweight and obesity
trend may be related to inadequate physical activity. The Physical Acivitlelines
Advisory Committee (2008) found that youth physical activity is associatidoatdy
composition, as well as cardiovascular and metabolic health and cardioregina¢ss.
Accurate measures of physical activity are necessary toiefflgcstudy physical activity
and related disease risk factors. Increased understanding of these refsimns
necessary to reverse the current trends in obesity, physical actndtyelated health
outcomes.

Physical activity assessment

Physical activity is any bodily movement produced by skeletal musclesthdty
in energy expenditure (Caspersen, Powell, & Christenson, 1985). In addition to
determining the relationship between physical activity and health, phgsioaty is
measured for a variety of reasons including to determine levels of phasiieély, to

understand determinants of physical activity, and to evaluate interventiorivefiess.



The ability to study these relationships of physical activity depends on havoigalra
measures that are valid and reliable.

Energy expenditure is a physiological consequence of physical activity.eHenc
several measures of physical activity are measures of energy éxpendihe most
accurate measures of energy expenditure are direct and indireanesipri While
calorimetry is highly accurate at measuring energy expenditurepd expensive and
not easily feasible to be used in large studies. Calorimetry methods alsw aitebit
regular activity patterns and cannot be used in free-living situations. Doublgdab
water (DLW) can be used to measure accurately measure total exeegyiture in
free-living situations. However, patterns of physical activity (i.e., frequantensity,
duration) cannot be assessed.

Physical activity is comprised of several dimensions, including frequéogy (
often), intensity (how hard), duration (how long), and type (what is done). Different
combinations of these components may expend the same amount of energy yet have
different health and physiological effects. For example, body weighaiggeld when
there is a difference between energy intake and energy expenditures, Bles@ssing
total energy expenditure may be sufficient. However, physical acthatycauses weight
change may not affect cardiovascular fitness, which requires physellagaptations.
Which physical activity dimensions are of interest depends on the study purpose. The
exact pattern of physical activity needed to receive health benefits anithdtomway
differ by population subgroups and by the outcome of interest has not been well

elucidated (Physical Activity Guidelines Advisory Committee, 2008).



Self-report recall questionnaires have often been used in large, epidemiologi
studies to assess physical activity because they are relativelymsesgpand can
efficiently collect large amounts of detailed information. However, infaondrom
recall questionnaires may not be accurate. Respondents, particularly chidiren a
adolescents, may not be able to accurately recall details of their plagdicay
episodes. For example, they may not recall having a special school assetelald of
PE and report being physically active in PE that day. They may perceivedhg afet
their activity differently than intended by the researcher. For exarhphentay report
an activity as being vigorous that the researcher would consider moderatesriRare,
respondents may alter their responses, consciously or subconsciously, begawsathe
to appear more physically active. Hence, information collected using reca
guestionnaires is subject to the cognitive ability of respondents as geltiak
desirability bias.

Accelerometers

Accelerometers address some of the weaknesses of DLW and recall
guestionnaires for assessing physical activity in field studies. Rathnem#esuring the
energy expenditure of physical activity, accelerometers detect boolgment. The
rationale is that the acceleration of the body is directly proportional to theulaus
forces that cause it; thus, acceleration is related to energy expendittiggaph
(formerly known as Computer Science and Applications (CSA) and Manufacturing
Technology, Inc. (MTI)) model 7164 utilizes a mechanical lever that mesashamges in
acceleration. To reduce non-activity artifacts, the acceleration gigeses through an

analog band-pass filter. Actigraph 7164 contains an 8-bit solid-stateaoadligital



converter that digitizes the filtered signal to counts. It stores theses@atatat user-
specified epochs (ActiGraph, 2009). Hence, information about the frequencyplurati
and intensity of physical activity can be objectively collected in the field by
accelerometers. However, research is ongoing to determine how bestlatdrdrese
counts into useful physical activity information.

One method for quantifying physical activity from accelerometer data is t
classify the intensity of each epoch using cut points. Cut points are oftenideterm
using oxygen consumption as the criterion because oxygen consumption is related to
energy expenditure. Treuth et al. (2004) and Puyau et al. (2002) have developed cut
points for light, moderate, and vigorous intensity physical activity for gqaople for
the Actigraph 7164 using oxygen consumption as their criterion. That is, oxygen
consumption and accelerometer counts were simultaneously recorded whilpaagic
performed activities of various prescribed intensities. The sample in the Buyly
included 12 girls and 14 boys, 6 to 16 years old. Oxygen consumption was measured in a
room calorimeter. Participants in the Treuth study were 74 eighth grésle@kygen
consumption was measured using a portable, breath-by-breath metabolic unedCosm
K4b2, Rome, Italy). In both studies, participants performed structured iastivit
including resting and sedentary, light, moderate, and vigorous activities. Cutweiats
identified that best classified different intensity levels of activetg.( moderate). Puyau
et al. used linear regression of energy expenditure on activity counts to idemtify
points. Treuth et al. used a linear mixed model and examined false positive and negative
classifications. Using accelerometer cut points such as these, theyndéesich epoch

can be classified. That is, epochs with an accelerometer count at or above pbattcut



are classified as that physical activity intensity. Since the inteofségich epoch is
identified, the frequency, duration, and intensity of physical activity during the
measurement period can be assessed with custom designed softwairgtioalktat
packages.

Despite the similarities of the Treuth and Puyau studies, two different it of
points were developed. Treuth cut points were 101, 3000, and 5201 counts/min and
Puyau cut points were 800, 3200, and 8200 counts/min for light, moderate, and vigorous
activity, respectively. Depending on which cut point is used, one cut point mightyclassif
an epoch as being active while another might classify the same epoch asigaichee
(e.g., 200 counts/min). Furthermore, the cut points may not be appropriate for field
studies if structured activities performed in these studies were not perférensaihe
way they would be in real-world situations. While these cut points reflect nxyge
consumption, they may not reflect cut points that best classify the relationshgehe
physical activity and disease risk factors, especially in fieidiss.

Rationale for focusing on adolescent qirls

This dissertation focused on adolescent girls. While children tend to be the most
active age group, physical activity levels tend to decline during adoles@€imem et al.,
2002; McMurray, Harrell, Bangdiwala, & Hu, 2003; Nader, Bradley, Houts, McRjtchie
& O'Brien, 2008), and adolescent girls tend to be less active than adolesgent
(Caspersen, Pereira, & Curran, 2000; McMurray et al., 2003; Nader et al., 2008). Among
youth followed from 9 to 15 years of age, mean minutes of physical actiVityoiel
approximately 3 hours a day to less than 1 hour a day (Nader et al., 2008). Although the

rates of decrease were similar between girls and boys, girdsless active than boys.



Hence, adolescent girls are an important target for physical acegigyarch. In order to
more effectively study this population, practical and accurate measuregsafghh
activity must be developed. Accelerometers may meet this need, but moreoneeds t
understood about how to interpret the data accelerometers generate to produce
meaningful estimates of physical activity (Ward, Brown Rodgers, g¥ia, 2005).

Dissertation purposes

The purposes of this dissertation were to develop new cut points for estimating
physical activity from accelerometer data among free-livingesteint girls using
cardiovascular and metabolic disease risk factors as criteria (e.g., bedyndex) and
evaluate these new cut points. This dissertation addressed two researcimsjuesti

1. What accelerometer cut point values can be identified that produce physical
activity estimates that are more strongly associated with edldidease risk
factors than previously suggested cut points?

2. How well do physical activity estimates produced using new acceleromete
cut points agree with those using previously developed cut points and self-
report physical activity recall questionnaires?

This dissertation contributes to the literature by employing two methods to
develop accelerometer cut points and examining the convergent validity (i.e.tethe ex
to which different instruments intended to measure the same construct aghesgof t
new cut points with self-report physical activity recall questionnaires savibpsly
suggested cut points. Previous studies have used oxygen consumption as criterion for
developing cut points because it is related to energy expenditure, an outcomea#l physi

activity. This study used disease risk factors that may be retatetbtescent physical



activity as its criteria for developing cut points. Using disease risairfaas criteria may
develop new cut points that are more clinically relevant because they are based on
outcomes directly related to health and disease. Studies examining theeagreem
between self-report and objective physical activity measures havellyypisad
Pearson’s, Spearman’s, or intraclass correlations. This study uses tbelaone
correlation coefficient (Lin, 1989), which may be more useful or appropriate for
understanding the convergent validity of the new cut points with self-repalt rec
guestionnaires and previously suggested cut points because it was developedt® evalua
agreement.
METHODS

This study used data from the Trial of Activity for Adolescent GirlsAGA and
the 2003-2004 National Health and Nutrition Examination Survey (NHANES). These
two datasets included accelerometer and disease risk factor data fromulsutogrs of
free-living adolescent girls from different locations across the Uniisgss and both
studies utilized the same accelerometer: Actigraph, model 7164. In addition to
accelerometers, both studies also included a self-report physical aetoatly
guestionnaire (i.e., TAAG 3-day physical activity recall and NHANES igh/activity
guestionnaire).

TAAG collected data from sixth and eighth grade girls at six schoelsct of
the six field centers. Baseline measures were conducted with sixth gtade 2003.
Follow-up measures were conducted with eighth grade girls in the same dalwols
years later. Additionally, eighth grade girls in the same schoolsmeasured in 2006.

Because many of the sixth grade girls were also measured in eigt#) tris



dissertation restricted the study population to eighth grade TAAG girls.h@mred
twenty girls from each school were randomly selected from each eiglalh gphort to
wear accelerometers. TAAG disease risk factor data included bodyndesgBMI),
percent body fat, and cardiorespiratory fitness.

NHANES collected data from about 5,000 people of all ages in households each
year (Centers for Disease Control and Prevention, 2008). This dissertatiatee stre
study population to adolescent girls in NHANES to keep it comparable to the TAAG
population. Data collection methods differed slightly between 12 to 15 year olds and 16
to 19 year olds (e.g., proxy answered race/ethnicity questions for personsrythamyl6
years) (Centers for Disease Control and Prevention, 2008), so the study population wa
limited to 12 to 15 year old girls in NHANES. NHANES disease risk factor data
included BMI, percent body fat, waist circumference, total cholesterol,daghity
lipoprotein cholesterol (HDL-C), and blood pressure. NHANES collected fasting blood
work from a subsample to assess glucose, triglycerides, and low-densitptgopr
cholesterol (LDL-C) levels (Centers for Disease Control and Prevention, 286&)tes
sizes were too small to analyze these data. Additionally, NHANES fitla¢gsvere not
analyzed because they were not available at the time of analysis.

Variables created

To answer the above research questions, physical activity and cardiovascular
metabolic disease risk factor variables were created in each datagstaPdctivity
estimates included a) time spent in light, moderate, vigorous, light-to-vigorals, a
moderate-to-vigorous intensity physical activity and b) prevalence dfnggzhysical

activity recommendations. Adolescent physical activity recommendatiedsnduded



Strong et al. (at least 60 minutes daily) (2005), 2005 Dietary Guidelinesrferiéans
(at least 60 minutes on most, preferably all, days) (U.S. Department of Hedluean
Services & U.S. Department of Agriculture, 2005), and Healthy People 2010 @bjecti
22.6 (at least 30 minutes on 5 or more days per week) (U.S. Department of Health and
Human Services, 2000). Continuous values for disease risk factors were zategori
based on current recommendations or proposed cut points (Barlow & the Expert
Committee, 2007; Lohman & Falls, 2001; de Ferranti et al., 2004; American Academy of
Pediatrics Committee on Nutrition, 1998).

Although using sample weights is suggested when participants do not have equal
probability of being selected, such as with stratification or clustering whes not used
in these analyses because the purpose was not to estimate population parameiters or the
associated standard errors. However, one suggested approach is to use unweighted
analyses and control for variables used in the sampling design (Korn & Graubard, 1991).
Analyses were done overall and within race/ethnicity, age, and weight gtatyss,
where appropriate, to control for potential confounding factors.

Developing cut points

To address the first research question, in both the TAAG and NHANES sample,
75% of the participants were randomly assigned to the development sample and 25%
were randomly assigned to the evaluation sample. Potential accelerontgtemnts
were identified in the development sample based on the relationships betweeal physic
activity and selected disease risk factors. New cut points were identifiedithating

the potential cut points in the evaluation sample.



Two methods were used to develop new cut points. One was an iterative process
based on correlations (Chapter 2). Using previously suggested cut points (i&u ¢Puy
al., 2002; Treuth et al., 2004) as a starting point, new physical activity estiwete
generated using multiple values at relatively large intervals. Randatoons of these
new physical activity estimates with each continuous disease risk faatemdetermined.
Cut points that maximized the correlations were the new starting points feqsebs
iterations. The process was repeated using smaller intervals untiiaheut point was
determined.

The other method for developing new cut points used signal detection and
receiver operating characteristic (ROC) curves (Chapter 3). Eadatigzart was
classified as high or low risk for each disease risk factor. At givemeagoeeter count
increments, each participant was classified as meeting or not meetsiggblagtivity
recommendations. The cut points that minimized misclassification (e.g. getihm
recommendations and low risk) were identified. ROC curves (i.e., plot true poatgve
against false positive rate for different possible cut points) were used texaow
well the objective monitor separated the sample into high and low risk.

Evaluating cut points

Only new cut points that were consistently more strongly associated widiselise
risk than previously suggested cut points in both the development and evaluation sample
were evaluated in the second research question (Chapter 4). Individual-legeiegre
was examined between the new accelerometer cut points and previously suggested
accelerometer cut points (i.e., (Puyau et al., 2002; Treuth et al., 2004) and s¢lf-repo

physical activity recall questionnaires. Concordance correlationadeats and Bland-

10



Altman plots were used to evaluate the degree to which estimated minutesicdlphys
activity agreed. McNemar’s tests and overall and specific proportionsesragnt were
used to evaluate whether similar percentages of participants weledlass meeting
and not meeting physical activity recommendations.

DISSERTATION ORGANIZATION

This dissertation is organized in 5 chapters. The current chapter expands on the
background presented in the manuscripts in the subsequent chapters and describes the
overall dissertation. Three manuscripts are included in this dissertatiomaRhuscripts
in chapters 2 through 4 include participant characteristics data. These catanited
to participants with sufficient accelerometer data for analysis. Addigg@macipant
characteristic data including all age-eligible NHANES and TAAG pa#dits are
presented in Appendices A and B.

Chapter 2 presents the manuscript that examined using the iterative correlation
method to develop new cut points (Research Question 1). Data in this manuscript were
limited to the new cut points identified. Additional correlation data from the
development and evaluation samples for all girls and population subgroups for a# diseas
risk factors examined are located in Appendices C and D.

The manuscript that investigated using the signal detection and ROC curve
method to develop new cut points (Research Question 1) comprises Chapter 3. Only
misclassification and area under the ROC curve data for the final new ot were
presented in this manuscript. Comparisons with the previously suggested cut pants we
restricted to the light-to-vigorous cut points because moderate-to-vigorousganoligi

cut points were not distinguishing (i.e., previously suggested moderate-to-vigmus
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vigorous cut points always had similar or higher misclassificatios th# the new cut
points). Additional signal detection and ROC curve data for all girls and for all
population subgroups for all physical activity recommendations, all intensiti

previously suggested cut points, and all disease risk factors examined in the demelopme
and evaluation samples can be found in Appendices E and F.

Chapter 4 contains the evaluation study manuscript (Research Question 2).
Agreement for the new moderate-to-vigorous cut points from the iteratiretatan
method and the new cut points from the signal detection/ROC curve method are
discussed. Only agreement with the moderate-to-vigorous physicalyaitowit the self-
report recall questionnaires and the Treuth moderate-to-vigorous cut point argques
The Treuth cut point was used, rather than the Puyau cut point, because it was developed
in a similar population (i.e., 13 to 14 year old girls). Furthermore, agreementdtonge
physical activity recommendations is limited to the Dietary Guigediccumulated time
recommendation. Dietary Guidelines was used because it recommended 60 afinutes
activity, similar to the Strong recommendation, but activity did not have to bempedo
daily (i.e., performed on most days of the week), similar to the Health People
recommendation. Accumulated time was used because it was more inclusivethan t
frequency and duration recommendation. Additional agreement data for minutes of
activity for all the new cut points for all intensities with the seffort physical activity
recall questionnaires and the Treuth and Puyau cut points for all the phgtiagal a
recommendations examined are presented in Appendices G through L. Appkhdices

through O present additional data for meeting recommendations using trepself
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physical activity recall questionnaires and the Treuth and Puyau cut poiatister
physical activity recommendations examined.

Chapter 5 discusses conclusions from the three manuscripts, including the
strengths and weaknesses of this dissertation. It also presents some wesakness

accelerometers as well as issues to consider for future studies.
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Chapter 2: Development of Accelerometer Cut Pointfor Adolescent
Girls Using an lIterative Correlation Method with Body Composition

and Cardiorespiratory Fitness

ABSTRACT

Physical activity tends to decrease during adolescence, with ginlg less active
than boys. Trends in adolescent overweight and fitness may be related tolphysica
activity. To effectively study these relationships with accelerometee data they
generate must be better understood. PURPOSE: To identify acceleronigteints
using body composition and cardiorespiratory fitness as criteria. METB10D
Accelerometer data from adolescent girls in the National Health anididiutr
Examination Survey (NHANES) and Trial of Activity for Adolescent G{lI&AAG) were
examined. New cut point combinations that maximized rank correlations wetiiédie
using an iterative process. Potential cut point combinations were identified in a
development sample. New cut point combinations were identified by validating the
potential cut point combinations in an evaluation sample. RESULTS: New cut point
combinations were identified in NHANES for BMI percentile (1900, 4300, and 10000
counts/min) and waist circumference percentile (1900, 4000, and 5000 counts/min) and
in TAAG for percent body fat (1450, 1950, and 2450 counts/30 sec) and
cardiorespiratory fitness (1050, 1550, and 2050 counts/30 sec). Average correlations
were less than 0.3 in magnitude, and intensity-specific correlations weredesk4.
The strongest correlations tended to be observed for moderate and/or vigorous physic
activity. CONCLUSIONS: Previously suggested cut points developed using oxygen

consumption may not best reflect the intensity of physical activity needéedlth
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benefits. Physical activity measured by accelerometers and body ctompasd
cardiorespiratory fitness are weakly correlated.
INTRODUCTION

The prevalence of overweight and obesity increased among children and
adolescents from NHANES Il (1976-1980) to NHANES 111 (1988-1994) to NHANES
1999-2000 (Ogden et al., 2002). It showed no signs of changing through 2005-2006
(Ogden et al., 2008). Adolescent cardiorespiratory fitness may also bestegrea
particularly among girls (Malina, 2007). These trends may have negativie healt
consequences. Adolescent body composition and cardiorespiratory fitness have been
associated with cardiovascular disease risk factors in adolescencar(&mse Welk,
Wickel, & Blair, 2007; Ondrak, McMurray, Bangdiwala, & Harrell, 2007; Andersen et
al., 2008) and found to track moderately into adulthood (Eisenmann, Wickel, Welk, &
Blair, 2005). These trends may be related to physical activity. Thedahpctivity
Guidelines Advisory Committee (2008) found that youth physical activity is asedci
with body composition, cardiorespiratory fitness, as well as cardiovasaalanetabolic
health.

The exact pattern of physical activity needed to receive health bemefitsw
that may differ by population subgroups and by the outcome of interest has not been well
elucidated (Physical Activity Guidelines Advisory Committee, 2008). Adohls@ee of
particular interest as this is a time when physical activity tends toadec(imm et al.,
2002; McMurray et al., 2003; Nader et al., 2008). Furthermore, adolescent girls tend to
be less active than adolescent boys (Caspersen et al., 2000; McMurray et al.,a2{203; N

et al., 2008). Increased understanding of determinants of physical activityated rel
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disease risk factors is necessary to reverse the current trends in, gdgsigal activity,
and related outcomes.

Accurate measures of physical activity are necessary tdieéflgcstudy the
relationship between physical activity and cardiorespiratory fitned®ady
composition. Self-report measures are often used to assess physidgl laetiause they
are inexpensive and can efficiently collect large amounts of detailedhizion.

However, the information collected may be subject to biases depending on paricipa
inability to accurately recall or report their activity or their tercyeto give more socially
desirable answers. Accelerometers can objectively record the fregdenatyon, and
intensity of activity, thereby overcoming these weaknesses of selt-rapasures.
However, it is still not clear how to interpret the data accelerometersqar¢diard et

al., 2005).

Accelerometers record a count for each user-defined epoch that is proportional to
the movement of activity. One method for quantifying physical activity dassify the
intensity of each epoch using cut points. The cut points are often determined using
oxygen consumption as the criterion because oxygen consumption is an outcome of
energy expenditure. For example, two previous studies have calibrated thapkgtig
model 7164 (formerly known as Computer Science and Applications (CSA) and
Manufacturing Technology, Inc. (MTI)) against oxygen consumption among children or
adolescents (Puyau et al., 2002; Treuth et al., 2004). The sample in the studggtPuy
al. included 12 girls and 14 boys, 6 to 16 years old. Oxygen consumption was measured
in a room calorimeter. Participants in the Treuth et al. study were 74 eighhgrls.

Oxygen consumption was measured using a portable, breath-by-breath metabolic unit
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(Cosmed K4b2, Rome, ltaly). In both studies, oxygen consumption and accelerometer
counts were simultaneously recorded while participants performed structtixéiiea
including resting, sedentary activities, light activities, moderédteitdes, and vigorous
activities. Then cut points were identified that best classified diffememsity levels of
activity (e.g., moderate). Epochs with accelerometer counts at or abogatthaint can
be classified as that intensity.

The structured activities performed in calibration studies may not bermed
the same way they would be in real-world situations. Furthermore, while usingioxyge
consumption reflects the energy expenditure associated with physicay athey may
not reflect other aspects of physical activity that may be related tsdigsk. Cut
points developed using disease risk factors as the criteria rather than cgypgemption
may be more appropriate to use when disease risk is the outcome of interest, thie
purpose of this study was to use data from two large-scale field studies ind¢ihc
adolescent girls to identify new cut points that are more strongly asswdevith
measures of cardiorespiratory fitness and body composition than previoggsted cut
points that used oxygen consumption as the criterion.
METHODS

Data from the National Health and Nutrition Examination Survey (NHANES) and
Trial of Activity for Adolescent Girls (TAAG) were used to develop new koeneter
cut points for estimating physical activity in adolescent girls. Both oétHatasets
included accelerometer data from large numbers of adolescent girls frenewliff

locations across the United States.
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Study design

This study used data from NHANES 2003-04. Each year, NHANES randomly
selected about 5,000 people from fifteen different locations using a compléiesdtra
multi-stage probability sampling design to obtain a representative sanpuiapon. It
oversampled Blacks, Mexican-Americans, adolescents, older people, and pregnant
women. Household interviewers identified and enrolled survey participants, conducted
household interviews, and appointed study participants for the mobile examination center
(MEC) exam (Centers for Disease Control and Prevention, 2003). A proxy answered
race/ethnicity questions for persons less than 16 years old during the inéerview
administered Sample Person Questionnaire. Race/ethnicity variabledeneesl by
combining responses to questions on race and Hispanic origin. Participants could mark
all that applied. Race categories included non-Hispanic White, non-Hispaok; Bla
Mexican American, other Hispanic, and other race — including multi-racial €(3efior
Disease Control and Prevention, 2009). In the MEC, participants had their body
measurements taken and received an accelerometer to monitor theirl@#uotsits
(Centers for Disease Control and Prevention, 2008).

TAAG was a group-randomized multi-center physical activity triahfiaidle
school girls. In Spring 2003, baseline measures were conducted with sixtlyigisade
attending six schools at each of the six field centers (University of Makdniversity
of South Carolina, University of Minnesota, Tulane University, University ofohiaz
and San Diego State University). Follow-up measures were conducted withgeayiheh
girls in the same 36 schools in Spring, 2005. Additionally, eighth grade girls in 34 of the

schools were measured in Spring, 2006; two schools in New Orleans were closed due to
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Hurricane Katrina. This study used data from the two eighth grade cohdiresghth
grade girls in the participating schools were eligible. They werai@adlif they could
not read and understand questions written in English. Participants indicated their
race/ethnicity on a checklist including White, Black or African Americaspé&hic,
Asian, Pacific Islander, American Indian or Alaska Native, or Other. Thel mark
all that applied. In each cohort, 120 girls from each school were randomly sebected t
wear an accelerometer. In 2005, cardiorespiratory fithess was measurea using
submaximal cycle ergometer test with a subsample of 40 girls from each.s¢hegl
were excluded from the fitness test if they were taking a contra-indinsdication.
Measurement

Physical activity. NHANES and TAAG used the ActiGraph accelerometer,
model 7164, as an objective measure of physical activity. Actigraph is a liniaxia
accelerometer that detects and records acceleration of movement,|gsipeciaotor-
type (e.g., walking, jogging) activities, at user-specified intervalds ®ore it on an
elasticized belt on their right hip, except when it might get wet (e.g., simgnon
bathing) or while sleeping. NHANES participants wore the acceleronoetérfill days.
It started recording data in 1-minute epochs at 12:01 a.m. the day after theepiede
the monitor. Participants returned the accelerometer by mail in postage-plaied pa
envelopes (Centers for Disease Control and Prevention, 2006). TAAG participants wore
the accelerometer for 6 or 7 complete days. It started recording datagnd@@€pochs
at 5:00 a.m. the day after the girl received the monitor. Participants returited the

accelerometer one week later. If TAAG girls did not wear the monitatfi@ast 10
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hours on 1 day or the monitor malfunctioned, they were asked to wear the accelerometer
again for one more week.

In the current study, accelerometer non-wear time was defined as 60sw@nute
more of consecutive zero counts. At least 10 hours of wear was required for a day to be
valid and at least two valid weekdays and one valid weekend day was required for a
participant to be included in the analysis. Counts of 24000/min (12000/30 sec) or greater
were considered extreme values. They were included in the wear time z&raon-
values, but they were not counted as physical activity time.

Minutes of light, moderate, vigorous, light-to-vigorous, and moderate-to-vigorous
physical activity were determined for different combinations of cut pomtkjding cut
points previously developed in adolescents using oxygen consumption as the criterion by
Treuth et al. (2004) (i.e., 101, 3000, and 5201 counts/min) and Puyau et al. (2002) (i.e.,
800, 3200, and 8200 counts/min). The intensity of each epoch was classified based on its
accelerometer count relative to the cut points.

Body massindex (BMI) percentile. Height and weight were measured to the
nearest 0.1 cm and 0.1 kg, respectively. They were measured once in NHANESs(Center
for Disease Control and Prevention, 2004a). TAAG used the average of two
measurements. BMI was calculated as weight (kg) divided by heighg(ajesl. Age-
specific BMI percentiles were determined using the 2000 CDC growthtehses for
girls (Centers for Disease Control and Prevention, 2000).

Percent body fat. Triceps skinfold was measured at the posterior midline of the
right upper arm. NHANES used Holtain skinfold calipers and measured triceps skinfold

once to the nearest 0.1 mm (Centers for Disease Control and Prevention, 2004a). TAAG
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used Lange skinfold calipers and used the average of three measuremengsl tecirel
nearest 1 mm. Percent fat was estimated with an equation including racejethnici
contrast, age, height, weight, and triceps skinfold [percent body fat mass = -23.393 +
2.269(BMI [kg/nf]) + 1.943(triceps skinfold [mm]) — 2.995(race/ethnicity) — 0.524(age
[yr]) — 0.058 (BMI [kg/nf])(triceps skinfold [mm])] (Lohman et al., 2006).
Race/ethnicity was 1 if non-Hispanic black and O if otherwise.

Waist circumference percentile. Waist circumference was measured in
NHANES to the nearest 1 mm just above the uppermost lateral border of theuight ili
(Centers for Disease Control and Prevention, 2004a). Age- and ethnicityespecst
circumference percentiles were determined using values for ginsFernandez et al.
(2004).

Cardiorespiratory fitness. TAAG used physical work capacity (PWC) 170, a
submaximal cycle ergometer test, to predict power output (watts/kg) at 18(pbeat
minute (bpm) as an estimate of cardiorespiratory fitness. Participantssegeon a
Monark model 818 mechanically-braked cycle ergometer and wore a Polar heeart rat
monitor to measure heart rate during the test. The PWC-170 protocol consisted of up to
four two-minute stages. Participants pedaled at a cadence of 60 revolutianayte.

The initial workload was based on the participant’'s weight. Resistance during the
subsequent stages was increased based on the participant’s averagéeersarhgathe

last 10 seconds of each stage. The test was ended if the average heart ratieediashg

10 seconds of the stage exceeded 165 bpm or the participant exhibited physical or verbal

signs or symptoms of exercise intolerance.
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Identifying new cut point combinations

New combinations of light, moderate, and vigorous cut points were identified
using an iterative process based on correlations. Potential new cut points veéopetev
using a random sample of 75% of participants from each dataset, and a validation study
of the potential new cut points was conducted with the remaining 25%. Potattial ¢
points were identified in the development sample based on the rank correlationsibetwee
physical activity and body composition variables. Additionally in TAAG, theetation
between physical activity and estimated cardiorespiratory fitnessseals New cut
points were identified based on the rank correlations of the potential cut points in the
evaluation sample. Unweighted analyses were used. However, correlaiens w
examined overall and within 3 race/ethnicity groups in NHANES (i.e., White, Rlispa
and Black), within 4 race/ethnicity groups in TAAG (i.e., White, Hispanic, Blau, a
Asian), and within 2 age groups in NHANES (i.e., 12-13 and 14-15 years), to control for
potential confounding factors and variables used in the sampling designs (Korn et al.,
1991). Additionally, cardiorespiratory fithess was examined within weighissggoups
(i.e., under or normal weight and at risk for overweight or overweight) in TAAG.

The initial cut points tested were based on cut points previously suggested by
Treuth et al. (2004) and Puyau et al. (2002). For NHANES acceleromt&tethdainitial
light cut points tested started at 100 counts/min and went up to 1000 counts/min in
increments of 100 counts/min, the initial moderate cut points started at 2000 counts/min
and went up to 4000 counts/min in increments of 200 counts/min, and the initial vigorous
cut points started at 3200 counts/min and went up to 9200 counts/min in increments of

500 counts/min. The NHANES cut points within a test combination had to differ by at
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least 1000 counts/min, which was equivalent to almost 1 MET according to the equation
MET = 2.01 + 0.000856 (counts/min) (Treuth et al., 2004). The initial TAAG cut point
numerators were half the value of the NHANES cut points because TAAGracceter

data were collected in 30-second epochs and NHANES accelerometer datalleetedc

in 1-minute epochs (e.g., 50 counts/30 sec in TAAG vs. 100 counts/min in NHANES).

For each combination of cut points, estimates of the average daily minutes of
physical activity at light, moderate, vigorous, light-to-vigorous, and maslépatigorous
intensity were generated. Minutes of physical activity per day m@mealized to a 12-
hour day. For each intensity level, the average daily physical activisywtes defined as
the total normalized number of minutes of physical activity divided by the total number
of days of valid accelerometer data. Then, Spearman rank correlations teens ekl
in the development sample between time spent in different intensities ofglactivity
and body composition and cardiorespiratory fitness variables.

The test combination of cut points that maximized the average correlation (i.e.,
average of the correlations for light, moderate, vigorous, light-to-vigorous, and meedera
to-vigorous physical activity) was selected as the starting point fautbeequent
iteration if two conditions were met. First, in order to only develop new cut point
combinations when it was probable that physical activity and body composition or fitness
were associated, the average correlation needed to have a magnitudelgre&di00.
Second, the maximum average correlation using the test combination had to be stronger
than that using either the Treuth or the Puyau cut points. If both conditions wergemet, t
process was repeated in the development sample using the selected test iconasinat

the midpoints of the subsequent light, moderate, and vigorous cut points to test.
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Eleven values for each intensity cut point at given intervals were testectutth
point from the selected test combination and five cut points above and below. The
second iteration tested cut points at intervals of 200 counts/min or 100 counts/30 sec.
The third iteration tested cut points at intervals of 100 counts/min or 50 counts/30 sec.
The smallest intervals examined were 100 counts/min and 50 counts/30 sec because they
corresponded to approximately 0.1 MET according to the Treuth et al. (2004) equation.
If the light cut point was too low to have five values below the cut point (e.g., 100
counts/min), additional values above the cut point were tested (e.g., from 100 to 1100
counts/min by 100 counts/min).

To be tested in the evaluation sample, the average correlation of the potential cut
point combination in the final iteration in the development sample needed to bé at leas
0.050 stronger than either the Treuth or the Puyau average correlations. This wias done
order to only validate potential cut point combinations when it was probable that it was
more strongly correlated than previously suggested cut points. Spearmanionsela
using the potential cut point combinations and the Treuth and Puyau cut points were
determined in the evaluation sample. Potential cut point combinations with aneaverag
correlation with a magnitude greater than 0.100 and at least 0.050 stronger than either the
Treuth or the Puyau average correlations in the evaluation sample wereadagifiew
cut point combinations.

RESULTS

Participant characteristics for the NHANES and TAAG datasets ovedill a

within the development and evaluation samples are presented in Table 2.1. There were

no significant differences between the development and evaluation samigbes (al0).
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Table 2.1. NHANES and TAAG participant characteristics by sample

Full Sample Development Sample Evaluation Sample
Dataset/Characteristic N Mean (SD) N Mean (SE) N Mean (SE) p-value'
NHANES
Age (year) 332 14.0 (1.12) 249 14.0 (0.07) 83 110.12) 0.12
BMI percentilé 327 66.5 (26.87) 245 67.0 (1.72) 82 65.0(2.99) 0.55
WC percentilé 318 60.8 (24.20) 238 61.0 (1.56) 80 60.0 (2.77) 0.73
Percent body fat 308 28.7 (8.34) 227 28.7 (0.55) 81 28.9 (0.96) 0.83
TAAG
Age (year) 4687 14.0 (0.48) 3516 14.0 (0.01) 1171 13.9(0.01) 0.32
BMI percentile 4687 66.8 (27.43) 3516 67.1 (0.46) 1171 65.7 (0.82) 0.12
Percent body fat 4686 31.4(8.46) 3516 31.5(0.14) 1170 31.2(0.25) 0.28
Cardiorespiratory fitneés 692 11.9 (3.77) 503 12.0 (0.17) 189 11.8 (0.27) 0.65

NHANES: National Health and Nutrition Examinationr8ey; TAAG: Trial of Activity for Adolescent GirtsBMI: body mass index; WC: waist circumference
! P-values are from t-tests.

2 BMI percentiles are age- and sex-specific (CD@®0

¥ WC percentiles are age-, sex-, and ethnicity-$ipeEiernandez et al, 2004).

4 Cardiorespiratory fitness is defined as the egdéthaower output (watts/kg body weight) at a hestet of 170 beats per minute predicted from a rstiije

cycle ergometry test.
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NHANES received accelerometer data from 451 girls aged 12 to 15 years, and 333 (74%)
of those girls had sufficient data for analysis. Girls that were not incledddd to have
higher BMI percentile, waist circumference percentile, and percent badidugh the
differences were not significant (p = 0.05 to 0.08, data not shown). Thirty-eightiperce

of the 333 girls who were included in the analysis were Hispanic, 33% were Bidck, a
26% were White (data not shown). TAAG received accelerometer data from @B8v ei
grade girls, and 4696 (63%) of those girls had sufficient data for analysls.tHat were

not included tended to be older, have higher percent body fat, and be Black (p < 0.0001,
data not shown). Nearly half of the 4696 TAAG girls were White (47%), 22% were
Hispanic, 18% were Black, and 6% were Asian (data not shown). The average age in
both datasets was 14.0 years. The average BMI percentilépdgfentile) were similar

in NHANES and TAAG. The average percent body fat was 28.7% in NHANES and
31.4% in TAAG. In NHANES, the average waist circumference percentile w&d%the
percentile. In TAAG, the average estimated power output at a heart rate ofalgdre
minute was 12 watts/kg body weight.

In the NHANES development sample, 7 cut point combinations had an average
correlation of at least 0.100 in the expected direction. Of those, 4 had average
correlations of at least 0.050 better than one or both of the previously suggested cut point
combinations. These 4 potential cut point combinations were identified among 12-13
year old girls for BMI percentile, waist circumference percentiid, @ercent body fat;
and among Hispanic girls for percent body fat. In the TAAG development sénple
point combinations had an average correlation of at least 0.100 in the expected direction.

Of those, 2 had average correlations of at least 0.050 better than one or both of the
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previously suggested cut point combinations. These 2 potential cut point combinations
were identified among Black girls for percent body fat and cardiorespiraioess.

New cut points in NHANES

The correlations in the development and evaluation samples for the previously
suggested and new cut point combinations identified in the NHANES dataset are
presented in Table 2.2. The new cut point combinations were identified among 12-13
year old girls in NHANES for BMI percentile (1900, 4300, and 10000 counts/min) and
waist circumference percentile (1900, 4000, and 5000 counts/min). The new light-to-
vigorous cut points were 1100 to 1800 counts/min higher than the corresponding Treuth
and Puyau cut points, and the new moderate-to-vigorous cut points were 800 to 1300
counts/min higher. The new vigorous cut point for BMI percentile was 1800 to 4800
counts/min higher than the previously suggested cut points, while the cut point for waist
circumference percentile was 200 to 3200 counts/min lower.

The average correlations in NHANES between physical activity and BMI
percentile and waist circumference percentile were stronger usingwhauhpoint
combinations compared with the Puyau cut points in both the development and
evaluation samples. However, the average correlations were only stioegéne
Treuth cut points in the development sample. In the development sample, the average
correlation between physical activity and BMI percentile using the nepoooit
combination (-0.175) was 0.066 stronger than using the Puyau cut points and 0.122
stronger than using the Treuth cut points. However, in the evaluation sample, the averag
correlation with BMI percentile using the new cut point combination (-0.264) was 0.089

stronger than using the Puyau cut points but only 0.019 stronger than using the Treuth cut
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Table 2.2. Spearman’s rank correlations between body composition and averadgly minutes spent in light, moderate,
and/or vigorous intensity physical activity determined using Treuth, Puyau, athnew cut points (counts/min) by
sample among 12-13 year old girls in NHANES

Physical Activity Intensity

Light to Moderate to Average
Body composition/Sample/Cut point Light Moderate Vgorous Vigorous Vigorous Correlation
BMI percentile
Development sample (N = 126)
Treuth 0.104 -0.132 -0.160 0.076 -0.155 -0.053
Puyad -0.029 -0.146 -0.140 -0.064 -0.166 -0.109
New (1900, 4300, 10000) -0.145 -0.188 -0.191 -0.159 -0.191 -0.175
Evaluation sample (N = 44)
Treuth -0.145 -0.260 -0.358 -0.162 -0.299 -0.245
Puyau -0.107 -0.249 -0.129 -0.132 -0.259 -0.175
New (1900, 4300, 10000) -0.254 -0.315 -0.156 -0.274 -0.324 -0.264
WC percentile
Development sample (N = 123)
Treuth 0.180 -0.115 -0.107 0.161 -0.134 -0.003
Puyau -0.007 -0.124 -0.066 -0.036 -0.144 -0.075
New (1900, 4000, 5000) -0.122 -0.166 -0.127 -0.140 -0.172 -0.145
Evaluation sample (N = 44)
Treuth -0.136 -0.217 -0.265 -0.142 -0.244 -0.201
Puyau -0.060 -0.214 -0.044 -0.078 -0.202 -0.120
New (1900, 4000, 5000) -0.202 -0.199 -0.280 -0.221 -0.238 -0.228

NHANES National Health and Nutrition Examinatioor8y; BMI: body mass index; WC: waist circumferenc
Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut mimeére 101-2999, 3000-5200, 5201, 101, and 3000
counts/min, respectively.

Puyau et al. (2002) light, moderate, vigoroughthgp-vigorous, and moderate-to-vigorous cut pointse 800-3199, 3200-8199, 8200, 800, and 3200
counts/min, respectively.
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points. In the NHANES development sample, the average correlation betwearaphysi
activity and waist circumference percentile using the new cut point conanirfa0.145)

was 0.070 stronger than using the Puyau cut points and 0.142 stronger than using the
Treuth cut points. However, in the evaluation sample, the average correlation isith wa
circumference percentile using the new cut point combination (—0.228) was 0.108
stronger than using the Puyau cut points but only 0.027 stronger than using the Treuth cut
points.

The strongest correlations in NHANES tended to be observed for higher intensity
physical activity. The strongest correlations with BMI percentileevebserved for
moderate and moderate-to-vigorous intensity physical activity in both the dewesibpm
(-0.188 to —0.191) and evaluation (-0.315 to —0.324) samples. The strongest
correlations with waist circumference percentile were observed for niedera
moderate-to-vigorous physical activity in the development sample (-0.166 to —0.172) but
for vigorous activity in the evaluation sample (-0.280). Although the average
correlations of the new cut point combinations were slightly stronger thatehéhTcut
points in the evaluation sample, three intensity-specific correlationsloveee for the
new cut point than the corresponding Treuth cut point: vigorous intensity for BMI
percentile (—0.156 vs. —0.358), moderate intensity for waist circumferencaftilerce
(-0.199 vs. —0.217), and moderate-to-vigorous intensity for waist circumference
percentile (—0.238 vs. —0.244).

Two of the potential cut point combinations identified in the development sample
were not identified as new cut points based on their performance in the evaluation

sample. In the NHANES evaluation sample, the average correlation among &lispani
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girls for percent body fat was less than 0.100 in magnitude (data not shown). The
average correlation among 12-13 year old girls for percent body fat eatgigthan

0.100 in magnitude in the NHANES evaluation sample but less than 0.050 better than the
average correlations for the Treuth and Puyau cut points (data not shown).

New cut points in TAAG

Table 2.3 presents the correlations in the development and evaluation samples for
the previously suggested and new cut point combinations identified in the TAAG dataset.
Both of the potential cut point combinations identified in the development sample were
identified as new cut points in the evaluation sample. The new cut point combinations
were identified among Black girls for percent body fat (1450, 1950, and 2450
counts/30 sec) and cardiorespiratory fitness (1050, 1550, and 2050 counts/30 sec). The
new light-to-vigorous cut points were 650 to 1400 counts/30 sec higher than the
corresponding Treuth and Puyau cut points. The new moderate-to-vigorous cut point for
percent body fat was 350 to 450 counts/30 sec higher than the previously suggested cut
points, while the cut point for cardiorespiratory fitness was 50 counts/30 sec thigiher
the Treuth cut point and 50 counts/30 sec lower than the Puyau cut point. The new
vigorous cut points were 150 to 2050 counts/30 sec lower than the corresponding Treuth
and Puyau cut points.

Among Black girls in TAAG, the average correlations between physitaitac
and percent body fat were stronger using the new cut point combinations compared with
the Treuth and Puyau cut points in both the development and evaluation samples. In the
development sample, the average correlation between physical activity eent fedy

fat using the new cut point combination (-0.106) was 0.062 stronger than using the
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Table 2.3. Spearman’s rank correlations between body composition and phgal fithess variables and average daily
minutes spent in light, moderate, and/or vigorous intensity physical asfity determined using Treuth, Puyau,
and new cut points (counts/30 sec) by sample among Black girls in TAAG

Physical Activity Intensity

Light to Moderate to Average
Variable/Sample/Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Percent body fat
Development sample (N = 649)
Treuth 0.041 —0.090 —-0.115 0.029 —0.105 —0.048
Puyad 0.069 -0.114 —0.095 0.032 —-0.115 —-0.044
New (1450, 1950, 2450) —0.056 -0.123 -0.123 —0.099 —-0.130 —-0.106
Evaluation sample (N = 217)
Treuth —0.066 —-0.269 —-0.238 —-0.103 -0.276 -0.191
Puyau —0.060 —-0.276 —-0.169 -0.111 —-0.278 -0.179
New (1450, 1950, 2450) —0.244 —-0.299 —-0.257 -0.274 —-0.288 —-0.272
Cardiorespiratory fitness®
Development sample (N = 110)
Treuth 0.006 0.315 0.227 0.040 0.291 0.176
Puyau 0.108 0.306 0.148 0.165 0.288 0.203
New (1050, 1550, 2050) 0.214 0.327 0.260 0.273 0.29 0.274
Evaluation sample (N = 46)
Treuth 0.217 0.327 0.230 0.231 0.331 0.267
Puyau 0.155 0.298 0.258 0.201 0.314 0.245
New (1050, 1550, 2050) 0.245 0.365 0.264 0.281 .33 0.297

TAAG Trial of Activity for Adolescent Girls

Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut moimére 51-1499, 1500-2600, 2601, 51, and 1500 s(3ht
sec, respectively.

Puyau et al. (2002) light, moderate, vigoroushthp-vigorous, and moderate-to-vigorous cut poimgse 800, 3200, and 8200 counts/min, respectivéhe
cut points used were 400-1599, 1600-4099, and 4@, and 1600 counts/30 seconds, respectively.

Cardiorespiratory fitness was defined as the edéthpower output (watts/kg body weight) at a hestet of 170 beats per minute predicted from aimult
stage cycle ergometry test.
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Puyau cut points and 0.058 stronger than using the Treuth cut points. In the evaluation
sample, the average correlation using the new cut point combination (—0.272) was 0.093
stronger than using the Puyau cut points and 0.081 stronger than using the Treuth cut
points. The strongest correlations with percent body fat were observed for te@ohetra
moderate-to-vigorous intensity physical activity in both the TAAG developp®.123
to —0.130) and evaluation samples (-0.288 to —0.299). The average correlations among
Black girls in TAAG between physical activity and cardiorespirafimgss were
stronger using the new cut point combinations compared with the Puyau cut points in
both the development and evaluation samples. However, the average correlations were
only stronger than the Treuth cut points in the development sample. In the development
sample, the average correlation between physical activity and cardiatespfitness
using the new cut point combination (0.274) was 0.071 stronger than using the Puyau cut
points and 0.098 stronger than using the Treuth cut points. However, in the evaluation
sample, the average correlation using the new cut point combination (0.297) was 0.052
stronger than using the Puyau cut points but only 0.030 stronger than using the Treuth cut
points. The strongest correlations with cardiorespiratory fitness werevetdger
moderate intensity physical activity in both the development (0.327) and evaluation
samples (0.365).
DISCUSSION

Results from this study indicate that several combinations of cut pointshatist t
may more strongly associate minutes of physical activity with body congmoand
cardiorespiratory fitness compared with previously suggested cut points. eviuply

suggested cut points used in this study were developed using oxygen consumption as the

32



criterion (Puyau et al., 2002; Treuth et al., 2004) and thereby reflect energyitupe

The new cut points may be more clinically relevant as they used diseasetsk,f
including body composition and cardiorespiratory fitness, as criteria. Héese, ¢ut
points may be more appropriate to use than oxygen consumption cut points in studies
with adolescent girls where the relationship between physical activitylessity or

fitness is of interest. However, the average correlations using theuh@aints were

only about 0.1 stronger, which may not represent a meaningful improvement.

Compared with the previously suggested cut points of comparable intensity, the
new light and moderate cut points tended to be higher. Hence, the minimum intensity
threshold for receiving health benefits from light and moderate physioatyantay be
higher than the previously suggested cut points. In contrast, the new vigorous cut points
tended to be lower than the previously suggested vigorous cut points. Hence, beneficial
effects of vigorous physical activity may be observed at a lower intensitylthan t
previously suggested cut points. Furthermore, the range of intensities faateode
activity may be narrower.

Even though four new combinations of cut points were identified that were more
strongly correlated with body composition and cardiorespiratory fitness thaousily
suggested cut points, the correlations were weak, with average correla®tisale0.3
and intensity-specific correlations less than 0.4. Other factors, such asgkeietics,
may account for some of the variation. However, these factors were naheslamthis
study. The strongest intensity-specific correlations tended to be observedderate
and moderate-to-vigorous cut points. This agrees with the current physivi&y act

recommendations, which emphasize performing activities of at least neuaeensity
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(Strong et al., 2005; U.S. Department of Health and Human Services et al., 2005; U.S
Department of Health and Human Services, 2000; Physical Activity Guidelohasohy
Committee, 2008).

It is unclear why new cut points were identified for BMI percentile in NHESN
but not TAAG or why the opposite was the case for percent body fat. It may be due to
the different racial/ethnic distributions. NHANES had a larger proportion okBlad
Hispanic girls. Moreover, TAAG included a considerable number of Asian girls.
Another reason may be age differences in the samples. TAAG girls weagifyril4
years old, while NHANES girls encompassed a broader range of ages. Hencaf new
points may have only been identified in NHANES among 12-13 year old girls because
the relationship between physical activity and body composition may haveffegad
by level of physical maturity. That is, the relationship observed among tinggoage
group in NHANES differed from the older age group in NHANES and in TAAG.
Furthermore, new cut points may have only been identified in TAAG among Bk gi
because there was an interaction effect between age and race thatedt¢he
relationship between physical activity and the examined disease risksfactNHANES.
That is, the relationship observed in the limited age range in TAAG may not have been
observed in NHANES because of the larger proportion of younger girls. Somanchce
age effects for body composition have been observed in the National Heart, Lung, and
Blood Institute (NHLBI) Growth and Health Study (NGHS), which followed 9 and 10
year old girls for 10 years. BMI and sums of triceps and subscapular skinfolds were
higher for Black than White girls at all ages, and the differences ircreath

increasing age (Kimm et al., 2001; Morrison et al., 2001). However, while percgnt bod
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fat measured by bioelectrical impedance increased for Black galsames, it did not
increase in White girls until 14 years. As such, from 9 to 11 years, Whitdgdlsigher
percent body fat than Black girls; they were similar at 12 and 13 ykarsfrom 14
years and older, Black girls had higher values than White girls (Morrisan 2001).
These different patterns in body composition measures may have ctfesibility to
identify new cut points in this study.

In order to limit the cut points tested to a reasonable number, this method used
previously developed cut points as a starting point. Hence, one limitation to this method
was that it required a prior calibration study. One benefit of this was thaeitlya new
cut points a frame of reference. That is, because cut points developed using oxygen
consumption as the criterion were used as a starting point, intensity leveldeoul
assigned to the new cut points. Still, this methodology allowed for the new ntg fi
move away from the starting point of the previously suggested cut points. For example
the new light cut points were more than 1000 counts/min above the previously suggested
light cut points.

One strength of this study was the data used were from two large fieldsstudie
Hence, data were obtained from a substantial number of adolescent girls peyfoes-
living physical activities. However, because the data were not collectaiitate
accelerometer data, a large proportion of participants lacked sufacealerometer data
and were excluded from analysis. Furthermore, because these data igetecctiiom
the general population of adolescent girls, the samples comprised low-risk populations
(e.g., mean BMI percentile was normal weight). Restricting the sangbalolescent

girls targeted a population at risk for low physical activity and controlledde and
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gender. However, participants may not have been exposed to their level oflphysica
activity long enough to observe an influence on disease risk factors. Thaselsnaay
have worked better with populations with higher disease risk (e.g., older adults,
overweight). Another weakness of this study was that the data were criossasec
Hence, a temporal relationship between physical activity and risk$astatd not be
established. Furthermore, the one week of accelerometer data may not lentafives
of regular physical activity patterns, thereby making it difficult teedea relationship
between regular physical activity and disease risk factors.

In summary, this study utilized body composition and cardiorespiratory filisess
the criteria to identify new accelerometer cut points for assessisicphgctivity. The
results suggest that the previously suggested cut points developed using oxygen
consumption may not best reflect the intensity of physical activity needsdriilar
health benefits. The new cut points identified indicate that health benefits gturarid
moderate physical activity may be conferred at a higher intensity thpnetieusly
suggested cut points and those from vigorous activity at a lower intensity. Faotber
they support current recommendations that encourage engaging in moderate and
moderate-to-vigorous physical activity. The actual intensity of phlactivity needed
for health benefits may differ by disease risk factor and population subgroupowar
there may be interactions, such as between race and age, that affectitmesgat
between physical activity and body composition and cardiorespiratory fitness.
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Chapter 3: Development of Accelerometer Cut Pointfor Adolescent
Girls Using Signal Detection and Receiver Operatin@haracteristic

Curves

ABSTRACT

Accelerometers objectively measure physical activity by deegrcounts per
epoch. ltis still unclear how to convert accelerometer counts into minutes afgbhys
activity. PURPOSE: To use signal detection and receiver operatingtenestec (ROC)
curves to identify accelerometer cut points that are better at mingmaisclassification
of cardiovascular and metabolic disease risk factors (signals) thanysigvsuggested
cut points by whether physical activity recommendations were meic(det
METHODS: Accelerometer data from adolescent girls in the Natioealthiand
Nutrition Examination Survey (NHANES) and Trial of Activity for Adolesc&itls
(TAAG) were examined overall and within population subgroups. Potential cut points
that minimized misclassification within a population subgroup for which theuscer
the ROC curve was greater than 0.5 were identified in a development sample. New cut
points were identified by validating the potential cut points in an evaluation sample.
RESULTS: The 11 new cut points identified in NHANES (ranging from 100 to 2300
counts/min) and the 3 new cut points identified in TAAG (ranging from 50 to 100
counts/30 sec) were lower than previously suggested moderate cut points developed
using oxygen consumption. The mean misclassification was approximately 32.5% in
NHANES and 19.5% in TAAG. The mean area under the ROC curve was approximately
0.57 in NHANES and 0.52 in TAAG. CONCLUSIONS: Previously suggested cut points

developed using oxygen consumption may not best classify markers of diseagrutisk.
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points may differ by disease risk factor and population subgroup. Accelerometgers
not be good at classifying disease risk.
INTRODUCTION

Physical activity has been associated with several health benefitdingchigher
physical fitness, healthier body composition, and more favorable cardiovasallar a
metabolic disease risk profiles (U.S. Department of Health and Human Seh86é;
Physical Activity Guidelines Advisory Committee, 2008). However, the exaetrpatf
physical activity needed to receive health benefits is not welideligzl. Moreover, it
may differ by population subgroups and by the outcome of interest (PhysicatyActi
Guidelines Advisory Committee, 2008). The inability to define this pattern of physical
ability is due in part to the lack of ability to easily and accurately me#sisre
information. Most population-based research has relied on self-report measures f
collecting physical activity data because they tend to be lower cost abé caed to
collect considerable detailed information. However, the information collectgdena
subject to biases depending on the participants’ ability to accuratelyaecgpbort their
activity or their tendency to give more socially desirable answers.

Recent large scale studies (e.g., National Health and Nutrition Examinatio
Survey (NHANES) and Trial of Activity for Adolescent Girls (TAAG))Jememployed
accelerometers to assess physical activity, which addresses #maaitioned
weaknesses of self-report measures. Accelerometers can objectiesiyrenand record
the frequency, intensity, and duration of physical activity, reflectecdbgl@rometer
counts per epoch (e.g., minute). However, it is still unclear how to interpret

accelerometer data (e.g., how to convert counts into minutes of physicay/acti
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Two previous studies have calibrated the Actigraph (formerly known as Computer
Science and Applications (CSA) and Manufacturing Technology, Inc. (MTI)) model
7164 against oxygen consumption among adolescents. The sample in the study by Puyau
et al. (2002) included 12 girls and 14 boys, 6 to 16 years old. Oxygen consumption was
measured in a room calorimeter. Participants in the study by Treuth et al. \({2864)4
eighth grade girls. Oxygen consumption was measured using a portableplyreath
breath metabolic unit (Cosmed K4b2, Rome, Italy). In both studies, participants
performed structured activities including resting, sedentary acsiyitggt activities,
moderate activities, and vigorous activities. Puyau et al. (2002) used lineasi@ye
energy expenditure on activity counts to identify the cut points for different itytens
levels. Treuth et al. (2004) used a linear mixed model and examined false positive a
negative classifications to identify cut points.

Signal detection and receiver operating characteristic (ROC) curvedblan
used to examine the association between the presence and absence of a signal and a
detector’s ability to detect the difference (Kraemer, 1988). In medecadidn making,
they have been used to evaluate the performance of diagnostic tests. Evenson et al.
(2008) recently used ROC curves to identify accelerometer cut points for sgdigitar
moderate, and vigorous activity in children 5 to 8 years old. Participants performed
controlled bouts of activities ranging from resting to running 4 mph while mgeawio
accelerometers (ActiGraph and Actical). Cut points that gave equaltweigle.,
maximized) sensitivity and specificity for sedentary, moderate, andowig@ctivity
were identified. The area under the ROC curve was also used to evaluate hatelccu

each accelerometer identified the activity intensity.
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In the current study, signal detection and ROC curves were used with the
accelerometer as the detector. Several cardiovascular and metababe disk factors
were used as signals rather than controlled bouts of activity. Theustdieictivities
performed in the aforementioned calibration studies may not be performedihevas
they would be in real-world situations. Furthermore, while these cut poirgstrefiergy
expenditure associated with physical activity because they were devakpgaxygen
consumption, they may not reflect cut points that best classify the relationshgehe
physical activity and disease risk.

The purpose of this study was to use signal detection and ROC curves to identify
cut points that minimized misclassification of selected cardiovasculanatabolic
disease risk factors (signals) better than previously suggested st ippwhether
physical activity recommendations were met, as measured by acceters (detector) in
two large field studies. This study focused on adolescent girls becausestlaty a
particular risk of low physical activity levels. Physical acyivévels tend to decline
during adolescence (Kimm et al., 2002; McMurray et al., 2003; Nader et al., 2008), and
adolescent girls tend to be less active than adolescent boys (Caspeatse2080;
McMurray et al., 2003; Nader et al., 2008).

METHODS

This study used data from two studies that collected accelerometercatarfge
numbers of adolescent girls from different locations across the United:Ste@003-
2004 NHANES and TAAG. Potential new cut points were developed using a random
sample of 75% of participants from each study. A validation study of the poteial

cut points were conducted with the remaining 25%. Unweighted analyses egre us
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However, analyses were done for each risk factor overall and within 3theceits
groups in NHANES (i.e., White, Hispanic, and Black), 4 race/ethnicity groups in TAAG
(i.e., White, Hispanic, Black, and Asian), and 2 age groups in NHANES (i.e., 12-13 and
14-15 years), to control for potential confounding factors and variables used in the
sampling designs (Korn et al., 1991). Additionally, total cholesterol and highydensi
lipoprotein (HDL) cholesterol were examined within weight status group$iiNNES.
Overweight was only examined for all girls (i.e., not by population subgroups) in
NHANES due to limited sample size.
Study designs

NHANES used a complex stratified, multi-stage probability samplingydédsi
obtain a representative sample population and over-sampled Blacks, Mexicanahsier
adolescents, older people, and pregnant women. Each year, NHANES randortéy selec
about 5,000 people of all ages in households from fifteen different locations. Household
interviewers identified and enrolled survey participants, conducted householteinter
and appointed study participants for the mobile examination center (MEC) ©estel(s
for Disease Control and Prevention, 2003). A proxy answered race/ethnicitpgsesti
for persons less than 16 years old during the interviewer-administered Sargae P
Questionnaire. Race/ethnicity variables were derived by combining resgonse
guestions on race and Hispanic origin. Participants could mark all that appliesl. Ra
categories included non-Hispanic White, non-Hispanic Black, Mexican American, othe
Hispanic, and other race — including multi-racial (Centers for DiseasedCant
Prevention, 2009). Body measurements and blood sample draws were conducted in the

MEC by health professionals (Centers for Disease Control and Prevention, 2004a;
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Centers for Disease Control and Prevention, 2004b). Additionally, participants deceive
an accelerometer at the MEC visit to assess physical activity.

TAAG was a group-randomized, multi-center trial of a physical agtivit
intervention. Data were collected at six schools recruited at each of firedcsicenters
(University of Maryland, University of South Carolina, University of Minnesdtdane
University, University of Arizona, and San Diego State University).elBas measures
were conducted with sixth grade girls attending the participating scho8lpring, 2003.
Follow-up measures were conducted with eighth grade girls in the same sohools
Spring, 2005. Additionally, eighth grade girls in 34 of the same schools were measured
in Spring, 2006; two schools in New Orleans were closed due to Hurricane Kathisa. T
study used data from the two eighth grade cohorts. All eighth gradendinis TAAG
schools were eligible to participate. They were excluded if they could mbanea
understand questions written in English. One-hundred twenty girls from each school
were randomly selected from each eighth grade cohort to wear acastieronData
were collected over three visits at school. At one visit, participants had tigtit, he
weight, and triceps skinfold measured and received their accelerometer. €xnlater
participants returned their accelerometer. Participants completedemstjuestionnaire,
which included demographic questions, either before or after wearing therawttks.
Participants indicated their race/ethnicity on a checklist including WHeaek®r
African American, Hispanic, Asian, Pacific Islander, American IndraAlaska Native,

or Other. They could mark all that applied.
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Measurement

Accelerometer. The objective physical activity measure in NHANES and TAAG
was the ActiGraph accelerometer, model 7164. It is a uniaxial accelerdhattdetects
and records acceleration of movement, especially locomotor-type (e kngyggging)
activities, at user-specified intervals. Girls wore the accelerommetan elasticized belt
on their right hip. They were told to keep the monitor dry (i.e., remove it before
swimming or bathing) and to remove it at bedtime. NHANES participants wore the
accelerometer for 7 full days. It started recording data in 1-minute epbtB91 a.m.
the day after the girl was given the monitor at the examination. Parteigdatned the
accelerometer by mail in postage-paid, padded envelopes (Centers faellsedrol
and Prevention, 2006). TAAG participants wore the accelerometer for 6 or 7 complete
days. It started recording data in 30-second epochs at 5:00 a.m. the day after the
accelerometer was given to the girl. Participants returned thelesmoeter one week
later. If participants did not wear the monitor for at least 10 hours on 1 day or the
monitor malfunctioned, they were asked to wear the accelerometer again for one more
week.

In the current study, accelerometer non-wear time was defined as 60sw@nute
more of consecutive zero counts. At least 10 hours of wear was required for a day to be
valid and at least two valid weekdays and one valid weekend day were required for a
participant to be included in the analysis. Counts of 24000/min (12000/30 sec) or greater
were considered extreme values. They were included in the wear time z&raon-

values, but they were not counted as physical activity time.
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Physical activity recommendations. Three physical activity recommendations for
adolescents were examined. Strong et al. (2005) recommend that school-age youth
participate in 60 minutes or more of moderate to vigorous physical activity ddiky
2005 Dietary Guidelines for Americans (U.S. Department of Health and HumaoeSer
et al., 2005) recommends that children and adolescents engage in at least 60 minutes of
moderate intensity physical activity on most, preferably all, days of tek.wdealthy
People 2010 Objective 22.6 (U.S. Department of Health and Human Services, 2000)
recommends that adolescents engage in moderate physical activityefaste80 minutes
on 5 or more days per week. These three were examined because each hasta diffe
combination of frequency and duration recommended, which may affect the cut points
identified to detect elevated disease risk.

Whether recommendations were met were examined for acceleromgiemtsit
at 100 counts/min increments up to 10500 counts/min in NHANES because 100
counts/min corresponds to approximately 0.1 MET according to the Treuth (2004)
equation, MET = 2.01 + 0.000856 (counts/min). In TAAG, 50 counts/30 sec increments
up to 5250 counts/30 sec were used because NHANES used 1-minute epochs and TAAG
used 30-second epochs. Epochs with accelerometer counts at or above the cut point were
counted to determine the number of minutes of physical activity per day. Bé&dsuse
not clear whether it is necessary to meet the frequency and the duratiomeswted or
it is adequate to accumulate the recommended time, meeting each recommeratation w
examined both ways. A participant was defined as meeting a frequency atahdura
recommendation if both the frequency and the duration recommendations were met or

exceeded (e.g., at least 30 minutes on at least 5 days to meet the Healthy People
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recommendation). A participant was defined as meeting an accumulated time
recommendation if the product of the frequency and duration recommendations was met
or exceeded (e.g., at least 150 minutes a week to meet Healthy People nedatiang

Cardiovascular and metabolic diseaserisk factors. For the signals, continuous
values for disease risk factors were categorized based on current recononesrdat
proposed cut points. The signals detected included at risk for overweight or overweight,
overweight, high body fat, moderate or high central adiposity, borderline or high total
cholesterol, and borderline or low HDL cholesterol.

Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively.
They were measured once in NHANES (Centers for Disease Control and Rrgventi
2004a). The average of two measurements was used in TAAG. Body mass index (BMI)
was calculated as weight (kg) divided by height (m) squared. Age-specific BMI
percentiles were determined using the 2000 CDC growth chart tables $diGgrters
for Disease Control and Prevention, 2000). Weight status was classified based on the
CDC weight status categories definitions (Barlow et al., 2007). Participahta BMI
less than the 85percentile were classified as under or normal weight, greater than or
equal to the 88 percentile but less than the"™Bercentile as at risk for overweight, and
greater than or equal to the”9|5ercentile as overweight.

Triceps skinfold was measured at the posterior midline of the right upper arm.
NHANES used Holtain skinfold calipers and measured triceps skinfold once to the
nearest 0.1 mm (Centers for Disease Control and Prevention, 2004a). TAAG used Lange
skinfold calipers and used the average of three measurements recorded to th& neares

mm. Percent fat was estimated with an equation including race/ethnicitgstoage,
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height, weight, and triceps skinfold [percent body fat mass = —-23.393 + 2.269(BMI
[kg/m?]) + 1.943(triceps skinfold [mm]) — 2.995(race/ethnicity) — 0.524(age [yr]) — 0.058
(BMI [kg/m?])(triceps skinfold [mm])] (Lohman et al., 2006). Race/ethnicity was 1 if
non-Hispanic black and O if otherwise. Estimated percent body fat from skinfold
measurements were classified using standards for Healthy Fitnesgrdam
FITNESSGRAM (Lohman et al., 2001). Participants with an estimated percentabtody
less than 32% were classified as low or moderate fat. Those with greater thae@2% w
classified as high fat.

Waist circumference was measured in NHANES to the nearest 1 mm just above
the uppermost lateral border of the right ilium (Centers for Disease Control and
Prevention, 2004a). Age-, sex-, and ethnicity-specific waist circumferen@npes
were determined using values from Fernandez et al. (2004). A waishtzremce
cutoff value of the 78 percentile has been suggested as a component of metabolic
syndrome (de Ferranti et al., 2004). Participants with a waist circameetess than the
75" percentile were classified as having low central adiposity, and thosafdve the
75" percentile were classified as having moderate or high central adiposity

Total cholesterol and high-density lipoprotein (HDL) cholesterol were detedm
in NHANES patrticipants who had their blood drawn after fasting at least 8 houtsn Se
samples were frozen and shipped to Johns Hopkins University for lipids analggis usi
standard procedures (Centers for Disease Control and Prevention, 2004b). Participants
with total cholesterol less than 170 mg/dl were classified as acceptald&@nay/dl or
greater were classified as borderline or high, based on the Americamf\catle

Pediatrics Committee on Nutrition (1998). In a study of adolescent metapudiome,
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low HDL cholesterol was defined as less than 50 mg/dl (de Ferranti et al., 2G&t), ba

on the percentiles corresponding to the cut points for adults (i.e., 40 mg/dl). Participants
with HDL cholesterol greater than 50 mg/dl were classified as adde@ad 50 mg/dl or

less were classified as borderline or low.

Signal detection and Receiver Operating Characteristic (ROC) cunse

Whether physical activity recommendations were met at incrementabicis
was used to detect elevated disease risk (signal). A positive testdatirtpelevated
disease risk (e.g., high body fat) was defined as not meeting a giveogblaysivity
recommendation. Hence, a true positive was defined as not meeting a recommendation
and having elevated risk; a false positive was defined as not meeting arecdation
and having lower risk; and a false negative was defined as meeting a recdation
and having elevated risk.

The proportions of true and false positives and misclassification (i.e., false
positives and false negatives) at each incremental cut point were determiree@OT
curve is a plot of the true positive rate against the false positive ratehadkthe
incremental cut points. The area under the ROC curve was approximated using the
trapezoidal rule. The larger the area under the curve, the more accuratedta det
An area of 0.5 or less represents a “useless” detector because for eneayanc true
positives, at least as much of an increase is observed in false positives.

The highest cut points that minimized misclassification in the development
sample for each of the population-risk factor combinations were identifiedperbent
misclassification for each of these potential cut points was compared whintg

previously developed in adolescents using oxygen consumption as the criterianéPuya
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al., 2002; Treuth et al., 2004). If misclassification using potential cut points was mor
than 5.0% lower than that using either of the previously suggested light-to-vigorous
(light) cut points, the area under the ROC curve was examined. If the aredghender
ROC curve for that population-risk factor combination was greater than 0.50, then the
potential cut point was tested in the evaluation sample. Potential cut points thatimet bot
criteria in the evaluation sample were identified as new cut points. The percent
misclassification of potential cut points was compared with previously seggestt,
moderate, and vigorous cut points. However, only comparisons with the light cut points
are presented because the light cut points were better at minimizinggsifcation than
the higher intensity cut points (i.e., previously suggested moderate and vigorous cut
points always had higher misclassification than the new cut points).
RESULTS

Table 3.1 presents participant characteristics for the NHANES and TAAG
datasets overall and within the development and evaluation samples. There were no
significant differences between the development and evaluation samples (p > 0.10).
NHANES received accelerometer data from 451 girls aged 12 to 15 years, and 333 of
those girls had sufficient data for analysis. Girls that were not inthateled to have
higher BMI percentile, waist circumference percentile, and percent badidugh the
differences were not significant (p = 0.05 to 0.08, data not shown). Of 333 girls included,
51% were 12-13 years old and 49% were 14-15 years old. The majority of NHANES
girls were Hispanic (38%) followed by Black (33%) and White (26%). One-thiraeof t
girls in NHANES were at risk for overweight or overweight, and 15% were ougntve

Similar prevalence rates were observed for the other risk factorsreedirmoderate or
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Table 3.1. NHANES and TAAG participant characteristics by sample

n (%)

Development Evaluation p-
Dataset/Characteristic Total Sample Sample value'
NHANES, all girls 333 (100.0) 250 (100.0) 83 (109.0
Age (year)
12 77 (23.1) 62 (24.8) 15 (18.1) 0.30
13 94 (28.2) 65 (26.0) 29 (34.9)
14 92 (27.6) 72 (28.8) 20 (24.1)
15 70 (21.0) 51 (20.4) 19 (22.9)
Race/Ethnicity
Hispanic 126 (37.8) 97 (38.8) 29 (34.9) 0.73
Black, non-Hispanic 110 (33.0) 79 (31.6) 31(37.3)
White, non-Hispanic 85 (25.5) 64 (25.6) 21 (25.3)
Other and multiple race 12 (3.6) 10 (4.0) 2(2.9)
Weight Status
UW or NW (<88" BMI %ile?) 218 (66.7) 165 (67.3) 53 (64.6) 0.65
AR or OW 85" BMI %ile) 109 (33.3) 80 (32.7) 29 (35.4)
UW, NW, or AR (<95 BMI %ile) 278 (85.0) 206 (84.1) 72 (87.8) 0.41
OW (95" BMI %ile) 49 (15.0) 39 (15.9) 10 (12.2)
Central Adiposity
Low (<75" WC %ilé) 207 (65.1) 160 (67.2) 47 (58.8) 0.17
Moderate or High$75" WC %ile) 111 (34.9) 78 (32.8) 33 (41.3)
Percent Body Fat
Low or Moderate £32%) 193 (62.7) 143 (63.0) 50 (61.7) 0.84
High (>32%) 115 (37.3) 84 (37.0) 31 (38.3)
Total Cholesterol
Acceptable (<170 mg/dl) 209 (67.9) 156 (67.0) 53 (70.7) 0.55
Borderline or High%170 mg/dl) 99 (32.1) 77 (33.0) 22 (29.3)
HDL Cholesteral
Acceptable (>50 mg/dI) 191 (62.0) 140 (60.1) 51 (68.0) 0.22
Borderline or Low £50 mg/dI) 117 (38.0) 93 (39.9) 24 (32.0)

54



n (%)

Development Evaluation p-
Dataset/Characteristic Total Sample Sample value'
TAAG, all girls 4696 (100.0) 3522 (100.0) 1174 (100
Age (year)
12 9(0.2) 5(0.1) 4(0.3) 0.21
13 2743 (58.5) 2043 (58.1) 700 (59.8)
14 1785 (38.1) 1352 (38.5) 433 (37.0)
15 131 (2.8) 104 (3.0) 27 (2.3)
16 19 (0.4) 12 (0.3) 7 (0.6)
Race/Ethnicity
White, non-Hispanic 2190 (46.7) 1649 (46.9) 541 (46.2) 0.65
Hispanic 1017 (21.7) 770 (21.9) 247 (21.1)
Black, non-Hispanic 866 (18.5) 649 (18.5) 217 (18.5)
Asian 286 (6.1) 204 (5.8) 82 (7.0)
Other and multiple race 327 (7.0) 244 (6.9) 83 (7.1)
Weight Status
UW or NW (<85" BMI %ile) 3044 (65.0) 2279 (64.8) 765 (65.3) 0.75
AR or OW 85" BMI %ile) 1643 (35.1) 1237 (35.2) 406 (34.7)
UW, NW, or AR (<9%' BMI %ile) 3867 (82.5) 2892(82.3) 975 (83.3) 0.43
OW (95" BMI %ile) 820 (17.5) 624 (17.7) 196 (16.7)
Percent Body Fat
Low or Moderate £32%) 2512 (53.6) 1880 (53.5) 632 (54.0) 0.77
High (>32%) 2175 (46.4) 1636 (46.5) 539 (46.0)

NHANES: National Health and Nutrition Examinationr8ey; TAAG: Trial of Activity for Adolescent
Girls; BMI: body mass index; UW: underweight; NWarmal weight; AR: at risk for overweight; OW:
overweight; WC: waist circumference; HDL: high digndipoprotein

1

BMI percentiles are age- and sex-specific (CD@®0

3
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WC percentiles are age-, sex-, and ethnicity-$iggternandez et al., 2004).

P-values are from chi-squared tests, except iedpected value for any one cell is less than BenTp-
values are from Fisher’s exact tests.



high central adiposity (35%); high body fat (36%); borderline or high total chaester
(32%); and borderline or low HDL-cholesterol (38%). TAAG received accekdsym

data from 7397 eighth grade girls, and 4696 (63%) of those girls had sufficient data for
analysis. Girls that were not included tended to be older, have higher percent body fat,
and be Black (p < 0.0001, data not shown). Most of the 4696 girls in TAAG (97%) were
13-14 years old. The majority of girls were White (47%) followed by Hisp&2i%o,

Black (18%), and Asian (6%). Among TAAG girls, 35% were at risk for overweight
overweight, 17% were overweight, and 46% had high body fat.

Potential cut points in development samples

The number of potential cut points identified in the development samples by risk
factor and population group is shown in Table 3.2. In the NHANES development
sample, 86 cut points with misclassification rates more than 5% lower thastabihe of
the previously suggested light cut points were identified. Of these, 68 were for
population group-risk factor combinations with areas under the ROC curve that were not
“useless,” resulting in 7 potential cut points for at risk for overweight, 2 for oigntye
13 for moderate or high central adiposity, 10 for high body fatness, 9 for borderline or
high total cholesterol, and 27 for borderline or low HDL cholesterol. No potential cut
points were identified for at risk for overweight among 12-13 year old or Whisg fgir
moderate or high central adiposity or high body fatness among 14-15 year oldkor Blac
girls, or for borderline or high total cholesterol among Hispanic girls.

In the TAAG development sample, 32 cut points that had misclassification rates
more than 5% lower than at least one of the previously suggested light cut poets we

identified. Of these, 11 were for population group-risk factor combinations tthairéas
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Table 3.2. Number of potential cut points identified in the developnm sample by population subgroup, disease risk
factor, and dataset

UW or AR or

Dataset/Risk Factor Total All girls 12-13y 14-15y  White Hispanic Black Asian NW oW
NHANES 68 11 10 5 15 10 6 -~ 4 7
AR or OW 7 2 0 3 0 1 1 -- -- --
ow 2 2 - -- - - - - - -
Moderate or High CA 13 3 1 0 6 3 0 -- -- --
High BF 10 1 3 0 5 1 0 -- -- --
Borderline or High TC 9 1 1 1 1 0 2 -- 2 1
Borderline or Low HDL-C 27 2 5 1 3 5 3 -- 2 6
TAAG 11 2 -- -- 6 2 1 0 -- --
AR or OW 2 0 -- -- 2 0 0 0 -- --
ow 6 2 -- -- 3 0 1 0 -- --
High BF 3 0 -- -- 1 2 0 0 -- --

NHANES: National Health and Nutrition Examinationr8ey; TAAG: Trial of Activity for Adolescent GirtsUW: underweight; NW: normal weight; AR: at
risk for overweight; OW: overweight; CA: centralipdsity; BF: body fatness; TC: total cholesteroDIHC: high density lipoprotein cholesterol
--: cut points not developed for population subgroisk factor combination
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under the ROC curve that were not “useless,” resulting in 2 potential cut pointsisér at
for overweight, 6 for overweight, and 3 for high body fatness. No potential cut points
were identified for at risk for overweight among all, Hispanic, or Asias;dok
overweight among Hispanic or Asian girls; or for high body fatness amongaak,Rir
Asian girls.

New cut points in NHANES

Table 3.3 presents the new cut points, which had misclassification rates more than
5% lower than at least one of the previously suggested light cut points and areas unde
the ROC curve that were not “useless” in both the NHANES development and @raluati
samples. In the NHANES evaluation sample, 25 of the 86 potential cut points had lower
misclassification rates than at least one of the previously suggested cut @ititese,
11 were for population group-risk factor combinations with areas under the R@C cur
that were not “useless.” The 11 new cut points in NHANES included 100, 400, 700,
1200, 1800, 2300 counts/min.

Two new cut points (1800 and 2300 counts/min for moderate or high central
adiposity among White girls) had lower misclassification rates than both of the
previously suggested cut points in both samples. In the development sample, the
misclassification rate was 35% for 1800 counts/min and 37% for 2300 counts/min, while
the rates for the Treuth and Puyau cut points were 49%. A similar pattern (38% vs. 52%)
was observed in the evaluation sample. Two new cut points (1200 counts/min for
moderate or high central adiposity among White girls and 700 counts/min for borderline
or low HDL cholesterol among White girls) had misclassification ratgesl to the

Puyau cut point in the evaluation sample. The misclassification rate wa®B2200
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Table 3.3. Physical activity recommendation used to identify new cut pas and misclassification rate for new cut points
and Treuth and Puyau light cut points (counts/min) and area under the RO curve by sample for disease risk
factors among population subgroups with new cut points in NHANES

Development Sample Evaluation Sample
Risk New Misclassified [n (%)] ROC Misclassified [n (%)] ROC
Factor/ PA cut Curve Curve
Subgroup Recont  point New Treuth? Puyat? Area® New Treuth Puyau Area
AR or OW
All girls ST-FD 100 79 (32.2) 79 (32.2) 126 (51.4) 0.53 29 (35.4) N4) 41 (50.0) 0.55
14-15y ST-FD 100 38 (31.9) 38 (31.9) 60 (50.4) 0.58 14 (36.8) 18.83 16 (42.1) 0.60
ow
All girls ST-AT 400 38 (15.5) 39 (15.9) 64 (26.1) 0.55 10 (12.2) 1D.7) 16 (19.5) 0.51
Moderate or high CA
White ST-AT 1200 22 (34.9) 31 (49.2) 30 (47.6) 0.61 8 (38.1) 11452 8(38.1) 0.56
White DG-AT 1800 22 (34.9) 31 (49.2) 31 (49.2) 0.61 8 (38.1) 11452 11 (52.4) 0.60
White HP-AT 2300 23 (36.5) 31 (49.2) 31 (49.2) 0.63 8 (38.1) 11452 11 (52.4) 0.60
High BF
All girls ST-FD 100 86 (37.9) 86 (37.9) 114 (50.2) 0.52 31 (38.3) 33 39 (48.2) 0.55
Borderline or high TC
12-13y ST-FD 400 32 (27.4) 33(28.2) 56 (47.9) 0.56 9 (22.0) 9Qp2. 24 (58.5) 0.51
White ST-FD 400 21 (35.0) 25 (41.7) 30 (50.0) 0.57 6 (33.3) 6833. 10 (55.6) 0.56

59



Development Sample Evaluation Sample

Risk New Misclassified [n (%)] ROC Misclassified [n (%)] ROC
Factor/ PA cut Curve Curve
Subgroup Recont  point New Treuth? Puyalf Area® New Treuth Puyau Area
Borderline or low HDL-C

14-15y ST-FD 100 47 (40.5) 47 (40.5) 53 (45.7) 0.57 9 (26.5) 95%26. 17 (50.0) 0.64
White DG-FD 700 18 (30.0) 21 (35.0) 22 (36.7) 0.60 7 (38.9) 9 @50. 7 (38.9) 0.51

NHANES: National Health and Nutrition Examinationr8ey; AR: at risk for overweight; OW: overweigl@A: central adiposity; BF: body fatness; TC: total

cholesterol; HDL-C: high-density lipoprotein chdke®|

1 Physical activity recommendations (PA recom) ideldi Strong et al. (ST) (2005); 2005 Dietary Guitesdi (DG) (USDHHS et al., 2005); and Healthy
People 2010 (HP) (USDHHS, 2000). Each recommemdatas evaluated in terms of frequency and durgf@) and accumulated time (AT).

2 Treuth et al. (2004) and Puyau et al. (2002) cintg for light intensity physical activity were 1@nd 800 counts/min, respectively.

® Receiver operating characteristic (ROC) curveptoaof the true positive and false positive fmeeach cut point tested. Area under the curve wa
approximated as the integral using the trapezaidal
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counts/min compared with 52% for the Treuth cut point and 38% for the Puyau cut point.
A similar pattern was observed for 700 counts/min (39% vs. 50% and 39%). The other
seven new cut points had lower misclassification rates than the Puyau but TretLitne

cut points in both samples.

The mean misclassification rate was 32.4% in the NHANES development sample
and 32.5% in the evaluation sample using the new cut points; 37.4% in both samples
using the Treuth cut point, and 45.9% in the development sample and 46.0% in the
evaluation sample using the Puyau cut point (data not shown). The mean area under the
curve was 0.58 in the development sample and 0.56 in the evaluation sample (data not
shown). Most of the new cut points were developed using the Strong frequency and
duration physical activity recommendation (6 cut points), followed by 2 using thegStr
accumulated time recommendation, and 1 each using the Dietary Guidelines ang Health
People accumulated time recommendations.

New cut points in TAAG

Table 3.4 presents the misclassification rates and areas under the RGrcurve
the TAAG development and evaluation samples for the new cut points. In the TAAG
evaluation sample, 8 of the 11 potential cut points had lower misclassificatiorheates t
at least one of the previously suggested light cut points. Of these, 3 were foripopulat
group-risk factor combinations with areas under the ROC curve that were nes&sel
The 3 new cut points in TAAG included 50 and 100 counts/30 sec. All three new cut
points had lower misclassification rates than the Puyau cut point but equivalent to the

Treuth cut point in both samples.
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Table 3.4 Physical activity recommendation used to identify new cut pdis and misclassification rate for new cut points
and Treuth and Puyau light cut points (counts/30 sec) and area under the ROcurve by sample for overweight
among population subgroups with new cut points in TAAG

Development Sample Evaluation Sample
New Misclassified [n (%)] ROC Misclassified [n (%)] ROC
PA cut Curve Curve
Subgroup Recont  point New Treuth? Puyat? Area® New Treuth Puyau Area
All girls ST-AT 50 647 (18.4) 647 (18.4) 872 (24.8) 0.52 205 (17.5) 205 (17.5) 302 (25.8) 0.51
White ST-AT 50 204 (12.4) 204 (12.4) 317 (19.2) 0.54 69 (12.8) 9 (®.8) 114 (21.1) 0.52
Black DG-FD 100 177 (27.3) 177 (27.3) 220 (33.9) 0.51 61(28.1) 1 (®.1) 86 (39.6) 0.53

TAAG: Trial of Activity for Adolescent Girls;
Physical activity recommendations (PA recom) ideldi Strong et al. (ST) (2005); 2005 Dietary Guitkdi (DG) (USDHHS et al., 2005); and Healthy
People 2010 (HP) (USDHHS, 2000). Each recommemdatas evaluated in terms of frequency and durgf@) and accumulated time (AT).

2 Cut points for light intensity physical activityoin Treuth et al. (2004) and Puyau et al. (2002pv84 and 400 counts/30 sec, respectively.

Receiver operating characteristic (ROC) curveptoa of the true positive and false positive fateeach cut point tested. Area under the curve wa
approximated as the integral using the trapezoidal

1

3
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The mean misclassification rate was 19.4% in the development sample and 19.5%
in the evaluation sample using the new cut points and the Treuth cut point (data not
shown). Using the Puyau cut point, the mean misclassification rate was 26.0% in the
development sample and 28.8% in the evaluation sample (data not shown). The mean
area under the ROC curve was 0.52 in both samples (data not shown). Two of the new
cut points were developed using the Strong accumulated time recommendation, and one
was developed using the Dietary Guidelines frequency and duration recommendation.
DISCUSSION

The previously suggested cut points used in this study were developed using
oxygen consumption as the criterion (Puyau et al., 2002; Treuth et al., 2004), thereby
reflecting the energy expenditure associated with physical actiRiégults from this
study indicate that several cut points exist that may better predict tire staelected
cardiovascular and metabolic disease risk factors compared with previouslgtedgge
points, particularly the Puyau cut point. These new cut points may be more lglinical
relevant as they use disease risk factors, including body composition andnigids a
lipoproteins, as criteria. Hence, these cut points may be more approprisdharus
oxygen consumption cut points in studies with adolescent girls where thetirdenethe
relationship between physical activity and disease risk.

The new cut points identified tended to be in the range of light intensity acfivities
as defined by the previously suggested cut points. Furthermore, the new cut points
always performed at least as well, if not better than the previously suggestechta or
vigorous cut points. This suggests that light intensity activities might beisoffto

receive health benefits. Similarly, studies using data from the Aastfiabetes,
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Obesity, and Lifestyle Study have found that light intensity time was indepdy
associated with waist circumference, clustered metabolic risk, and 2-howhptienge
plasma glucose in adults without diagnosed diabetes (Healy et al., 2007; Hdaly et
2008). This may be helpful for public health interventions. Light activities might be
more acceptable to girls because they may address some of the peraeigesltba
physical activity, including injury, physical discomfort (e.g., sweatimgghess,
breathing harder), and personal appearance (e.g., ruining hair styiedr{ADwyer, &
Makin, 1999; Dunton & Schneider, 2006; Grieser et al., 2006).

Although the new cut points reflected lower counts than the previously suggested
cut points, there was still some variability across population subgroups and outcomes
Hence, the physical activity intensity needed to confer health benefits vaigh
depending on the outcome of interest. In this study, higher cut points were iddntifie
central adiposity and HDL cholesterol than other risk factors. Similarlyt wais
circumference was associated with vigorous but not light or moderate plagticay
among Spanish adolescents (Moliner-Urdiales et al., 2009). Hence, higher intensity
activity may be required to reduce waist circumference and raisecH@lesterol levels.
New cut points were not identified for each population-risk factor subgroup. Opea reas
may be that factors that differ between the population subgroups, such as physical
maturity, environment, or genetics, may moderate or mediate the relationshiprbetwee
physical activity and disease risk factors. Hence, cut points mightlegeend on the
population of interest. Therefore, future studies and interventions that use acetderom
cut points specific to the outcome and population of interest might observe stronger

relationships and the relationships might be better understood.
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While several new cut points were identified, accelerometers may not betgood a
classifying cardiovascular and metabolic disease risk. In this stedymdfority of
relationships tested had low areas under the curve and substantial misatassifi
Other factors, such as diet or genetics, that were not examined in this stydgeount
for some of the misclassification. This may be due in part to the fact thedt ot a
high risk population. Restricting the sample to adolescent girls in the generaltjpopula
targeted a population at risk for low physical activity and controlled for age andrgende
However, participants may not have been exposed to their level of physical datigity
enough to observe an influence on disease risk factors. Even though approximately one-
third of the sample was at elevated risk for the factors examined, these nmatholdave
worked better with higher risk populations (e.g., older adults, overweight).

Another strength of this study was that it used data from two large fiel@studi
Hence, the activities performed were free-living. However, the datamwet collected to
calibrate accelerometer data. One drawback to this was that a large propbrti
participants were excluded from analysis because they did not have sufficient
accelerometer data, which is difficult to assure in a large field study.hé&neeakness
of this study was that it used cross-sectional data. The assumption is tealphy
activity influences cardiovascular and metabolic disease risk fadttmwever, with no
temporal relationship between the measures, this could not be evaluated. Furthermore
the accelerometer data only represented one week of activity, which maprestent
habitual physical activity patterns.

This study used a unique approach to identifying accelerometer cut points.

Utilizing this approach allowed new cut points to be identified using more readily
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available criterion data (i.e., disease risk factors) rather than oxygamaoinsn.

However, this assumes that the cut points used to classify disease risk redresent
appropriate signals. Furthermore, it was assumed that the physicayactivi
recommendations were appropriate definitions for the detector. To account foofsome
the uncertainty about the recommendations, multiple recommendations were used and
they were each interpreted two ways.

In summary, this study demonstrated the use of signal detection and ROC curves
in identifying new accelerometer cut points for assessing physioatyaciThe new cut
points identified suggest that light intensity may be sufficient to obtaitasihealth
benefits and the actual intensity may differ by disease risk factor ancapopul
subgroup. While accelerometers did not identify disease risk well, as madat &yide
ROC curves, new cut points were identified. This suggests that cut points developed
using oxygen consumption may not best reflect the clinically relevant agp@ttgsical
activity measured by accelerometers.
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Chapter 4: Evaluation of Convergent Validity of Nev Accelerometer
Cut Points for Adolescent Girls with Recall Questionaires and a

Previously Suggested Cut Point

ABSTRACT

Accelerometer cut points have been used to classify the intensity of astisity
given epoch. However, different cut points might not classify the same epoch as the
same intensity. PURPOSE: To examine how estimates of physicalyagsiviy newly
developed cut points agree with a cut point previously suggested by Treuth (2004) and
two self-report physical activity questionnaires. METHODS: The newauts had
been developed using iterative correlations and signal detection and receivengpera
characteristic (ROC) curves. Minutes of physical activity and individuaksing
recommendations for each cut point and questionnaire were determined in the 2003-2004
National Health and Nutrition Examination Survey (NHANES) and the Trialctilviy
for Adolescent Girls (TAAG). Agreement was examined using concordaneatan
coefficients, McNemar’s tests, and proportions of agreement. RESULTS:0i@dance
correlation coefficients for minutes of activity with the previously suggestit point
tended to be stronger 0.6) with higher cut points>(2300 count/min), while those with
guestionnaires were less than 0.10 or the 95% confidence intervals included zero. Some
proportions of agreement for meeting recommendations were moderate (0 .®Bew
guestionnaires and were high (> 0.9) with the previously suggested cut point, but only
one new cut point was not significantly different (1800 counts/min and NHANES

guestionnaire, p = 0.6). CONCLUSIONS: The new cut points tended to be in poor
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agreement with the comparison measures, especially the questionnaingsireTliieely
measuring different aspects of physical activity.
INTRODUCTION

Accurate physical activity measures are needed to better understand th
relationship of physical activity with health outcomes, determinants ofqaiysstivity,
effects of physical activity interventions, as well as the prevalengkysical activity.
However, physical activity is difficult to accurately assess.

Self-report questionnaires are often used in large, epidemiologic studeses
physical activity because they are relatively inexpensive and daieetiy collect large
amounts of detailed information. However, information from self-report questieana
may not be accurate due to cognitive abilities and social desirabilgtyBeanowski,
1988; Montoye, Kemper, Saris, & Washburn, 1996). Physical activity dimensions of
interest may include frequency, intensity, duration, type, and context. Respondents,
particularly children and adolescents, may not be able to accurately reegdbdrall the
relevant details of their physical activity. They may also perdbieeletails of their
activity differently than intended by the researcher. For example, theyepart an
activity as being vigorous that the researcher would consider moderateerfate,
respondents may alter their responses because they want, consciously or sastgnsci
to appear more physically active.

Accelerometers may help improve the accuracy of physical actssgsament as
they can overcome weaknesses of self-report questionnaires. Accelesaested the
intensity of movement as counts per user-specified epochs (e.g., per minuted, Henc

they objectively collect data on the frequency, intensity, and duration of physiuaty.
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However, accelerometer counts have no biological meaning, and it is still aohoie
best to translate accelerometer data into physical activityassniChen & Bassett, Jr.,
2005). Cut points have been used to classify the intensity of activity during a given
epoch, so the frequency and duration of activity at different intensities canrbategt

Treuth et al. (2004) and Puyau et al. (2002) have developed cut points for light,
moderate, and vigorous intensity for young people using the Actigraph 7164 with oxygen
consumption as their criterion. Participants performed structured actwhiilssoxygen
consumption and accelerometer counts were simultaneously recorded. Despite the
similarities of these studies, two different sets of cut points were develdpedth cut
points were 101, 3000, and 5201 counts/min, and Puyau cut points were 800, 3200, and
8200 counts/min. Depending on which cut point is used, one cut point might classify an
epoch as being active while another might classify the same epoch as natdbieimng
Hence, it is important to understand how using different accelerometer cutmpahts
affect physical activity estimates.

While oxygen consumption reflects the energy expenditure associated with
physical activity, using disease risk factors to develop cut points may lecamanopriate
where the relationship between physical activity and health and disease esaxdtint
New accelerometer cut points for adolescent girls were developed ituivessusing
disease risk factors as the criterion measures (Chapters 2 and 3raPdmtsrity has
been associated with several health benefits including higher physicss fibealthier
body composition, and more favorable cardiovascular and metabolic disease rlsk profi
(U.S. Department of Health and Human Services, 1996; Physical Activity (aislel

Advisory Committee, 2008). The two studies to develop cut points and the current study
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focused on adolescent girls as physical activity levels tend to decling duldhescence
(Kimm et al., 2002; McMurray et al., 2003; Nader et al., 2008) and adolescent girls tend
to be less active than adolescent boys (Caspersen et al., 2000; McMulra30&3a
Nader et al., 2008). The purpose of this study was to understand how well estimates of
moderate-to-vigorous physical activity using these new cut points agfrea pieviously
suggested moderate-to-vigorous cut point and two self-report physicalyactiv
guestionnaires.
METHODS

This study examined agreement using data from two studies that collected
accelerometer data from large numbers of adolescent girls from diffecations across
the United States: the 2003-2004 National Health and Nutrition Examination Survey
(NHANES) and the Trial of Activity for Adolescent Girls (TAAG). NHAISES a
continuous, annual survey that collected information about health and diet from a
nationally representative sample of the U.S. noninstitutionalized household population.
TAAG is a group-randomized, multi-center trial of a school- and community-linked
intervention to decrease the decline in physical activity of middle schiml gaseline
measures were conducted with sixth grade girls in 2003. Follow-up measures were
conducted with eighth grade girls in 2005. The sustainability of the interventson wa
determined by measuring eighth grade girls in 2006. The new accelerometeintsit
examined in this study were identified based on the relationships betweeraphysi
activity and selected cardiovascular and metabolic disease risk faoiong 833 girls 12

to 15 years old in the 2003-2004 NHANES and 4696 eighth grade girls in TAAG.
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Developing new cut points

Two methods used to develop new cut points are described briefly here and in
detail elsewhere. One method was an iterative process based on correldiaptsr(2).
Using previously suggested cut points (Treuth et al., 2004; Puyau et al., 2002) as a
starting point, physical activity estimates were generated usingphaulalues above and
below each cut point at relatively large intervals. Rank correlations ofnie@sphysical
activity estimates with each continuous disease risk factor were detdrnCut points
that maximized the correlations were the new starting points for subseguatbints.

The process was repeated using smaller intervals until final cut pointsletermined.

The other method for developing new cut points used signal detection and
receiver operating characteristic (ROC) curves (Chapter 3). Eadatigzart was
classified as high or low risk for each disease risk factor. At givexleaometer count
increments (e.g., 100 counts/min), each participant was classified asgrozeaiot
meeting physical activity recommendations. Three recommendations weré&treag
et al. (2005), 2005 Dietary Guidelines for Americans (U.S. Department ohHgwalt
Human Services et al., 2005), and Healthy People 2010 Objective 22.6 (U.S. Department
of Health and Human Services, 2000). Cut points that minimized misclassificaggn (e
not meeting recommendations and low risk) were identified. ROC curves (i.e., plots of
the true positive rate against the false positive rate for differesiigd@sut points) were
used to examine how well the accelerometer separated the sample into higlv askl. |

Only cut points that were consistently (i.e., in the development and evaluation
sample) more strongly associated with disease risk than the previogghsted cut

points (Treuth et al., 2004; Puyau et al., 2002) were considered new cut points and were
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evaluated for agreement in this study. New cut points were developed in eaeh data
overall and within race/ethnicity and age groups to control for potential confounding
factors and variables used in the sampling designs (Korn et al., 1991). Agreement was
evaluated within the same population subgroup the cut point was developed. Of the 333
girls in NHANES, 171 (51%) were 12-13 years old, 162 (49%) were 14-15 years old, and
85 (26%) were White. Of the 4696 eighth grade girls in TAAG, 2190 (47%) were White
and 866 (18%) were Black.

Determining physical activity variables

Minutes of physical activity. Average daily time spent in physical activity was
defined as the total time spent doing moderate-to-vigorous activities dividad tntdl
number of days. For accelerometer data, each epoch measured that had a count equal to
or above a given cut point was classified as moderate-to-vigorous for thatrdut fpai
guestionnaire data, physical activity intensity was classified basedigneasMET
values and respondent perceptions. Moderate-to-vigorous physical activiges wer
defined as those assigned a value of 3 METS or more.

The physically active time from questionnaires was determined differdun!yo
differences in methodology. In the NHANES physical activity questioanparticipants
reported the number of times they performed a physical activity foastt1€ minutes in
the past month and the average number of minutes they did it each time. In the TAAG 3-
day physical activity recall (S3DPAR), participants reported the mainiggberformed
by 30-minute blocks of time for the previous three days. However, they could have
performed additional activities or taken breaks from the activity. Henceeontia

account those departures from the reported activity, each block of time wasdcasiii0
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minutes of activity. For accelerometer and questionnaire data, minutes wiphys
activity per day were normalized to a 12-hour day. The total normalized number of
minutes of moderate-to-vigorous physical activity was divided by thetiotalframe of
the questionnaire or the total number of days of valid accelerometer datautatedloe
average daily time spent in moderate-to-vigorous physical activity.

Meeting physical activity recommendations. Participants were classified as
meeting the Dietary Guidelines accumulated time recommendation Wehege daily
time was greater than 60 minutes on 4 days per week (i.e., 60*4/7). The Dietary
Guidelines recommendation was used because it recommended 60 minutes of activity,
similar to the Strong recommendation, but activity did not have to be performed daily
(i.e., performed on most days of the week), similar to the Health People recomorendat

Statistical analysis

The degree to which minutes of physical activity estimated using the new
accelerometer cut points agreed at the individual level with those estimetgdel$
report questionnaires and the Treuth (2004) moderate-to-vigorous cut point were
examined using the concordance correlation coefficient (Lin, 1989) and BlandrAltm
plots (1986). The Treuth cut point was used as a comparison measure because it was
developed in a similar population (i.e., 13 to 14 year old girls). Proportions of agreement
and McNemar’s tests were used to examine agreement for meeting tidug Die
Guidelines accumulated time recommendation. Because this study wagedteres
agreement at the individual level, rather than at the population level, unweighted @nalyse

were used.
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Minutes of physical activity. Concordance correlation coefficients were used to
examine the agreement between the new accelerometer cut points and comparison
measures (i.e., the Treuth cut point and self-report questionnaires) farimgasinutes
of moderate-to-vigorous physical activity. The concordance correlaigffigent is the
correlation between two measures that fall on the 45° line through the origin (Lir), 1989
If the estimates were exactly the same, a plot of the new cut point agaiositriparison
measure would be a line through the origin with a slope of 1. The concordance

correlation coefficient was calculated for this study as:

2% S‘lew cut point, comparison

- 2
82new cut point+ Szcomparison+ (meamew cut point meaQompariso)

re=

where Qew cut point, comparisolS the covariance between minutes of physical activity using
the new cut point and using the comparison meast&, & poin@Nd Scomparisonare the
variances, and meg, cut pointdNd Meakmparisondre the means.

Bland-Altman plots were also used to graphically examine patterns in the
individual differences between minutes of physical activity estimated tisetngew cut
points and comparison measures. The differences between the minutes of physica
activity estimated using the comparison measures and the new cut points (new the
cut point minus the comparison measure estimates) were plotted on the vedicahdxi
the average minutes (i.e., the sum of the new cut point and the comparison measure
estimates divided by 2) were plotted on the horizontal axis. Patterns weaxetehaed
relative to increasing average minutes of activity (i.e., moving from leigho on the
horizontal axis) as: a) tending to get more positive; b) tending to get moréevapgpat

increasing in variation; and d) staying relatively constant. Exampleslofpadtern are
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presented in Figure 4.1. The mean of the differences and the limits of agréeene
mean + 1.96SD) were also determined to examine bias. Negative differeracethme
new cut point estimates are less than the comparison measure, and positeecei$fer
mean the new cut point estimates are greater than the comparison measure

Meeting physical activity recommendation. McNemar's test was used to
examine whether similar percentages of participants were aalsad meeting and not
meeting the Dietary Guidelines accumulated time physical actettymmendation
using the new cut points and the comparison measures. The proportions of agreement
overall and specifically for meeting and not meeting the Dietary Guidedioeumulated
time recommendation (i.e., proportion of both measures producing the same alassific
among those classified as such by either measure) were also determi
RESULTS

New cut points identified

The new moderate-to-vigorous cut points identified using the correlation method
were higher than cut points identified using signal detection and ROC curnves. |
NHANES, the moderate-to-vigorous cut points from the correlation method included
4000 and 4300 counts/min, while the cut points from the signal detection and ROC curve
method included 100, 400, 700, 1200, 1800, and 2300 counts/min. The correlation
method only identified new cut points among 12-13 year old girls in NHANES. The four
highest new cut points from signal detection and ROC curves>{{@0, counts/min)
were all identified among White girls. In TAAG, the moderate-to+0gs cut points

from the correlation method included 1550 and 1950 counts/30 sec, while the cut points
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from the signal detection and ROC curve method included 50 and 100 counts/30 sec.
The correlation method only identified new cut points among Black girls in TAAG.

Agreement with NHANES questionnaire in NHANES

Agreement for minutes of physical activity. Table 4.1 presents results from
concordance correlations and Bland-Altman plots with the NHANES questiennigie
new accelerometer cut points and NHANES questionnaire were not in agredmoent
the estimated average daily minutes of moderate-to-vigorous physieglydoti any of
the population subgroups. All of the 95% confidence intervals for the concordance
correlations included zero.

The smallest average difference in estimated minutes of activitybeptthe
NHANES questionnaire and the new cut points was for 1200 counts/min. The 1200
counts/min cut point averaged 9 minutes more activity than the NHANES questionnaire.
The four highest new cut points of 1800, 2300, 4000, and 4300 counts/min averaged 17
to 42 minutes less activity than the NHANES questionnaire. The greateaga
differences were observed for the three lowest new cut points of 100, 400, and 700
counts/min. These three cut points averaged approximately 1 to 4 hours more activity
than the NHANES questionnaire.

In the Bland-Altman plots, variation in the differences in minutes of activity
between the NHANES questionnaire and the four lowest new cut points of 100, 400, 700,
and 1200 counts/min tended to increase with higher average minutes of activity, while
differences tended to become more negative with higher average minatéity for

the four highest new cut points. For all cut points, most of the differences observed
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Table 4.1. Concordance correlation coefficient (), mean difference in minutes
of moderate-to-vigorous physical activity, limits of agreement, and
Bland-Altman plot pattern between minutes of physical activity
measured by new accelerometer cut points (counts/min) and
comparison measures in NHANES by population subgroup

Comparison / Cut Mean Limits of Plot
Subgroup point r. (95% CI) difference’ agreement pattern*
Questionnaire
All girls 100 0.01 (-0.006, 0.020) 244.9 768-413 ¢
400 0.02 (-0.013, 0.050) 118.7 -29.4 - 266.7 ¢
12-13y 400 0.01 (-0.039, 0.051) 125.2 —37.4-987.
4000 0.00 (-0.022, 0.031) ~41.3 -176.0-935 |
4300 0.00 (-0.019, 0.027) -42.4 -176.9-92.1 |
14-15y 100 0.01 (-0.007, 0.028) 234.1 81.8-3865 (
White 400 0.05 (-0.026, 0.118) 114.6 -425-2716 [
700 0.10 (-0.022, 0.214) 56.3 -90.5-203.1 ¢
1200 0.13 (-0.011, 0.263) 8.7 -132.2-149.6 (
1800 0.09 (-0.011, 0.192) 172 -156.6-122.3 |
2300 0.05 (-0.027, 0.132) -28.2 -168.9-112.4 |
Treuth
Overall 100 0.00 (0.003, 0.006) 275.9 159.5-392.3 1
400 0.02 (0.013, 0.022) 149.6 67.3-231.9 1
12-13 years 400 0.02 (0.013, 0.027) 1595 73524 1
4000 0.71 (0.656, 0.755) -71 ~163-21 o
4300 0.60 (0.543, 0.657) -8.3 -19.3-28 <
14-15 years 100 0.00 (0.000, 0.005) 261.7 14988 1
White 400 0.02 (0.012, 0.034) 151.8 69.2-2343 1
700 0.06 (0.034, 0.077) 93.9 33.7-1541 1
1200 0.17 (0.119, 0.222) 46.4 93-835 1
1800 0.45 (0.370, 0.540) 20.4 14-393 «
2300 0.77 (0.713, 0.833) 9.1 -0.8-19.1 <

Comparison measures were moderate-to-vigoroudgatysctivity from the NHANES questionnaire
(> 3 METS) and the Treuth (2004) accelerometer cirttifea 3000 counts/min).

2 Difference in minutes was calculated as estimatgtlites using the new cut point minus those using
the comparison measure.

Limits of agreement were calculated as the mea®&xSD.

*  Patterns from the Bland-Altman plots were diff@estend to get more positive),(more negative

(1), increase in variatior), or stay relatively constant«) with increasing average minutes of
activity.
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outside the limits of agreement were below the lower limits (data not shown)iniltise
of agreement were 124 to 168 minutes away from the mean.

Agreement for meeting physical activity recommendation. The proportions of
agreement and results from McNemar'’s test for the Dietary Guideditmumulated time
recommendation for NHANES are presented in Table 4.2. The greatest proportions of
overall agreement (0.62) with the NHANES questionnaire were for the new cig pbint
1200 and 1800 counts/min. The new cut point of 1200 counts/min also had the greatest
proportion of positive agreement (0.69) with the NHANES questionnaire. The two
highest new cut points of 4000 and 4300 counts/min had the greatest proportion of
negative agreement (0.72) but zero positive agreement with the NHANES questionnai
The three lowest new cut points of 100, 400, and 700 counts/min had zero negative
agreement with the NHANES questionnaire, as these cut points classifigtbabg
meeting the recommendation. The percentage of participants classifreeking and
not meeting the recommendation was not significantly different from theNNEFA
guestionnaire for one cut point: 1800 counts/min (p = 0.59).

Agreement with Treuth cut point in NHANES

Agreement for minutes of physical activity. As shown in Table 4.1, the strongest
concordance correlation for estimated minutes of activity with the i raatlerate-to-
vigorous cut point was observed for the new cut point of 2300 countsiwi® @).

Moderate to strong correlations were also observed for the new cut points of 1800, 4000,
and 4300 counts/mingr 0.5-0.7). The four lowest new cut points of 100, 400, 700, and
1200 counts/min were very weakly to weakly correlated (0.2 or less) with the Treuth

cut point.
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Table 4.2.

Proportions of agreement and p-values from McNemar’s tests

between using new accelerometer cut points (counts/min) and
comparison measures for classification of meeting Dietary Guidelines
accumulated time physical activity recommendation in NHANES by

population subgroup

cut Questionnaire® Treuth?

point  Overall! Met! Not mett  p-value Overall Met Not met  p-value

All girls

100 0.392 0.563 0.000 +++ 0.036 0.070 0.000 +++

400 0.392 0.563 0.000 +++ 0.036 0.070 0.000 +++

12-13y

400 0.422 0.594 0.000 +++ 0.041 0.079 0.000 +++

4000 0.565 0.000 0.722 <.0001 0.971 0.444 0.985 030.

4300 0.565 0.000 0.722 <.0001 0.971 0.444 0.985 030.

14-15y

100 0.359 0.529 0.000 +++ 0.031 0.060 0.000 +++

White

400 0.457 0.627 0.000 +++ 0.035 0.068 0.000 +++

700 0.457 0.627 0.000 +++ 0.035 0.068 0.000 +++

1200 0.617 0.687 0.508 <.0001 0.271 0.088 0.392 00

1800 0.617 0.563 0.659 0.59 0.624 0.158 0.758 04.00

2300 0.556 0.217 0.690 <.0001 0.918 0.462 0.955 0082
+++ Value not determined because all participalatssified as meeting that recommendation using

that cut point.
Overall agreement was the proportion of both messproducing the same classification overall.

Met/not met (positive/negative) agreement was topgrtion of both measures producing met/not met

classification among those classified as met/ndthpeither measure.
Comparison measures were moderate-to-vigoroudgatysctivity from the NHANES questionnaire

(> 3 METS) and the Treuth (2004) accelerometer curttga 3000 counts/min).
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The smallest average difference in estimated minutes of activitgebe the
Treuth and the new cut points was for 4000 counts/min. The new cut point of 4000
counts/min averaged 7 minutes less activity than the Treuth cut point. Diffenences
activity for the new cut points immediately above and below the 4000 counts/min cut
point (2300 and 4300 counts/min) were within 8 to 9 minutes of the Treuth cut point.

The five lowest new cut points of 100, 400, 700, 1200, and 1800 counts/min all averaged
more minutes of activity than the Treuth cut point, ranging from approxiyriz@el
minutes more for 1800 counts/min to over 4 hours more for 100 counts/min.

In the Bland-Altman plots, there was little variation in the differencestinity
between the Treuth cut point and the four highest new cut points (1800, 2300, 4000, and
4300 counts/min), while variation for the four lowest new cut points (100, 400, 700, and
1200 counts/min) tended to increase with higher average minutes of activity.mite li
of agreement were 9 to 11 minutes away from the mean for the three highest new cut
points, 19 to 37 minutes away for 1200 and 1800 counts/min, and 1 to 2 hours away for
the three lowest new cut points. Differences outside the limits of agnearere above
the upper limits for most of the new cut points (700, 1200, 1800, and 2300 counts/min)
and below the lower limits for the two highest new cut points (data not shown).
Differences were observed both above and below the limits of agreement for the 100 and
400 counts/min cut points, but most of these differences for the 400 counts/min cut point
were above the upper limit (data not shown).

Agreement for meeting physical activity recommendation. The greatest
proportions of overall (0.97) and negative (0.99) agreement for the Dietary Guidelines

accumulated time recommendation with the Treuth moderate-to-vigorous cuivpoint
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for the two highest new cut points of 4000 and 4300 counts/min (Table 4.2). The new cut
point of 2300 counts/min had the greatest proportion of positive agreement (0.46). The
three lowest new cut points of 100, 400, and 700 counts/min had the smallest proportions
of overall (0.03 to 0.04) and positive (0.06 to 0.08) agreement and zero negative
agreement with the Treuth cut point. The percentages of participants ethasifi

meeting and not meeting the recommendation were significantly diffecen the

Treuth cut point for all new cut points tested. However, the difference for tvmis

(4000 and 4300 counts/min) was not highly significant (p = 0.03).

Agreement with 3DPAR in TAAG

Agreement for minutes of physical activity. Table 4.3 presents results from
concordance correlation and Bland-Altman plots for TAAG 3DPAR. The accedtzom
and 3DPAR were in very weak agreemepk(f.1) about the estimated average daily
minutes of moderate-to-vigorous physical activity for any of the populationugy

The smallest average differences in estimated minutes of actiwede the
TAAG 3DPAR and the new cut points were for 1550 and 1950 counts/30 sec. These new
cut points averaged 21 and 27 minutes less activity, respectively, than the TAAG
3DPAR. The lower new cut points of 50 and 100 counts/30 sec averaged 2.8 to 3.7 hours
more activity than the TAAG 3DPAR.

In the Bland-Altman plots, variation in the differences of activity betwleen t
TAAG 3DPAR and the new cut points tended to become more positive with higher
average minutes for 50 and 100 counts/30 sec and more negative for 1550 and 1950
counts/30 sec. The limits of agreement were 115 to 123 minutes away from the mean for

the two lowest new cut points and 57 minutes away for the two highest new cut points.
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Table 4.3.

Concordance correlation coefficient (), mean difference in minutes
of moderate-to-vigorous physical activity, limits of agreement, and
Bland-Altman plot pattern between minutes of physical activity
measured by new accelerometer cut points (counts/30 sec) and
comparison measures in TAAG by population subgroup

Comparison / Cut Mean Limits of Plot
Subgroup point r. (95% CI) difference’ agreement pattern*
3DPAR
Al girls 50 0.01 (0.007, 0.011) 220.2 97.4-3431 1
White 50 0.01 (0.007, 0.012) 222.0 101.3-3428 1
Black 100 0.01 (0.006, 0.019) 165.4 50.8-280.1 1
1550 0.07 (0.044, 0.093) —21.2 ~78.4-36.0 |
1950 0.04 (0.025, 0.053) -26.9 -83.8-30.0 |
Treuth
All girls 50 0.01 (0.010, 0.011) 238.9 129.9-38. 1
White 50 0.01 (0.009, 0.012) 239.1 129.3-348.8 1
Black 100 0.01 (0.013, 0.017) 185.7 88.7-2828 1
1550 0.99 (0.990, 0.992) -1.0 -23-02 o
; 1950 0.62 (0.592, 0.639) -6.8 -14.7-11 o

Comparison measures were moderate-to-vigoroudgatysctivity from the TAAG 3-day Physical

Activity Recall (3DPAR) £ 3 METS) and the Treuth (2004) accelerometer cirtgf21500 counts/30

sec).

Difference in minutes was calculated as estimatauites using the new cut point minus those using
the comparison measure.

Limits of agreement were calculated as the mea®&xSD.
Patterns from the Bland-Altman plots were diffaesntend to get more positivp,(more negative

(1), increase in variatior), or stay relatively constané«) with increasing average minutes of

activity.
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Differences were observed both above and below the limits of agreement for the 50 and
100 counts/30 sec cut points, while most of the differences observed outside the limits of
agreement for 1550 and 1950 counts/30 sec were below the lower limits (data not
shown).

Agreement for meeting physical activity recommendation. The proportions of
agreement and results from McNemar's test for the Dietary Guideditmumulated time
recommendation in TAAG are presented in Table 4.4. The greatest proportions of
overall agreement (0.61) with the TAAG 3DPAR were for the two highest nepomts
of 1550 and 1950 counts/30 sec. These cut points also had the greatest proportions of
negative agreement (0.75 and 0.76, respectively) with the TAAG 3DPAR. The lowest
new cut point of 50 counts/30 sec had the greatest proportions of positive agreement with
the TAAG 3DPAR among all girls (0.60) and White girls (0.61). The percentage of
participants classified as meeting and not meeting the recommendagignificantly
different from the TAAG 3DPAR for all new cut points (all p < 0.0001).

Agreement with Treuth cut point in TAAG

Agreement for minutes of physical activity. As shown in Table 4.3, the strongest
concordance correlation for minutes of activity with the Treuth moderatgooous cut
point was observed for the new cut point of 1550 counts/30sed (@). A strong
correlation was also observed for the new cut point of 1950 counts/3Q s€kg). The
two lowest new cut points of 50 and 100 counts/30 sec were very weakly correlated (r
0.01) with the Treuth cut point.

The smallest average differences in estimated minutes of activitg&etive

Treuth and the new cut points were for 1550 and 1950 counts/30 sec. The new cut point
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Table 4.4.

Proportions of agreement and p-values from McNemar’s tests

between using new accelerometer cut points (counts/30 sec) and
comparison measures for classification of meeting Dietary Guidelines
accumulated time physical activity recommendation in TAAG by

population subgroup

Cut 3DPAR Treuth

point  Overall! Met! Not mett  p-value Overall Met Not met  p-value
All girls

50 0.432 0.601 0.015 <.0001 0.076 0.127 0.018 04.00
White

50 0.441 0.610 0.015 <.0001 0.093 0.158 0.016 6400
Black

100 0.386 0.554 0.015 <.0001 0.047 0.066 0.028 00640
1550 0.612 0.073 0.754 <.0001 0.995 0.926 0.998 O05<.
1950 0.611 0.012 0.758 <.0001 0.970 0.188 0.985 004

Overall agreement was the proportion of both messsproducing the same classification overall.

Met/not met (positive/negative) agreement was topgrtion of both measures producing met/not met

classification among those classified as met/ndthpesither measure.
Comparison measures were moderate-to-vigoroudgatysctivity from the TAAG 3-day Physical

Activity Recall (3DPAR) £ 3 METS) and the Treuth (2004) accelerometer cirtgf21500 counts/30

sec).
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of 1550 counts/30 sec averaged 1 minute less activity than the Treuth cut point and 1950
counts/30 sec averaged 7 minutes less. The two lowest new cut points of 50 and 100
counts/30 sec averaged 3 to 4 hours more activity than the Treuth cut point.

In the Bland-Altman plots, variation in the differences in activity betwbe
Treuth and the new cut points tended to become more positive with higher average
minutes of activity for 50 and 100 counts/30 sec, but there was little variatiba i
differences for 1550 and 1950 counts/30 sec. The limits of agreement were 97 to 110
minutes away from the mean for the two lowest new cut points and 1 to 8 minutes away
for the two highest new cut points. Differences were observed both above and below the
limits of agreement for the 50 and 100 counts/30 sec cut points, while the differences
observed outside the limits of agreement for 1550 and 1950 counts/30 sec were below the
lower limits (data not shown).

Agreement for meeting physical activity recommendation. The greatest
proportions of overall agreement ©.97) for the Dietary Guidelines accumulated time
recommendation with the Treuth cut point were for the two highest new cut points of
1550 and 1950 counts/30 sec (Table 4.4). These cut points had the greatest proportions
of negative agreement (> 0.98) with the Treuth cut point. The new cut point of 1550
counts/30 sec also had the greatest proportion of positive agreement (0.93) with the
Treuth cut point. The difference in the percentage of participants cldssifimeeting
and not meeting the recommendation was significantly different from thuehTeat point
for all of the new cut points tested. However, the difference for one cut point (1550

counts/30 sec) was not highly significant (p = 0.05).
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DISCUSSION

This study examined the agreement of eleven new cut points identified using
NHANES data and five new cut points identified using TAAG data. The new cut points
identified using signal detection and ROC curves were lower than the moderate-t
vigorous cut points identified using correlations. One reason may be that theticorrela
method used previously suggested cut points as a starting point, testing cut points
between 2000 and 4000 counts/min (1000 and 2000 counts/30 sec) whereas the signal
detection/ROC curve method tested cut points between 100 and 10500 counts/min (50 to
5250 counts/30 sec). The correlation method did allow for movement away from the
initial starting point with subsequent iterations, yet most of the new cut poihtslist
within the initial range tested. The correlation cut points may have been highdrg¢han t
signal detection/ROC curve cut point because of the lower limits associabtegbwit
methodology. The cut points tested using signal detection and ROC curves could be as
low as 100 counts/min (50 counts/30 sec), while the moderate-to-vigorous cut points
tested using correlations could not be lower than 1100 counts/min (550 counts/30sec).
This was because there needed to be at least 1000 counts/min (500 counts/30 sec)
between the light-to-vigorous and moderate-to-vigorous cut points and the lowdoiimit
the light-to-vigorous cut point was 100 counts/min (50 counts/30 sec). It is unlikely that
the lower limits restricted the cut points from being more similar consgldre cut
points identified using the correlation method (4000 and 4300 counts/min and 1550 and
1950 counts/30 sec) were much higher than the lower limits.

The physical activity estimates using the new cut points were in poor agiteeme

with the self-report measures in both datasets. For minutes of moderageqm4si
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physical activity, all of the concordance correlation coefficienth thié TAAG 3DPAR
were less than 0.10 and all the 95% confidence intervals for all the concordance
correlation coefficients with the NHANES questionnaire included zero. For
recommendation classification, only one cut point was not significantly differeentthe
NHANES questionnaire (1800 counts/min) and all cut points were significantlyedtitfe
from the TAAG 3DPAR. Troped et al. (2007) also found poor agreement between the
Youth Risk Behavior Survey (YRBS) and the Actigraph, with Kappa coefficientsng
from -0.05 to 0.03 for meeting the Health People 2010 moderate physical activity
recommendation amond'@nd 7' grade students. However, other studies that have used
the Actigraph to validate questionnaires with similar populations have reported stronge
agreement. Pate et al. (2003) found Pearson correlations for moderate-to-vigorous
physical activity ranging from 0.23 to 0.35 between the 3DPAR and the Actigragiga
8" and §' grade girls. Welk et al. (2007) found a correlation of 0.76 between the Youth
Media Campaign Longitudinal Survey (YMCLS) and the Actigraph for minutes of
moderate-to-vigorous physical activity among 11 to 13 year old girls.

Agreement with the self-report questionnaire could not be tested for some new cut
points identified with the signal detection/ROC curve method (100, 400, and 700
counts/min in NHANES) because these cut points classified everyone asgnieet
Dietary Guidelines accumulated time physical activity recomnterdaAlthough this
was the only recommendation examined in the current study, the new cut points were
identified using 3 different recommendations (i.e., Strong (2005), 2005 Dietary
Guidelines for Americans (U.S. Department of Health and Human Servides2€108),

and Health People 2010 Objective 22.6 (U.S. Department of Health and Human Services,
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2000)) and each recommendation was examined in terms of frequency and duration in
addition to accumulated time. Meeting the frequency and duration recommendations
required meeting both components of the recommendation (e.g., at least 60 minutes on at
least 4 days per week). Accumulated time recommendations could be met with more
time on fewer days or less time on more days as long as the daily averageas met

(e.g., 60 min * 4 days / 7 days/wk). The Dietary Guidelines accumulated time
recommendation was one of six recommendations used to develop the new cut points,
and it was not used to identify any of the cut points that classified everyone agyrieet

In other words, these new cut points that were identified using other recommendations
were not useful for separating people into meeting or not meeting the Dietals/liGes
accumulated time recommendation. Hence, a cut point that minimized mischdissif

for one recommendation may not be useful if a different recommendation is used.

The closer the new cut points were to the Treuth cut point, the better the
agreement between them. The cut points that were closer to the Treuth cut point tended
to be identified using the correlation method, but one cut point (2300 counts/min)
identified in NHANES using the signal detection/ROC method was also close. Whe ne
cut points from the correlation method were higher than the Treuth cut point in both
datasets, but they were closer to the Treuth cut point in TAAG compared with in
NHANES. This may be because the Treuth cut points were developed in a veay simil
population (i.e., 8 grade girls) in a preliminary study for TAAG (Treuth et al., 2004).
Although closer cut points agreed better, small differences between cut pailas ma
notable differences in agreement for recommendation classification x&uopke, a

difference of 50 counts/30 sec (i.e., 1550 counts/30 sec) was significantlyrdiffera
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the Treuth cut point and the positive agreement dropped to 0.93. One review study that
examined the effect of different cut points on minutes of moderate-to-vigorousaihysi
activity found that the mean minutes/day using the Puyau cut point was signjficantl
lower that using the Treuth cut point (Reilly et al., 2008).

High overall agreement does not necessarily reflect both positive and negative
agreement. For example, 1950 counts/30 sec had agreement of 0.97 with the Treuth cut
point but the positive agreement was only 0.19. The lower cut points tended to have
higher positive than negative agreement with the Treuth cut point and vice versa for the
higher cut points. This may be an important consideration when selecting a cut point
depending on whether one is more interested in having a sensitive or specific cut point

This study examined the convergent validity of new cut points with the self-report
guestionnaires and a previously developed cut point. The methods used to develop these
new cut points varied in several ways, including the values tested and the Iphysica
activity variables used. These differences may explain why theyfiddrdifferent new
cut points.

The methods varied in the values tested. The signal detection/ROC curve method
tested a wide range of values, independent of previously suggested cut points. In
contrast, the correlation method tested a limited number of cut points; previously
suggested cut points developed using oxygen consumption as criterion were used as
starting points. Hence, new cut points from the correlation method have askociate
intensity levels, even though they may be very different from the startingpoint
However, it is unclear what intensity the new cut points from the signal detétDHC

curve method represent, especially if they are in between intensity ééyeksvious cut
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points. Hence, it may not be appropriate to compare them against measures ofemoderat
to-vigorous physical activity.

The physical activity variables differed between methods. The physicatyacti
variable used in the correlation method was a continuous variable of minutes of physical
activity, while the signal detection/ROC curve method used a dichotomous variadde bas
on whether physical activity recommendations were met. Using a continuousevaria
may be inappropriate if there is a minimum threshold that needs to be met to observe
benefits. Hence, it does not address the pattern (i.e., frequency, durationyinténsit
physical activity necessary to confer benefits. However, whileuhpaints from the
signal detection/ROC curve method are associated with a pattern of plagsidy, the
cut points identified depend on the recommendation used and assume the
recommendation is appropriate. Furthermore, using a dichotomous variable lacks
detailed information for identifying the amount of difference betweenrdiftephysical
activity levels (e.g., dose-response).

One strength of this study was the data used were from two large fieldsstudie
Hence, data were obtained from a substantial number of adolescent girlalamdrie
physical activities were assessed. However, because the data wenkected to
calibrate or validate accelerometer data, a large proportion of partgiparg excluded
from analysis because they did not have sufficient accelerometer datiaeriare,
because these data were collected from the general population of adolek;eheg
samples comprised low-risk populations. Restricting the samples to adoledsent g
targeted a population at risk for low physical activity and controlled for age and gender

However, participants may not have been exposed to their level of physical datigity
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enough to observe an influence on disease risk factors. These methods may have worked
better with higher disease risk populations (e.g., older adults, overweight)heAnot
weakness of this study is that the data were cross-sectional. Hence, e@tempo
relationship between physical activity and risk factors cannot be examingdrdRss,
the one week of accelerometer data collected may not represent regalaalpctivity
patterns. Furthermore, the accelerometer and self-report data did natthefleame
time frames. Participants in NHANES completed the 30-day physicaltyacecall
before they received the accelerometer. Most participants in TAAG c@uhphet
3DPAR when they returned the accelerometer. Hence, three of the acctdextaye
may correspond to the same days as the 3DPAR, but the NHANES questionnaire does
not overlap at all with accelerometer timing. Furthermore, compared wiSDIRAR,
the longer time frame of the NHANES questionnaire may better repregerdrre
physical activity patterns, but it is more subject to reporting erroramking this level
of agreement was beyond the scope of this study.

In summary, new cut points were identified using two different methods in two
separate studies. This study simultaneously evaluated the agreement oktuesit
points against two comparison measures: self-report questionnaires anchagbyevi
developed cut point. The new cut points tended to be in poor agreement with comparison
measures, particularly with the self-report measures, for both the continuous and
dichotomous physical activity variables. From this study, it is not cleahwihiany, are
valid measures of physical activity as none of them can confidently be aeaksite

gold standard. However, the lack of agreement with the comparison measures implie
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that the new cut points are different from the comparison measures and, thus, may be
measuring a different aspect of physical activity.
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Chapter 5: Dissertation Discussion

The ability to effectively study physical activity requires pra¢tinaasures that
are valid and reliable. Accelerometers may fulfill this need, but moeanas needs to
be done to understand how the data accelerometers generate should be interpreted. One
method for quantifying physical activity from accelerometer daia ctassify the
intensity of each epoch using cut points. Cut points are often determined using oxygen
consumption as the criterion. This dissertation developed new cut points among free-
living adolescent girls using an iterative correlation method and sigreadtiet and
ROC curves with cardiovascular and metabolic disease risk factorseascrit
Additionally, this dissertation examined the convergent validity of the new cut points
with self-report recall questionnaires and a previously suggested cutipmigt
concordance correlation coefficients, Bland-Altman plots, McNemat's, t&sd
proportions of agreement. Conclusions from this dissertation are discussed below,
followed by strengths and weakness of the study, weaknesses of accedespamet
issues that were beyond the scope of this dissertation to consider for future studie
DISSERTATION CONCLUSIONS

New cut points are more strongly associated with diseaserisk factors. This
dissertation demonstrated that cut points exist that are better assoaihtdidease risk
factors than previously suggested cut points that were developed using oxygen
consumption as the criterion. Because these new cut points used diseaserskdact
the criteria, they may be more clinically relevant. Hence, these cus poay be more

appropriate to use than oxygen consumption cut points in studies with adolescent girls

102



where the relationship between physical activity and risk factors, sudiesisyois of
interest.

Health benefits may be achieved at intensities different from those previously
suggested. Differences between the new cut points identified using the iterative
correlation method and the previously suggested cut points (Puyau et al., 2002; Treuth et
al., 2004) suggest that a different intensity of physical activity may be needazkive
health benefits. Compared with the previously suggested cut points of comparable
intensity, the new light and moderate cut points tended to be higher. Hence, the
minimum intensity threshold for receiving health benefits from light and miedera
physical activity may be higher than the previously suggested cut pbintsntrast, the
new vigorous cut points tended to be lower than the previously suggested vigorous cut
points. Hence, beneficial effects of vigorous physical activity may be obsdradaveer
intensity than the previously suggested cut points.

Light intensities may be sufficient to receive health benefits. Findings from this
dissertation suggest that light intensity activities might be enough toeduealth
benefits. The new cut points identified using the signal detection/ROC curve method
tended to be in the range of light intensity, as defined by the previously suggésted
points. Furthermore, the new cut points always performed at least as well, iftaot be
than the previously suggested moderate or vigorous cut points. Associations between
light physical activity and blood pressure, triglycerides, and insulin have been found in
the European Youth Heart Study (Ekelund et al., 2007). If light activities dicestf
this may be helpful for public health interventions as light activities mightdre

acceptable, especially to sedentary people. However, the strongestyirgpasific
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correlations tended to be observed for moderate and moderate-to-vigorous cut points.
This agrees with the current physical activity recommendations, whighasize
performing moderate-to-vigorous intensity activities (Strong et al., 20(b;

Department of Health and Human Services et al., 2005; U.S. Department thf &iehl
Human Services, 2000; Physical Activity Guidelines Advisory Committee, 2008).

I ntensity of cut points differs by method of development. The intensity of the cut
points identified may depend on the development method used. The new cut points
identified using the signal detection/ROC curve method tended to be lower than the cut
points identified using the iterative correlation method. Differences betined¢wo
development methods may explain why different cut points were identified. gried si
detection/ROC curve method tested a wide range of values, independent of previously
suggested cut points, while the correlation method tested a limited number of cut points,
using previously suggested cut points that were developed using oxygen consumption as
criterion as starting points. Additionally, the physical activity vagalded in the
correlation method was a continuous variable of minutes of physical activity, tivaile
signal detection/ROC curve method used a dichotomous variable based on whether
physical activity recommendations were met.

Accelerometers may not be good at classifying diseaserisk. While several new
cut points were identified, accelerometers may not be good at classiéyaiguascular
and metabolic disease risk. The majority of relationships tested had low areathande
ROC curve. The areas under the ROC curve for the new cut points ranged from 0.51 to
0.64. The correlations between minutes of physical activity with diseasedatigksfa

were weak. The average correlations for the new cut points were lessihandthe
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intensity-specific correlations were less than 0.4. The new cut points also temdee t
sizeable misclassifications, ranging from 12 to 41%. The relationship lvephgsical
activity measured by accelerometers and disease risk factors gaaatly. Many of the
potential cut points identified in the development samples were no longer associated wit
disease risk factors in the evaluation samples.

New cut points did not agree well with comparison measures. Agreement
between the new cut points with the self-report questionnaires and the previously
suggested cut points tended to be poor. For minutes of moderate-to-vigorous physical
activity, all of the concordance correlation coefficients with the TAAG BRWere less
than 0.10 and the 95% confidence intervals for all the concordance correlation
coefficients with the NHANES questionnaire included zero. For recommendation
classification, only one cut point was not significantly different from the NH&
guestionnaire and all cut points were significantly different from the TRRBBAR.
The closer a new cut point was to the previously suggested cut point, the better the
agreement between them. However, small differences between cut points maae notabl
differences in agreement for recommendation classification. For example, 1550
counts/30 sec was significantly different from the Treuth cut point of 1500 counts/30 sec
and the positive agreement dropped to 0.93. High overall agreement does not necessarily
reflect both positive and negative agreement. For example, 1950 counts/30 sec had an
overall agreement of 0.97 with the Treuth cut point of 1500 counts/30 sec, but the
positive agreement was only 0.19. This may be important to consider when selecting a

cut point depending on whether higher sensitivity or specificity is desired.
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DISSERTATION STRENGTHS AND WEAKNESSES

Several strengths and limitations of this dissertation should be acknowledged.
One strength of this dissertation was that the data used were from twadatgtudies.
Hence, data were obtained from a substantial number of adolescent girlsealndrige
physical activities were assessed. However, because the data wenkected to
calibrate or validate accelerometer data, a large proportion of partgiparg excluded
from analyses because they did not have sufficient accelerometer daterrkare,
because these data were collected from general populations of adolessethtegir
samples comprised low-risk populations. Restricting the samples to adoledsent g
targeted a population at risk for low physical activity and controlled for age and gender
However, these methods may have worked better with higher risk populations (e.qg.,
older, overweight).

Data were examined by population subgroups, which may experience different
effects of physical activity on disease risk factors. The new cut poinéxhsme across
population subgroups and risk factors. Similarly, new cut points were not identified for
each population subgroup-risk factor combination. Hence, the physical actigigity
needed to confer health benefits might vary depending on the outcome and population of
interest. Therefore, future studies and interventions that use accelerame@nts
specific to the outcome and population of interest might observe stronger relationships
and physical activity and these relationships might be better understood.

Another weakness of this study is that the data were cross-sectional. Hence, a
temporal relationship between physical activity and risk factors céenestablished.

That is, whether the level of physical activity caused the risk factordewéd not be
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determined. Moreover, the one week of accelerometer data may not reprgsiant re
physical activity patterns, which would make it difficult to find a relatiop$fgatween
physical activity and disease risk factors even if one existed.

WEAKNESSES OF ACCELEROMETERS

Accelerometers are often touted as the best available measure of Ipdwtsids
for field studies. However, it is important to acknowledge some of its weaknesses.

Accelerometers misclassify some activities. Accelerometers are usually worn on
the hip to measure locomotor activities, such as walking. These comprise theyrodjorit
physical activity for most people. However, accelerometers failtectether types of
activities, such as cycling or weight lifting. Additionally, acceleronsetee not able to
pick up the additional work associated with moving uphill, up stairs, or on soft terrain.
Furthermore, activities comprised predominately of upper body or arm mogeanent
not captured well by an accelerometer worn on the hip. Hence, activities ofmtiffe
energy expenditures may have similar accelerometer counts or activitiéfe@nt
accelerometer counts may be of similar intensity.

Accelerometers can only capture activities that occur while they are worn.
Accelerometers cannot measure physical activity if they are not worrceHbey are
not practical to use long term (e.g., year). Furthermore, they cannot be usses® a
past behavior. Accelerometers also miss activities if they aveved to perform the
activity (e.g., swimming, contact sports). They would also miss activities
participant forgets to wear it or chooses not to wear it (i.e., non-compliance).

Accelerometers do not measure all important aspects of physical activity.

Accelerometers cannot assess some aspects of physical activibathbe of interest.
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While frequency, intensity, and duration are dimensions of physical actigityan be
assessed with accelerometers, type of activity cannot. Furthermoler@aoeters
cannot assess the physical activity environment, such as the physical ahcosieid.
ISSUES FOR FUTURE STUDIES

Several issues were not addressed in this dissertation that should be considered in
future studies.

| dentifying an appropriate gold standard. It was not unexpected that the new cut
points were in poor agreement with the self-report recall questionnaires and the
previously suggested cut points in this dissertation. This lack of agreementtstigges
they are measuring different aspects of physical activity. Howeverpthparison
measures may not be appropriate gold standards to evaluate validity. A validenea
measures what it is intended to measure (i.e., the truth). In calibration stuchess
Treuth et al. (2004) and Puyau et al. (2002), the behaviors performed were controlled.
Hence, the truth was known. The truth was not known in this dissertation. The
guestionnaires were used as comparison measures because they are mezsutees of
physical activity administered to the same population. Previously suggesisalrds
were used as comparison measures because they were developed in simééopspul
However, the observed agreement might be better with a more appropriate sompari
measure. New technologies that incorporate multiple measures, such a®aatejer
physiologic measures, global positioning system (GPS), and cell phones, mayebe
appropriate.

Determining the best way to reduce accelerometer data. Masse et al. (2005)

examined issues to consider when reducing accelerometer data including bes atim
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consecutive zeros that signify non-wear time, the number of minutes of wear tim
required for a valid day, counts that are considered extreme values, the ofiodes
needed for valid estimates, and defining bouts of physical activity. In tser@igon,

less stringent criteria tended to be used (e.g., 60 minutes of consecutive zeragounts
non-wear time rather than 20 minutes) because more stringent criteria tetalce tree
wear time and sample size (Masse et al., 2005). Additionally, the mininmggth lier
bouts of activity, which may be important for observing health effects, wasaireed

in this dissertation. Using different criteria for reducing acoeteter data may have
affected which cut points were identified.

Comparing individual- and group-level agreement. Individual-level agreement
was poor in this dissertation. However, group-level agreement might be btéer i
individual differences average out for the group. Acceptable group-lenagragnt may
be sufficient for some studies. For example, a prevalence study may bdedterdéke
level of physical activity in the population and not be concerned with the phydivétlyac
level of individuals within that population. From this dissertation, it is not clear how wel
these cut points would perform at the group level.

Examining the effect of other important factors. This dissertation used the
relationship between physical activity and disease risk factors to yaetif cut points.
The analyses controlled for demographic characteristics, such as ageedgithinaaty,
by examining this relationship within population subgroups. However, they did not
control for other factors, such as diet and genetics, that may alsodi$tase risk

factors. For example, if a participant had a high fat diet, a poor lipid profildomay
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observed due to the diet rather than the physical activity level. Hence, futdies st
should consider other important factors in addition to demographic charaderistic

In conclusion, this dissertation used two methods to develop new accelerometer
cut points among free-living adolescent girls. Cardiovascular and metabotiselissk
factors were used as criteria rather than oxygen consumption. The new cuspoyest
that cut points exist that are better associated with disease risisfdiEn previously
suggested cut points developed using oxygen consumption. However, the new cut points
tended to be in poor agreement with comparison measures and accelerometers may not be
good at classifying cardiovascular and metabolic disease risk. Futdiessshould
explore other methods for identifying cut points as well as address issueasdumw to
reduce accelerometer data and comparing individual- and group-level agtetm

better understand the data that accelerometers produce.
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Appendix A. Decisions made regarding methods

Decision

Rationale

Define non-wear time as 60 minutes ¢

more of consecutive zero counts

time and sample size (Masse et al., 2005).

Require at least 10 hours of wear for

day to be valid

a1n a review by Masse et al. (2005), 10

determine whether a day was included in th

analysis.

Require at least 2 valid weekdays ang
valid weekend days to include in

analyses

The minimum number of days used most of
in analyses was 3 days in a review by Mass
al. (2005). Additionally, physical activity tim

tends to differ between weekdays and week

2000)

rSixty minutes was used to maximize the wegar

days (Trost, Pate, Freedson, Sallis, & Taylor,

hours/day was the cut point used most often to

1)

[en

e et

D

end
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Decision

Rationale

Consider counts of 24000/min (12000
counts/30 sec) or greater as extreme

values

TAAG chose a maximum possible value of
12,000 counts/30 sec after consulting with
Russ Pate. Additionally, assuming a
maximum possible MET value of 22 METs
and solving the Treuth et al. (2004) MET
prediction equation results in approximately
12000 counts/30 sec (Kim Ring, personal

communication, 2/26/07).

Freedson et al. (1997) and Trost et al

(1998) cut points not used

These suggest prediction equations that
include age (Freedson) and body mass (Tra
as variables to estimate METs (Freedson) a
kcal/min (Trost), while Puyau et al. (2002) a
Treuth et al. (2004) suggest cut points than

define intensity levels.
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Decision

Rationale

Use (1) average correlations greater
than 0.100 in magnitude and 0.050
stronger than that using either the
Treuth or the Puyau cut points and (2
misclassification more than 5.0% lowe
than that using either the Treuth or th¢

Puyau cut points and area under the

receiver operating characteristic (ROC

curve greater than 0.50 as criteria for

new cut points

Correlations, misclassification percentages,
and area under the ROC curves were
determined in the development sample and
examined. The criteria values for new cut
rpoints identified a practical number of new ¢

2 points and were considered reasonable crite

Use highest cut point when more than

one cut point has same misclassificat

Higher cut points err on the conservative sid

dior estimating physical activity.

Define 30-minute blocks of physical
activity reported using 3-day physical
activity recall (3DPAR) as 10 minutes

of activity

Physical activity estimates were determined
using 10, 15, and 20 minutes. Ten minutes
was determined to produce the most

reasonable estimates.
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Appendix B.  Continuous participant characteristicsby inclusion in analysis by dataset

Included

All girls Yes No
Characteristic N Mean (SD) N Mean (SE) N Mean (SE p-value’
NHANES 549 n/a 333 n/a 118 n/a n/a
Age (year) 537 14.0 (1.11) 332 14.0 (0.06) 205 .01@.08) 0.74
BMI percentilé 531 68.2 (26.14) 327 66.5 (1.49) 204 71.0 (1.73)0.05
Waist
circumference
percentilé 515 62.3 (23.75) 318 60.8 (1.36) 197 64.8 (1.63)0.06
Percent body fat 498 29.3(8.33) 308 28.7 (0.48) 190 30.1 (0.60) 0.08
SBP percentil% 521 34.2 (26.81) 323 33.2 (1.45) 198 35.7 (2.00)0.31
DBP percentilé 470 36.8 (25.65) 291 37.4 (1.52) 179 35.8 (1.89)0.49
Total cholesterol
(mg/dI) 485 160.3(28.22) 308 159.8(1.61) 177 1.262.11) 0.59
HDL-cholesterol
(mg/dI) 485 55.3(11.87) 308 54.7 (0.68) 177 56.87) 0.19
TAAG 7910 n/a 4696 n/a 3214 n/a n/a
Age (year) 7466 14.0 (0.51) 4687 14.0 (0.01) 27794.0 (0.01) <0.0001

BMI percentilé 7465  66.7 (27.36) 4687 66.8 (0.40) 2778  66520. 0.67

Percent body fat 7463 31.4(8.41) 4686  31.4(0.12)2777  31.4(0.16) 0.98
Cardiorespiratory
fitnes$ 1235 11.9 (3.77) 692 11.9(0.14) 543  11.8(0.16)0.41

NHANES: National Health and Nutrition Examinationr8ey. TAAG: Trial of Activity for Adolescent
Girls; BMI: body mass index; SBP: systolic bloo@gsure; DBP: diastolic blood pressure; HDL: high-
density lipoprotein;

1 Girls were included in analyses if they had asteao valid (i.e., at least 10 hours of wear time)
weekdays and one valid weekend day of accelerordatar

P-values are from t-tests.

BMI percentiles are age- and sex-specific (CD@®O Waist circumference percentiles are age-, sex
and ethnicity-specific (Fernandez et al., 200400l pressure percentiles are age-, sex-, andtheigh
specific (National High Blood Pressure Educatioagpam, 2005).

Cardiorespiratory fitness is defined as the estéch@ower output (watts/kg body weight) at a heate
of 170 beats per minute predicted from a multi-stegcle ergometry test.
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Appendix C.

Categorical participant characteristicsby inclusion in analysis by dataset

n (%)
Included*
Characteristic All girls Yes No p-value®
Total in NHANES 549 (100.0) 333 (100.0) 118 (100.0) n/a
Age (year)
12 132 (24.0) 77 (23.1) 55 (25.5) 0.74
13 150 (27.3) 94 (28.2) 56 (25.9)
14 157 (28.6) 92 (27.6) 65 (30.1)
15 110 (20.0) 70 (21.0) 40 (18.5)
Race/Ethnicity
White, non-Hispanic 140 (25.5) 85 (25.5) 55 (25.5) 0.21
Hispanic 192 (35.0) 126 (37.8) 66 (30.6)
Black, non-Hispanic 192 (35.0) 110 (33.0) 82 (38.0)
Other and multiple race 25 (4.6) 12 (3.6) 13 (6.0)
BMI percentile®
<85" percentile 348 (65.5) 218 (66.7) 130 (63.7) 0.49
>85" percentile 183 (34.5) 109 (33.3) 74 (36.3)
Waist circumference percentile®
<75" percentile 327 (63.5) 207 (65.1) 120 (60.9) 0.34
>75" percentile 188 (36.5) 111 (34.9) 77 (39.1)
Percent body fat
<32% 303 (60.8) 193 (62.7) 110 (57.9) 0.29
>32% 195 (39.2) 115 (37.3) 80 (42.1)
Blood pressure percentile®
<90" SBP and DBP percentile 434 (92.3) 267 (91.8) B373) 0.54
>90" SBP or DBP percentile 36 (7.7) 24 (8.2) 12 (6.7)
Total cholesterol
<170 mg/dl 325 (67.0) 209 (67.9) 116 (65.5) 0.60
>170 mg/dl 160 (33.0) 99 (32.1) 61 (34.5)
HDL-cholesteral
>50 mg/dl 311 (64.1) 191 (62.0) 120 (67.8) 0.20
<50 mg/dl 174 (35.9) 117 (38.0) 57 (32.2)
Total in TAAG 7910 (100.0) 4696 (100.0) 3214 (109.0
Age (year)
12 16 (0.2) 9(0.2) 7(0.3) <0.0001
13 4234 (56.7) 2743 (58.5) 1491 (53.7)
14 2890 (38.7) 1785 (38.1) 1105 (39.8)
15 283 (3.8) 131 (2.8) 152 (5.5)
16 43 (0.6) 19 (0.4) 24 (0.9)
Race/Ethnicity
White, non-Hispanic 3520 (46.3) 2190 (46.7) 13363 <0.0001
Hispanic 1637 (21.5) 1017 (21.7) 620 (21.3)
Black, non-Hispanic 1540 (20.3) 866 (18.5) 674123.
Asian 379 (5.0) 286 (6.1) 93 (3.2)
American Indian and multiple race 525 (6.9) 32D)7. 198 (6.8)
BMI percentile®
<85" percentile 4896 (65.6) 3044 (64.9) 1852 (66.7) 30.1
>85" percentile 2569 (34.4) 1643 (35.1) 926 (33.3)
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n (%)

Included*
Characteristic All girls Yes No p-value’
Percent body fat
<32% 3989 (53.5) 2511 (53.6) 1478 (53.2) <0.0001
>32% 3474 (46.6) 2175 (46.4) 1299 (46.8)

BMI: body mass index; SBP: systolic blood presshpP: diastolic blood pressure; HDL: high-density
lipoprotein

Girls were included in analyses if they had asteao valid (i.e., at least 10 hours of wear time)
weekdays and one valid weekend day of accelerordatar

P-values are from chi-squared tests, except iepected value for any one cell is less than BenTp-
values are from Fisher’s exact tests.

BMI percentiles are age- and sex-specific (CD@®O Waist circumference percentiles are age-, sex
and ethnicity-specific (Fernandez et al., 2004)o0d pressure percentiles are age-, sex-, andtheigh
specific (National High Blood Pressure Educatioagpam, 2005).
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Appendix D.  Spearman’s rank correlations between diease risk factor and average daily minutes of phigal activity determined using previously

suggested and potential new accelerometer cut pogby population subgroup and sample in NHANES

Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Body mass index (BMI) percentile
All girls
Development sample (N = 245)
Treuth 0.055 -0.040 -0.037 0.043 -0.049 -0.006
Puyad 0.030 -0.048 -0.064 0.009 -0.058 -0.026
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 82)
Treuth -0.028 -0.169 -0.281 -0.055 -0.204 -0.147
Puyau -0.164 -0.179 -0.200 -0.171 -0.193 -0.181
New (not evaluated) n/a n/a n/a n/a n/a n/a
12-13y
Development sample (N = 126)
Treuth 0.104 -0.132 -0.160 0.076 -0.155 -0.053
Puyau -0.029 -0.146 -0.140 -0.064 -0.166 -0.109
New (1900, 4300, 10000) -0.145 -0.188 -0.191 -0.159 -0.191 -0.175
Evaluation sample (N = 44)
Treuth -0.145 -0.260 -0.358 -0.162 -0.299 -0.245
Puyau -0.107 -0.249 -0.129 -0.132 -0.259 -0.175
New (1900, 4300, 10000) -0.254 -0.315 -0.156 -0.274 -0.324 -0.264
14-15y
Development sample (N = 119)
Treuth -0.039 0.037 0.073 -0.041 0.041 0.014
Puyau 0.059 0.037 —-0.005 0.045 0.033 0.034
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 38)
Treuth 0.121 -0.082 -0.210 0.100 -0.100 -0.034
Puyau -0.258 -0.104 -0.290 -0.224 -0.129 -0.201
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
White
Development sample (N = 63)
Treuth -0.154 -0.158 -0.129 -0.162 -0.173 -0.155
Puyau -0.163 -0.163 -0.114 -0.184 -0.169 -0.158
New (1300, 2300, 6200) -0.185 -0.202 -0.166 -0.211 -0.220 -0.197
Evaluation sample (N = 21)
Treuth -0.095 -0.070 -0.202 -0.060 -0.052 -0.096
Puyau -0.133 -0.103 -0.254 -0.078 -0.070 -0.127
New (1300, 2300, 6200) -0.131 -0.068 -0.274 -0.081 -0.065 -0.124
Hispanic
Development sample (N = 96)
Treuth -0.002 -0.071 -0.031 -0.024 -0.068 -0.039
Puyau 0.045 -0.053 -0.077 0.007 -0.063 -0.028
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 28)
Treuth 0.016 -0.135 -0.121 0.030 -0.160 -0.074
Puyau 0.043 -0.165 0.006 0.048 -0.152 -0.044
New (not evaluated) n/a n/a n/a n/a n/a n/a
Black
Development sample (N = 76)
Treuth 0.244 0.095 0.008 0.229 0.073 0.130
Puyau 0.128 0.055 -0.077 0.118 0.038 0.052
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 31)
Treuth -0.047 -0.360 -0.449 -0.129 -0.379 -0.273
Puyau -0.383 -0.347 -0.313 -0.436 -0.378 -0.371
New (not evaluated) n/a n/a n/a n/a n/a n/a
Waist circumference percentile
All girls
Development sample (N = 238)
Treuth 0.123 0.000 -0.001 0.117 -0.016 0.045
Puyau 0.076 -0.010 -0.021 0.059 -0.024 0.016
New (not determined) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 80)
Treuth 0.049 -0.137 -0.168 0.036 -0.160 -0.076
Puyau -0.064 -0.151 -0.072 -0.078 -0.148 -0.102
New (not evaluated) n/a n/a n/a n/a n/a n/a
12-13y
Development sample (N = 123)
Treuth 0.180 -0.115 -0.107 0.161 -0.134 -0.003
Puyau -0.007 -0.124 -0.066 -0.036 -0.144 -0.075
New (1900, 4000, 5000) -0.122 -0.166 -0.127 -0.140 -0.172 -0.145
Evaluation sample (N = 44)
Treuth -0.136 -0.217 -0.265 -0.142 -0.244 -0.201
Puyau -0.060 -0.214 -0.044 -0.078 -0.202 -0.120
New (1900, 4000, 5000) -0.202 -0.199 -0.280 -0.221 -0.238 -0.228
14-15y
Development sample (N = 115)
Treuth 0.030 0.097 0.104 0.033 0.092 0.071
Puyau 0.139 0.095 0.026 0.127 0.086 0.095
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 36)
Treuth 0.255 0.003 -0.052 0.251 -0.004 0.091
Puyau -0.091 -0.027 -0.118 -0.091 -0.048 -0.075
New (not evaluated) n/a n/a n/a n/a n/a n/a
White
Development sample (N = 63)
Treuth -0.156 -0.086 -0.049 -0.154 -0.099 -0.109
Puyau -0.130 -0.087 -0.064 -0.140 -0.096 -0.103
New (500, 1800, 2800) -0.120 -0.178 -0.113 -0.152 0.153 -0.143
Evaluation sample (N = 21)
Treuth 0.096 -0.266 -0.263 0.101 -0.225 -0.111
Puyau -0.026 -0.255 -0.206 -0.029 -0.229 -0.149
New (500, 1800, 2800) 0.090 -0.134 -0.205 0.055 26®. -0.081
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Hispanic
Development sample (N = 90)
Treuth 0.047 -0.035 -0.026 0.030 -0.054 -0.008
Puyau 0.106 -0.030 -0.053 0.063 -0.051 0.007
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 27)
Treuth 0.069 -0.132 -0.107 0.084 -0.150 -0.047
Puyau 0.088 -0.157 -0.018 0.082 -0.147 -0.031
New (not evaluated) n/a n/a n/a n/a n/a n/a
Black
Development sample (N = 75)
Treuth 0.327 0.120 0.016 0.311 0.094 0.174
Puyau 0.204 0.076 -0.014 0.194 0.059 0.104
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 30)
Treuth -0.016 -0.151 -0.185 -0.079 -0.158 -0.118
Puyau -0.241 -0.144 -0.092 -0.258 -0.140 -0.175
New (not evaluated) n/a n/a n/a n/a n/a n/a
Percent body fat
All girls
Development sample (N = 227)
Treuth 0.016 -0.035 -0.069 0.007 -0.053 -0.027
Puyau -0.026 -0.054 -0.094 -0.038 -0.064 -0.055
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 81)
Treuth -0.056 -0.207 -0.270 -0.089 -0.233 -0.171
Puyau -0.205 -0.219 -0.149 -0.230 -0.221 -0.205
New (not evaluated) n/a n/a n/a n/a n/a n/a
12-13y
Development sample (N = 117)
Treuth 0.084 -0.070 -0.154 0.068 -0.109 -0.036
Puyau -0.048 -0.103 -0.133 -0.067 -0.127 -0.096
New (1600, 4100, 9500) -0.110 -0.165 -0.197 -0.126 -0.179 -0.155
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 44)
Treuth -0.183 -0.295 -0.359 -0.208 -0.329 -0.275
Puyau -0.136 -0.295 -0.135 -0.185 -0.289 -0.208
New (1600, 4100, 9500) -0.245 -0.342 -0.091 -0.276 -0.331 -0.257
14-15y
Development sample (N = 110)
Treuth -0.010 0.037 0.074 -0.013 0.042 0.026
Puyau 0.061 0.033 0.022 0.045 0.037 0.040
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 37)
Treuth 0.129 -0.110 -0.145 0.110 -0.113 -0.026
Puyau -0.312 -0.127 -0.144 -0.276 -0.144 -0.200
New (not evaluated) n/a n/a n/a n/a n/a n/a
White
Development sample (N = 58)
Treuth -0.133 -0.168 -0.163 -0.163 -0.190 -0.164
Puyau -0.138 -0.179 -0.139 -0.167 -0.182 -0.161
New (1300, 2400, 7500) -0.164 -0.207 -0.198 -0.187 -0.216 -0.195
Evaluation sample (N = 21)
Treuth -0.143 -0.152 -0.134 -0.107 -0.078 -0.123
Puyau -0.166 -0.175 -0.093 -0.142 -0.118 -0.139
New (1300, 2400, 7500) -0.218 -0.092 -0.152 -0.148 -0.078 -0.138
Hispanic
Development sample (N = 88)
Treuth -0.162 -0.082 -0.025 -0.180 -0.073 -0.104
Puyau -0.067 -0.073 -0.048 -0.094 -0.075 -0.072
New (100, 4300, 9500) -0.170 -0.116 -0.104 -0.177 0.169 -0.135
Evaluation sample (N = 28)
Treuth 0.014 -0.154 -0.151 0.018 -0.176 -0.090
Puyau 0.039 -0.182 -0.012 0.040 -0.168 -0.057
New (100, 4300, 9500) 0.010 -0.165 0.104 0.015 5®.1 -0.037
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Black
Development sample (N = 72)
Treuth 0.253 0.128 -0.029 0.235 0.086 0.135
Puyau 0.116 0.076 -0.125 0.110 0.053 0.046
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 30)
Treuth -0.077 -0.384 -0.346 -0.161 -0.374 -0.269
Puyau -0.381 -0.344 -0.190 -0.423 -0.352 -0.338
New (not evaluated) n/a n/a n/a n/a n/a n/a
Systolic blood pressure (SBP) percentile
All girls
Development sample (N = 242)
Treuth 0.124 -0.071 -0.109 0.100 -0.082 -0.008
Puyau 0.013 -0.086 -0.073 -0.016 -0.087 -0.050
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 81)
Treuth 0.067 0.100 0.011 0.087 0.076 0.068
Puyau 0.092 0.090 0.006 0.096 0.084 0.074
New (not evaluated) n/a n/a n/a n/a n/a n/a
12-13y
Development sample (N = 123)
Treuth 0.095 -0.121 -0.159 0.060 -0.137 -0.052
Puyau -0.063 -0.125 -0.181 -0.097 -0.140 -0.121
New (2100, 3200, 7700) -0.119 -0.126 -0.213 -0.140 -0.140 -0.148
Evaluation sample (N = 44)
Treuth 0.052 -0.049 -0.084 0.078 -0.061 -0.013
Puyau 0.039 -0.055 -0.096 -0.003 -0.062 -0.036
New (2100, 3200, 7700) -0.109 -0.048 -0.113 -0.111 -0.062 -0.088
14-15y
Development sample (N = 119)
Treuth 0.135 -0.039 -0.087 0.116 -0.040 0.017
Puyau 0.088 -0.063 0.006 0.058 -0.053 0.007
New (not determined) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 37)
Treuth 0.052 0.322 0.144 0.103 0.272 0.179
Puyau 0.184 0.274 0.191 0.243 0.261 0.230
New (not evaluated) n/a n/a n/a n/a n/a n/a
White
Development sample (N = 63)
Treuth 0.151 -0.350 -0.361 0.077 -0.360 -0.169
Puyau -0.085 -0.364 -0.282 -0.167 -0.367 -0.253
New (2000, 3200, 4900) -0.231 -0.374 -0.368 -0.302 -0.367 -0.328
Evaluation sample (N = 21)
Treuth 0.058 0.177 0.099 0.100 0.168 0.120
Puyau 0.183 0.130 0.075 0.144 0.139 0.134
New (2000, 3200, 4900) 0.242 0.142 0.070 0.151 9.13 0.149
Hispanic
Development sample (N = 95)
Treuth 0.097 0.099 0.047 0.081 0.096 0.084
Puyau 0.089 0.080 0.052 0.098 0.085 0.081
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 28)
Treuth 0.003 0.255 0.099 0.074 0.229 0.132
Puyau 0.207 0.245 0.102 0.258 0.258 0.214
New (not evaluated) n/a n/a n/a n/a n/a n/a
Black
Development sample (N = 74)
Treuth 0.094 0.064 0.031 0.107 0.034 0.066
Puyau -0.005 0.060 -0.008 -0.005 0.043 0.017
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 30)
Treuth 0.087 -0.038 -0.108 0.105 -0.077 -0.006
Puyau -0.058 -0.059 -0.113 -0.092 -0.108 -0.086
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
< 85" BMI percentile
Development sample (N = 163)
Treuth 0.094 0.005 -0.072 0.082 -0.014 0.019
Puyau 0.017 -0.022 -0.020 -0.002 -0.022 -0.010
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 53)
Treuth -0.103 0.032 0.056 -0.077 0.023 -0.014
Puyau -0.061 0.025 0.108 -0.034 0.039 0.016
New (not evaluated) n/a n/a n/a n/a n/a n/a
> 85" BMI percentile
Development sample (N = 79)
Treuth 0.221 -0.166 -0.147 0.200 -0.167 -0.012
Puyau 0.076 -0.158 -0.111 0.050 -0.158 -0.060
New (3000, 4500, 7700) -0.155 -0.186 -0.200 -0.167 -0.185 -0.179
Evaluation sample (N = 28)
Treuth 0.368 0.299 0.030 0.386 0.257 0.268
Puyau 0.372 0.310 -0.114 0.374 0.245 0.237
New (3000, 4500, 7700) 0.305 0.182 -0.093 0.257 29.1 0.156
Diastolic blood pressure (DBP) percentile
All girls
Development sample (N = 218)
Treuth -0.089 -0.091 -0.046 -0.096 -0.073 -0.079
Puyau -0.132 -0.070 -0.055 -0.127 -0.065 -0.090
New (900, 2200, 7200) -0.129 -0.108 -0.076 -0.127 0.099 -0.108
Evaluation sample (N = 73)
Treuth -0.103 0.076 0.020 -0.089 0.062 -0.007
Puyau -0.011 0.039 0.023 0.002 0.048 0.020
New (900, 2200, 7200) -0.058 0.067 0.026 0.019 £.07 0.026
12-13y
Development sample (N = 106)
Treuth -0.074 -0.075 -0.126 -0.077 -0.080 -0.086
Puyau -0.114 -0.076 -0.103 -0.085 -0.077 -0.091
New (600, 4000, 5200) -0.103 -0.091 -0.126 -0.099 0.096 -0.103
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 38)
Treuth -0.141 0.070 0.103 -0.147 0.096 -0.004
Puyau -0.161 0.077 -0.001 -0.107 0.093 -0.019
New (600, 4000, 5200) -0.124 0.050 0.103 -0.097 8D.0 0.003
14-15y
Development sample (N = 112)
Treuth -0.098 -0.092 0.041 -0.111 -0.062 -0.064
Puyau -0.141 -0.055 0.007 -0.149 -0.048 -0.077
New (1100, 2200, 3300) -0.173 -0.095 -0.053 -0.152 -0.090 -0.112
Evaluation sample (N = 35)
Treuth -0.053 -0.049 -0.072 -0.073 -0.074 -0.064
Puyau 0.177 -0.098 0.027 0.121 -0.075 0.030
New (1100, 2200, 3300) 0.148 0.165 -0.068 0.107 019. 0.067
White
Development sample (N = 57)
Treuth -0.115 -0.186 -0.173 -0.115 -0.169 -0.152
Puyau -0.192 -0.158 -0.188 -0.175 -0.143 -0.171
New (1600, 2600, 8000) -0.291 -0.195 -0.217 -0.229 -0.182 -0.223
Evaluation sample (N = 19)
Treuth -0.440 0.019 0.216 -0.419 0.091 -0.107
Puyau -0.384 0.028 0.063 -0.368 0.040 -0.124
New (1600, 2600, 8000) -0.416 0.009 0.031 -0.298 03m. -0.129
Hispanic
Development sample (N = 88)
Treuth -0.256 -0.087 0.082 -0.267 -0.028 -0.111
Puyau -0.205 -0.020 0.062 -0.203 -0.010 -0.075
New (100, 1100, 2100) -0.220 -0.184 -0.085 -0.268 0.169 -0.185
Evaluation sample (N = 26)
Treuth 0.048 -0.184 -0.353 0.006 -0.219 -0.141
Puyau -0.096 -0.227 -0.379 -0.108 -0.224 -0.207
New (100, 1100, 2100) 0.028 -0.059 -0.158 0.013 09%. -0.054
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Black
Development sample (N = 64)
Treuth 0.034 0.103 0.047 0.067 0.092 0.068
Puyau 0.008 0.079 -0.019 0.034 0.072 0.035
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 26)
Treuth 0.119 0.513 0.363 0.236 0.480 0.342
Puyau 0.430 0.480 0.320 0.511 0.483 0.445
New (not evaluated) n/a n/a n/a n/a n/a n/a
< 85" BMI percentile
Development sample (N = 149)
Treuth -0.091 -0.099 -0.048 -0.095 -0.076 -0.082
Puyau -0.132 -0.071 -0.057 -0.125 -0.064 -0.090
New (1100, 2100, 7300) -0.144 -0.121 -0.081 -0.137 -0.114 -0.119
Evaluation sample (N = 48)
Treuth -0.155 -0.010 -0.068 -0.145 -0.025 -0.080
Puyau -0.012 -0.019 -0.042 -0.009 -0.020 -0.020
New (1100, 2100, 7300) -0.014 -0.006 -0.042 0.033 0.066 -0.007
> 85" BMI percentile
Development sample (N = 69)
Treuth -0.084 -0.040 -0.018 -0.097 -0.034 —-0.055
Puyau -0.133 -0.038 -0.028 -0.118 -0.035 -0.071
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 25) 25.000
Treuth -0.019 0.345 0.322 0.026 0.345 0.204
Puyau -0.026 0.273 0.064 -0.026 0.309 0.119
New (not evaluated) n/a n/a n/a n/a n/a n/a
Total cholesterol (mg/dl)
All girls
Development sample (N = 233)
Treuth 0.039 -0.053 -0.016 0.026 -0.055 -0.012
Puyau 0.031 -0.044 -0.036 0.013 -0.050 -0.017
New (not determined) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 75)
Treuth 0.046 0.019 0.011 0.056 0.021 0.031
Puyau 0.080 0.006 -0.019 0.083 0.003 0.031
New (not evaluated) n/a n/a n/a n/a n/a n/a
12-13y
Development sample (N = 117)
Treuth 0.015 -0.016 0.050 0.007 -0.012 0.009
Puyau 0.003 -0.001 0.008 0.010 -0.006 0.003
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 41)
Treuth -0.032 0.064 -0.011 -0.029 0.058 0.010
Puyau 0.041 0.039 -0.124 0.066 0.046 0.014
New (not evaluated) n/a n/a n/a n/a n/a n/a
14-15y
Development sample (N = 116)
Treuth 0.064 -0.091 -0.084 0.042 -0.105 -0.035
Puyau 0.063 -0.097 -0.080 0.017 -0.106 -0.041
New (2100, 3100, 10200) -0.032 -0.102 -0.186 -0.082 -0.110 -0.102
Evaluation sample (N = 34)
Treuth 0.200 -0.101 0.062 0.183 -0.043 0.060
Puyau 0.177 -0.092 0.134 0.148 -0.080 0.057
New (2100, 3100, 10200) -0.017 -0.071 0.368 -0.007 -0.048 0.045
White
Development sample (N = 60)
Treuth 0.009 -0.076 0.041 -0.009 -0.065 -0.020
Puyau -0.010 -0.076 0.048 -0.018 -0.066 -0.024
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 18)
Treuth -0.146 0.117 0.129 -0.152 0.119 0.013
Puyau -0.179 0.098 -0.008 -0.135 0.121 -0.021
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Hispanic
Development sample (N = 91)
Treuth 0.097 -0.124 -0.042 0.063 -0.121 -0.025
Puyau 0.070 -0.114 -0.079 0.017 -0.116 -0.044
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 27)
Treuth 0.266 -0.194 -0.219 0.219 -0.217 -0.029
Puyau 0.119 -0.261 -0.247 0.065 -0.251 -0.115
New (not evaluated) n/a n/a n/a n/a n/a n/a
Black
Development sample (N = 72)
Treuth -0.100 -0.012 -0.044 -0.115 -0.034 -0.061
Puyau -0.104 -0.007 -0.111 -0.094 -0.020 -0.067
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 28)
Treuth -0.062 0.101 0.069 0.051 0.081 0.048
Puyau 0.134 0.096 0.103 0.196 0.072 0.120
New (not evaluated) n/a n/a n/a n/a n/a n/a
< 85" BMI percentile
Development sample (N = 154)
Treuth 0.133 -0.014 0.031 0.118 -0.011 0.051
Puyau 0.141 0.007 0.024 0.115 0.000 0.057
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 50)
Treuth -0.005 -0.017 0.051 -0.013 -0.009 0.001
Puyau 0.065 -0.026 0.058 0.071 -0.018 0.030
New (not evaluated) n/a n/a n/a n/a n/a n/a
> 85" BMI percentile
Development sample (N = 74)
Treuth -0.111 -0.102 -0.070 -0.118 -0.110 -0.102
Puyau -0.100 -0.107 -0.130 -0.103 -0.112 -0.110
New (1400, 2400, 8700) -0.123 -0.124 -0.167 -0.119 -0.128 -0.132
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 24)
Treuth 0.197 0.125 -0.032 0.179 0.105 0.115
Puyau 0.050 0.144 -0.198 0.060 0.055 0.022
New (1400, 2400, 8700) 0.034 0.052 -0.152 0.010 30.0 -0.004
High density lipoprotein (HDL) cholesterol
(mg/dl)
All girls
Development sample (N = 233)
Treuth 0.046 0.113 0.095 0.064 0.115 0.087
Puyau 0.113 0.108 0.044 0.129 0.110 0.101
New (1300, 2300, 4300) 0.123 0.120 0.112 0.150 &.12 0.126
Evaluation sample (N = 75)
Treuth -0.041 -0.034 -0.031 -0.042 -0.038 -0.037
Puyau -0.054 -0.035 -0.116 -0.021 -0.034 -0.052
New (1300, 2300, 4300) -0.056 -0.086 -0.037 -0.041 -0.073 -0.058
12-13y
Development sample (N = 117)
Treuth 0.018 0.215 0.174 0.045 0.216 0.134
Puyau 0.160 0.204 0.118 0.196 0.211 0.178
New (1300, 2300, 4600) 0.210 0.219 0.193 0.250 0.23 0.220
Evaluation sample (N = 41)
Treuth -0.215 -0.105 -0.088 -0.224 -0.101 -0.147
Puyau -0.186 -0.118 -0.165 -0.130 -0.128 -0.146
New (1300, 2300, 4600) -0.192 -0.149 -0.072 -0.137 -0.127 -0.135
14-15y
Development sample (N = 116)
Treuth 0.112 0.036 0.031 0.118 0.041 0.068
Puyau 0.104 0.035 0.005 0.105 0.039 0.058
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 34)
Treuth 0.338 0.027 0.062 0.323 0.038 0.158
Puyau 0.205 0.037 -0.045 0.201 0.039 0.087
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
White
Development sample (N = 60)
Treuth 0.093 0.166 0.236 0.097 0.191 0.156
Puyau 0.229 0.168 0.203 0.250 0.170 0.204
New (1300, 2500, 5200) 0.233 0.185 0.236 0.253 9.20 0.223
Evaluation sample (N = 18)
Treuth -0.030 -0.029 -0.009 -0.034 -0.093 -0.039
Puyau 0.048 -0.021 -0.058 0.090 -0.034 0.005
New (1300, 2500, 5200) 0.048 -0.130 -0.009 -0.050 0.145 -0.057
Hispanic
Development sample (N = 91)
Treuth 0.042 0.087 0.170 0.055 0.120 0.095
Puyau 0.065 0.095 0.072 0.082 0.120 0.087
New (1300, 2300, 5300) 0.106 0.104 0.173 0.142 0.12 0.130
Evaluation sample (N = 27)
Treuth -0.157 -0.157 -0.044 -0.163 -0.119 -0.128
Puyau -0.113 -0.117 -0.134 -0.064 -0.100 -0.105
New (1300, 2300, 5300) -0.135 -0.184 -0.010 -0.089 -0.100 -0.104
Black
Development sample (N = 72)
Treuth 0.050 0.082 -0.103 0.037 0.039 0.021
Puyau 0.038 0.057 -0.128 0.066 0.039 0.014
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 28)
Treuth 0.012 0.098 -0.065 0.070 0.064 0.036
Puyau -0.067 0.063 -0.187 -0.047 0.044 -0.039
New (not evaluated) n/a n/a n/a n/a n/a n/a
< 85" BMI percentile
Development sample (N = 154)
Treuth 0.078 0.050 0.030 0.081 0.048 0.057
Puyau 0.104 0.050 -0.023 0.100 0.048 0.056
New (not determined) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 50)
Treuth -0.191 -0.153 -0.138 -0.195 -0.150 -0.165
Puyau -0.170 -0.151 -0.237 -0.126 -0.143 -0.165
New (not evaluated) n/a n/a n/a n/a n/a n/a
> 85" BMI percentile
Development sample (N = 74)
Treuth 0.009 0.142 0.230 0.034 0.158 0.115
Puyau 0.107 0.149 0.153 0.133 0.152 0.139
New (2200, 4300, 5900) 0.126 0.166 0.247 0.160 8.21 0.183
Evaluation sample (N = 24)
Treuth 0.106 0.052 -0.040 0.098 0.047 0.053
Puyau -0.006 0.037 0.016 0.029 0.038 0.023
New (2200, 4300, 5900) -0.091 0.048 -0.026 -0.058 .049 -0.016

1 Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut poimere 101-2999, 3000-5200, 5201, 101, and 3000
counts/minute, respectively. Puyau et al. (20@2jt] moderate, vigorous, light-to-vigorous, andd®@te-to-vigorous cut points were 800-3199, 320993
8200, 800, and 3200 counts/min, respectively.

2 New cut points were not determined if (a) the maxin magnitude of average correlations for validmaint combinations (i.e., at least 1000 counts/min
apart) was less than .100 in the expected direetioh(b) less than 2 of intensity categories wiingle cut point (i.e., vigorous, light-to-vigoimunoderate-
to-vigorous) had a maximum magnitude of at leaktnlthe first iteration. New cut points were rotluated if they were not developed.
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Appendix E.  Spearman’s rank correlations between diease risk factors and average daily minutes of phigal activity determined using previously
suggested and potential new accelerometer cut pogby population subgroup and sample in TAAG

Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Body mass index (BMI) percentile
All girls
Development sample (N = 3516)
Treuth —-0.047 —-0.085 -0.119 -0.062 —-0.099 -0.082
Puyad 0.038 -0.104 -0.082 -0.001 -0.106 -0.051
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 1171)
Treuth —-0.091 -0.111 —-0.159 -0.111 -0.129 -0.120
Puyau 0.019 -0.136 -0.129 —-0.023 -0.140 -0.082
New (not evaluated) n/a n/a n/a n/a n/a n/a
White
Development sample (N = 1649)
Treuth -0.114 —-0.083 -0.130 -0.125 —-0.098 -0.110
Puyau -0.022 -0.102 -0.087 —-0.050 -0.104 -0.073
New (50, 2100, 2600) -0.118 -0.113 -0.130 -0.126 12490 -0.122
Evaluation sample (N = 541)
Treuth -0.131 —-0.054 -0.147 -0.143 -0.087 -0.113
Puyau -0.010 -0.090 -0.143 -0.035 —-0.099 -0.075
New (50, 2100, 2600) -0.131 —-0.092 -0.147 —-0.144 1310 -0.129
Hispanic
Development sample (N = 770)
Treuth —0.006 —-0.035 —0.065 -0.014 —-0.048 —-0.033
Puyau 0.079 —-0.054 —-0.031 0.043 —-0.054 —-0.003
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 247)
Treuth -0.081 0.030 —-0.066 -0.074 0.018 -0.034
Puyau 0.071 0.004 -0.036 0.060 0.003 0.020
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Black
Development sample (N = 649)
Treuth 0.033 —-0.070 —-0.085 0.024 -0.081 —-0.036
Puyau 0.066 —-0.090 —-0.062 0.034 -0.091 -0.029
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 217)
Treuth -0.074 —-0.248 -0.226 -0.106 -0.261 -0.183
Puyau -0.041 -0.259 -0.159 -0.091 -0.263 -0.163
New (not evaluated) n/a n/a n/a n/a n/a n/a
Asian
Development sample (N = 204)
Treuth 0.071 0.058 0.059 0.082 0.057 0.065
Puyau 0.129 0.064 0.062 0.116 0.055 0.085
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 82)
Treuth 0.088 —-0.056 0.017 0.082 —-0.045 0.017
Puyau 0.194 -0.067 0.080 0.138 -0.057 0.058
New (not evaluated) n/a n/a n/a n/a n/a n/a
Percent body fat
All girls
Development sample (N = 3516)
Treuth —0.059 —0.080 -0.125 —-0.070 —0.096 —0.086
Puyau 0.017 -0.101 -0.091 —-0.015 -0.103 —0.059
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 1170)
Treuth -0.118 -0.113 -0.178 —-0.136 -0.134 —-0.136
Puyau -0.023 -0.142 -0.139 -0.057 -0.145 -0.101
New (not evaluated) n/a n/a n/a n/a n/a n/a
White
Development sample (N = 1649)
Treuth -0.137 -0.104 -0.147 -0.147 -0.118 -0.130
Puyau —0.046 -0.122 -0.104 -0.074 -0.123 -0.094
New (50, 2100, 2600) —-0.140 -0.129 -0.147 —-0.148 .14 -0.141
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 541)
Treuth —-0.186 —-0.092 -0.181 -0.197 -0.124 —-0.156
Puyau —0.068 -0.128 -0.162 —-0.091 —-0.136 -0.117
New (50, 2100, 2600) -0.185 -0.127 -0.181 -0.199 .1670 -0.172
Hispanic
Development sample (N = 770)
Treuth -0.021 —-0.068 -0.095 -0.034 -0.081 —-0.060
Puyau 0.065 -0.087 —-0.055 0.023 -0.088 -0.028
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 247)
Treuth —-0.109 0.004 —-0.105 —-0.105 -0.011 —0.065
Puyau 0.051 —-0.029 —-0.049 0.037 -0.028 —-0.004
New (not evaluated) n/a n/a n/a n/a n/a n/a
Black
Development sample (N = 649)
Treuth 0.041 —-0.090 -0.115 0.029 -0.105 —-0.048
Puyau 0.069 -0.114 —-0.095 0.032 -0.115 -0.044
New (1450, 1950, 2450) —-0.056 -0.123 -0.123 —-0.099 -0.130 -0.106
Evaluation sample (N = 217)
Treuth —0.066 -0.269 -0.238 -0.103 -0.276 -0.191
Puyau —-0.060 —-0.276 —-0.169 -0.111 -0.278 -0.179
New (1450, 1950, 2450) —-0.244 -0.299 —-0.257 -0.274 —-0.288 -0.272
Asian
Development sample (N = 204)
Treuth 0.014 0.020 —-0.003 0.020 0.009 0.012
Puyau 0.072 0.018 0.001 0.057 0.008 0.031
New (not determined) n/a n/a n/a n/a n/a n/a
Evaluation sample (N = 82)
Treuth 0.088 -0.029 -0.044 0.084 -0.047 0.010
Puyau 0.176 —-0.063 0.013 0.118 —-0.064 0.036
New (not evaluated) n/a n/a n/a n/a n/a n/a
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Physical Work Capacity (watts/kg) at 170
beats per minute (PWC-170)
All girls
Development sample (N = 503)
Treuth 0.092 0.190 0.210 0.120 0.202 0.163
Puyau 0.101 0.204 0.156 0.139 0.206 0.161
New (1450, 2200, 2700) 0.184 0.208 0.212 0.204 0.21 0.205
Evaluation sample (N = 189)
Treuth 0.174 0.290 0.345 0.225 0.334 0.274
Puyau 0.133 0.331 0.229 0.213 0.340 0.249
New (1450, 2200, 2700) 0.256 0.352 0.337 0.325 .36 0.326
White
Development sample (N = 240)
Treuth 0.099 0.091 0.135 0.116 0.113 0.111
Puyau 0.079 0.107 0.098 0.094 0.117 0.099
New (50, 1000, 2700) 0.090 0.119 0.143 0.115 0.133 0.120
Evaluation sample (N = 85)
Treuth 0.147 0.196 0.301 0.196 0.263 0.221
Puyau 0.207 0.256 0.213 0.227 0.271 0.235
New (50, 1000, 2700) 0.125 0.193 0.301 0.195 0.223 0.207
Hispanic
Development sample (N = 106)
Treuth 0.251 0.267 0.304 0.272 0.280 0.275
Puyau 0.242 0.270 0.244 0.261 0.283 0.260
New (550, 2150, 2650) 0.272 0.329 0.307 0.280 0.329 0.303
Evaluation sample (N = 34)
Treuth 0.198 0.437 0.532 0.297 0.485 0.390
Puyau 0.255 0.480 0.285 0.379 0.489 0.378
New (550, 2150, 2650) 0.336 0.521 0.534 0.370 0.554 0.463
Black
Development sample (N = 110)
Treuth 0.006 0.315 0.227 0.040 0.291 0.176
Puyau 0.108 0.306 0.148 0.165 0.288 0.203
New (1050, 1550, 2050) 0.214 0.327 0.260 0.273 0.29 0.274
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Physical Activity Intensity

Light-to- Moderate-to- Average
Risk factor / Subgroup / Sample / Cut point Light Moderate Vigorous Vigorous Vigorous Correlation
Evaluation sample (N = 46)
Treuth 0.217 0.327 0.230 0.231 0.331 0.267
Puyau 0.155 0.298 0.258 0.201 0.314 0.245
New (1050, 1550, 2050) 0.245 0.365 0.264 0.281 2.33 0.297
< 85" BMI percentile
Development sample (N = 321)
Treuth 0.079 0.147 0.152 0.094 0.155 0.125
Puyau 0.134 0.153 0.102 0.147 0.153 0.138
New (1000, 2150, 2700) 0.146 0.179 0.158 0.158 0.17 0.163
Evaluation sample (N = 121)
Treuth 0.054 0.164 0.269 0.103 0.220 0.162
Puyau 0.130 0.213 0.172 0.154 0.227 0.179
New (1000, 2150, 2700) 0.127 0.245 0.264 0.186 0.27 0.218
> 85" BMI percentile
Development sample (N = 182)
Treuth 0.152 0.247 0.256 0.194 0.262 0.222
Puyau 0.180 0.267 0.234 0.217 0.274 0.234
New (1000, 1650, 3650) 0.221 0.264 0.265 0.270 0.27 0.259
Evaluation sample (N = 68)
Treuth 0.288 0.348 0.227 0.329 0.354 0.309
Puyau 0.158 0.353 0.130 0.256 0.356 0.251
New (1000, 1650, 3650) 0.253 0.341 0.124 0.334 .34 0.280

1 Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut poimere 51-1499, 1500-2600, 2601, 51, and 1500 s/t
sec, respectively. Puyau et al. (2002) light, matie vigorous, light-to-vigorous, and moderatetgerous cut points were 800, 3200, and 8200 cdaniris
respectively. The cut points used were 400-1560034099, and 4100, 400, and 1600 counts/30 sgmecavely.

New cut points were not determined if (a) the mmaxin magnitude of average correlations for validgiht combinations (i.e., at least 500 countsi® s

apart) was less than .100 in the expected direatioh(b) less than 2 of intensity categories wislingle cut point (i.e., vigorous, light-to-vigomunoderate-
to-vigorous) had a maximum magnitude of at leaktnlthe first iteration. New cut points were rotluated if they were not developed.
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Appendix F.

Misclassification for potential new cutpoints and previously suggested cut points (courtain) and area under the receiver operating

characteristic (ROC) curve by disease risk factor ad physical activity recommendation by population abgroup in NHANES
development (N = 250) and evaluation (N = 83) sangd

Risk factor /

Misclassified" [n (%)]

Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
At risk for overweight or Overweight
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 79 (32.2) 79 (32.2) 165 (67.4) 165 (67.4) 1264%1. 165 (67.4) 165 (67.4) 0.53
12-13y 200 41 (32.5) 41 (32.5) 84 (66.7) 84 (66.7) 66 (52.4) 84 (66.7) 84 (66.7) 0.49
14-15y 100 38(31.9) 38 (31.9) 81 (68.1) 81 (68.1) 60 (50.4) 81 (68.1) 81 (68.1) 0.58
White 600 22 (34.9) 24 (38.1) 39 (61.9) 39 (61.9) 24 (38.1) 39 (61.9) 39 (61.9) 0.68
Hispanic 200 26 (27.1) 26 (27.1) 70 (72.9) 70 (72.9) 53 (55.2) 70 (72.9) 70 (72.9) 0.52
Black 100 27 (35.5) 27 (35.5) 48 (63.2) 48 (63.2) 44 (57.9) 48 (63.2) 48 (63.2) 0.45
Evaluation sample
All girls 100 29 (35.4) 29 (35.4) 53 (64.6) 53 (64.6) 41 (50.0) 53 (64.6) 53 (64.6) 0.55
12-13y 200 15(34.1) 15 (34.1) 30 (68.2) 30 (68.2) 25 (56.8) 30 (68.2) 30 (68.2) 0.50
14-15y 100 14 (36.8) 14 (36.8) 23 (60.5) 23 (60.5) 16 (42.1) 23 (60.5) 23 (60.5) 0.60
White 600 9 (42.9) 8(38.1) 13 (61.9) 13 (61.9) 10 (47.6) (8B8.9) 13 (61.9) 0.57
Hispanic 100 11 (39.3) 10 (35.7) 18 (64.3) 18 (64.3) 15 (53.6) 18 (64.3) 18 (64.3) 0.50
Black 200 11 (35.5) 11 (35.5) 20 (64.5) 20 (64.5) 14 (45.2) 20 (64.5) 20 (64.5) 0.60
2005 Dietary Guidelines
Development sample
All girls 400 78 (31.8) 79 (32.2) 165 (67.4) 165 (67.4) 92 (B7.6 165 (67.4) 165 (67.4) 0.56
12-13y 400 41 (32.5) 41 (32.5) 84 (66.7) 84 (66.7) 46 (36.5) 84 (66.7) 84 (66.7) 0.60
14-15y 400 37 (31.1) 38 (31.9) 81 (68.1) 81 (68.1) 46 (38.7) 81 (68.1) 81 (68.1) 0.53
White 600 23(36.5) 24 (38.1) 39 (61.9) 39 (61.9) 25 (39.7) 39 (61.9) 39 (61.9) 0.61
Hispanic 400 26 (27.1) 26 (27.1) 70 (72.9) 70 (72.9) 30 (31.3) 70 (72.9) 70 (72.9) 0.57
Black 400 26 (34.2) 27 (35.5) 48 (63.2) 48 (63.2) 34 (44.7) 48 (63.2) 48 (63.2) 0.50
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Evaluation sample

Al girls 400 29 (35.4) 29 (35.4)  53(64.6) 53 (64.6) 32 (39.0) 53 (64.6) 53 (64.6) 0.58
12-13y 400 14 (31.8) 14 (31.8)  30(68.2) 30 (68.2) 16 (36.4) 30 (68.2) 30 (68.2) 0.62
14-15y 400 15 (39.5) 15(39.5)  23(60.5) 23 (60.5) 16 (42.1) 23 (60.5) 23 (60.5) 0.57
White 600 6 (28.6) 8(38.1)  13(61.9)  13(61.9) 7(33.3) (8B.9) 13 (61.9) 0.63
Hispanic 400 10 (35.7) 10(35.7)  18(64.3)  18(64.3) 13 (46.4) 18 (64.3) 18 (64.3) 0.41
Black 400 11 (35.5) 11(35.5)  20(64.5) 20 (64.5) 11 (35.5) 20 (64.5) 20 (64.5) 0.70

Healthy People 2010
Development sample

All girls 600 78(31.8) 80 (32.7) 160 (65.3) 165 (67.4) 80 (32.7 160 (65.3) 165 (67.4) 0.57
12-13y 700 41(32.5) 42 (33.3) 81 (64.3) 84 (66.7) 42 (33.3) 81 (64.3) 84 (66.7) 0.61
14-15y 600 37(31.1) 38 (31.9) 79 (66.4) 81 (68.1) 38 (31.9) 79 (66.4) 81 (68.1) 0.54
White 1600 23(36.5) 24 (38.1) 38 (60.3) 39 (61.9) 25 (39.7) 38 (60.3) 39 (61.9) 0.62
Hispanic 600 26 (27.1) 26 (27.1) 70 (72.9) 70 (72.9) 27 (28.1) 70 (72.9) 70 (72.9) 0.58
Black 800 26(34.2) 28 (36.8) 46 (60.5) 48 (63.2) 26 (34.2) 46 (60.5) 48 (63.2) 0.47
Evaluation sample
All girls 600 29 (35.4) 29 (35.4) 51 (62.2) 53 (64.6) 29 (35.4) 53 (64.6) 53 (64.6) 0.56
12-13y 700 14 (31.8) 14 (31.8) 29 (65.9) 30 (68.2) 14 (31.8) 30 (68.2) 30 (68.2) 0.58
14-15y 600 15 (39.5) 15 (39.5) 22 (57.9) 23 (60.5) 15 (39.5) 23 (60.5) 23 (60.5) 0.54
White 1600 12 (57.1) 8 (38.1) 13 (61.9) 13 (61.9) 8(38.1) (B9 13 (61.9) 0.47
Hispanic 800 10 (35.7) 10 (35.7) 18 (64.3) 18 (64.3) 10 (35.7) 18 (64.3) 18 (64.3) 0.50
Black 600 11(35.5) 11 (35.5) 18 (58.1) 20 (64.5) 11 (35.5) 20 (64.5) 20 (64.5) 0.68

Accumulated time
Strong et al., 2005
Development sample

Al girls 400 79 (32.2) 80 (32.7) 164 (66.9) 165 (67.4) 89 (36.3164 (66.9) 165 (67.4) 0.56
12-13y 500 42 (33.3) 42 (33.3)  83(65.9) 84 (66.7) 45 (35.7) 83 (65.9) 84 (66.7) 0.58
14-15y 400 37 (31.1) 38(31.9) 81(68.1)  81(68.1) 44 (37.0) 81 (68.1) 81 (68.1) 0.56
White 600 23 (36.5) 24(38.1)  38(60.3) 39 (61.9) 25 (39.7) 38 (60.3) 39 (61.9) 0.62
Hispanic 500 26 (27.1) 26 (27.1)  70(72.9) 70 (72.9) 30 (31.3) 70 (72.9) 70 (72.9) 0.57
Black 400 27 (35.5) 28(36.8)  48(63.2) 48 (63.2) 31 (40.8) 48 (63.2) 48 (63.2) 0.53
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Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black

2005 Dietary Guidelines
Development sample

All girls
12-13y
14-15y
White
Hispanic
Black
Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black

Healthy People 2010
Development sample

All girls
12-13y
14-15y
White
Hispanic
Black
Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black

400
500
400
600
400
500

700
800
700
1600
700
800

700
800
700
1600
800
700

900
1100
900
1900
900
1100

900
1100
900
1900
1100
900

29 (35.4)
14 (31.8)
15 (39.5)

6 (28.6)
10 (35.7)
11 (35.5)

80 (32.7)
42 (33.3)
38 (31.9)
23 (36.5)
26 (27.1)
28 (36.8)

29 (35.4)
14 (31.8)
15 (39.5)

9 (42.9)
10 (35.7)
11 (35.5)

80 (32.7)
42 (33.3)
38 (31.9)
22 (34.9)
26 (27.1)
28 (36.8)

29 (35.4)
14 (31.8)
15 (39.5)

8 (38.1)
10 (35.7)
11 (35.5)

29 (35.4)
14 (31.8)
15 (39.5)

8 (38.1)
10 (35.7)
11 (35.5)

80 (32.7)
42 (33.3)
38 (31.9)
24 (38.1)
26 (27.1)
28 (36.8)

29 (35.4)
14 (31.8)
15 (39.5)

8 (38.1)
10 (35.7)
11 (35.5)

80 (32.7)
42 (33.3)
38 (31.9)
24 (38.1)
26 (27.1)
28 (36.8)

29 (35.4)
14 (31.8)
15 (39.5)

8 (38.1)
10 (35.7)
11 (35.5)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

158 (64.5)
80 (63.5)
78 (65.6)
36 (57.1)
69 (71.9)
46 (60.5)

50 (61.0)
29 (65.9)
21 (55.3)
13 (61.9)
18 (64.3)
17 (54.8)

147 (60.0)
73 (57.9)
74 (62.2)
34 (54.0)
64 (66.7)
44 (57.9)

44 (53.7)
26 (59.1)
18 (47.4)
13 (61.9)
15 (53.6)
15 (48.4)
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53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

164 (66.9)
83 (65.9)
81 (68.1)
38 (60.3)
70 (72.9)
48 (63.2)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

163 (66.5)
82 (65.1)
81 (68.1)
38 (60.3)
69 (71.9)
48 (63.2)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

25 (30.5) 53 (64.6)
13 (29.6) 30 (68.2)
12 (31.6) 23 (60.5)
5(23.8) (GB.9)
12 (42.9) 18 (64.3)
7 (22.6) 0 (@4.5)

81 (33.1161 (65.7)
42 (33.3) 82 (65.1)
39 (32.8) 79 (66.4)
24 (38.1) 38 (60.3)
27 (28.1) 69 (71.9)
28 (36.8) 47 (61.8)

29 (35.4) 50 (61.0)
14 (31.8) 29 (65.9)
15 (39.5) 21 (55.3)
8(38.1) (GB.9)
10 (35.7) 18 (64.3)
11 (35.5) 17 (54.8)

80 (2.7 152 (62.0)
42 (33.3) 77 (61.1)
38 (31.9) 75 (63.0)
24 (38.1) 35 (55.6)
26 (27.1) 64 (66.7)
28 (36.8) 47 (61.8)

29 (35.4) 47 (57.3)
14 (31.8) 28 (63.6)
15 (39.5) 19 (50.0)
8(38.1) (GB.9)
10 (35.7) 17 (60.7)
11 (35.5) 15 (48.4)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

165 (67.4)
84 (66.7)
81 (68.1)
39 (61.9)
70 (72.9)
48 (63.2)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

164 (66.9)
83 (65.9)
81 (68.1)
39 (61.9)
69 (71.9)
48 (63.2)

53 (64.6)
30 (68.2)
23 (60.5)
13 (61.9)
18 (64.3)
20 (64.5)

0.59
0.57
0.62
0.63
0.41
0.73

0.57
0.60
0.55
0.61
0.60
0.50

0.61
0.60
0.59
0.63
0.47
0.72

0.58
0.60
0.56
0.62
0.61
0.48

0.59
0.60
0.58
0.62
0.48
0.70



Risk factor / Misclassified" [n (%)]
Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
Moderate or High central adiposity
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 80 (33.6) 80 (33.6) 160 (67.2) 160 (67.2) 1339%5. 160 (67.2) 160 (67.2) 0.52
12-13y 200 46 (37.4) 46 (37.4) 78 (63.4) 78 (63.4) 65 (52.9) 78 (63.4) 78 (63.4) 0.54
14-15y 100 34 (29.6) 34 (29.6) 82 (71.3) 82 (71.3) 68 (59.1) 82 (71.3) 82 (71.3) 0.49
White 800 25(39.7) 31 (49.2) 32 (50.8) 32 (50.8) 25 (39.7) 32 (50.8) 32 (50.8) 0.59
Hispanic 200 23 (25.6) 23 (25.6) 67 (74.4) 67 (74.4) 56 (62.2) 67 (74.4) 67 (74.4) 0.59
Black 100 23(30.7) 23 (30.7) 54 (72.0) 54 (72.0) 46 (61.3) 54 (72.0) 54 (72.0) 0.43
Evaluation sample
All girls 100 35 (43.8) 35 (43.8) 47 (58.8) 47 (58.8) 39 (48.8) 47 (58.8) 47 (58.8) 0.52
12-13y 200 21 (47.7) 21 (47.7) 24 (54.6) 24 (54.6) 23 (52.3) 24 (54.6) 24 (54.6) 0.50
14-15y 100 14 (38.9) 14 (38.9) 23 (63.9) 23 (63.9) 16 (44.4) 23 (63.9) 23 (63.9) 0.56
White 800 11 (52.4) 11 (52.4) 10 (47.6) 10 (47.6) 11 (52.4) 10 (47.6) 10 (47.6) 0.45
Hispanic 100 13 (48.2) 12 (44.4) 15 (55.6) 15 (55.6) 13 (48.2) 15 (55.6) 15 (55.6) 0.52
Black 200 11 (36.7) 11 (36.7) 21 (70.0) 21 (70.0) 14 (46.7) 21 (70.0) 21 (70.0) 0.56
2005 Dietary Guidelines
Development sample
All girls 400 79 (33.2) 79 (33.2) 160 (67.2) 160 (67.2) 97 (¥0.8160 (67.2) 160 (67.2) 0.54
12-13y 400 46 (37.4) 46 (37.4) 78 (63.4) 78 (63.4) 50 (40.7) 78 (63.4) 78 (63.4) 0.59
14-15y 400 33 (28.7) 33 (28.7) 82 (71.3) 82 (71.3) 47 (40.9) 82 (71.3) 82 (71.3) 0.48
White 1200 25(39.7) 31 (49.2) 32 (50.8) 32 (50.8) 30 (47.6) 32 (50.8) 32 (50.8) 0.60
Hispanic 400 23 (25.6) 23 (25.6) 67 (74.4) 67 (74.4) 33 (36.7) 67 (74.4) 67 (74.4) 0.55
Black 400 22 (29.3) 22 (29.3) 54 (72.0) 54 (72.0) 30 (40.0) 54 (72.0) 54 (72.0) 0.48
Evaluation sample
All girls 400 33 (41.3) 33 (41.3) 47 (58.8) 47 (58.8) 36 (45.0) 47 (58.8) 47 (58.8) 0.59
12-13y 400 20 (45.5) 20 (45.5) 24 (54.6) 24 (54.6) 20 (45.5) 24 (54.6) 24 (54.6) 0.63
14-15y 400 13 (36.1) 13 (36.1) 23 (63.9) 23 (63.9) 16 (44.4) 23 (63.9) 23 (63.9) 0.55
White 1200 10 (47.6) 11 (52.4) 10 (47.6) 10 (47.6) 10 (47.6) 10 (47.6) 10 (47.6) 0.59
Hispanic 400 12 (44.4) 12 (44.4) 15 (55.6) 15 (55.6) 13 (48.2) 15 (55.6) 15 (55.6) 0.54
Black 400 9 (30.0) 9 (30.0) 21 (70.0) 21 (70.0) 11 (36.7) (20.0) 21 (70.0) 0.67
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Healthy People 2010
Development sample

All girls 200 78(32.8) 78 (32.8) 159 (66.8) 160 (67.2) 83 (34.9 159 (66.8) 160 (67.2) 0.55
12-13y 200 45 (36.6) 45 (36.6) 77 (62.6) 78 (63.4) 47 (38.2) 77 (62.6) 78 (63.4) 0.60
14-15y 600 33(28.7) 33(28.7) 82 (71.3) 82 (71.3) 36 (31.3) 82 (71.3) 82 (71.3) 0.48
White 1900 24 (38.1) 31 (49.2) 31 (49.2) 32 (50.8) 32 (50.8) 31 (49.2) 32 (50.8) 0.63
Hispanic 600 23 (25.6) 23 (25.6) 69 (76.7) 67 (74.4) 26 (28.9) 69 (76.7) 67 (74.4) 0.55
Black 200 21 (28.0) 21 (28.0) 52 (69.3) 54 (72.0) 22 (29.3) 52 (69.3) 54 (72.0) 0.45
Evaluation sample
All girls 200 33(41.3) 33 (41.3) 45 (56.3) 47 (58.8) 33 (41.3) 47 (58.8) 47 (58.8) 0.58
12-13y 200 20 (45.5) 20 (45.5) 23 (52.3) 24 (54.6) 20 (45.5) 24 (54.6) 24 (54.6) 0.64
14-15y 600 13(36.1) 13 (36.1) 22 (61.1) 23 (63.9) 13 (36.1) 23 (63.9) 23 (63.9) 0.51
White 1900 9 (42.9) 11 (52.4) 10 (47.6) 10 (47.6) 11 (52.4) 0 (47.6) 10 (47.6) 0.50
Hispanic 200 12 (44.4) 12 (44.4) 15 (55.6) 15 (55.6) 12 (44.4) 15 (55.6) 15 (55.6) 0.65
Black 600 9 (30.0) 9 (30.0) 19 (63.3) 21 (70.0) 9 (30.0) (20.0) 21 (70.0) 0.63

Accumulated time
Strong et al., 2005
Development sample

All girls 400 78(32.8) 78 (32.8) 159 (66.8) 160 (67.2) 92 (8.7 159 (66.8) 160 (67.2) 0.54
12-13y 500 45 (36.6) 45 (36.6) 77 (62.6) 78 (63.4) 49 (39.8) 77 (62.6) 78 (63.4) 0.58
14-15y 400 33 (28.7) 33 (28.7) 82 (71.3) 82 (71.3) 43 (37.4) 82 (71.3) 82 (71.3) 0.48
White 1200 22 (34.9) 31 (49.2) 31 (49.2) 32 (50.8) 30 (47.6) 31 (49.2) 32 (50.8) 0.61
Hispanic 500 23 (25.6) 23 (25.6) 67 (74.4) 67 (74.4) 31 (34.4) 67 (74.4) 67 (74.4) 0.55
Black 400 21 (28.0) 21 (28.0) 54 (72.0) 54 (72.0) 27 (36.0) 54 (72.0) 54 (72.0) 0.49
Evaluation sample
All girls 400 33 (41.3) 33 (41.3) 47 (58.8) 47 (58.8) 29 (36.3) 47 (58.8) 47 (58.8) 0.59
12-13y 500 20 (45.5) 20 (45.5) 24 (54.6) 24 (54.6) 17 (38.6) 24 (54.6) 24 (54.6) 0.59
14-15y 400 13 (36.1) 13 (36.1) 23 (63.9) 23 (63.9) 12 (33.3) 23 (63.9) 23 (63.9) 0.60
White 1200 8(38.1) 11 (52.4) 10 (47.6) 10 (47.6) 8(38.1) (4D.6) 10 (47.6) 0.56
Hispanic 400 12 (44.4) 12 (44.4) 15 (55.6) 15 (55.6) 12 (44.4) 15 (55.6) 15 (55.6) 0.55
Black 500 9 (30.0) 9 (30.0) 21 (70.0) 21 (70.0) 7 (23.3) (20.0) 21 (70.0) 0.68
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2005 Dietary Guidelines
Development sample

All girls 700 78(32.8) 78 (32.8) 157 (66.0) 159 (66.8) 80 (33.6 160 (67.2) 160 (67.2) 0.54
12-13y 1000 45 (36.6) 45 (36.6) 76 (61.8) 77 (62.6) 45 (36.6) 78 (63.4) 78 (63.4) 0.59
14-15y 700 33(28.7) 33(28.7) 81 (70.4) 82 (71.3) 35(30.4) 82 (71.3) 82 (71.3) 0.49
White 1800 22 (34.9) 31 (49.2) 29 (46.0) 31 (49.2) 31(49.2) 31 (49.2) 32 (50.8) 0.61
Hispanic 700 23 (25.6) 23 (25.6) 68 (75.6) 67 (74.4) 24 (26.7) 68 (75.6) 67 (74.4) 0.58
Black 700 21 (28.0) 21 (28.0) 52 (69.3) 54 (72.0) 22 (29.3) 53 (70.7) 54 (72.0) 0.46
Evaluation sample
All girls 700 33(41.3) 33 (41.3) 44 (55.0) 47 (58.8) 33 (41.3) 44 (55.0) 47 (58.8) 0.61
12-13y 1000 21 (47.7) 20 (45.5) 23 (52.3) 24 (54.6) 20 (45.5) 23 (52.3) 24 (54.6) 0.62
14-15y 700 13(36.1) 13 (36.1) 21 (58.3) 23 (63.9) 13 (36.1) 21 (58.3) 23 (63.9) 0.57
White 1800 8 (38.1) 11 (52.4) 10 (47.6) 10 (47.6) 11 (52.4) 0 (47.6) 10 (47.6) 0.60
Hispanic 700 12 (44.4) 12 (44.4) 15 (55.6) 15 (55.6) 12 (44.4) 15 (55.6) 15 (55.6) 0.63
Black 700 9 (30.0) 9 (30.0) 18 (60.0) 21 (70.0) 9 (30.0) (68.0) 21 (70.0) 0.67

Healthy People 2010
Development sample

All girls 900 78(32.8) 78 (32.8) 148 (62.2) 160 (67.2) 78 (32.8151 (63.5) 161 (67.7) 0.55
12-13y 1300 44 (35.8) 45 (36.6) 71 (57.7) 78 (63.4) 45 (36.6) 73 (59.4) 79 (64.2) 0.58
14-15y 900 33(28.7) 33 (28.7) 77 (67.0) 82 (71.3) 33(28.7) 78 (67.8) 82 (71.3) 0.51
White 2300 23 (36.5) 31 (49.2) 29 (46.0) 31 (49.2) 31 (49.2) 28 (44.4) 32 (50.8) 0.63
Hispanic 900 23 (25.6) 23 (25.6) 63 (70.0) 68 (75.6) 23 (25.6) 63 (70.0) 68 (75.6) 0.58
Black 1100 21 (28.0) 21 (28.0) 50 (66.7) 54 (72.0) 21 (28.0) 53 (70.7) 54 (72.0) 0.46
Evaluation sample
All girls 900 33 (41.3) 33 (41.3) 40 (50.0) 47 (58.8) 33 (41.3) 41 (51.3) 47 (58.8) 0.60
12-13y 1300 20 (45.5) 20 (45.5) 22 (50.0) 24 (54.6) 20 (45.5) 22 (50.0) 24 (54.6) 0.63
14-15y 900 13 (36.1) 13 (36.1) 18 (50.0) 23 (63.9) 13 (36.1) 19 (52.8) 23 (63.9) 0.54
White 2300 8(38.1) 11 (52.4) 10 (47.6) 10 (47.6) 11 (52.4) 0 (47.6) 10 (47.6) 0.60
Hispanic 1100 12 (44.4) 12 (44.4) 12 (44.4) 15 (55.6) 12 (44.4) 14 (51.9) 15 (55.6) 0.63
Black 900 9 (30.0) 9 (30.0) 16 (53.3) 21 (70.0) 9 (30.0) (88.3) 21 (70.0) 0.63
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Risk factor / Misclassified" [n (%)]
Recommendation / Treuth cut point® Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve

High body fatness
Frequency and duration
Strong et al., 2005
Development sample

All girls 100 86 (37.9) 86 (37.9) 143 (63.0) 143 (63.0) 1147%0. 143 (63.0) 143 (63.0) 0.52
12-13y 200 38(32.5) 38 (32.5) 80 (68.4) 80 (68.4) 56 (47.9) 80 (68.4) 80 (68.4) 0.54
14-15y 500 47 (42.7) 48 (43.6) 63 (57.3) 63 (57.3) 58 (52.7) 63 (57.3) 63 (57.3) 0.49
White 600 23(39.7) 25 (43.1) 33 (56.9) 33 (56.9) 25 (43.1) 33 (56.9) 33 (56.9) 0.59
Hispanic 600 32(36.4) 33 (37.5) 55 (62.5) 55 (62.5) 43 (48.9) 55 (62.5) 55 (62.5) 0.59
Black 100 24 (33.3) 24 (33.3) 50 (69.4) 50 (69.4) 42 (58.3) 50 (69.4) 50 (69.4) 0.43
Evaluation sample
All girls 100 31(38.3) 31 (38.3) 50 (61.7) 50 (61.7) 39 (48.2) 50 (61.7) 50 (61.7) 0.55
12-13y 200 18 (40.9) 18 (40.9) 27 (61.4) 27 (61.4) 24 (54.6) 27 (61.4) 27 (61.4) 0.49
14-15y 500 15 (40.5) 13 (35.1) 23 (62.2) 23 (62.2) 15 (40.5) 23 (62.2) 23 (62.2) 0.63
White 600 10 (47.6) 9 (42.9) 12 (57.1) 12 (57.1) 11 (52.4) 2 (87.1) 12 (57.1) 0.52
Hispanic 100 13 (46.4) 11 (39.3) 17 (60.7) 17 (60.7) 14 (50.0) 17 (60.7) 17 (60.7) 0.48
Black 600 11 (36.7) 11 (36.7) 19 (63.3) 19 (63.3) 12 (40.0) 19 (63.3) 19 (63.3) 0.64

2005 Dietary Guidelines
Development sample

All girls 400 85(37.4) 85(37.4) 143 (63.0) 143 (63.0) 94 (#1.4 143 (63.0) 143 (63.0) 0.54
12-13y 400 38 (32.5) 38 (32.5) 80 (68.4) 80 (68.4) 44 (37.6) 80 (68.4) 80 (68.4) 0.59
14-15y 600 47 (42.7) 47 (42.7) 63 (57.3) 63 (57.3) 50 (45.5) 63 (57.3) 63 (57.3) 0.48
White 1100 22 (37.9) 25 (43.1) 33 (56.9) 33 (56.9) 26 (44.8) 33 (56.9) 33 (56.9) 0.60
Hispanic 800 31(35.2) 33 (37.5) 55 (62.5) 55 (62.5) 31 (35.2) 55 (62.5) 55 (62.5) 0.55
Black 400 23 (31.9) 23 (31.9) 50 (69.4) 50 (69.4) 32 (44.4) 50 (69.4) 50 (69.4) 0.48
Evaluation sample
All girls 400 31 (38.3) 31 (38.3) 50 (61.7) 50 (61.7) 32 (39.5) 50 (61.7) 50 (61.7) 0.62
12-13y 400 17 (38.6) 17 (38.6) 27 (61.4) 27 (61.4) 17 (38.6) 27 (61.4) 27 (61.4) 0.67
14-15y 600 14 (37.8) 14 (37.8) 23 (62.2) 23 (62.2) 15 (40.5) 23 (62.2) 23 (62.2) 0.57
White 1100 8 (38.1) 9 (42.9) 12 (57.1) 12 (57.1) 8(38.1) (82.1) 12 (57.1) 0.64
Hispanic 400 14 (50.0) 11 (39.3) 17 (60.7) 17 (60.7) 14 (50.0) 17 (60.7) 17 (60.7) 0.46
Black 800 11 (36.7) 11 (36.7) 19 (63.3) 19 (63.3) 9 (30.0) 9 (83.3) 19 (63.3) 0.75
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Healthy People 2010
Development sample

All girls 200 84 (37.0) 84 (37.0) 142 (62.6) 143 (63.0) 87 (38.3 142 (62.6) 143 (63.0) 0.55
12-13y 200 37 (31.6) 37 (31.6) 77 (65.8) 80 (68.4) 39 (33.3) 77 (65.8) 80 (68.4) 0.60
14-15y 1200 47 (42.7) 47 (42.7) 65 (59.1) 63 (57.3) 48 (43.6) 65 (59.1) 63 (57.3) 0.48
White 1600 20 (34.5) 25 (43.1) 32 (55.2) 33 (56.9) 26 (44.8) 32 (55.2) 33 (56.9) 0.63
Hispanic 1200 32(36.4) 33 (37.5) 55 (62.5) 55 (62.5) 34 (38.6) 55 (62.5) 55 (62.5) 0.55
Black 200 22 (30.6) 22 (30.6) 50 (69.4) 50 (69.4) 23 (31.9) 50 (69.4) 50 (69.4) 0.45
Evaluation sample
All girls 200 31(38.3) 31 (38.3) 48 (59.3) 50 (61.7) 31 (38.3) 50 (61.7) 50 (61.7) 0.61
12-13y 200 17 (38.6) 17 (38.6) 26 (59.1) 27 (61.4) 17 (38.6) 27 (61.4) 27 (61.4) 0.64
14-15y 1200 16 (43.2) 14 (37.8) 22 (59.5) 23 (62.2) 14 (37.8) 23 (62.2) 23 (62.2) 0.56
White 1600 11 (52.4) 9 (42.9) 12 (57.1) 12 (57.1) 9429 (821) 12 (57.1) 0.48
Hispanic 200 12 (42.9) 11 (39.3) 17 (60.7) 17 (60.7) 11 (39.3) 17 (60.7) 17 (60.7) 0.56
Black 1200 11 (36.7) 11 (36.7) 17 (56.7) 19 (63.3) 11 (36.7) 19 (63.3) 19 (63.3) 0.73

Accumulated time
Strong et al., 2005
Development sample

All girls 400 84 (37.0) 84 (37.0) 142 (62.6) 143 (63.0) 93 (#1.0142 (62.6) 143 (63.0) 0.54
12-13y 500 37 (31.6) 37 (31.6) 79 (67.5) 80 (68.4) 43 (36.8) 79 (67.5) 80 (68.4) 0.58
14-15y 400 47 (42.7) 47 (42.7) 63 (57.3) 63 (57.3) 50 (45.5) 63 (57.3) 63 (57.3) 0.48
White 1200 22 (37.9) 25 (43.1) 32 (55.2) 33 (56.9) 26 (44.8) 32 (55.2) 33 (56.9) 0.61
Hispanic 800 33 (37.5) 33 (37.5) 55 (62.5) 55 (62.5) 33 (37.5) 55 (62.5) 55 (62.5) 0.55
Black 400 22 (30.6) 22 (30.6) 50 (69.4) 50 (69.4) 29 (40.3) 50 (69.4) 50 (69.4) 0.49
Evaluation sample
All girls 400 31 (38.3) 31 (38.3) 50 (61.7) 50 (61.7) 27 (33.3) 50 (61.7) 50 (61.7) 0.63
12-13y 500 17 (38.6) 17 (38.6) 27 (61.4) 27 (61.4) 16 (36.4) 27 (61.4) 27 (61.4) 0.62
14-15y 400 14 (37.8) 14 (37.8) 23 (62.2) 23 (62.2) 11 (29.7) 23 (62.2) 23 (62.2) 0.64
White 1200 8(38.1) 9 (42.9) 12 (57.1) 12 (57.1) 6 (28.6) (82.1) 12 (57.1) 0.62
Hispanic 400 13 (46.4) 11 (39.3) 17 (60.7) 17 (60.7) 13 (46.4) 17 (60.7) 17 (60.7) 0.47
Black 800 11 (36.7) 11 (36.7) 19 (63.3) 19 (63.3) 7 (23.3) 9 (83.3) 19 (63.3) 0.77
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2005 Dietary Guidelines
Development sample

All girls 700 84 (37.0) 84 (37.0) 140 (61.7) 142 (62.6) 86 (37.9 141 (62.1) 143 (63.0) 0.54
12-13y 800 37 (31.6) 37 (31.6) 76 (65.0) 79 (67.5) 37 (31.6) 78 (66.7) 80 (68.4) 0.59
14-15y 700 47 (42.7) 47 (42.7) 64 (58.2) 63 (57.3) 49 (44.6) 63 (57.3) 63 (57.3) 0.49
White 1600 20 (34.5) 25 (43.1) 30 (51.7) 32 (55.2) 25 (43.1) 32 (55.2) 33 (56.9) 0.61
Hispanic 1100 33(37.5) 33 (37.5) 54 (61.4) 55 (62.5) 34 (38.6) 54 (61.4) 55 (62.5) 0.58
Black 700 22 (30.6) 22 (30.6) 50 (69.4) 50 (69.4) 23 (31.9) 49 (68.1) 50 (69.4) 0.46
Evaluation sample
All girls 700 31(38.3) 31(38.3) 47 (58.0) 50 (61.7) 31 (38.3) 47 (58.0) 50 (61.7) 0.64
12-13y 800 17 (38.6) 17 (38.6) 26 (59.1) 27 (61.4) 17 (38.6) 26 (59.1) 27 (61.4) 0.66
14-15y 700 14 (37.8) 14 (37.8) 21 (56.8) 23 (62.2) 14 (37.8) 21 (56.8) 23 (62.2) 0.60
White 1600 10 (47.6) 9 (42.9) 12 (57.1) 12 (57.1) 9429 (821) 12 (57.1) 0.63
Hispanic 700 12 (42.9) 11 (39.3) 17 (60.7) 17 (60.7) 11 (39.3) 17 (60.7) 17 (60.7) 0.53
Black 1100 11 (36.7) 11 (36.7) 16 (53.3) 19 (63.3) 11 (36.7) 16 (53.3) 19 (63.3) 0.77

Healthy People 2010
Development sample

All girls 900 84 (37.0) 84 (37.0) 131 (57.7) 141 (62.1) 84 (37.0134 (59.0) 142 (62.6) 0.55
12-13y 1300 37 (31.6) 37 (31.6) 71 (60.7) 78 (66.7) 37 (31.6) 73 (62.4) 79 (67.5) 0.58
14-15y 900 47 (42.7) 47 (42.7) 60 (54.6) 63 (57.3) 47 (42.7) 61 (55.5) 63 (57.3) 0.51
White 2000 20 (34.5) 25 (43.1) 28 (48.3) 32 (55.2) 25 (43.1) 29 (50.0) 33 (56.9) 0.63
Hispanic 900 33 (37.5) 33 (37.5) 51 (58.0) 54 (61.4) 33 (37.5) 51 (58.0) 54 (61.4) 0.58
Black 1100 22 (30.6) 22 (30.6) 46 (63.9) 50 (69.4) 22 (30.6) 49 (68.1) 50 (69.4) 0.46
Evaluation sample
All girls 900 31(38.3) 31(38.3) 41 (50.6) 50 (61.7) 31 (38.3) 44 (54.3) 50 (61.7) 0.64
12-13y 1300 17 (38.6) 17 (38.6) 23 (52.3) 27 (61.4) 17 (38.6) 25 (56.8) 27 (61.4) 0.66
14-15y 900 14 (37.8) 14 (37.8) 18 (48.7) 23 (62.2) 14 (37.8) 19 (51.4) 23 (62.2) 0.59
White 2000 9 (42.9) 9 (42.9) 12 (57.1) 12 (57.1) 9 (42.9) (82.1) 12 (57.1) 0.61
Hispanic 1100 11 (39.3) 11 (39.3) 14 (50.0) 17 (60.7) 11 (39.3) 16 (57.1) 17 (60.7) 0.54
Black 900 11 (36.7) 11 (36.7) 14 (46.7) 19 (63.3) 11 (36.7) 14 (46.7) 19 (63.3) 0.75
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Risk factor / Misclassified" [n (%)]
Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
Borderline or High total cholesterol
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 73 (31.3) 73 (31.3) 156 (67.0) 156 (67.0) 12245%2. 156 (67.0) 156 (67.0) 0.52
12-13y 400 32 (27.4) 33(28.2) 83 (70.9) 83 (70.9) 56 (47.9) 83 (70.9) 83 (70.9) 0.56
14-15y 100 40 (34.5) 40 (34.5) 73 (62.9) 73 (62.9) 66 (56.9) 73 (62.9) 73 (62.9) 0.48
White 400 21 (35.0) 25 (41.7) 35 (58.3) 35 (58.3) 30 (50.0) 35 (58.3) 35 (58.3) 0.57
Hispanic 200 16 (17.6) 16 (17.6) 75 (82.4) 75 (82.4) 58 (63.7) 75 (82.4) 75 (82.4) 0.34
Black 500 26(36.1) 27 (37.5) 41 (56.9) 41 (56.9) 28 (38.9) 41 (56.9) 41 (56.9) 0.65
UW/NW 200 44 (28.6) 44 (28.6) 108 (70.1) 108 (70.1) 80 (52.0108 (70.1) 108 (70.1) 0.53
AR/OW 100 28(37.8) 28 (37.8) 44 (59.5) 44 (59.5) 40 (54.1) 44 (59.5) 44 (59.5) 0.51
Evaluation sample
All girls 100 20 (26.7) 20 (26.7) 53 (70.7) 53 (70.7) 47 (62.7) 53 (70.7) 53 (70.7) 0.42
12-13y 400 9 (22.0) 9 (22.0) 31 (75.6) 31 (75.6) 24 (58.5) (33.6) 31 (75.6) 0.51
14-15y 100 11 (32.4) 11 (32.4) 22 (64.7) 22 (64.7) 23 (67.7) 22 (64.7) 22 (64.7) 0.32
White 400 6 (33.3) 6 (33.3) 12 (66.7) 12 (66.7) 10 (55.6) (62.7) 12 (66.7) 0.56
Hispanic 500 10 (37.0) 9 (33.3) 18 (66.7) 18 (66.7) 18 (66.7) 8 (66.7) 18 (66.7) 0.34
Black 200 9(32.1) 5(17.9) 21 (75.0) 21 (75.0) 17 (60.7) (24.0) 21 (75.0) 0.39
UW/NW 200 16 (32.0) 15 (30.0) 34 (68.0) 34 (68.0) 32 (64.0) 34 (68.0) 34 (68.0) 0.42
AR/OW 100 5 (20.8) 5(20.8) 18 (75.0) 18 (75.0) 14 (58.3) (18.0) 18 (75.0) 0.43
2005 Dietary Guidelines
Development sample
All girls 500 76 (32.6) 76 (32.6) 156 (67.0) 156 (67.0) 84 (36.1 156 (67.0) 156 (67.0) 0.56
12-13y 400 33 (28.2) 33(28.2) 83 (70.9) 83 (70.9) 38 (32.5) 83 (70.9) 83 (70.9) 0.57
14-15y 500 41 (35.3) 43 (37.1) 73 (62.9) 73 (62.9) 46 (39.7) 73 (62.9) 73 (62.9) 0.53
White 700 24 (40.0) 25 (41.7) 35 (58.3) 35 (58.3) 26 (43.3) 35(58.3) 35 (58.3) 0.55
Hispanic 500 16 (17.6) 16 (17.6) 75 (82.4) 75 (82.4) 25 (27.5) 75 (82.4) 75 (82.4) 0.48
Black 1400 27 (37.5) 30 (41.7) 41 (56.9) 41 (56.9) 29 (40.3) 41 (56.9) 41 (56.9) 0.67
UW/NW 400 46 (29.9) 46 (29.9) 108 (70.1) 108 (70.1) 52 (33.8108 (70.1) 108 (70.1) 0.54
AR/OW 600 28 (37.8) 29 (39.2) 44 (59.5) 44 (59.5) 31 (41.9) 44 (59.5) 44 (59.5) 0.57
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Evaluation sample

All girls

12-13y

14-15y

White

Hispanic

Black

UW/NW

AR/OW

Healthy People 2010
Development sample

All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW
Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW

500
400
500
700
1400
500
400
600

700
700
1000
1200
700
1700
700
1200

700
700
1000
1200
1700
700
700
1200

22 (29.3)
10 (24.4)
12 (35.3)
8 (44.4)
9 (33.3)
19 (67.9)
16 (32.0)
8 (33.3)

75 (32.2)
33 (28.2)
40 (34.5)
24 (40.0)
15 (16.5)
26 (36.1)
45 (29.2)
27 (36.5)

23 (30.7)
10 (24.4)
14 (41.2)
7 (38.9)
9 (33.3)
17 (60.7)
16 (32.0)
9 (37.5)

22 (29.3)
10 (24.4)
12 (35.3)
6 (33.3)
9 (33.3)
7 (25.0)
16 (32.0)
6 (25.0)

77 (33.1)
34 (29.1)
43 (37.1)
25 (41.7)
16 (17.6)
31 (43.1)
46 (29.9)
30 (40.5)

22 (29.3)
10 (24.4)
12 (35.3)
6 (33.3)
9 (33.3)
7 (25.0)
16 (32.0)
6 (25.0)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

151 (64.8)
82 (70.1)
69 (59.5)
34 (56.7)
75 (82.4)
39 (54.2)

104 (67.5)
43 (58.1)

55 (73.3)
32 (78.1)
23 (67.7)
12 (66.7)
18 (66.7)
23 (82.1)
36 (72.0)
18 (75.0)
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53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

31 (41.3) 53 (70.7)
15 (36.6) 31 (75.6)
16 (47.1) 22 (64.7)
8 (44.4) (88.7)
11 (40.7)  (88.7)
11 (39.3) 1 (25.0)
21 (42.0) 34 (68.0)
9(37.5) (18.0)

78 (33.5 151 (64.8)
34 (29.1) 82 (70.1)
44 (37.9) 69 (59.5)
26 (43.3) 34 (56.7)
17 (18.7) 75 (82.4)
30 (41.7) 39 (54.2)
47 (30.5 104 (67.5)
30 (40.5) 43 (58.1)

23 (30.7) 53 (70.7)
10 (24.4) 31 (75.6)
13 (38.2) 22 (64.7)

6(33.3) (88.7)
9(33.3) (68.7)
8(28.6) (74.0)

16 (32.0) 34 (68.0)
7(29.2)  (18.0)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

0.37
0.30
0.41
0.44
0.43
0.26
0.35
0.49

0.57
0.57
0.57
0.55
0.54
0.64
0.56
0.58

0.40
0.34
0.45
0.46
0.45
0.27
0.39
0.48



Accumulated time
Strong et al., 2005
Development sample
All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW
Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW

2005 Dietary Guidelines
Development sample

All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW

600
500
600
600
600
700
600
600

600
500
600
600
700
600
600
600

800
800

1000

800
800

1600

800

1100

75 (32.2)
34 (29.1)
40 (34.5)
24 (40.0)
16 (17.6)
27 (37.5)
46 (29.9)
28 (37.8)

25 (33.3)
10 (24.4)
13 (38.2)
8 (44.4)
9 (33.3)
9(32.1)
16 (32.0)
9 (37.5)

76 (32.6)
34 (29.1)
42 (36.2)
25 (41.7)
15 (16.5)
29 (40.3)
45 (29.2)
29 (39.2)

77 (33.1)
34 (29.1)
43 (37.1)
25 (41.7)
16 (17.6)
31 (43.1)
46 (29.9)
30 (40.5)

22 (29.3)
10 (24.4)
12 (35.3)
6 (33.3)
9 (33.3)
7 (25.0)
16 (32.0)
6 (25.0)

77 (33.1)
34 (29.1)
43 (37.1)
25 (41.7)
16 (17.6)
31 (43.1)
46 (29.9)
30 (40.5)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

150 (64.4)
80 (68.4)
70 (60.3)
33 (55.0)
76 (83.5)
39 (54.2)

103 (66.9)
43 (58.1)

148

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

85 (6.5 156 (67.0)
37 (31.6) 83 (70.9)
48 (41.4) 73 (62.9)
26 (43.3) 35 (58.3)
25 (27.5) 75 (82.4)
30 (41.7) 41 (56.9)
54 (35.1 108 (70.1)
30 (40.5) 44 (59.5)

28 (37.3) 53 (70.7)
14 (34.2) 31 (75.6)
14 (41.2) 22 (64.7)

8 (44.4) (88.7)
10 (37.0)  (G8.7)
9(32.1) (23.0)

17 (34.0) 34 (68.0)
10 (41.7)  (1B.0)

76 (32.6 153 (65.7)
34 (29.1) 82 (70.1)
42 (36.2) 71 (61.2)
25 (41.7) 35 (58.3)
15 (16.5) 76 (83.5)
31 (43.1) 40 (55.6)
45 (29.2 106 (68.8)
30 (40.5) 43 (58.1)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

156 (67.0)
83 (70.9)
73 (62.9)
35 (58.3)
75 (82.4)
41 (56.9)

108 (70.1)
44 (59.5)

0.55
0.57
0.51
0.55
0.47
0.63
0.52
0.56

0.40
0.31
0.47
0.54
0.43
0.27
0.38
0.45

0.55
0.55
0.53
0.54
0.49
0.62
0.54
0.55



Evaluation sample

All girls

12-13y

14-15y

White

Hispanic

Black

UW/NW

AR/OW

Healthy People 2010
Development sample

All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW
Evaluation sample
All girls
12-13y
14-15y
White
Hispanic
Black
UW/NW
AR/OW

800
800
1000
800
1600
800
800
1100

1200
1200
1400
1900
1100
2000
1200
1400

1200
1200
1400
1900
2000
1100
1200
1400

22 (29.3)
10 (24.4)
13 (38.2)
6 (33.3)
9 (33.3)
16 (57.1)
16 (32.0)
8 (33.3)

76 (32.6)
34 (29.1)
42 (36.2)
25 (41.7)
15 (16.5)
29 (40.3)
45 (29.2)
29 (39.2)

24 (32.0)
11 (26.8)
14 (41.2)
9 (50.0)
9 (33.3)
15 (53.6)
16 (32.0)
9 (37.5)

22 (29.3)
10 (24.4)
12 (35.3)
6 (33.3)
9 (33.3)
7 (25.0)
16 (32.0)
6 (25.0)

77 (33.1)
34 (29.1)
43 (37.1)
25 (41.7)
16 (17.6)
31 (43.1)
46 (29.9)
30 (40.5)

22 (29.3)
10 (24.4)
12 (35.3)
6 (33.3)
9 (33.3)
7 (25.0)
16 (32.0)
6 (25.0)

55 (73.3)
32 (78.1)
23 (67.7)
12 (66.7)
18 (66.7)
23 (82.1)
36 (72.0)
18 (75.0)

145 (62.2)
82 (70.1)
63 (54.3)
34 (56.7)
69 (75.8)
38 (52.8)
99 (64.3)
43 (58.1)

49 (65.3)
31 (75.6)
18 (52.9)
12 (66.7)
13 (48.2)
23 (82.1)
31 (62.0)
17 (70.8)
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53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

157 (67.4)
84 (71.8)
73 (62.9)
35 (58.3)
76 (83.5)
41 (56.9)

109 (70.8)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

22 (29.3) 55 (73.3)
10 (24.4) 32 (78.1)
12 (35.3) 23 (67.7)

6(33.3) (8&.7)
9(33.3) (68.7)
7(25.0) (231)

16 (32.0) 36 (72.0)
6(25.0) (18.0)

77 (33.1144 (61.8)
34 (29.1) 79 (67.5)
43 (37.1) 65 (56.0)
25 (41.7) 33 (55.0)
16 (17.6) 70 (76.9)
31 (43.1) 38 (52.8)
46 (29.9) 98 (63.6)
30 (40.5) 42 (56.8)

22 (29.3) 52 (69.3)
10 (24.4) 33 (80.5)
12 (35.3) 19 (55.9)

6(33.3) (68.7)
9(33.3) (856)
7(25.0) (a3.1)

16 (32.0) 34 (68.0)
6(25.0) (10.8)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

157 (67.4)
84 (71.8)
73 (62.9)
35 (58.3)
76 (83.5)
41 (56.9)

109 (70.8)
44 (59.5)

53 (70.7)
31 (75.6)
22 (64.7)
12 (66.7)
18 (66.7)
21 (75.0)
34 (68.0)
18 (75.0)

0.40
0.31
0.46
0.44
0.48
0.29
0.39
0.46

0.55
0.53
0.56
0.55
0.50
0.60
0.53
0.57

0.42
0.31
0.50
0.45
0.53
0.30
0.41
0.48
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Risk factor / Misclassified" [n (%)]
Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
Borderline or Low HDL-cholesterol
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 95 (40.8) 95 (40.8) 140 (60.1) 140 (60.1) 1121%8. 140 (60.1) 140 (60.1) 0.54
12-13y 300 47 (40.2) 48 (41.0) 68 (58.1) 68 (58.1) 59 (50.4) 68 (58.1) 68 (58.1) 0.51
14-15y 100 47 (40.5) 47 (40.5) 72 (62.1) 72 (62.1) 53 (45.7) 72 (62.1) 72 (62.1) 0.57
White 600 21 (35.0) 21 (35.0) 39 (65.0) 39 (65.0) 26 (43.3) 39 (65.0) 39 (65.0) 0.63
Hispanic 300 43 (47.3) 44 (48.4) 47 (51.7) 47 (51.7) 46 (50.6) 47 (51.7) 47 (51.7) 0.49
Black 500 27 (37.5) 28 (38.9) 46 (63.9) 46 (63.9) 33 (45.8) 46 (63.9) 46 (63.9) 0.55
UW/NW 100 51(33.1) 51 (33.1) 105 (68.2) 105 (68.2) 81 (52.6 105 (68.2) 105 (68.2) 0.52
AR/OW 800 29 (39.2) 43 (58.1) 31 (41.9) 31 (41.9) 29 (39.2) 31 (41.9) 31(41.9) 0.56
Evaluation sample
All girls 100 26 (34.7) 26 (34.7) 51 (68.0) 51 (68.0) 45 (60.0) 51 (68.0) 51 (68.0) 0.43
12-13y 300 17 (41.5) 17 (41.5) 25 (61.0) 25 (61.0) 28 (68.3) 25 (61.0) 25 (61.0) 0.29
14-15y 100 9 (26.5) 9 (26.5) 26 (76.5) 26 (76.5) 17 (50.0) (26.5) 26 (76.5) 0.64
White 600 10 (55.6) 9 (50.0) 9 (50.0) 9 (50.0) 11 (61.1) 50.0) 9 (50.0) 0.47
Hispanic 500 10 (37.0) 9 (33.3) 18 (66.7) 18 (66.7) 16 (59.3) 8 (66.7) 18 (66.7) 0.43
Black 300 10(35.7) 8 (28.6) 22 (78.6) 22 (78.6) 16 (57.1) 2(28.6) 22 (78.6) 0.34
UW/NW 100 15(30.0) 15 (30.0) 36 (72.0) 36 (72.0) 32 (64.0) 36 (72.0) 36 (72.0) 0.32
AR/OW 800 13 (54.2) 10 (41.7) 15 (62.5) 15 (62.5) 13 (54.2) 15 (62.5) 15 (62.5) 0.56
2005 Dietary Guidelines
Development sample
All girls 700 85(36.5) 92 (39.5) 140 (60.1) 140 (60.1) 90 (38.6 140 (60.1) 140 (60.1) 0.59
12-13y 800 45 (38.5) 48 (41.0) 68 (58.1) 68 (58.1) 45 (38.5) 68 (58.1) 68 (58.1) 0.61
14-15y 700 40 (34.5) 44 (37.9) 72 (62.1) 72 (62.1) 45 (38.8) 72 (62.1) 72 (62.1) 0.57
White 700 18(30.0) 21 (35.0) 39 (65.0) 39 (65.0) 22 (36.7) 39 (65.0) 39 (65.0) 0.60
Hispanic 1400 37 (40.7) 44 (48.4) 47 (51.7) 47 (51.7) 39 (42.9) 47 (51.7) 47 (51.7) 0.60
Black 700 24 (33.3) 25 (34.7) 46 (63.9) 46 (63.9) 26 (36.1) 46 (63.9) 46 (63.9) 0.57
UW/NW 400 49 (31.8) 49 (31.8) 105 (68.2) 105 (68.2) 57 (37.0 105 (68.2) 105 (68.2) 0.57
AR/OW 2200 30 (40.5) 42 (56.8) 31 (41.9) 31(41.9) 32 (43.2) 31 (41.9) 31(41.9) 0.59



Evaluation sample

Al girls 700 25 (33.3) 24 (320) 51(68.0) 51 (68.0) 31 (41.3) 51 (68.0) 51 (68.0) 0.42
12-13y 800 19 (46.3) 16 (39.0)  25(61.0) 25 (61.0) 19 (46.3) 25 (61.0) 25 (61.0) 0.39
14-15y 700 9 (26.5) 8(23.5)  26(76.5) 26 (76.5) 12(35.3) (26.5) 26 (76.5) 0.52
White 700  7(38.9) 9 (50.0) 9 (50.0) 9 (50.0) 7 (38.9) 9.(50 9 (50.0) 0.51
Hispanic 700 20 (74.1) 9(33.3) 18(66.7) 18 (66.7) 11 (40.7) 8 (86.7) 18 (66.7) 0.37
Black 1400  8(28.6) 6(21.4) 22(78.6)  22(78.6) 12 (42.9)  (72.6) 22 (78.6) 0.31
UW/NW 400 14 (28.0) 14 (28.0)  36(72.0) 36 (72.0) 21 (42.0) 36 (72.0) 36 (72.0) 0.33
AR/OW 2200 15 (62.5) 9(375) 15(62.5) 15 (62.5) 10 (41.7) 5 (G2.5) 15 (62.5) 0.48

Healthy People 2010
Development sample

All girls 1300 83 (35.6) 93(39.9) 137(58.8) 140 (60.1) 94 (¥0.3137 (58.8) 140 (60.1) 0.58
12-13y 1300 42 (35.9) 49 (41.9) 69 (59.0) 68 (58.1) 49 (41.9) 69 (59.0) 68 (58.1) 0.61
14-15y 1400 41 (35.3) 44 (37.9) 68 (58.6) 72 (62.1) 45 (38.8) 68 (58.6) 72 (62.1) 0.56
White 1000 17 (28.3) 21 (35.0) 40 (66.7) 39 (65.0) 22 (36.7) 40 (66.7) 39 (65.0) 0.61
Hispanic 2200 35(38.5) 44 (48.4) 47 (51.7) 47 (51.7) 45 (49.5) 47 (51.7) 47 (51.7) 0.60
Black 1200 22 (30.6) 26 (36.1) 44 (61.1) 46 (63.9) 25(34.7) 44 (61.1) 46 (63.9) 0.58
UW/NW 900 49 (31.8) 49 (31.8) 103 (66.9) 105 (68.2) 50 (32.5103 (66.9) 105 (68.2) 0.55
AR/OW 2200 29(39.2) 43 (58.1) 30 (40.5) 31 (41.9) 43 (58.1) 30 (40.5) 31 (41.9) 0.60
Evaluation sample
All girls 1300 33 (44.0) 24 (32.0) 51 (68.0) 51 (68.0) 25 (33.3) 51 (68.0) 51 (68.0) 0.41
12-13y 1300 21 (51.2) 16 (39.0) 24 (58.5) 25 (61.0) 16 (39.0) 25 (61.0) 25 (61.0) 0.38
14-15y 1400 13(38.2) 8(23.5) 27 (79.4) 26 (76.5) 9(26.5) (26.5) 26 (76.5) 0.49
White 1000 8 (44.4) 9 (50.0) 9 (50.0) 9 (50.0) 9 (50.0) 9.(60 9 (50.0) 0.46
Hispanic 1200 19 (70.4) 9(33.3) 18 (66.7) 18 (66.7) 9(33.3) (887) 18 (66.7) 0.37
Black 2200 12 (42.9) 6 (21.4) 22 (78.6) 22 (78.6) 7(25.0) (22.6) 22 (78.6) 0.34
UW/NW 900 14 (28.0) 14 (28.0) 36 (72.0) 36 (72.0) 14 (28.0) 36 (72.0) 36 (72.0) 0.37
AR/OW 2200 16 (66.7) 9 (37.5) 15 (62.5) 15 (62.5) 10 (41.7) 5 (@2.5) 15 (62.5) 0.42
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Accumulated time
Strong et al., 2005
Development sample

All girls 900 85(36.5) 93(39.9) 140(60.1) 140 (60.1) 87 (37.3140 (60.1) 140 (60.1) 0.60
12-13y 900 40 (34.2) 49 (41.9) 68 (58.1) 68 (58.1) 44 (37.6) 68 (58.1) 68 (58.1) 0.63
14-15y 800 43 (37.1) 44 (37.9) 72 (62.1) 72 (62.1) 43 (37.1) 72 (62.1) 72 (62.1) 0.58
White 700 19(31.7) 21 (35.0) 39 (65.0) 39 (65.0) 20 (33.3) 39 (65.0) 39 (65.0) 0.61
Hispanic 1300 39 (42.9) 44 (48.4) 47 (51.7) 47 (51.7) 41 (45.1) 47 (51.7) 47 (51.7) 0.59
Black 900 22 (30.6) 26 (36.1) 46 (63.9) 46 (63.9) 23 (31.9) 46 (63.9) 46 (63.9) 0.61
UW/NW 500 49 (31.8) 49 (31.8) 105(68.2) 105 (68.2) 53 (34.4 105 (68.2) 105 (68.2) 0.58
AR/OW 2000 28(37.8) 43 (58.1) 31 (41.9) 31 (41.9) 33 (44.6) 31 (41.9) 31(41.9) 0.60
Evaluation sample
All girls 900 30 (40.0) 24 (32.0) 51 (68.0) 51 (68.0) 28 (37.3) 51 (68.0) 51 (68.0) 0.43
12-13y 900 18 (43.9) 16 (39.0) 25 (61.0) 25 (61.0) 18 (43.9) 25 (61.0) 25 (61.0) 0.39
14-15y 800 10 (29.4) 8 (23.5) 26 (76.5) 26 (76.5) 10 (29.4) 6 (26.5) 26 (76.5) 0.52
White 700 7 (38.9) 9 (50.0) 9 (50.0) 9 (50.0) 7 (38.9) 9.(50 9 (50.0) 0.49
Hispanic 900 18 (66.7) 9 (33.3) 18 (66.7) 18 (66.7) 10 (37.0) 8(86.7) 18 (66.7) 0.39
Black 1300 13 (46.4) 6 (21.4) 22 (78.6) 22 (78.6) 10 (35.7) 2 (28.6) 22 (78.6) 0.32
UW/NW 500 14 (28.0) 14 (28.0) 36 (72.0) 36 (72.0) 17 (34.0) 36 (72.0) 36 (72.0) 0.39
AR/OW 2000 15 (62.5) 9 (37.5) 15 (62.5) 15 (62.5) 11 (45.8) 5 (82.5) 15 (62.5) 0.44

2005 Dietary Guidelines
Development sample

Al girls 1300 81 (34.8) 93(39.9) 136 (58.4) 140 (60.1) 94 (#0.3137 (58.8) 140 (60.1) 0.60
12-13y 1300 40 (34.2) 49 (419) 67(57.3)  68(58.1) 49 (41.9) 67 (57.3) 68 (58.1) 0.63
14-15y 1300 41 (35.3) 44 (37.9)  69(595) 72 (62.1) 45 (38.8) 70 (60.3) 72 (62.1) 0.58
White 1000 19 (31.7) 21(35.0)  39(65.0) 39 (65.0) 21 (35.0) 39 (65.0) 39 (65.0) 0.61
Hispanic 1300 36 (39.6) 44 (48.4)  48(52.8) 47 (51.7) 45 (49.5) 48 (52.8) 47 (51.7) 0.61
Black 1300 23 (31.9) 26 (36.1)  44(61.1) 46 (63.9) 26 (36.1) 45 (62.5) 46 (63.9) 0.61
UW/NW 1300 49 (31.8) 49 (31.8) 102 (66.2) 105 (68.2) 50 (32.5103 (66.9) 105 (68.2) 0.58
AR/OW 2400 28 (37.8) 43 (58.1)  30(40.5)  31(41.9) 43 (58.1) 30 (40.5) 31 (41.9) 0.59

152



Evaluation sample

Al girls 1300 28 (37.3) 24 (32.0) 51(68.0) 51 (68.0) 24 (32.0) 51 (68.0) 51 (68.0) 0.42
12-13y 1300 19 (46.3) 16 (39.0)  24(58.5)  25(61.0) 16 (39.0) 24 (58.5) 25 (61.0) 0.38
14-15y 1300 9 (26.5) 8(23.5)  27(79.4) 26 (76.5) 8(23.5) (29.4) 26 (76.5) 0.51
White 1000 8 (44.4) 9 (50.0) 9 (50.0) 9 (50.0) 9 (50.0) 9.(50 9 (50.0) 0.43
Hispanic 1300 8 (29.6) 9(33.3) 18(66.7) 18 (66.7) 9(33.3) (88.7) 18 (66.7) 0.42
Black 1300 12 (42.9) 6(21.4) 22(78.6) 22 (78.6) 6(21.4) (226) 22 (78.6) 0.34
UW/NW 1300 17 (34.0) 14 (28.0)  36(72.0) 36 (72.0) 14 (28.0) 36 (72.0) 36 (72.0) 0.40
AR/OW 2400 16 (66.7) 9(375) 15(62.5) 15 (62.5) 9(37.5) (855) 15 (62.5) 0.43

Healthy People 2010
Development sample

All girls 1700 85 (36.5) 93(39.9) 129 (55.4) 141 (60.5) 93 (39.9 134 (57.5) 141 (60.5) 0.59
12-13y 1800 41 (35.0) 49 (41.9) 61 (52.1) 69 (59.0) 49 (41.9) 66 (56.4) 69 (59.0) 0.62
14-15y 1700 44 (37.9) 44 (37.9) 68 (58.6) 72 (62.1) 44 (37.9) 68 (58.6) 72 (62.1) 0.56
White 1300 19 (31.7) 21 (35.0) 36 (60.0) 39 (65.0) 21 (35.0) 37 (61.7) 39 (65.0) 0.61
Hispanic 1800 36 (39.6) 44 (48.4) 45 (49.5) 48 (52.8) 44 (48.4) 46 (50.6) 48 (52.8) 0.60
Black 1700 24 (33.3) 26 (36.1) 43 (59.7) 46 (63.9) 26 (36.1) 45 (62.5) 46 (63.9) 0.59
UW/NW 1100 49 (31.8) 49 (31.8) 96 (62.3) 106 (68.8) 49 (31.8)101 (65.6) 106 (68.8) 0.57
AR/OW 3300 29 (39.2) 43 (58.1) 30 (40.5) 31 (41.9) 43 (58.1) 29 (39.2) 31 (41.9) 0.58

Evaluation sample
All girls 1700 30 (40.0) 24 (32.0) 47 (62.7) 51 (68.0) 24 (32.0) 48 (64.0) 51 (68.0) 0.43
12-13y 1800 19 (46.3) 16 (39.0) 23 (56.1) 25 (61.0) 16 (39.0) 23 (56.1) 25 (61.0) 0.44
14-15y 1700 11 (32.4) 8(23.5) 24 (70.6) 26 (76.5) 8(23.5) (28.5) 26 (76.5) 0.43
White 1300 8 (44.4) 9 (50.0) 9 (50.0) 9 (50.0) 9 (50.0) 9.(60 9 (50.0) 0.44
Hispanic 1700 10 (37.0) 9(33.3) 17 (63.0) 18 (66.7) 9(33.3) (83.0) 18 (66.7) 0.41
Black 1800 12 (42.9) 6 (21.4) 20 (71.4) 22 (78.6) 6(21.4) (204) 22 (78.6) 0.37
UW/NW 1100 14 (28.0) 14 (28.0) 31 (62.0) 36 (72.0) 14 (28.0) 32 (64.0) 36 (72.0) 0.39
AR/OW 3300 15 (62.5) 9 (37.5) 16 (66.7) 15 (62.5) 9(37.5) (86.7) 15 (62.5) 0.43

Overweight — All girls
Frequency and duration
Strong et al., 2005
Development sample 100 42(17.1) 42 (17.1) 206 (84.1) 206 (84.1) 1416p7. 206 (84.1) 206 (84.1) 0.49
Evaluation sample 100 12 (14.6) 12 (14.6) 72 (87.8) 72 (87.8) 50 (61.0) 72 (87.8) 72 (87.8) 0.37
2005 Dietary Guidelines
Development sample 400 39 (15.9) 40 (16.3) 206 (84.1) 206 (84.1) 71 (29.0206 (84.1) 206 (84.1) 0.57
Evaluation sample 400 10 (12.2) 10 (12.2) 72 (87.8) 72 (87.8) 21 (25.6) 72 (87.8) 72 (87.8) 0.48
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Healthy People 2010

Development sample 600 39 (15.9) 39 (15.9) 201 (82.0) 206 (84.1) 43 (17.6 201 (82.0) 206 (84.1) 0.59
Evaluation sample 600 10 (12.2) 10 (12.2) 70 (85.4) 72 (87.8) 12 (14.6) 72 (87.8) 72 (87.8) 0.46
Accumulated time
Strong et al., 2005
Development sample 400 38(15.5) 39(15.9) 205(83.7) 206 (84.1) 64 (26.1205 (83.7) 206 (84.1) 0.55
Evaluation sample 400 10(12.2) 10 (12.2) 72 (87.8) 72 (87.8) 16 (19.5) 72 (87.8) 72 (87.8) 0.51
2005 Dietary Guidelines
Development sample 700 39 (15.9) 39 (15.9) 199 (81.2) 205 (83.7) 40 (16.3202 (82.5) 206 (84.1) 0.57
Evaluation sample 700 10 (12.2) 10 (12.2) 69 (84.2) 72 (87.8) 10 (12.2) 69 (84.2) 72 (87.8) 0.49
Healthy People 2010
Development sample 900 39 (15.9) 39 (15.9) 182 (74.3) 204 (83.3) 39 (15.9189 (77.1) 205 (83.7) 0.56
Evaluation sample 900 10 (12.2) 10 (12.2) 61 (74.4) 72 (87.8) 10 (12.2) 64 (78.1) 72 (87.8) 0.47

1 Misclassification includes false positives (ilew risk and inadequate physical activity) anddategatives (i.e., high risk and adequate physic@lity).
2 Treuth et al. (2004) cut points for light, modetaind vigorous intensity physical activity werel 18000, and 5201 counts/min, respectively. Putaal.

(2002) cut points for light, moderate, and vigormisnsity physical activity were 800, 3200, an@®@2Zounts/min, respectively.

UW/NW is underweight or normal weight (<'88BMI percentile).
AR/OW is at risk for overweight or overweight 85" BMI percentile).

HDL is high-density lipoprotein.
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Appendix G.

Misclassification for potential new cutpoints and previously suggested cut points (courtain) and area under the receiver operating

characteristic (ROC) curve by disease risk factor ad physical activity recommendation by population abgroup in TAAG development

(N = 3522) and evaluation (N = 1174) samples

Risk factor /

Misclassified" [n (%)]

Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
At risk for overweight or Overweight
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 1253 (35.6) 1253 (35.6) 2279 (64.8) 2279 (64.8) 83L(B0.7) 2279 (64.8) 2279 (64.8) 0.50
White 100 476 (28.9) 476 (28.9) 1182 (71.7) 1182 (71.7) @5B2) 1182 (71.7) 1182 (71.7) 0.53
Hispanic 100 341 (44.3) 341 (44.3) 434 (56.4) 434 (56.4) 3908p 434 (56.4) 434 (56.4) 0.47
Black 100 284 (43.8) 284 (43.8) 369 (56.9) 369 (56.9) 3428p 369 (56.9) 369 (56.9) 0.46
Asian 100 58 (28.4) 58 (28.4) 148 (72.6) 148 (72.6) 1288p2. 148 (72.6) 148 (72.6) 0.42
Evaluation sample
All girls 100 413 (35.3) 413 (35.3) 765 (65.3) 765 (65.3) 5868 765 (65.3) 765 (65.3) 0.49
White 100 156 (28.8) 156 (28.8) 387 (71.5) 387 (71.5) 26868 387 (71.5) 387 (71.5) 0.48
Hispanic 100 103 (41.7) 103 (41.7) 146 (59.1) 146 (59.1) 12875 146 (59.1) 146 (59.1) 0.46
Black 100 102 (47.0) 102 (47.0) 116 (53.5) 116 (53.5) 99645 116 (53.5) 116 (53.5) 0.53
Asian 100 17 (20.7) 17 (20.7) 65 (79.3) 65 (79.3) 49 (59.8) 65 (79.3) 65 (79.3) 0.37
2005 Dietary Guidelines
Development sample
All girls 200 1241 (35.3) 1241 (35.3) 2271 (64.6) 2278 (64.8) 0019.8) 2275 (64.7) 2279 (64.8) 0.51
White 200 466 (28.3) 467 (28.3) 1176 (71.3) 1182 (71.7) &816) 1180 (71.6) 1182 (71.7) 0.53
Hispanic 500 340 (44.2) 340 (44.2) 434 (56.4) 434 (56.4) 3B 434 (56.4) 434 (56.4) 0.49
Black 400 281 (43.3) 282 (43.5) 367 (56.6) 369 (56.9) 28088 368 (56.7) 369 (56.9) 0.50
Asian 100 56 (27.5) 56 (27.5) 148 (72.6) 148 (72.6) 84 (#1.2 148 (72.6) 148 (72.6) 0.44
Evaluation sample
All girls 200 410 (35.0) 410 (35.0) 762 (65.1) 765 (65.3) 49/ 764 (65.2) 765 (65.3) 0.48
White 200 156 (28.8) 156 (28.8) 385 (71.2) 387 (71.5) 2041 387 (71.5) 387 (71.5) 0.47
Hispanic 500 102 (41.3) 101 (40.9) 146 (59.1) 146 (59.1) 1494 146 (59.1) 146 (59.1) 0.41
Black 400 103 (47.5) 102 (47.0) 115 (53.0) 116 (53.5) 134 115 (53.0) 116 (53.5) 0.57
Asian 100 17 (20.7) 17 (20.7) 65 (79.3) 65 (79.3) 33 (40.2) 65 (79.3) 65 (79.3) 0.39
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Healthy People 2010
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
Accumulated time
Strong et al., 2005
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
2005 Dietary Guidelines
Development sample
All girls
White
Hispanic
Black
Asian

200
100
300
700
100

200
100
300
700
100

100
400
100
400
100

100
400
100
400
100

200
400
200
800
200

1241 (35.3)
466 (28.3)
340 (44.2)
280 (43.1)

56 (27.5)

410 (35.0)
156 (28.8)
101 (40.9)
102 (47.0)

17 (20.7)

1240 (35.3)
466 (28.3)
340 (44.2)
282 (43.5)

56 (27.5)

409 (34.9)
154 (28.5)
101 (40.9)
102 (47.0)

17 (20.7)

1237 (35.2)
465 (28.2)
338 (43.9)
282 (43.5)

56 (27.5)

1241 (35.3)
466 (28.3)
341 (44.3)
282 (43.5)

56 (27.5)

410 (35.0)
156 (28.8)
101 (40.9)
101 (46.5)

17 (20.7)

1240 (35.3)
466 (28.3)
340 (44.2)
282 (43.5)

56 (27.5)

409 (34.9)
156 (28.8)
101 (40.9)
101 (46.5)

17 (20.7)

1237 (35.2)
465 (28.2)
338 (43.9)
282 (43.5)

56 (27.5)

2198 (62.5)
1119 (67.9)
426 (55.3)
363 (55.9)
147 (72.1)

745 (63.6)
374 (69.1)
145 (58.7)
112 (51.6)
64 (78.1)

2267 (64.5)
1174 (71.2)
432 (56.1)
368 (56.7)
148 (72.6)

761 (65.0)
384 (71.0)
146 (59.1)
115 (53.0)
65 (79.3)

2151 (61.2)
1072 (65)
421 (54.7)
366 (56.4)
149 (73.0)

156

2277 (64.8)
1181 (71.6)
434 (56.4)
369 (56.9)
147 (72.1)

764 (65.2)
387 (71.5)
145 (58.7)
116 (53.5)
65 (79.3)

2278 (64.8)
1182 (71.7)
434 (56.4)
369 (56.9)
148 (72.6)

764 (65.2)
386 (71.4)
146 (59.1)
116 (53.5)
65 (79.3)

2275 (64.7)
1180 (71.6)
434 (56.4)
369 (56.9)
147 (72.1)

611(B5.9) 2230 (63.4)
@®B0) 1141 (69.2)
34T 431 (56.0)
2613 368 (56.7)

60 (29.4 147 (72.1)
42538 755 (64.5)
16813 381 (70.4)
10B{4 145 (58.7)
10AQ4 114 (52.5)

18 (22.0) 65 (79.3)

5EI®8.5) 2271 (64.6)
h8) 1177 (71.4)
3@ 432 (56.1)
287 369 (56.9)

80 (9.2 148 (72.6)
46888 761 (65.0)
180993 385 (71.2)
10B{4 145 (58.7)
10648 115 (53.0)

29 (35.4) 65 (79.3)

45135.4)
4GBAP
33
2828

2189 (62.3)
1101 (66.8)
427 (55.5)
368 (56.7)

59 (28.9 149 (73.0)

2279 (64.8)
1182 (71.7)
434 (56.4)
369 (56.9)
148 (72.6)

765 (65.3)
387 (71.5)
146 (59.1)
116 (53.5)
65 (79.3)

2278 (64.8)
1182 (71.7)
434 (56.4)
369 (56.9)
148 (72.6)

765 (65.3)
387 (71.5)
146 (59.1)
116 (53.5)
65 (79.3)

2278 (64.8)

1182 (71.7)
434 (56.4)

369 (56.9)
148 (72.6)

0.53
0.55
0.49
0.52
0.50

0.49
0.46
0.42
0.58
0.43

0.52
0.54
0.48
0.50
0.44

0.50
0.49
0.43
0.58
0.39

0.53
0.55
0.50
0.53
0.47



Evaluation sample
All girls
White
Hispanic
Black
Asian
Healthy People 2010
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
High body fatness
Frequency and duration
Strong et al., 2005
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian

200
400
200
800
200

100
700
200
1100
300

100
700
200
1100
300

100
100
2200
100
300

100
100
2200
100
300

409 (34.9)
156 (28.8)
101 (40.9)
102 (47.0)

17 (20.7)

1236 (35.2)
464 (28.1)
336 (43.6)
282 (43.5)

56 (27.5)

407 (34.8)
156 (28.8)
101 (40.9)
101 (46.5)

17 (20.7)

1617 (46.0)
691 (41.9)
333 (43.3)
285 (43.9)

87 (42.7)

535 (45.7)
232 (42.9)
118 (47.8)
101 (46.5)

31 (37.8)

409 (34.9)
156 (28.8)
101 (40.9)
101 (46.5)

17 (20.7)

1236 (35.2)
465 (28.2)
336 (43.6)
282 (43.5)

56 (27.5)

407 (34.8)
156 (28.8)
101 (40.9)
100 (46.1)

17 (20.7)

1617 (46.0)
691 (41.9)
434 (56.4)
285 (43.9)

87 (42.7)

535 (45.7)
232 (42.9)
131 (53.0)
101 (46.5)

28 (34.2)

722 (61.7)
362 (66.9)
144 (58.3)
108 (49.8)
61 (74.4)

1874 (53.3)
885 (53.7)
386 (50.1)
351 (54.1)
130 (63.7)

635 (54.2)
301 (55.6)
136 (55.1)
105 (48.4)
57 (69.5)

1897 (54.0)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

157

763 (65.2)
386 (71.4)
145 (58.7)
116 (53.5)
65 (79.3)

2264 (64.4)
1169 (70.9)
433 (56.2)
368 (56.7)
147 (72.1)

759 (64.8)
382 (70.6)
146 (59.1)
115 (53.0)
65 (79.3)

1897 (54.0)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

41R3B 740 (63.2)
1968p 372 (68.8)
1023 143 (57.9)
1@ 113 (52.1)

17 (20.7) 63 (76.8)

411B5.3) 1947 (55.4)
4B3) 929 (56.3)
34070 404 (52.5)
2682%) 351 (54.1)

57 (27.9 139 (68.1)
4009 667 (57.0)
1968 324 (59.9)
109 142 (57.5)
1854 104 (47.9)

17 (20.7) 57 (69.5)

611(50.1) 1897 (54.0)
78678 959 (58.2)
AR5 333 (43.3)
34BG5 366 (56.4)
115456. 119 (58.3)
S60g) 634 (54.2)
2@ 305 (56.4)
1@ 118 (47.8)
10aQ4 115 (53.0)

48 (58.5) 54 (65.9)

764 (65.2)
386 (71.4)
146 (59.1)
116 (53.5)
65 (79.3)

2275 (64.7)

1180 (71.6)
434 (56.4)

369 (56.9)

147 (72.1)

764 (65.2)
386 (71.4)
146 (59.1)
116 (53.5)
65 (79.3)

1897 (54.0)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

0.52
0.50
0.43
0.59
0.42

0.55
0.56
0.51
0.55

0.49

0.53
0.52
0.44
0.61
0.45

0.51
0.54
0.48
0.47
0.45

0.51
0.52
0.51
0.51
0.39



2005 Dietary Guidelines
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
Healthy People 2010
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
Accumulated time
Strong et al., 2005
Development sample
All girls
White
Hispanic
Black
Asian

200
600
3500
400
100

200
600
3500
400
100

1100
1100
3300
700
100

1100
1100
3300
700
100

100
700
2700
500
100

1617 (46.0)
683 (41.4)
332 (43.1)
284 (43.8)

85 (41.7)

536 (45.8)
248 (45.8)
117 (47.4)
102 (47.0)

28 (34.2)

1612 (45.9)
684 (41.5)
332 (43.1)
283 (43.6)

85 (41.7)

553 (47.3)
249 (46.0)
119 (48.2)
101 (46.5)

28 (34.2)

1618 (46.0)
683 (41.4)
331 (43.0)
285 (43.9)

85 (41.7)

1617 (46.0)
690 (41.8)
435 (56.5)
285 (43.9)

85 (41.7)

536 (45.8)
236 (43.6)
129 (52.2)
101 (46.5)

28 (34.2)

1617 (46.0)
689 (41.8)
436 (56.6)
285 (43.9)

85 (41.7)

536 (45.8)
236 (43.6)
129 (52.2)
100 (46.1)

28 (34.2)

1618 (46.0)
689 (41.8)
437 (56.8)
285 (43.9)

85 (41.7)

1895 (53.9)
957 (58.0)
333 (43.3)
366 (56.4)
119 (58.3)

633 (54.1)
305 (56.4)
118 (47.8)
114 (52.5)
54 (65.9)

1846 (52.5)
914 (55.4)
335 (43.5)
362 (55.8)
118 (57.8)

622 (53.2)
300 (55.5)
117 (47.4)
111 (51.2)
53 (64.6)

1893 (53.8)
955 (57.9)
333 (43.3)
367 (56.6)
119 (58.3)

158

1896 (53.9)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

1897 (54.0)
960 (58.2)
333 (43.3)
366 (56.4)
118 (57.8)

633 (54.1)
305 (56.4)
117 (47.4)
115 (53.0)
54 (65.9)

1896 (53.9)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

481@16.9) 1899 (54.0)
69R4 961 (58.3)
44135 333 (43.3)
2907 367 (56.6)
103%50. 119 (58.3)
SERE) 633 (54.1)
29078 305 (56.4)
12745 118 (47.8)
108§ 114 (52.5)

40 (48.8) 54 (65.9)

21@16.1) 1868 (53.1)
69 932 (56.5)
4RI 334 (43.4)
28U} 367 (56.6)

87 (#2.7 118 (57.8)
589 630 (53.9)
2006% 305 (56.4)
1AG 117 (47.4)
10B8%4 113 (52.1)

29 (35.4) 54 (65.9)

271616.3) 1895 (53.9)
68BT} 958 (58.1)
4R 333 (43.3)
28841 366 (56.4)

101%%9. 119 (58.3)

1897 (54.0)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

1897 (54.0)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

1896 (53.9)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

0.52
0.55
0.49
0.50
0.44

0.50
0.50
0.46
0.56
0.43

0.53
0.56
0.50
0.52
0.45

0.50
0.49
0.45
0.56
0.46

0.52
0.55
0.50
0.50
0.45



Evaluation sample
All girls
White
Hispanic
Black
Asian

2005 Dietary Guidelines

Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
Healthy People 2010
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian

100
700
2700
500
100

200
1200
3900

800

200

200
1200
3900

800

200

2200
1700
4900
2100

300

2200
1700
4900
2100

300

535 (45.7)
246 (45.5)
119 (48.2)
102 (47.0)

28 (34.2)

1617 (46.0)
683 (41.4)
330 (42.9)
285 (43.9)

85 (41.7)

535 (45.7)
245 (45.3)
119 (48.2)
101 (46.5)

28 (34.2)

1603 (45.6)
686 (41.6)
331 (43.0)
283 (43.6)

85 (41.7)

546 (46.7)
248 (45.8)
117 (47.4)
90 (41.5)
28 (34.2)

535 (45.7)
236 (43.6)
129 (52.2)
100 (46.1)

28 (34.2)

1617 (46.0)
688 (41.7)
437 (56.8)
285 (43.9)

85 (41.7)

535 (45.7)
236 (43.6)
129 (52.2)
100 (46.1)

28 (34.2)

1618 (46.0)
688 (41.7)
437 (56.8)
285 (43.9)

85 (41.7)

535 (45.7)
236 (43.6)
129 (52.2)
101 (46.5)

28 (34.2)

632 (54.0)
304 (56.2)
118 (47.8)
114 (52.5)
54 (65.9)

1833 (52.1)
889 (53.9)
342 (44.4)
365 (56.2)
120 (58.8)

607 (51.9)
296 (54.7)
116 (47.0)
107 (49.3)
50 (61.0)

1722 (49.0)
802 (48.6)
347 (45.1)
350 (53.9)
117 (57.4)

568 (48.6)
263 (48.6)
118 (47.8)
102 (47.0)
52 (63.4)

159

633 (54.1)
304 (56.2)
118 (47.8)
115 (53.0)
54 (65.9)

1895 (53.9)
959 (58.2)
333 (43.3)
366 (56.4)
118 (57.8)

632 (54.0)
304 (56.2)
117 (47.4)
115 (53.0)
54 (65.9)

1890 (53.8)
954 (57.9)
332 (43.1)
365 (56.2)
118 (57.8)

628 (53.7)
300 (55.5)
118 (47.8)
114 (52.5)
54 (65.9)

5609 632 (54.0)
26T 305 (56.4)
12045 117 (47.4)
1069 114 (52.5)

34 (41.5) 54 (65.9)

191616.1) 1851 (52.7)
68§ 906 (54.9)
AT 340 (44.2)
26591 367 (56.6)

88 (#3.1 120 (58.8)
5@ 619 (52.9)
23B6% 300 (55.5)
1305 115 (46.6)
185 112 (51.6)

28 (34.2) 52 (63.4)

191@16.1) 1739 (49.5)
68§ 820 (49.7)
4TS 345 (44.8)
26591 350 (53.9)

86 (2.2 120 (58.8)
5& 580 (49.6)
236 276 (51.0)
12875 118 (47.8)
100146 103 (47.5)

28 (34.2) 50 (61.0)

634 (54.2)
305 (56.4)
118 (47.8)
115 (53.0)
54 (65.9)

1896 (53.9)
959 (58.2)
333 (43.3)
366 (56.4)
119 (58.3)

633 (54.1)
304 (56.2)
118 (47.8)
115 (53.0)
54 (65.9)

1897 (54.0)
961 (58.3)
333 (43.3)
366 (56.4)
118 (57.8)

633 (54.1)
304 (56.2)
118 (47.8)
115 (53.0)
54 (65.9)

0.52
0.53
0.48
0.57
0.42

0.53
0.56
0.51
0.52
0.45

0.53
0.52
0.49
0.59
0.46

0.54
0.56
0.52
0.54
0.45

0.54
0.53
0.49
0.60
0.49



Risk factor /

Misclassified" [n (%)]

Recommendation / Treuth cut point? Puyau cut point Area under
Sample / Subgroup New cut point Light Moderate Vigorous Light Moderate Vigorous ROC curve
Overweight
Frequency and duration
Strong et al., 2005
Development sample
All girls 100 672 (19.1) 672 (19.1) 2892 (82.3) 2892 (82.3) 1(BM3) 2892 (82.3) 2892 (82.3) 0.50
White 100 216 (13.1) 216 (13.1) 1456 (88.3) 1456 (88.3) @mL6) 1456 (88.3) 1456 (88.3) 0.53
Hispanic 100 202 (26.2) 202 (26.2) 579 (75.2) 579 (75.2) 3@ 579 (75.2) 579 (75.2) 0.47
Black 100 181 (27.9) 181 (27.9) 476 (73.3) 476 (73.3) 3BAp 476 (73.3) 476 (73.3) 0.49
Asian 100 21 (10.3) 21 (10.3) 189 (92.7) 189 (92.7) 1273p2. 189 (92.7) 189 (92.7) 0.44
Evaluation sample
All girls 100 213 (18.2) 213 (18.2) 975 (83.3) 975 (83.3) 51%p 975 (83.3) 975 (83.3) 0.48
White 100 73 (13.5) 73 (13.5) 476 (88.0) 476 (88.0) 254@7. 476 (88.0) 476 (88.0) 0.50
Hispanic 100 51 (20.7) 51 (20.7) 198 (80.2) 198 (80.2) 1357%4. 198 (80.2) 198 (80.2) 0.41
Black 100 61 (28.1) 61 (28.1) 161 (74.2) 161 (74.2) 116%%3. 161 (74.2) 161 (74.2) 0.48
Asian 100 9 (11.0) 9 (11.0) 73 (89.0) 73 (89.0) 45 (54.9) (83.0) 73 (89.0) 0.43
2005 Dietary Guidelines
Development sample
All girls 100 648 (18.4) 648 (18.4) 2884 (82.0) 2891 (82.2) @7778) 2888 (82.1) 2892 (82.3) 0.51
White 100 205 (12.4) 205 (12.4) 1450 (87.9) 1456 (88.3) @b2) 1454 (88.2) 1456 (88.3) 0.53
Hispanic 200 199 (25.8) 199 (25.8) 579 (75.2) 579 (75.2) 26B2ZB 579 (75.2) 579 (75.2) 0.50
Black 200 177 (27.3) 177 (27.3) 474 (73.0) 476 (73.3) 2209 475 (73.2) 476 (73.3) 0.51
Asian 100 17 (8.3) 17 (8.3) 189 (92.7) 189 (92.7) 63 (30.9)189 (92.7) 189 (92.7) 0.46
Evaluation sample
All girls 100 206 (17.6) 206 (17.6) 972 (83.0) 975 (83.3) 3y 974 (83.2) 975 (83.3) 0.48
White 100 69 (12.8) 69 (12.8) 474 (87.6) 476 (88.0) 1373p5. 476 (88.0) 476 (88.0) 0.50
Hispanic 200 49 (19.8) 49 (19.8) 198 (80.2) 198 (80.2) 77 (31.2 198 (80.2) 198 (80.2) 0.37
Black 200 61 (28.1) 61 (28.1) 160 (73.7) 161 (74.2) 86 (9.6 160 (73.7) 161 (74.2) 0.53
Asian 100 9 (11.0) 9 (11.0) 73 (89.0) 73 (89.0) 25 (30.5) (83.0) 73 (89.0) 0.44

160



Healthy People 2010
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
Accumulated time
Strong et al., 2005
Development sample
All girls
White
Hispanic
Black
Asian
Evaluation sample
All girls
White
Hispanic
Black
Asian
2005 Dietary Guidelines
Development sample
All girls
White
Hispanic
Black
Asian

200
100
300
700
100

200
100
300
700
100

100
100
100
400
100

100
100
100
400
100

200
200
200
800
200

648 (18.4)
204 (12.4)
199 (25.8)
175 (27.0)

17 (8.3)

206 (17.6)
69 (12.8)
49 (19.8)
61 (28.1)

9 (11.0)

647 (18.4)
204 (12.4)
199 (25.8)
177 (27.3)

17 (8.3)

205 (17.5)
69 (12.8)
49 (19.8)
61 (28.1)

9 (11.0)

642 (18.3)
201 (12.2)
197 (25.6)
177 (27.3)

17 (8.3)

648 (18.4)
204 (12.4)
200 (26.0)
177 (27.3)

17 (8.3)

206 (17.6)
69 (12.8)
49 (19.8)
60 (27.7)

9 (11.0)

647 (18.4)
204 (12.4)
199 (25.8)
177 (27.3)

17 (8.3)

205 (17.5)
69 (12.8)
49 (19.8)
60 (27.7)

9 (11.0)

642 (18.3)
201 (12.2)
197 (25.6)
177 (27.3)

17 (8.3)

2785 (79.2)
1383 (83.9)
561 (72.9)
466 (71.8)
188 (92.2)

945 (80.7)
455 (84.1)
195 (79.0)
157 (72.4)
72 (87.8)

2880 (81.9)
1448 (87.8)
577 (74.9)
475 (73.2)
189 (92.7)

971 (82.9)
473 (87.4)
198 (80.2)
160 (73.7)
73 (89.0)

2698 (76.7)
1320 (80.1)
542 (70.4)
469 (72.3)
182 (89.2)

161

2890 (82.2)
1455 (88.2)
579 (75.2)
476 (73.3)
188 (92.2)

974 (83.2)
476 (88.0)
197 (79.8)
161 (74.2)
73 (89.0)

2891 (82.2)
1456 (88.3)
579 (75.2)
476 (73.3)
189 (92.7)

974 (83.2)
475 (87.8)
198 (80.2)
161 (74.2)
73 (89.0)

2888 (82.1)
1454 (88.2)
579 (75.2)
476 (73.3)
188 (92.2)

2823 (80.3)
1405 (85.2)
2001 572 (74.3)
17B4p 471 (72.6)
25 (12.3)188 (92.2)

@a27)
eB7)

22BqL 959 (81.9)
78 (14.4 464 (85.8)
51 (20.7 197 (79.8)
63 (29.0 159 (73.3)
10 (12.2)  (93.0)

2884 (82.0)
1451 (88.0)
23673 577 (74.9)
20213 476 (73.3)
51 (25.0)189 (92.7)

@78)
@Lr2)

3®8p 971 (82.9)
114121. 474 (87.6)
63 (5.5 197 (79.8)
80 (36.9 160 (73.7)
21(25.6) (88.0)

2758 (78.4)
1357 (82.3)
200@R 558 (72.5)
1773p 471 (72.6)
22 (10.8)184 (90.2)

G5 7)
@OB6)

2892 (82.3)
1456 (88.3)
579 (75.2)
476 (73.3)
189 (92.7)

975 (83.3)
476 (88.0)
198 (80.2)
161 (74.2)
73 (89.0)

2891 (82.2)
1456 (88.3)
579 (75.2)
476 (73.3)
189 (92.7)

975 (83.3)
476 (88.0)
198 (80.2)
161 (74.2)
73 (89.0)

2891 (82.2)
1456 (88.3)
579 (75.2)
476 (73.3)
189 (92.7)

0.53

0.55
0.48
0.54
0.53

0.49
0.51
0.36
0.54
0.47

0.52

0.54
0.50
0.51
0.47

0.51
0.52
0.40
0.54
0.45

0.55

0.56
0.53
0.53
0.54



Evaluation sample

All girls 200 205 (17.5) 203 (17.3) 908 (77.5) 973 (83.1) 2187) 936 (79.9) 974 (83.2) 0.53
White 200 69 (12.8) 69 (12.8) 433(80.0) 475 (87.8) 73 (13.5 449 (83.0) 475 (87.8) 0.55
Hispanic 200 49 (19.8) 49 (19.8) 192 (77.7) 197 (79.8) 50 (20.2 195 (79.0) 198 (80.2) 0.42
Black 800 61 (28.1) 58 (26.7) 151 (69.6) 161 (74.2) 61 (28.1 156 (71.9) 161 (74.2) 0.56
Asian 200 9 (11.0) 9 (11.0) 69 (84.2) 73 (89.0) 9 (11.0) (86.6) 73 (89.0) 0.47
Healthy People 2010
Development sample
All girls 100 639 (18.2) 639 (18.2) 2191 (62.3) 2873 (81.7) 64B4) 2350 (66.8) 2888 (82.1) 0.57
White 100 199 (12.1) 199 (12.1) 1027 (62.3) 1441 (87.4) @aou4) 1113 (67.5) 1454 (88.2) 0.58
Hispanic 200 195(25.3) 195 (25.3) 437 (56.8) 576 (74.8) 1WEp 477 (62.0) 579 (75.2) 0.54
Black 1100 177 (27.3) 177 (27.3) 428 (66.0) 475(73.2) 1773p 438 (67.5) 476 (73.3) 0.55
Asian 300 17 (8.3) 17 (8.3) 149 (73.0) 188 (92.2) 18 (8.8) 62179.4) 188 (92.2) 0.56
Evaluation sample
All girls 100 201 (17.2) 201 (17.2) 729 (62.3) 969 (82.8) 20BF)1 803 (68.6) 974 (83.2) 0.56
White 100 69 (12.8) 69 (12.8) 328 (60.6) 471(87.1) 69 (12.8 369 (68.2) 475 (87.8) 0.58
Hispanic 200 49 (19.8) 49 (19.8) 156 (63.2) 198 (80.2) 49 (19.8 172 (69.6) 198 (80.2) 0.44
Black 1100 60 (27.7) 57 (26.3) 136 (62.7) 160 (73.7) 60 (27.7 141 (65.0) 161 (74.2) 0.58
Asian 300 9 (11.0) 9 (11.0) 63 (76.8) 73 (89.0) 9 (11.0) (89.3) 73 (89.0) 0.48

T

Misclassification includes false positives (ilew risk and inadequate physical activity) and éategatives (i.e., high risk and adequate phyasiciiity).
2 Treuth et al. (2004) cut points for light, modetaind vigorous intensity physical activity werel 18000, and 5201 counts/min, respectively. Pwfaal.

(2002) cut points for light, moderate, and vigormisnsity physical activity were 800, 3200, an@@2Zounts/min, respectively.
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Appendix H.

Concordance correlation coefficient (), location shift (u), scale shift (v), bias

correction factor (Cy), and Pearson’s correlation coefficient (r) for mhutes of
physical activity determined using new accelerometesut points and comparison

measures by intensity and population subgroup in NANES (N = 333)

Comparison / Intensity /

Cut point

Subgroup (counts/min) r. (95% CI) Cy
Questionnaire'
Moderate
12-13y 4000-4999 0.00 (-0.027,0.024)  -1.48 0.10 .160 -0.01
4300-9999 0.00 (-0.058, 0.058)  -0.87 0.23 0.37 00.0
Vigorous
12-13y 5000 0.01 (-0.020,0.031) -1.64 0.10 0.16 .030
10000 0.00 (-0.008, 0.007)  -3.19 0.03 0.05 -0.01
M oderate-to-vigorous
All girls 100 0.01 (-0.006, 0.020) 3.92 0.98 0.12 .08
400 0.02 (-0.013, 0.050) 2.22 0.72 0.28 0.06
12-13y 400 0.01 (-0.039, 0.051) 2.19 0.70 0.29 20.0
4000 0.00 (-0.022,0.031) -1.77 0.12 0.17 0.03
4300 0.00 (-0.019, 0.027)  -1.93 0.10 0.15 0.03
14-15y 100 0.01 (-0.007, 0.028) 4.06 1.01 0.11 001
White 400 0.05 (-0.026, 0.118) 1.99 0.64 0.32 0.14
700 0.10 (-0.022, 0.214) 1.10 050 0.54 0.18
1200 0.13 (-0.011, 0.263) 0.20 0.37 0.64 0.20
1800 0.09 (-0.011, 0.192)  -0.46 0.26 0.47 0.19
2300 0.05 (-0.027,0.132) -0.84 0.22 0.36 0.14
Treuth cut point?
Light
12-13y 1900-3999 0.01 (0.007, 0.014)  -9.33 0.23 020. 0.48
1900-4299 0.01 (0.007,0.015) -9.04 0.25 0.02 0.47
Moderate
12-13y 4000-4999 0.34 (0.294,0.396)  -1.55 0.40 380. 0.91
4300-9999 0.56 (0.481,0.631) -0.86 0.84 0.72 0.77
Vigorous
12-13y >5000 0.99 (0.994, 0.996) 0.06 1.06 1.00 1.00
>10000 0.31(0.241,0.370) -0.78 0.33 0.51 0.60
Light-to-vigorous
All girls 100 1.00 (1.000, 1.000) 0.01 1.00 1.00 oa.
400 0.24 (0.209, 0.268)  -2.37 0.74 0.26 0.92
12-13y 400 0.24 (0.201, 0.284)  -2.37 0.79 0.26 30.9
1900 0.02 (0.011, 0.022) -7.94 0.30 0.03 0.55
14-15y 100 1.00 (1.000, 1.000) 0.01 1.00 1.00 1.00
White 400 0.23(0.175,0.291) -2.42 0.73 0.25 0.93
700 0.09 (0.062,0.120)  -3.93 0.58 0.11 0.81
1200 0.03 (0.021,0.049) -5.75 0.42 0.06 0.63
1800 0.02 (0.008, 0.024)  -7.56 0.30 0.03 0.50
2300 0.01 (0.005, 0.017)  -8.70 0.25 0.03 0.43
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Comparison / Intensity /  Cut point
Subgroup (counts/min) r. (95% CI) u Cy r
M oderate-to-vigorous
All girls 100 0.00 (0.003,0.006) 10.98 5.99 0.02 .3
400 0.02 (0.013, 0.022) 6.91 4.45 0.04 0.47
12-13y 400 0.02 (0.013, 0.027) 6.78 4.23 0.04 0.50
4000 0.71 (0.656, 0.755)  -0.74 0.70 0.75 0.94
4300 0.60 (0.543, 0.657)  -0.92 0.62 0.65 0.92
14-15y 100 0.00 (0.000, 0.005) 11.61 6.60 0.01 601
White 400 0.02 (0.012, 0.034) 6.34 3.81 0.05 0.51
700 0.06 (0.034, 0.077) 4.42 3.00 0.09 0.63
1200 0.17 (0.119, 0.222) 2.56 2.18 0.22 0.78
1800 0.45 (0.370, 0.540) 1.33 1.56 0.50 0.90
2300 0.77 (0.713, 0.833) 0.66 1.28 0.80 0.96
Puyau cut point
Light
12-13y 1900-3999 0.13(0.104, 0.161)  -3.07 0.43 160. 0.81
1900-4299 0.14 (0.111,0.1272)  -2.93 0.46 0.18 0.80
Moderate
12-13y 4000-4999 0.35(0.308, 0.400) -1.36 0.31 370. 0.95
4300-9999 0.69 (0.636,0.736)  -0.75 0.64 0.72 0.95
Vigorous
12-13y >5000 0.36 (0.290, 0.430) 0.69 2.62 0.57 0.63
>10000 0.96 (0.948,0.966) -0.16 0.82 0.97 0.99
Light to vigorous
All girls 100 0.08 (0.063, 0.088) 4.25 1.83 0.10 70.
400 0.38 (0.337, 0.413) 1.71 1.36 0.40 0.94
12-13y 400 0.39 (0.334, 0.440) 1.69 1.33 0.40 0.96
1900 0.18 (0.147,0.218) -2.62 0.51 0.21 0.85
14-15y 100 0.06 (0.044, 0.075) 454 201 0.09 0.69
White 400 0.36 (0.283, 0.433) 1.76 1.36 0.38 0.93
700 0.93 (0.914, 0.954) 0.36 1.07 0.94 1.00
1200 0.57 (0.495,0.653) -1.14 0.78 0.59 0.97
1800 0.22 (0.161, 0.277)  -2.37 0.55 0.25 0.87
2300 0.13 (0.089, 0.169)  -3.10 0.46 0.16 0.79
Moderate to vigorous
All girls 100 0.00 (0.002, 0.006) 11.51 6.50 0.01 .28
400 0.02 (0.011, 0.019) 7.28 4.83 0.03 0.44
12-13y 400 0.02 (0.011, 0.023) 711 454 0.04 0.47
4000 0.81 (0.775,0.847)  -0.55 0.75 0.84 0.97
4300 0.71 (0.658,0.755)  -0.72 0.66 0.74 0.95
14-15y 100 0.00 (0.000, 0.004) 12.28 7.29 0.01 501
White 400 0.02 (0.010, 0.030) 6.58 4.02 0.04 0.49
700 0.05 (0.029, 0.069) 4.62 3.16 0.08 0.61
1200 0.15 (0.101, 0.195) 2.72 2.30 0.20 0.75
1800 0.39 (0.311, 0.478) 1.48 1.64 0.45 0.88
2300 0.69 (0.619, 0.766) 0.80 1.35 0.73 0.94

Moderate, vigorous, and moderate-to-vigorous sitgrin the NHANES questionnaire were defined
as 3to <6 METSz6 METS, and>3 METS, respectively.
Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut point

were 101-2999, 3000-5200, 5201, 101, and 3000 sbuirtute, respectively.

Puyau et al. (2002) light, moderate, vigoroushthp-vigorous, and moderate-to-vigorous cut points
were 800-3199, 3200-8199, 8200, 800, and 3200 shuitt, respectively.
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Appendix I.

Concordance correlation coefficient (g), location shift (u), scale shift (v), bias
correction factor (Cy), and Pearson’s correlation coefficient (r) of mimtes of

physical activity determined using new accelerometesut points and comparison

measures by intensity and population subgroup in TAG (N = 4696)

Cut point
Comparison / Intensity / (counts/30
Subgroup sec) £ (95% CI) u v Cy r
3DPAR'
Light
Black 1050-1549 0.00 (-0.021, 0.019)  -1.92 0.37 00.3 0.00
1450-1949 0.00 (-0.009, 0.009)  -3.19 0.24 0.14 000
Moderate
Black 1550-2049 0.02 (0.001, 0.031) -1.78 0.18 0.22 0.07
1950-2449 0.01 (-0.002, 0.015) -2.64 0.11 0.13 50.0
Vigorous
Black 2050 0.01 (-0.006, 0.030)  -1.65 0.22 027 500
2450 0.01 (-0.004, 0.019)  -2.29 0.15 0.17 0.05
Light-to-vigorous
Overall 50 0.01 (0.010, 0.016) 4.16 185 0.10 0.13
White 50 0.01 (0.011, 0.018) 4.38 1.99 0.09 0.16
Black 100 0.02 (0.010, 0.035) 2.95 156 0.18 0.12
1050 0.05(0.027,0.069) -1.91 0.42 0.31 0.15
1450 0.02 (0.013,0.034) -3.08 0.28 0.15 0.16
M oderate-to-vigorous
Overall 50 0.01 (0.007, 0.011) 5.38 2.15 0.06 0.14
White 50 0.01 (0.007, 0.012) 5.60 2.33 0.06 0.17
Black 100 0.01 (0.006, 0.019) 4.14 183 0.10 0.12
1550 0.07 (0.044,0.093) -1.32 0.29 0.37 0.19
1950 0.04 (0.025, 0.053) -2.08 0.19 0.21 0.19
Treuth cut point?
Light
Black 1050-1549 0.01 (0.008, 0.011) -11.01 0.12 20.0 0.61
1450-1949 0.00 (0.004, 0.005) -13.99 0.08 001 604
Moderate
Black 1550-2049 0.69 (0.668, 0.708)  -0.77 0.60 0.70 0.98
1950-2449 0.32(0.297,0.338) -1.74 0.38 0.33 0.96
Vigorous
Black 2050 0.63 (0.598, 0.655)  -0.80 0.74 0.73 0.85
2450 0.31(0.283,0.336)  -1.49 0.49 0.42 0.73
Light-to-vigorous
Overall 50 1.00 (1.000, 1.000) 0.03 1.00 1.00 1.00
White 50 1.00 (1.000, 1.000) 0.03 1.00 1.00 1.00
Black 100 1.00 (1.000, 1.000) 0.02 1.00 1.00 1.00
1050 0.02 (0.019,0.024) -7.34 0.24 0.03 0.63
1450 0.01 (0.009, 0.012)  -9.58 0.16 0.02 0.53
M oderate-to-vigorous
Overall 50 0.01 (0.010, 0.011) 9.43 5.63  0.02 0.49
White 50 0.01 (0.009, 0.012) 9.20 5.40 0.02 0.47
Black 100 0.01 (0.013, 0.017) 8.35 590 0.03 0.56
1550 0.99 (0.990, 0.992) -0.12 0.95 0.99 1.00
1950 0.62 (0.592,0.639) -0.94 0.62 0.64 0.96
Puyau cut point
Light
Black 1050-1549 0.06 (0.058, 0.070)  -4.77 0.27 0.07 0.86
1450-1949 0.03 (0.025,0.032) -6.56 0.18 0.04 0.69
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Cut point

Comparison / Intensity / (counts/30
Subgroup sec) t (95% CI) (o r
Moderate
Black 1550-2049 0.63 (0.606, 0.652)  -0.78 0.54 0.67 0.94
1950-2449 0.31(0.294,0.334) -1.71 0.34 0.32 0.97
Vigorous
Black 2050 0.67 (0.647,0.693) -0.80 0.67 0.71 0.94
2450 0.35(0.326, 0.375)  -1.46 0.45 0.41 0.85
Light-to-vigorous
Overall 50 0.11 (0.105, 0.114) 3.57 1.74 0.13 0.82
White 50 0.11 (0.107, 0.121) 3.45 1.64 0.14 0.81
Black 100 0.19 (0.178, 0.210) 2.65 1.74 0.21 0.91
1050 0.16 (0.142,0.169)  -2.93 0.47 0.18 0.87
1450 0.07 (0.061, 0.075)  -4.39 0.31 0.09 0.77
M oderate-to-vigorous
Overall 50 0.01 (0.008, 0.010) 9.94 6.13 0.02 0.47
White 50 0.01 (0.008, 0.010) 9.67 5.85 0.02 0.46
Black 100 0.01 (0.011, 0.014) 8.92 6.59 0.02 0.54
1550 0.99 (0.990, 0.992) 0.11 1.06 0.99 1.00
1950 0.74 (0.723,0.761)  -0.70 0.69 0.76 0.98

Light, moderate, vigorous, light-to-vigorous, andderate-to-vigorous intensity in the 3-day phylsica

activity recall (3DPAR) were defined as 2 to <3 MEB to <6 METS2>6 METS,>2 METS, and>3

METS, respectively.

were 51-1499, 1500-2600, 2601, 51, and 1500 c@htsc, respectively.

Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut point

Puyau et al. (2002) light, moderate, vigoroushthp-vigorous, and moderate-to-vigorous cut points

were 800, 3200, and 8200 counts/min, respectivEhe cut points used were 400-1599, 1600-4099,
and 4100, 400, and 1600 counts/30 sec, respectively
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Appendix J. Bland-Altman plots graphically presenting differences in minutes of physical activity
between new cut points and comparison measures byexage minutes of activity and
mean difference (light line) £ 1.96 x SD (dark ling) by intensity and population
subgroup in NHANES

Comparison / Intensity /  New cut point(s)
Subgroup (counts/min) Plot

NHANES questionnaire
Moderate (3 to lessthan 6 METS)

& 120 1
s
285 0N
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S c -240
@
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o -360
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Comparison / Intensity /  New cut point(s)
Subgroup (counts/min) Plot
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Comparison / Intensity /  New cut point(s)
Subgroup (counts/min) Plot
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Comparison / Intensity /
Subgroup
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Appendix K. Bland-Altman plots graphically presenting differences in minutes of physical activity
between new cut points and comparison measures byexage minutes of activity and
mean difference (light line) £ 1.96 x SD (dark ling) by intensity and population
subgroup in TAAG
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Comparison / Intensity /  New cut point(s)
Subgroup (counts/30 sec)
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Comparison / Intensity /  New cut point(s)
Subgroup (counts/30 sec)

Plot

M oderate-to-vigorous (1600 counts/30 sec)

All girls 50

White 50

Black 100
1550

Difference in minutes of MVPA

Difference in minutes of MVPA

196

Difference in minutes of MVPA

Difference in minutes of MVPA

Average minutes of MVPA
((new + Puyau)/2)

720 - %
600 - X
e
[
>
>
["
I
=
[0
£
120 60 120 180 240 300 360 420
Average minutes of MVPA
((new + Puyau)/2)
720 %6
600 4 X
= 480
c:ws x X
5 360
|
240
2 X
£ 1201 ”
o]:é‘”g< | | | | ; ; ‘
120 60 120 180 240 300 360 420
Average minutes of MVPA
((new + Puyau)/2)
720 «
600
= 480
g
)
DI_ 360 o x
> 240 -
(0]
< 1204
Ofg‘ T T T T T T 1
120 60 120 180 240 300 360 420
Average minutes of MVPA
((new + Puyau)/2)
720 4
600 +
S 480 +
S
03_ 360 4
|
= 240 4
(0]
£ 1201
orm
120 60 120 180 240 300 360 420



Comparison / Intensity /  New cut point(s)

Subgroup (counts/30 sec) Plot
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TAAG: Trial of Activity for Adolescent Girls; 3DPAR3-day physical activity recall; LPA: light physic
activity, MPA: moderate physical activity; VPA: vigous physical activity; LVPA: light-to-vigorous
physical activity; MVPA: moderate-to-vigorous phyel activity
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Appendix L.

Mean difference and 95% confidence inteval (Cl), limits of agreement (mean +

1.96xSD), and average minutes with differences oudg limits of agreement from
Bland-Altman plots comparing minutes of physical ativity using new cut points and
comparison measures by intensity and population svoup in NHANES (N = 333)

Comparison / New cut Avg min  Avg min
Intensity / point(s) Limits of below above
Subgroup (counts/min) Mean (95% ClI) agreement LL? UL?
Questionnaire*
Moderate
12-13y 4000-4999 -13.0 (-17.4,-8.7) -67.7 - 41.638-94 None
4300-9999 -11.5 (-15.9,-7.1) -67.3-44.2 40-94 4 3
Vigorous
12-13y 5000 -28.2 (-36.6, -19.9) -133.1-76.7 232- None
10000 -30.9 (-39.2, -22.6) -135.7-73.9 70-233 né&lo
M oder ate-to-vigorous
All girls 100 2449 (235.4,254.4) 76.8-413.0 ¥ @ 211-217
400 118.7 (110.3,127.1) -29.4-266.7 132-363 -1%5%
12-13y 400 125.2 (112.3,138.2) -37.4-2879 282- None
4000 -41.3 (-52.0, -30.6) -176.0-93.5 114-264 ndlo
4300 -42.4 (-53.1, -31.7) -176.9-92.1 113-263 ndo
14-15y 100 234.1 (221.7, 246.6) 81.8 - 386.5 0-409194-206
White 400 114.6 (96.8, 132.3) -42.5-271.6 212-363None
700 56.3 (39.7,72.8) -90.5-203.1 181-332 None
1200 8.7 (-7.2,24.6) -132.2-149.6 153-303 None
1800 -17.2 (-32.9,-1.4) -156.6 - 122.3 141-285 ndo
2300 -28.2 (-44.1,-12.4) -168.9 - 112.4 136-276 on&\
Treuth cut point?
Light
12-13y 1900-3999 -261.2 (-269.2,-253.2) -365:357.2 204-260 77
1900-4299 -260.1 (-268.1,-252.1) -364.0--156205-261  78-125
Moderate
12-13y 4000-4999 -7.4 (-8.2,-6.7) -17.2-23 380- None
4300-9999 -5.9 (-6.7,-5.2) -15.5-3.6 10-37 57
Vigorous
12-13y 5000 0.3 (0.3,0.4) -05-1.2 None 4-51
10000 -23 (-8.0,-1.7) -10.8-6.2 9-25 None
Light -to-vigorous
All girls 100 0.8 (0.8,0.8) 0.0-1.6 291-388 2404
400 -125.5 (-128.4,-122.7) -177.6 - -73.5 244-32673-232
12-13y 400 -129.1 (-132.8, -125.5) -176.6 - —-81.257-326 117
1900 -268.3 (-276.4,-260.2) -373.5--163.2 20%-2 83
14-15y 100 0.8 (0.7,0.8) 0.0-1.6 None 261-404
White 400 -132.0 (-137.9, -126.2) -185.0--79.0 1-2@86  118-150
700 -189.9 (-198.7,-181.2) -269.4--110.5 228-27108-110
1200 -237.4 (-248.5,-226.3) -338.6--136.2 148-2 98-99
1800 -263.4 (-275.7,-251.1) -375.1--151.8 238-2 89-91
2300 -274.7 (-287.4,-262.0) -390.2--159.1 228-2 83-88
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Comparison / New cut Avg min  Avg min
Intensity / point(s) Limits of below above
Subgroup (counts/min) Mean (95% Cl) agreement LL? uL?
M oderate-to-vigorous
All girls 100 275.9 (269.5, 282.3) 159.5-392.3 -8®  205-242
400 149.6 (145.1, 154.1) 67.3-231.9 26-46 128-17
12-13y 400 159.5 (152.9, 166.1) 73.5-2455 Nonel28-179
4000 -7.1 (-7.8,-6.4) -16.3-2.1 11-87 None
4300 -8.3 (-9.1,-7.4) -19.3-2.8 13-82 None
14-15y 100 261.7 (252.8, 270.6) 149.3-374.0 39-8 197-209
White 400 151.8 (142.7,160.9) 69.2 - 234.3 None 6-142
700 93.9 (87.2,100.5) 33.7-154.1 None 102-123
1200 46.4 (42.3,50.5) 9.3-835 None 55-85
1800 20.4 (18.3,22.5) 1.4-39.3 None 30-55
2300 9.1 (8.0,10.2) -0.8-19.1 None 20-46
Puyau cut poinf
Light
12-13y 1900-3999 -63.0(-66.3, -59.7) -105.9--20.2 83-146 None
1900-4299 -61.9 (-65.2, -58.6) -104.5--19.3 83-1 None
Moderate
12-13y 4000-4999 -7.5 (-8.5,-6.4) -21.2-6.3 5%0- None
4300-9999 -5.9 (-6.6,-5.3) -145-2.6 10-81 None
Vigorous
12-13y 5000 23 (1.7,3.0) -6.4-11.1 None 11-28
10000 -0.3 (-0.4,-0.2) -1.2-0.6 1-20 None
Light-to-vigorous
All girls 100 193.5 (189.0, 198.0) 112.0-275.0 -B®R  206-280
400 67.2 (65.3,69.1) 32.1-102.3  42-72 119-287
12-13y 400 711 (68.4,73.7) 37.2-104.9 63 182-2
1900 -68.1 (-71.6, -64.7) -113.0--23.3 86-156 né&lo
14-15y 100 185.6 (178.8,192.4) 100.0-271.2 B88%-1 206-267
White 400 70.7 (66.5,74.9) 32.6 -108.8 63-72 229-
700 12.8 (11.9, 13.6) 5.0 --20.6 None 175-179
1200 -34.7 (-37.1, -32.3) -56.3--13.1 132-135 nélo
1800 -60.7 (-65.1, -56.4) -100.3--21.1 106-135 oné&l
2300 =719 (-77.2,-66.7) -119.4--245 96-123 né&lo
M oder ate-to-vigorous
All girls 100 277.9 (271.4,284.3) 160.8-394.9 -8®  204-240
400 151.5 (146.9, 156.1) 68.3 - 234.8 25-45 12B-17
12-13y 400 161.5 (154.8,168.2) 74.3 - 248.7 Nonel39-177
4000 -5.1 (-5.6, -4.6) -12.0-1.8 11-86 None
4300 -6.2 (-6.9, -5.6) -15.1-2.6 10-81 None
14-15y 100 263.5 (254.6,272.4) 150.9-376.1  29-8 196-206
White 400 153.4 (144.3, 162.6) 70.0 - 236.9 None 4-140
700 95.5 (88.8,102.3) 34.1-157.0 None 102-121
1200 48.0 (43.8,52.3) 9.4-86.7 None 72-83
1800 22.0 (19.7,24.3) 1.2-42.8 None 28-53
2300 10.8 (9.5,12.1) -1.1-227 None 19-43

Range of average minutes of activity for whichréhare differences above the upper limit (UL) of

agreement or below the lower limit (LL) of agreemefany.

Moderate, vigorous, and moderate-to-vigorous sitgrin the NHANES questionnaire were defined
as 3to <6 METSz6 METS, and>3 METS, respectively.
Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut pint
were 101-2999, 3000-5200, 5201, 101, and 3000 shuitt, respectively.
Puyau et al. (2002) light, moderate, vigoroushthtp-vigorous, and moderate-to-vigorous cut points
were 800-3199, 3200-8199, 8200, 800, and 3200 shuitt, respectively.
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Appendix M.

Mean difference and 95% confidence inteval (Cl), limits of agreement (mean +
1.96xSD), and average minutes with differences oudg limits of agreement from
Bland-Altman plots comparing minutes of physical ativity using new cut points and
comparison measures by intensity and population svoup in TAAG (N = 4696)

Comparison / New cut Avg min  Avg min
Intensity / point(s) Limits of below above
Subgroup (counts/30 sec) Mean (95% CI) agreement LL* uL?
3DPAR’
Light
Black 1050-1549 -21.9 (-23.2,-20.5) -61.2-17.56-182 13-32
1450-1949 -29.6 (-30.9, -28.3) -67.5-84  36-96 5-1%
Moderate
Black 1550-2049 -17.2 (-18.8, -15.7) -62.2 - 27.8 5-63 None
1950-2449 -20.5 (-22.0,-18.9) -65.4-24.4  34-63 None
Vigorous
Black 2050 -4.0 (-5.1,-2.8) -36.5-285 22-115 -316
2450 -6.4 (-7.6,-5.3) -39.0-26.1 22-110 None
Light-to-vigorous
All girls 50 184.1 (182.3, 186.0) 57.5-310.8 13 180-400
White 50 187.6 (185.0, 190.3) 63.6 - 311.7 12-24680-400
Black 100 128.0 (123.9,132.1) 8.9-247.1  0-219 5-3%0
1050 -43.1 (-45.5, -40.7) -113.0-26.8 59-166 718-
1450 -56.5 (-58.8, -54.2) -1245-115 69-151 3@3-
M oderate-to-vigorous
All girls 50 220.2 (218.4,222.0) 97.4-343.1 (B26 173-383
White 50 222.0 (2194, 224.6) 101.3-342.8 0-231 79-383
Black 100 165.4 (161.5, 169.4) 50.8-280.1 0-170 40-365
1550 -21.2 (-23.2,-19.2) -78.4-36.0 44-126 298-2
1950 -26.9 (-28.9, -25.0) -83.8-30.0 45-117 None
Treuth cut point®
Light
Black 1050-1549 -218.3 (-221.9,-214.8) -322.214% 177-358 0-69
1450-1949 -226.1 (-229.7,-222.4) -333.7 --118#472-353 0-66
Moderate
Black 1550-2049 -4.1 (-4.3,-3.9) -9.8-1.6  16-53 None
1950-2449 =74 (-7.7,-7.1) -16.0-1.3  14-45 None
Vigorous
Black 2050 31 (2.9,3.2) -1.7-7.8 None 7-38
2450 0.6 (0.5,0.6) -05-1.6 None 5-29
Light-to-vigorous
All girls 50 1.5 (1.5,1.5) 05-25 0-720 168-445
White 50 1.6 (1.5,1.6) 05-26 0-720 193-445
Black 100 -48.3 (-49.0, -47.5) -70.8--25.7 18B-33 0-720
1050 -219.4 (-222.9,-215.8) -323.7--115.1 183-3 0-81
1450 -232.8 (-236.6,-229.1) -343.8--121.9 189%-3 0-69
M oder ate-to-vigorous
All girls 50 238.9 (237.3,240.5) 129.9 - 348.0 V-9 182-378
White 50 239.1 (236.7,241.4) 129.3 - 348.8 0-75 7-388
Black 100 185.7 (182.4, 189.0) 88.7 - 282.8 0-51 0-333
1550 -1.0 (-1.1,-1.0) -23-0.2 15-90 None
1950 -6.8 (-7.1,-6.5) -14.7-11  17-74 None
Puyau cut point'
Light
Black 1050-1549 -63.5 (-64.8, -62.1) -102.7 - —-24.71-115 0-17
1450-1949 -71.2 (-72.7,-69.7) -115.7--26.7 @@-1 0-15
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Comparison / New cut Avg min  Avg min
Intensity / point(s) Limits of below above
Subgroup (counts/30 sec) Mean (95% ClI) agreement LL? uL*
Moderate
Black 1550-2049 -4.3 (-4.6,-4.1) -12.1-3.4  13-56 None
1950-2449 -7.6 (-8.0,-7.3) -17.6-2.4  14-49 None
Vigorous
Black 2050 5.3 (5.0,5.6) -3.2-13.8 None 8-29
2450 2.8 (2.7,3.0) -22-7.9 None 5-20
Light-to-vigorous
All girls 50 162.8 (161.7, 163.8) 89.7-235.8 (@72 172-475
White 50 163.0 (161.4,164.5) 89.3-236.6 0-720 3-482
Black 100 108.6 (106.7, 110.6) 51.8-165.4 0-88 0-205
1050 -62.5 (-63.8,-61.2) -101.1--23.9 76-195 220-
1450 -76.0 (-77.6,-74.3) -123.8--28.1 70-175 190-
M oderate-to-vigorous
All girls 50 241.2 (239.6, 242.8) 131.2-351.3 ®-9 181-375
White 50 241.4 (239.1, 243.8) 130.8-352.1 0-75 6-385
Black 100 187.7 (184.4,191.1) 89.5-285.9 0-50 9-321
1550 1.0 (0.9,1.0) -0.3-2.2 None 15-85
1950 -4.8 (-5.0, -4.6) -105-1.0 14-69 None

Range of average minutes of activity for whichréhare differences above the upper limit (UL) of

agreement or below the lower limit (LL) of agreemefany.

Light, moderate, vigorous, light-to-vigorous, andderate-to-vigorous intensity for the 3-day

physical activity recall (3DPAR) were defined a3 METS, 3 to <6 METS:6 METS,>2 METS,
and>3 METS, respectively.
Treuth et al. (2004) light, moderate, vigoroughtito-vigorous, and moderate-to-vigorous cut point
were 51-1499, 1500-2600, 2601, 51, and 1500 c@htsc, respectively.
Puyau et al. (2002) light, moderate, vigoroushthp-vigorous, and moderate-to-vigorous cut points
were 800, 3200, and 8200 counts/min, respectivEhe cut points used were 400-1599, 1600-4099,
and 4100, 400, and 1600 counts/30 sec, respectively
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Appendix N.  Percent classified as meeting recommeations using self-report physical activity recall iestionnaire and Treuth, Puyau, and new
accelerometer cut points for moderate-to-vigorous lpysical activity by population subgroup and dataset

Frequency and duration Accumulated time
Dietary Healthy Dietary Healthy
Subgroup / Physical activity measuré Strong Guidelines People Strong Guidelines People
All girls in NHANES
NHANES questionnaire (N = 314) 20.1 39.2 56.7
Accelerometer cut point (N = 333)
Treuth 0.3 3.6 12.6
Puyau 0.3 2.7 8.7
100 counts/min 100.0 100.0 100.0
400 counts/min 99.7 100.0 100.0
12-13 year old girls in NHANES
NHANES questionnaire (N = 161) 23.6 42.2 58.4
Accelerometer cut point (N = 171)
Treuth 0.6 4.1 12.3
Puyau 0.6 2.9 7.6
400 counts/min 100.0 100.0 100.0
4000 counts/min 0.6 1.2 29
4300 counts/min 0.6 1.2 2.9
14-15 year old girls in NHANES
NHANES questionnaire (N = 153) 16.3 35.9 54.9
Accelerometer cut point (N = 162)
Treuth 0.0 3.1 13.0
Puyau 0.0 2.5 9.9
100 counts/min 100.0 100.0 100.0
White girls in NHANES
NHANES questionnaire (N = 81) 23.5 457 63.0
Accelerometer cut point (N = 85)
Treuth 1.2 3.5 10.6
Puyau 1.2 1.2 7.1
400 counts/min 100.0 100.0 100.0
700 counts/min 90.6 100.0 100.0
1200 counts/min 435 76.5 96.5
1800 counts/min 7.1 41.2 65.9
2300 counts/min 1.2 11.8 40.0
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Frequency and duration

Accumulated time

Dietary Healthy Dietary Healthy
Subgroup / Physical activity measuré Strong Guidelines People Strong Guidelines People
All girls in TAAG
TAAG 3DPAR (N = 4649) 7.2 194 27.9 18.0 43.1 64.3
Accelerometer cut point (N = 4696)
Treuth 0.0 0.4 3.4 0.4 6.8 27.0
Puyau 0.0 0.2 2.2 0.3 4.4 19.2
50 counts/30 sec 97.6 98.9 98.9 99.0 99.2 99.3
White girls in TAAG
TAAG 3DPAR (N = 2176) 6.1 18.4 27.2 16.4 44.0 65.4
Accelerometer cut point (N = 2190)
Treuth 0.0 0.4 4.5 0.5 8.5 30.8
Puyau 0.0 0.1 3.1 0.3 5.9 23.2
50 counts/30 sec 98.0 99.0 99.0 90.1 99.3 99.4
Black girls in TAAG
TAAG 3DPAR (N = 850) 8.0 18.7 26.1 17.4 39.1 59.5
Accelerometer cut point (N = 866)
Treuth 0.0 0.3 1.8 0.2 3.3 15.8
Puyau 0.0 0.2 0.8 0.1 1.8 10.6
100 counts/30 sec 94.5 98.5 98.3 98.6 98.6 98.8
1550 counts/30 sec 0.0 0.2 1.4 0.2 2.9 13.2
1950 counts/30 sec 0.0 0.0 0.5 0.0 0.3 3.3

NHANES: National Health and Nutrition Examinationr8ey; TAAG: Trial of Activity for Adolescent Girls3DPAR: 3-day physical activity recall

Values not determined for frequency and durati@ememendation for NHANES because they could notdierchined for NHANES questionnaire.

1 Moderate -to-vigorous intensity was defined as gore METS for the NHANES questionnaire and fa TARAG 3DPAR,> 3000 counts/minx 1500
counts/30 sec) for Treuth et al. (2004), and 320fhts/min £ 1600 counts/30 sec) for Puyau et al. (2002).
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Appendix O.  Proportions of overall, positive (met ecommendation), and negative (did not meet recommdation) agreement and p-values from
McNemar's tests for meeting physical activity recormendations using new accelerometer cut points (cotgiminute) compared with
using NHANES questionnaire and Treuth and Puyau moerate-to-vigorous cut points by population subgroupn NHANES (N = 333)

Strong, accumulated time

Dietary Guidelines, acauulated time

Healthy People, accumulated time

Cutpoint Overall® Met' Notmet p-value Overall Met Not met  p-value Overall Met Notmet p-value
All girls
Questionnaire?
100 0.201 0.334 0.000 +++ 0.392 0.563 0.000 +++ .56D 0.724 0.000 +++
400 0.204 0.335 0.008 <.0001 0.392 0.563 0.000 +++ 0.567 0.724 0.000 +++
Treuth?
100 0.003 0.006 0.000 +++ 0.036 0.070 0.000 +++ 120 0.224 0.000 +++
400 0.006 0.006 0.006 <.0001 0.036 0.070 0.000 +++ 0.126 0.224 0.000 +++
Puyau?
100 0.003 0.006 0.000 +++ 0.027 0.053 0.000 +++ .08D 0.160 0.000 +++
400 0.006 0.006 0.006 <.0001 0.027 0.053 0.000 +++ 0.087 0.160 0.000 +++
12-13 year old girls
Questionnaire
400 0.236 0.382 0.000 +++ 0.422 0.594 0.000 +++ 5849 0.737 0.000 +++
4000 0.758 0.000 0.862 <.0001 0.565 0.000 0.722 004 0.416 0.041 0.580 <.0001
4300 0.758 0.000 0.862 <.0001 0.565 0.000 0.722 004 0.416 0.041 0.580 <.0001
Treuth
400 0.006 0.012 0.000 +++ 0.041 0.079 0.000 +++ 0.123 0.219 0.000 +++
4000 1.000 1.000 1.000 NDP 0.971 0.444 0.985 0.03 0.906 0.385 0.949 <.0001
4300 1.000 1.000 1.000 NDP 0.971 0.444 0.985 0.03 0.906 0.385 0.949 <.0001
Puyau
400 0.006 0.012 0.000 +++ 0.029 0.057 0.000 +++ 07® 0.141 0.000 +++
4000 1.000 1.000 1.000 NDP 0.982 0.571 0.991 3083 0.953 0.556 0.975 0.0047
4300 1.000 1.000 1.000 NDP 0.982 0.571 0.991 3083 0.953 0.556 0.975 0.0047
14-15 year old girls
Questionnaire
100 0.163 0.281 0.000 +++ 0.359 0.529 0.000 +++ 549 0.709 0.000 +++
Treuth
100 0.000 0.000 0.000 +++ 0.031 0.060 0.000 +++ 130 0.230 0.000 +++
Puyau
100 0.000 0.000 0.000 +++ 0.025 0.048 0.000 +++ 0.099 0.180 0.000 +++
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Strong, accumulated time Dietary Guidelines, acauulated time Healthy People, accumulated time

Cutpoint Overall® Met! Notmet p-value Overall Met Not met  p-value Overall Met Notmet p-value
White girls
Questionnaire
400 0.235 0.380 0.000 +++ 0.457 0.627 0.000 +++ .630@ 0.773 0.000 +++
700 0.321 0.409 0.203 <.0001 0.457 0.627 0.000 +++ 0.630 0.773 0.000 +++
1200 0.593 0.400 0.692 0.003 0.617 0.687 0.508 0040 0.642 0.775 0.121 <.0001
1800 0.753 0.167 0.855 0.002 0.617 0.563 0.659 905 0.630 0.712 0.483 0.72
2300 0.753 0.000 0.859 <.0001 0.556 0.217 0.690 0004 0.580 0.595 0.564 0.002
Treuth
400 0.012 0.023 0.000 +++ 0.035 0.068 0.000 +++ 108 0.191 0.000 +++
700 0.106 0.026 0.174 <.0001 0.035 0.068 0.000 +++ 0.106 0.191 0.000 +++
1200 0.576 0.053 0.727 <.0001 0.271 0.088 0.392 0004 0.141 0.198 0.076 <.0001
1800 0.941 0.286 0.969 0.0253 0.624 0.158 0.758 0004 0.447 0.277 0.552 <.0001
2300 1.000 1.000 1.000 NDP 0.918 0.462 0.955 @008 0.706 0.419 0.803 <.0001
Puyau
400 0.012 0.023 0.000 +++ 0.012 0.023 0.000 +++ 0.071 0.132 0.000 +++
700 0.106 0.026 0.174 <.0001 0.012 0.023 0.000 +++ 0.071 0.132 0.000 +++
1200 0.576 0.053 0.727 <.0001 0.247 0.030 0.385 <.0001 0.106 0.136 0.073 <.0001
1800 0.941 0.286 0.969 0.0253 0.600 0.056 0.746 <.0001 0.412 0.194 0.537 <.0001
2300 1.000 1.000 1.000 NDP 0.894 0.182 0.943 0.0027 0.671 0.300 0.785 <.0001
NHANES National Health and Nutrition Examinationr8ey
Overall agreement was the proportion of both messsproducing the same classification overall. itRe#negative (met/not met) agreement was the
proportion of both measures producing positive/tiegalassification among those classified as pesitegative by either measure.
2 Moderate -to-vigorous intensity was defined as hore METS for the NHANES questionnaire3000 counts/min for Treuth et al. (2004), @&n8200
counts/min for Puyau et al. (2002).
+++ Value not determined because all participalatssified as meeting that recommendation usiagdht point.
NDP  Value not determined because no discordans.pair
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Appendix P. Proportions of overall, positive (met ecommendation), and negative (did not meet recommdation) agreement and p-values from
McNemar's tests for meeting physical activity recormendations using new accelerometer cut points (cotsi30 sec) compared with
using 3-day physical activity recall (3DPAR) and Teuth and Puyau moderate-to-vigorous cut points by gpulation subgroup in TAAG
(N = 4696)

Strong Dietary Guidelines Healthy People
Cut point Overall! Met" Notmet p-value Overall Met Not met  p-value Overall Met Notmet p-value
All girls
Frequency and duration
3DPAR?
50 0.133 0.045 <.0001 0.199 0.323 0.021 06400 0.285 0.436 0.024 <.0001
Treuth?
50 0.000 0.046 0.015 0.007 0.022 <.0001 0.045 0.066 0.024 <.0001
Puyau?
50 0.000 0.046 0.013 0.004 0.022 <.0001 0.033 0.043 0.023 <.0001
Accumulated time
3DPAR
50 0.302 0.017 <.0001 0.432 0.601 0.015 <.0001 0.642 0.781 0.017 <.0001
Treuth
50 0.009 0.019 <.0001 0.076 0.127 0.018 <.0001 0.277 0.427 0.018 <.0001
Puyau
50 0.005 0.019 <.0001 0.052 0.084 0.017 <.0001 0.199 0.324 0.017 <.0001
White girls
Frequency and duration
3DPAR
50 0.114 0.037 <.0001 0.193 0.312 0.022 0400 0.280 0.430 0.024 <.0001
Treuth
50 0.000 0.039 0.014 0.007 0.020 <.0001 0.054 0.086 0.020 <.0001
Puyau
50 0.000 0.039 0.011 0.002 0.020 <.0001 0.040 0.060 0.020 <.0001
Accumulated time
3DPAR
50 0.281 0.017 <.0001 0.441 0.610 0.015 <.0001 0.655 0.791 0.021 <.0001
Treuth
50 0.010 0.017 <.0001 0.093 0.158 0.016 <.0001 0.315 0.474 0.018 <.0001
Puyau
50 0.006 0.017 <.0001 0.067 0.113 0.015 <.0001 0.238 0.379 0.017 <.0001
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Strong Dietary Guidelines Healthy People
Cut point Overall® Met'! Notmet p-value Overall Met Notmet p-value Overall Met Notmet p-value
Black girls
Frequency and duration
3DPAR
100 0.131 0.152 0.109 <.0001 0.188 0.307 0.020 00640 0.265 0.409 0.028 <.0001
1550 0.920 0.000 0.958 0.813 0.012 0.897 <1000 0.740 0.052 0.849 <.0001
1950 0.920 0.000 0.958 0.813 0.000 0.897 --- 0.741 0.027 0.851 <.0001
Treuth
100 0.055 0.000 0.105 - 0.018 0.007 0.030 <.0001 0.036 0.037 0.035 <.0001
1550 1.000 NMR 1.000 NMR 0.999 0.800 0.999 0.32 .99 0.857 0.998 <0.05
1950 1.000 NMR 1.000 NMR 0.997 0.000 0.998 - 9806. 0.400 0.993 <0.05
Puyau
100 0.055 0.000 0.105 0.017 0.005 0.030 <.0001 0.025 0.016 0.034 <.0001
1550 1.000 NMR 1.000 NMR 1.000 1.000 1.000 NDP 998. 0.737 0.997 0.03
1950 1.000 NMR 1.000 NMR 0.998 0.000 0.999 990. 0.727 0.998 0.08
Accumulated time

3DPAR
100 0.176 0.290 0.020 <.0001 0.386 0.554 0.015 <.0001 0.591 0.741 0.017 <.0001
1550 0.828 0.027 0.906 <.0001 0.612 0.073 0.754 <.0001 0.460 0.258 0.575 <.0001
1950 0.826 0.000 0.905 0.611 0.012 0.758 <.0001 0.429 0.093 0.584 <.0001
Treuth
100 0.016 0.005 0.027 <.0001 0.047 0.066 0.028 <.0001 0.170 0.276 0.027 <.0001
1550 1.000 1.000 1.000 NDP 0.995 0.926 0.998 <0.05 0.973 0.908 0.984 <.0001
1950 0.998 0.000 0.999 0.970 0.188 0.985 <.0001 0.875 0.349 0.931 <.0001
Puyau
100 0.015 0.002 0.027 <.0001 0.032 0.037 0.028 <.0001 0.118 0.194 0.026 <.0001
1550 0.999 0.667 0.999 0.32 0.990 0.780 0.995 0.003 0.975 0.893 0.986 <.0001
1950 0.999 0.000 0.999 -- 0.985 0.316 0.992 0.0003 0.927 0.479 0.961 <.0001

TAAG Trial of Activity for Adolescent Girls; 3DPAR3- day physical activity recall
Overall agreement was the proportion of both messsproducing the same classification overall. itRe#negative (met/not met) agreement was the
proportion of both measures producing positive/tiegalassification among those classified as pesitegative by either measure.

Value not determined because all participatassified as not meeting that recommendation usiagcut point.
NDP  Value not determined because no discordans.pair

NMR Value not determined because no participamtssified as meeting that recommendation usingectitgboint nor the comparison measure.
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Moderate-to-vigorous intensity was defined as &ore METS for the TAAG 3DPAR; 1500 counts/30 sec for Treuth et al. (2004),24600
counts/30 sec (i.e., 3200 counts/min) for Puyaal.§2002).
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