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Abstract
Background: Lifestyle interventions that encourage increasing physical activity (PA) and losing weight are critical for overweight

and obese youth with comorbid conditions. Assessing PA within such lifestyle intervention efforts requires measurement tool(s) that
are both accurate and appropriate for these youth. This research compares PA levels and sedentary behavior in an ethnically diverse
cohort of overweight/obese youth with type 2 diabetes using both accelerometry and a questionnaire previously validated in the
general youth population.

Methods: Spearman’s correlations were used to compare time spent sedentary and in different PA intensities between a ques-
tionnaire, the three-day PA recall (3DPAR), and an objective PA measure, the ActiGraph accelerometer, in 236 overweight/obese
youth with diabetes.

Results: Spearman correlations between 3DPAR and accelerometer results for total PA were small and not significant (rho = 0.11,
p > 0.05 for males and females). Correlations for specific PA intensities (moderate/vigorous and light) were also small and not
significant. Sedentary time between instruments was significant, but weakly correlated in females (rho = 0.19, p < 0.05), but not in
males (rho = 0.07, p = 0.48).

Conclusions: Subjective PA measures validated in the general youth population may not be the best method for differentiating
levels of movement in overweight/obese youth with type 2 diabetes, who spend most of their time in light-intensity activity and
sedentary pursuits with little or no time spent in moderate/vigorous-intensity activities. Objective measures such as accelerometers
that can capture the lower end of the movement scale are likely the more appropriate measures under these conditions.

Introduction

L
ifestyle interventions comprised of increasing physi-
cal activity (PA) and decreasing weight in overweight
adolescents and youth with comorbid conditions are

becoming increasingly prevalent. Assessing PA within these
interventions requires instruments that are accurate for the
specific population being investigated. Subjective self-report
measures such as recall questionnaires have been shown to be
reasonable for assessing moderate to vigorous PA levels in
relatively healthy adolescents and older youth1–4 but are
much less able to quantify low-intensity activities.1–3 As a
result, it is not possible to assume that recall questionnaires
that work reasonably well in more active youth populations
will be valid in highly sedentary youth populations.

In contrast, objective measures such as pedometers and
accelerometers have been validated for use in youth across
the spectrum of activity intensity levels, from those who
engage in moderate to vigorous PA to those who spend all
of their time between light-intensity activities and seden-
tary behavior.4–7 These instruments may be the more
appropriate choice for youth in which little moderate/
vigorous-intensity activity occurs.

In general it has been shown that overweight and obese
individuals with chronic diseases such as diabetes typically
spend most of their time between sedentary and light activity
and less time in moderate to vigorous PA than healthier in-
dividuals.8–10 We had previously demonstrated that the
overweight and obese youth with type 2 diabetes in the
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Youth (TODAY) study were reported to spend more time in
sedentary behavior than similar age/gender obese youth
without diabetes, as reported by accelerometers.8 Compared to
previously published accelerometer data from National Health
and Nutrition Examination Survey (NHANES), it also seemed
that the TODAY youth likely spent less time in moderate to
vigorous activity and more time sedentary than similar age/
gender normal weight youth.11 Therefore, it is unknown if
activity questionnaires typically used in the general youth
population will be applicable for this population. Being able to
adequately assess activity levels in these youth is vital to un-
derstanding the effects of low activity levels on health out-
comes in highly sedentary youth and to assessing the efficacy
of lifestyle interventions designed to increase activity levels.

The aim of the present study is to assess the feasibility
of a commonly used subjective recall of PA, previously
validated in healthier youth, for capturing typical levels
of activity and sedentary behavior in a very sedentary
adolescent and older youth population. PA and sedentary
behavior are compared between a self-report question-
naire, the three-day PA recall (3DPAR), and an objective
recording method, the ActiGraph AM7164 piezoelectric
accelerometer (ActiGraph, Pensacola, FL), in a diverse
population of overweight/obese individuals aged 10–17
years with type 2 diabetes.

Methods

Study Population
The TODAY study was a randomized, double-blind,

parallel-group clinical trial.12 The primary objective was to
compare the three treatment arms (metformin, metformin
plus rosiglitazone, and metformin plus an intensive lifestyle
program) on time to treatment failure or loss of glycemic
control. Informed consent was obtained for all participants
and the study was approved by the institutional review
boards of each participating institution. Recruited partici-
pants were 10–17 year-old males and females with type 2
diabetes under two years duration and a BMI ‡ 85th per-
centile for age and gender, based on CDC reference curves.13

All youth with positive plasma concentrations of insulinoma
antigen 2 (IA2) and/or glutamic acid decarboxylase (GAD)
antibodies and low C-peptide < 0.5 ng/ml or hemoglobin-
opathies were excluded. Participants were recruited from 15
clinical centers.12 Baseline data collection for this study took
place from 2004 to 2009. Detailed methods, procedures,
and primary results of this study have been published.12,14

Physical Activity Assessment

Accelerometry. PA data were collected using the Acti-
Graph accelerometer, a validated measure of habitual PA
in children and adolescents.15 Participants received an
accelerometer to wear during waking hours for the seven
days prior to their scheduled clinic visit. Inclusionary cri-
teria consisted of having accelerometer data with-
‡ 10 hours of wear time on three or more days.

Accelerometer data was output as activity counts summed
over one-minute time intervals. Average total activity counts
per day were calculated using summed daily counts detected
over monitor wear periods. Time in minutes spent in dif-
ferent activity intensities was calculated using age-specific
count ranges corresponding to widely used metabolic
equivalent (MET) value cut-points for youth: sedentary
(< 1.5 METs), light (‡ 1.50–3.99 METs), moderate to vig-
orous (‡ 4.0 METs).16–19 (A MET is an estimate of relative
intensity such that one MET represents the energy expen-
diture for an individual at rest whereas a 10 MET activity
requires 10 times that amount).20 Detailed accelerometer
data processing methods related to wear time identification
and intensity cut-points have been previously published.8

Three-Day Physical Activity Recall. Self-reported PA
data were measured using the 3DPAR, a self-administered
questionnaire that has been validated to capture habitual
PA in similarly aged youth.21–24 The 3DPAR was admin-
istered during the clinic visit, following the participant’s
wearing of the accelerometer. Participants were asked to
recall activity over the time period that coincided with the
final three days of accelerometer monitoring.

Trained interviewers guided the questionnaire process.
Participants recorded the main activity (from a list of 77)
they participated in during each 30-minute time block for
each day (6 am – 12 midnight). Standardized intensity
values were assigned using published values and cut-points
corresponding to the intensity-level categories used for the
accelerometer data (sedentary [<1.5 METs], light [‡1.50
– 3.99 METs], moderate/vigorous [‡4.0 METs]).25 Results
were reported as the total number of 30-minute blocks
reported per day in the various intensity levels of PA and
sedentary behavior.

Statistical Analysis
Analyses were conducted in statistical software SAS

(SAS version 9.2; SAS Institute Inc., Cary, NC). Chi-
squared tests were used to evaluate the comparisons of the
percentages of sex, age, race, and BMI categories between
individuals with/without complete data for both the 3DPAR
and accelerometer. Mann-Whitney U tests were used to
evaluate the comparisons of activity and sedentary levels
from the 3DPAR between those individuals with/without
accelerometer data. Spearman partial rank order correla-
tions, stratified by gender and controlling for the effect of
age, were used to assess the strength of associations between
accelerometer output and the results from the 3DPAR.

Results

Population Descriptives
A total of 672 and 242 TODAY trial participants had

complete data for the 3DPAR and accelerometer, respec-
tively. A total of 248 (37%) of the participants either refused
to wear the monitor or had incomplete records (< 3 valid
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days), with an additional 195 (29%) of the accelerometer re-
cords lost due to a computing error. The remaining subsample
of 236 adolescents and youth had complete 3DPAR and ac-
celerometer data. Those with/without complete accelerometer
and 3DPAR measures were not significantly different (based
on p < 0.05) in regard to age, gender, race/ethnicity, BMI, or
reported activity from the 3DPAR (data not shown).8

The demographic characteristics of the 236 adolescents and
youth with complete activity data are presented in Table 1.

Physical Activity Levels
Table 2 contains median PA and sedentary time reported

by the accelerometer (in minutes/day) and the 3DPAR (in
number of 30-minute blocks/day) by sex. The reported
median number of 30-minute blocks/day spent in total PA
(light + moderate/vigorous intensity) from the 3DPAR was
15.5 (range 6.0 – 29.0) blocks/day for males and 16 (range
3.5 – 26.5) blocks/day for females. The recorded median
minutes/day spent in total PA from the accelerometer was
368.6 (range 182.2 – 631.8) minutes/day for males and
369.6 (range 185.7 – 577.2) minutes/day for females.

Comparison of 3DPAR and Accelerometer
The age-adjusted Spearman rank order correlations be-

tween the accelerometer and the 3DPAR results indicated
that there was little association between the output of the
two measures (Table 2). Time spent in moderate to vigorous
PA or total PA in minutes/day from the accelerometer was
not significantly correlated with time spent in moderate to
vigorous or total PA, respectively, from the 3DPAR for

Table 1. Demographic Characteristics
for the 236 TODAY Trial Youth with
Complete 3DPAR and Accelerometer Data

Female gender (%) 60.6

Mean (SD) age (years) 13.8 (2.1)

Race/ethnicity (%)

Black (Non-Hispanic) 30.1

Hispanic 44.9

Native American 6.4

White (Non-Hispanic) 18.2

Asian (Non-Hispanic) 0.4

BMI category: CDC (%)

85th–94th percentile 13.4

95th-98th percentile 41.1

‡99th percentile 44.1

BMI category: IOTF (%)

Overweight 18.6

Obese

Class I 31.4

Class II/III 48.3

IOTF, International Obesity Task Force; TODAY, Treatment

Options for type 2 Diabetes in Adolescents and Youth; 3DPAR,

three-day PA recall.

Table 2. Comparisons between Physical Activity Related Variables Derived
from the AM7164 Accelerometer and the 3DPAR Questionnairea

Accelerometer median
(range) minutes/day

3DPAR median
(range) 30-minute

blocks/day
Spearman
coefficientb

Males n = 93

Light-intensity PA 330.0 (288.8 – 380.3) 12.5 (4.0 – 23.5) 0.01

Moderate/vigorous intensity PA 24.8 (1.3 - 126.3) 2.5 (0 – 15.5) 0.15

Total PA (light + moderate/vigorous) 368.6 (182.1 – 631.8) 15.5 (6.0 – 29.0) 0.11

Sedentary behavior 487.2 (183.0 –1040.7) 13.0 (0 – 22.0) 0.07

Females n = 143

Light-intensity PA 346.4 (185.7 – 577.2) 12.5 (3.0 – 26.5) 0.14

Moderate/vigorous intensity PA 14.7 (0 – 81.5) 2.0 (0 – 13.5) 0.15

Total PA (light + moderate/vigorous) 369.6 (185.7 – 577.2) 16.0 (3.5 – 26.5) 0.11

Sedentary behavior 467.3 (186.0 – 1015.3) 11.5 (1.0 – 26.5) 0.19*

PA, physical activity; 3DPAR, three-day PA recall.
aThe units for the accelerometer (minutes/day) and 3DPAR (30-minute blocks) reflect the recording timeframe of each instrument.
bPartial correlations controlling for the effect of age.

*p < 0.05.
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males or females ( p > 0.05). Recorded minutes/day spent
sedentary from the accelerometer had a weak significant
correlation with recorded 30-minute blocks/day spent sed-
entary from the 3DPAR in females (rho = 0.19, p = 0.02), but
not in males (rho = 0.07, p = 0.48).

Discussion
Assessment tools are needed that can accurately quantify

typical PA and inactivity levels in the least active population
subgroups that have the greatest need for intervention.
Previous research suggests that the 3DPAR is a useful tool
for gaining qualitative information about activity as well as
an acceptable relative measure of moderate and vigorous
intensity PA in the general adolescent and older youth
population aged 10 years or more (compared to acceler-
ometer results).21–24 Spearman correlations for this popula-
tion of overweight/obese adolescents and older youth with
type 2 diabetes indicate a much weaker agreement between
the 3DPAR and accelerometer results for quantitative levels
of PA and sedentary behaviors than was seen in the general
population.26–28 This is likely due to the fact that activity in
the TODAY trial participants was mostly limited to that of
light intensity, and self-report measures of PA are not as
valid for assessing light activity compared to objective
measures like accelerometers.1–3

The findings of this study could have important impli-
cation for clinical research and interventions involving
highly sedentary, overweight and obese youth, like the
TODAY trial cohort. Our results suggest that the use of
recall questionnaires including the 3DPAR for assessing PA
and sedentary behavior may lead to overestimation of PA
and underestimation of sedentary behavior in these youth.
Invalid estimates of time spent in PA and sedentary behavior
as seen in this study’s results could affect (1) the ability to
assess the success of interventions at improving activity-
related behaviors and (2) the ability to understand the re-
lationships between PA, sedentary behavior, and important
intervention-related health outcomes in these youth such as
weight loss and glycemic control. Therefore the results of
this study would suggest the use of accelerometers for
quantifying activity and sedentary behavior levels in youth
with comorbid conditions, like the TODAY trial cohort.

Both accelerometers and recall questionnaires are not
considered to have a high participant burden.29,30 Due to their
ease of scoring and lower cost of administration, question-
naires have been considered to have a lower overall burden
than accelerometers.29–31 However, over the past decade the
cost of validated accelerometers has continued to decrease,
making accelerometers more feasible for a wider variety of
clinical applications.32–35 It should also be noted that ques-
tionnaires like the 3DPAR can provide qualitative informa-
tion on activity behaviors that currently cannot be obtained
using objective measurement instruments. Therefore it has
been previously suggested that using an objective measure to
assess quantitative levels of PA and sedentary behavior
coupled with a subjective measure to collect qualitative in-

formation related to activity behaviors may be important to
gaining a more complete picture of a participant’s activity
than could be gained from objective measures alone.36,37 In
the TODAY study there was not a criterion measure to assess
how well the 3DPAR was able to correctly identify qualita-
tive aspects of activity, such as type of activity performed.
Therefore, based on our results we could not support or ne-
gate the use of the 3DPAR for assessing qualitative aspects of
activity behaviors in this cohort.

In summary, these analyses indicate subjective recall
measures like the 3DPAR may not be appropriate for rel-
ative assessments of time spent in both PA and sedentary
time in this population of highly sedentary overweight and
obese adolescents and older youth with type 2 diabetes.
Instead, accurately quantifying PA levels in highly sed-
entary adolescent and youth populations may require ob-
jective measures, such as accelerometers. Unfortunately,
as the general population becomes more sedentary and
spends less time in moderate/vigorous activity, a reex-
amination of the feasibility of using subjective recall
measures for detecting the relative quantity of PA and
sedentary behavior in these adolescents and older youth
may have to be considered.
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Appendix 1. TODAY Study Group

The following individuals and institutions constitute the
TODAY Study Group. The asterisk indicates principal
investigator or director.

Clinical Centers
Baylor College of Medicine: S. McKay,* B. Anderson,

C. Bush, S. Gunn, M. Haymond, H. Holden, K. Hwu, S. M.
Jones, S. McGirk, B. Schreiner, S. Thamotharan, M. Zarate
Case Western Reserve University: L. Cuttler,* E. Abrams,
T. Casey, W. Dahms (deceased), A. Davis, A. Haider, S.
Huestis, C. Ievers-Landis, B. Kaminski, M. Koontz, S.
MacLeish, P. McGuigan, S. Narasimhan, D. Rogers Chil-
dren’s Hospital Los Angeles: M. Geffner,* V. Barraza, N.
Chang, B. Conrad, D. Dreimane, S. Estrada, L. Fisher, E.
Fleury-Milfort, S. Hernandez, B. Hollen, F. Kaufman, E.
Law, V. Mansilla, D. Miller, C. Muñoz, R. Ortiz, J. Sanchez,
A. Ward, K. Wexler, Y. K. Xu, P. Yasuda Children’s
Hospital of Philadelphia: L. Levitt Katz,* R. Berkowitz,
K. Gralewski, B. Johnson, J. Kaplan, C. Keating, C. Lassi-
ter, T. Lipman, G. McGinley, H. McKnight, B. Schwartz-
man, S. Willi Children’s Hospital of Pittsburgh: S.
Arslanian,* F. Bacha, S. Foster, B. Galvin, T. Hannon, A.
Kriska, I. Libman, M. Marcus, K. Porter, T. Songer, E.
Venditti Columbia University Medical Center: R. Go-
land,* R. Cain, I. Fennoy, D. Gallagher, P. Kringas, N.
Leibel, R. Motaghedi, D. Ng, M. Ovalles, M. Pellizzari, R.
Rapaport, K. Robbins, D. Seidman, L. Siegel-Czarkowski,
P. Speiser Joslin Diabetes Center: L. Laffel,* A. Goebel-
Fabbri, M. Hall, L. Higgins, M. Malloy, K. Milaszewski, L.
Orkin, A. Rodriguez-Ventura Massachusetts General
Hospital: D. Nathan,* L. Bissett, K. Blumenthal, L. Dela-
hanty, V. Goldman, A. Goseco, M. Larkin, L. Levitsky, R.
McEachern, K. Milaszewski, D. Norman, B. Nwosu, S.
Park-Bennett, D. Richards, N. Sherry, B. Steiner Saint
Louis University: S. Tollefsen,* S. Carnes, D. Dempsher,
D. Flomo, V. Kociela, T. Whelan, B. Wolff State Uni-
versity of New York Upstate Medical University: R.
Weinstock,* D. Bowerman, S. Bristol, J. Bulger, J. Hartsig,
R. Izquierdo, J. Kearns, R. Saletsky, P. Trief University of
Colorado Denver: P. Zeitler* (steering committee chair),

N. Abramson, A. Bradhurst, N. Celona-Jacobs, J. Higgins,
A. Hull, M. Kelsey, G. Klingensmith, K. Nadeau, T. Witten
University of Oklahoma Health Sciences Center: K.
Copeland* (steering committee vice-chair), E. Boss, R.
Brown, J. Chadwick, L. Chalmers, S. Chernausek, C. Macha,
R. Newgent, A. Nordyke, D. Olson, T. Poulsen, L. Pratt,
J. Preske, J. Schanuel, J. Smith, S. Sternlof, R. Swisher
University of Texas Health Science Center at San Anto-
nio: J. Lynch,* N. Amodei, R. Barajas, C. Cody, D. Hale,
J. Hernandez, C. Ibarra, E. Morales, S. Rivera, G. Rupert,
A. Wauters Washington University School of Medicine:
N. White,* A. Arbeláez, J. Jones, T. Jones, M. Sadler,
M. Tanner, A. Timpson, R. Welch Yale University: S.
Caprio,* M. Grey, C. Guandalini, S. Lavietes, M. Mignosa,
P. Rose, A. Syme, W. Tamborlane

Coordinating Center
George Washington University Biostatistics Center:

K. Hirst,* S. Edelstein, P. Feit, N. Grover, C. Long, L. Pyle

Project Office
National Institute of Diabetes and Digestive and

Kidney Diseases: B. Linder*

Central Units
Central Blood Laboratory (Northwest Lipid Re-

search Laboratories, University of Washington): S.
Marcovina,* J. Chmielewski, M. Ramirez, G. Strylewicz
DEXA Reading Center (University of California at San
Francisco): J. Shepherd,* B. Fan, L. Marquez, M. Sher-
man, J. Wang Diet Assessment Center (University of
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