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Abstract

Background: Structured physical activity (PA) programs are well positioned to promote PA among youth, however,
little is known about these programs, particularly dance classes. The aims of this study were to: 1) describe PA
levels of girls enrolled in dance classes, 2) determine the contribution of dance classes to total moderate-to-
vigorous physical activity (MVPA), and 3) compare PA between days with a dance class (program days) and days
without a dance class (non-program days).

Methods: Participants were 149 girls (11-18 years) enrolled in dance classes in 11 dance studios. Overall PA was
assessed with accelerometry for 8 consecutive days, and girls reported when they attended dance classes during
those days. The percent contribution of dance classes to total MVPA was calculated, and data were reduced to
compare PA on program days to non-program days. Data were analyzed using mixed models, adjusting for total
monitoring time.

Results: Girls engaged in 25.0 + 0.9 minutes/day of MVPA. Dance classes contributed 28.7% (95% Cl: 25.9%-31.6%)
to girls’ total MVPA. Girls accumulated more MVPA on program (28.7 + 1.4 minutes/day) than non-program days
(164 £ 1.5 minutes/day) (p < 0.001). Girls had less sedentary behavior on program (554.0 + 8.1 minutes/day) than
non-program days (600.2 + 8.7 minutes/day) (p < 0.001).

Conclusions: Dance classes contributed a substantial proportion (29%) to girls’ total MVPA, and girls accumulated
70% more MVPA and 8% less sedentary behavior on program days than on non-program days. Dance classes can

make an important contribution to girls' total physical activity.
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Background

Helping youth achieve the current physical activity
guideline of at least 60 minutes of daily moderate-to-
vigorous physical activity (MVPA) is a key public health
objective for the 21* century [1]. Structured physical
activity programs are major avenues for providing physi-
cal activity to youth, and as such, they are a recom-
mended strategy for the promotion of physical activity
[1-3]. Structured physical activity programs are orga-
nized activities that are typically planned and occur
within a specific setting [4]. These programs include
physical education classes, organized sports, activity
classes or lessons, and after-school programs.
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Although structured physical activity programs are
well positioned to assist youth in meeting the physical
activity guideline, little is known about these programs.
Specifically, there is limited knowledge of the overall
physical activity levels of program participants and the
contribution of these programs to overall physical activ-
ity. In addition, very few structured physical activity pro-
grams have been studied previously using objective
measurement of physical activity by accelerometry. Only
one study [5] has used accelerometry to examine the
contribution of structured physical activity programs to
total daily physical activity. Wickel and Eisenmann [5]
found that among 6- to 12-year-old boys, youth sport
and physical education classes contributed approxi-
mately 23% and 11% to their daily MVPA, respectively.

Dance classes are an important example of structured
physical activity programs, because dance is a highly
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prevalent type of physical activity among adolescent girls
[6-8]. Given the steep decline in girls’ physical activity
levels during adolescence [9-13], there is a need to study
dance participation in adolescent girls. Further, the over-
all physical activity levels of girls who participate in
dance classes are unknown, as is the contribution of
dance classes to girls’ overall physical activity levels.
Accordingly, the objectives of this study were 1) to
describe the overall physical activity levels of girls who
participate in structured dance classes, 2) to determine
the contribution of structured dance classes to total
light, moderate, vigorous, and MVPA, and 3) to com-
pare physical activity between days with a dance class
(program days) and days without a dance class (non-
program days).

Methods

Study Design

This study employed a cross-sectional design in describ-
ing overall physical activity levels in girls who participate
in structured dance classes. Each aim was addressed
using a distinct methodology and design. Data were col-
lected in a sample of girls registered for lessons in
dance studios in Columbia, South Carolina. To be eligi-
ble, a dance studio was required to offer at least one
ballet, jazz, or tap class per week to students aged 11
years and older. This protocol was designed to measure
girls’ physical activity via accelerometry over an eight-
day period, and to link those data with the structured
dance classes each girl attended during that period. In
addition, girls’ self-report of their structured dance
classes allowed for determination of a program day (day
with a dance class) and a non-program day (day without
a dance class), for the comparison of physical activity
levels.

Participants

Participants were girls (ages 11 to 18 years) enrolled in
dance classes at dance studios in Columbia, South Caro-
lina. Forty-three dance studios, defined as commercial
facilities whose primary business is to provide dance
instruction, were identified using local published and
electronic telephone books. The director of each dance
studio was contacted by telephone to determine the stu-
dio’s eligibility status. Twenty-three dance studios were
eligible and were invited to participate. Of the 23 eligi-
ble dance studios, 11 directors agreed to participate, and
those directors provided the schedules of the ballet, jazz,
and tap classes that were offered to students aged 11
years and older. In each of the 11 dance studios, one to
four classes (based on the studio size and the styles of
dance offered) were selected for measurement, from
which girls were recruited. Classes were not selected
randomly; in small studios where there was only one
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eligible class, that class was chosen. In larger studios,
convenience samples were taken that allowed for a vari-
ety of dance styles across age ranges. Girls were eligible
to participate if they were enrolled in these dance
classes and met the age criteria, which was a total of
212 girls. Of these students, 149 (70.3%) agreed to parti-
cipate. Written informed consent was provided by each
student’s parent or guardian and informed assent was
given by each student (if < 18 years) prior to collection
of data. The study was approved by the University of
South Carolina Institutional Review Board.

Objective Measurement of Physical Activity

ActiGraph accelerometers (Model 7164, Pensacola, FL)
were used to measure time spent in sedentary behavior,
light, moderate, and vigorous physical activity, and com-
bined MVPA. The ActiGraph is a reliable [14] and valid
method for assessing children’s and adolescent’s physical
activity, both in laboratory and field settings [15,16].
The cut-points established by Treuth and colleagues for
use in adolescent girls aged 13 to 14 years were used to
determine intensity levels [17]. Accelerometers were
initialized to save data in 30-second intervals, in accor-
dance with the procedures of Treuth et al. [17]. Accord-
ingly, intensities of physical activity were operationally
defined as: sedentary (< 50 counts/30 seconds), light
(51-1499 counts/30 seconds), moderate (1500-2600
counts/30 seconds), vigorous physical activity (> 2600
counts/30 seconds), and MVPA (> 1500 counts/30 sec-
onds) [17].

Accelerometers provide activity intensity counts which
are associated with the corresponding date and time
stamp. However, accelerometers do not detect the type
of activity performed at any given time. Therefore, to
estimate the amount of physical activity in structured
dance classes, it was necessary for girls to report the
days and times (e.g., Wednesday 5:00 PM - 6:30 PM)
they participated in structured dance classes during the
week when the accelerometer was worn. Girls reported
this information on a written survey.

Measurement Protocol

Overall physical activity was assessed with accelerometry
for eight days. A research assistant placed acceler-
ometers on participants approximately 10 minutes
before the beginning of the dance class. Accelerometers
were attached to an elastic belt and worn over the right
hip. Participants wore the accelerometers during the
entire class and continued to wear them for the follow-
ing seven days. They were given instructions to wear the
accelerometer during all waking hours, except when
swimming or bathing. Participants wore the acceler-
ometers to the same dance class the following week,
and the accelerometers were removed by the research
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assistant at the end of the class. Upon collection of the
accelerometers, activity counts were downloaded and
saved on a computer for data reduction and analysis. In
addition to the accelerometer collection, girls completed
a written survey in which they reported the days and
times they attended structured dance classes during the
past week.

Data Reduction

Overall physical activity

An established method of accelerometer data reduction
is to concatenate data from the first day and last day of
data collection when those days are the same day of the
week [18]. In this study, the accelerometers were put on
(day 1) and taken off (day 8) on the same day of the
week, and for data reduction, a single day of data was
created by combining the last part of day one and the
first part of day eight. Periods of 60 minutes or more of
zeros were considered to be non-wear time and were
excluded from the analysis. Adherent days were those
with a minimum of eight hours per weekday and six
hours per weekend day of monitoring time. Missing
accelerometer data on non-adherent days were replaced
via imputation using the expectation maximization algo-
rithm, based on the methods of Catellier et al. [18].
Data were also reduced without imputation; however,
there were no differences between the mean physical
activity levels, therefore, the imputed means are
presented.

Contribution of dance classes to total light, moderate,
vigorous, and MVPA

Several steps were used to determine the contribution of
dance classes to total light, moderate, vigorous, and
MVPA. This analysis was conducted separately for light,
moderate, vigorous, and MVPA, but for simplicity, only
MVPA will be included in this section. First, total
MVPA was calculated. As in the previous analysis, data
from day one and day eight were combined, and periods
of 60 minutes or more of zeros were considered to be
non-wear time and were excluded from the analysis.
Adherent days were those with a minimum of eight
hours per weekday and six hours per weekend day of
monitoring time. To be included in this analysis, girls
were required to have a minimum of three weekdays
and one weekend day. For each of these qualifying days,
the amount of time (minutes) spent in MVPA was cal-
culated. For each girl, MVPA was divided by the corre-
sponding number of qualifying days to obtain the
average minutes per day of total MVPA. Second, MVPA
in dance classes was determined. For each of the quali-
fying days, accelerometer counts collected during the
reported duration of each dance class were segmented
from the raw accelerometer data file. The amount of
time (minutes) spent in MVPA during dance classes was
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calculated. If a girl did not report participation in a
dance class on a qualifying day, MVPA during dance
class was zero. For each girl, MVPA in dance classes
was divided by the corresponding number of qualifying
days to obtain the average minutes per day of MVPA in
dance classes. Third, the percent contribution of dance
classes to total MVPA was calculated from minutes per
day of MVPA in dance classes and minutes per day of
total MVPA.

Program days vs. non-program days

Data were also reduced to compare physical activity on
program days to physical activity on non-program days.
For this analysis, only weekdays with eight or more
hours of monitoring time were included. Because the
first day and last day of accelerometer wear (day one
and day eight) were not full days of wear, these days
were excluded. All eligible days were used in the analy-
sis, with the minimum of one program day and one
non-program day. The amount of time (minutes) spent
in sedentary, light, moderate, vigorous, and MVPA were
calculated separately for the program and the non-pro-
gram days.

Anthropometric Measures

Height and weight measurements were conducted in a
private setting. Height and weight were assessed objec-
tively using a portable stadiometer measured to the
nearest 0.1 cm (Shorr Productions; Olney, MD) and an
electronic scale measured to the nearest 0.1 kg (model
770; Seca, Hamburg, Germany). The average of two
measurements was used. Body mass index (BMI) was
calculated and expressed as body mass (kg) divided by
height (m?), and BMI was converted to BMI percentiles
using the CDC Growth Charts [19].

Additional Variables

Participants’ date of birth and race/ethnicity were
reported by parents on the consent form. To describe
the sample, participants self-reported information about
their dance participation. This included the starting age
of dance instruction, dance styles ever studied, number
of dance classes taken per week, hours of rehearsal per
week, and participation in competitive or company
dance. The number of classes per week, rehearsal hours
per week, and competitive or company dance were in
reference to current participation (i.e., present time).

Statistical Analyses

All data were analyzed using generalized linear mixed
models (PROC MIXED). For the purpose of comparing
program days and non-program days, least squares
means were used, and models were adjusted for total
monitoring time. Means and standard errors were calcu-
lated. SAS software (version 9.2; SAS Institute, Cary,
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NC) was used for all statistical analyses. Statistical sig-
nificance was set at P < 0.05.

Results

A total of 149 girls participated in the study. Eleven
girls were excluded due to accelerometer malfunctions,
and four were excluded for incomplete data, leaving
134 included in the data analyses. Due to the three
analytical methods, there were three analytic samples;
the descriptive characteristics of the three samples are
presented in Table 1. The mean age was 14.6 + 1.9
years, and over 80% of the participants were Caucasian.
There are many styles of dance, and girls reported par-
ticipating in the following styles during the previous
week: ballet, jazz, tap, contemporary, hip hop, theatri-
cal jazz/musical theatre, lyrical, baton, character, belly
dance and ballroom.

Overall physical activity

The analysis sample for overall physical activity included
134 girls. The means for the overall physical activity
intensities are presented in Table 2. Girls obtained an
average of 25.0 minutes per day of MVPA, 271.1 min-
utes per day of light physical activity, and 535.0 minutes
per day of sedentary behavior.
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Table 2 Overall physical activity, minutes per day, among
girls enrolled in dance classes, (n = 134)

Mean + SE 95% ClI
Sedentary 5350+ 87 517.8-552.1
Light 2711 £ 50 261.1-281.0
Moderate 180 + 06 16.8-19.2
Vigorous 70+ 03 64-7.7
MVPA 250 £ 09 233-26.7

MVPA, moderate-to-vigorous physical activity; SE, standard error;
Cl, confidence interval.

Contribution of dance classes to total light, moderate,
vigorous, and MVPA

A total of 33 girls were excluded from this analysis for
not having the required amount of qualifying days,
resulting in an analysis sample of 101 girls. Excluded
girls did not differ from other girls for any of the demo-
graphic variables or overall physical activity; however,
excluded girls had fewer dance classes per week com-
pared to others (4.9 + 1.8 vs. 6.6 + 2.7, P < .001). The
average reported dance class length was 71.1 + 18.1
minutes. During structured dance classes, girls accumu-
lated an average of 39.4 minutes per day of light physi-
cal activity and 7.1 minutes per day of MVPA (Table 3).
Dance classes contributed 15.4%, 26.7%, 39.6%, and

Table 1 Descriptive characteristics of girls enrolled in structured dance classes

Sample 1 n =134

Sample 2 ¥ n = 101 Sample 31 n =176

n Mean n Mean n Mean
(SD) or % (SD) or % (SD) or %
Age (yr) 134 146+ 19 101 145+ 19 76 147 £ 20
Race/ethnicity, %
Caucasian 108 80.6% 82 81.2% 62 81.6%
African American 11 8.2% 6 5.9% 7 9.2%
Other ** 15 11.2% 13 12.9% 7 9.2%
Height (cm) 134 1598 + 7.2 101 1591 £ 74 76 159.8 £ 80
Weight (kg) 134 518 £ 103 101 508 + 108 76 521 £94
BMI (kg/m?) 134 202 £ 35 101 200 £ 37 76 203 £ 27
BMI Percentile 134 510 £ 270 101 490 + 276 76 537 +253
Age began dance training (yr) 134 44 + 2.7 101 45+ 28 76 43 +24
Dance training (yr) 134 102 £ 32 101 100 £ 3.2 76 104 £ 30
Dance styles studied 134 59+19 101 60+ 19 76 58+ 17
Dance classes/wk * § 134 6.2+ 26 101 6.6 £ 2.7 76 59+138
Rehearsal/wk (h) * 134 6.1 £54 101 6.5+ 59 76 57 4.1
Company or competitive dance (%) * 105 784% 77 76.2% 61 80.3%

SD, standard deviation; BMI, body mass index.
F Sample 2: Girls with > 3 weekdays and = 1 weekend day.
9 Sample 3: Girls with = 1 program and 1 non-program day.

** Sample 1: Asian (n = 5), Hispanic (n = 1), Multi-racial/Other (n = 5), Not Reported (n = 4).
1 Dance styles ever studied: ballet, jazz, tap, contemporary, hip hop, theatrical jazz/musical theatre, lyrical, baton, character/folk, ballroom, African, Indian, Irish,

social dance, clogging, and belly dance.
* Referred to current participation (i.e., present time).
§ The average dance class length was 71.1 + 18.1 minutes.
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Table 3 Contribution of dance classes to total light, moderate, and vigorous physical activity and MVPA (n = 101)

Dance (min/d)

Total (min/d)

Percent Contribution

Mean + SE 95% ClI Mean + SE 95% ClI Mean * SE 95% ClI
LPA 394+£19 357 -431 2667 £ 64 2540 - 2794 154% + 0.8% 13.8% - 17.0%
MPA 44+ 03 38-49 173+ 08 158 - 188 26.7% + 1.4% 23.8% - 29.5%
VPA 27 +£02 23-30 70+ 04 62-78 39.6% + 2.2% 354% - 43.9%
MVPA 71 +04 62-79 252+ 1.1 230-275 28.7% + 1.4% 259% - 31.6%

LPA, light physical activity; MPA, moderate physical activity; VPA, vigorous physical activity; MVPA, moderate-to-vigorous physical activity; SE, standard error; Cl,

confidence interval.

28.7% of the girls’ total light, moderate, vigorous, and
MVPA, respectively.

Program day vs. non-program day

To be included in this analysis, girls needed to have at
least one program day and one non-program day. From
the first sample of 134 girls, 13 girls were excluded
because they had less than two eligible days, 10 girls
were excluded because they did not have any program
days (on the eligible days), and 35 girls were excluded
because they did not have any non-program days (i.e.,
they attended dance class on every eligible day). There-
fore, the sample consisted of 76 girls. Excluded girls did
not differ from other girls for any of the demographic
variables or overall sedentary, light, or moderate physical
activity; however, excluded girls had a slightly greater
percentage of vigorous (1.0% * 0.4% vs. 0.8% + 0.5%, p
= 0.01) and MVPA (3.3% + 1.0% vs. 2.8% + 1.3%, p =
0.03) compared to the other girls. The comparison of
physical activity intensities between program days and
non-program days are presented in Table 4. There were
no significant differences in the total monitoring time
between the two days (program day: 854.5 + 12.0 min-
utes; non-program day: 880.0 + 15.0 minutes; p = 0.13).
After controlling for total monitoring time, girls accu-
mulated significantly more minutes of MVPA on pro-
gram days (28.7 + 1.4 minutes per day) than non-
program days (16.4 + 1.5 minutes per day) (p < 0.001).
Girls had significantly fewer minutes of sedentary beha-
vior on program days (554.0 + 8.1 minutes per day)
than non-program days (600.2 + 8.7 minutes per day) (p

Table 4 Program days vs. non-program days, minutes/
day (mean + SE), (n = 76)t

Program Days Non-Program Days p-value
Sedentary 5540 + 8.1 600.2 + 8.7 < 0.001
Light 2820+ 73 2480+ 79 < 0.001
Moderate 208+ 10 130+ 1.1 < 0.001
Vigorous 79+ 05 34+ 06 < 0.001
MVPA 287 £ 14 164 + 1.5 < 0.001
Monitoring Time 8545 + 120 880.0 + 150 0.13

< 0.001). Girls engaged in significantly more light, mod-
erate, and vigorous physical activity on program days
than non-program days (p < 0.001).

In addition, we analyzed the physical activity data
from the girls with zero non-program days (i.e., they
attended dance class on every eligible day). Overall,
these girls obtained an average of 28.9 minutes per day
of MVPA, 9.0 minutes per day of vigorous physical
activity, and 292.5 minutes per day of light physical
activity (Table 5). They engaged in more vigorous physi-
cal activity and MVPA per day than girls in Sample 1.
During structured dance classes, these girls accumulated
an average of 54.5 minutes per day of light physical
activity and 9.4 minutes per day of MVPA (Table 6),
which was significantly more than girls in Sample 1.
Dance classes contributed 20.5%, 31.2%, 42.6%, and
33.1% of the girls’ total light, moderate, vigorous, and
MVPA, respectively. This sub-sample of girls had a
higher percent contribution of dance classes to total
light, moderate, vigorous, and MVPA than girls in Sam-
ple 1.

Discussion

This was the first study to describe the physical activity
levels of girls who were enrolled in structured dance
classes using an objective measure of physical activity.
Activity performed in structured dance classes
accounted for a substantial proportion (29%) of their
total weekly MVPA. Most notably, girls obtained 70%
more total MVPA and 8% less sedentary behavior on
program days (i.e., participation in dance class), than
non-program days. Therefore, these novel findings

Table 5 Overall physical activity for girls with zero non-
program days, minutes/day (mean + SE), (n = 35)

Mean + SE 95% ClI
Sedentary 5404 £ 142 511.3-568.8
Light 2925 +83 275.6-309.3
Moderate 198 = 1.1 17.7-22.0
Vigorous 90 £ 0.7 7.7-104
MVPA 289+ 15 25.8-32.0

MVPA, moderate-to-vigorous physical activity; SE, standard error.
1 Adjusted for total monitoring time.

MVPA, moderate-to-vigorous physical activity; SE, standard error;
Cl, confidence interval.
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Table 6 Contribution of dance classes to total light, moderate, and vigorous physical activity and MVPA for girls with

zero non-program days (n = 31)

Dance (min/d)

Total (min/d)

Percent Contribution

Mean * SE 95% ClI Mean + SE 95% ClI Mean + SE 95% ClI
LPA 545+ 25 494 - 596 2783 + 111 2555 -301.0 20.5% + 1.3% 18.0% - 23.1%
MPA 56 +05 45-66 186 + 12 162 - 21.0 31.2% + 24% 26.3% - 36.0%
VPA 38+03 32-44 94 + 0.7 80 -10.7 42.6% + 3.5% 35.6% - 49.7%
MVPA 94 £ 08 78 -109 292 +£18 256 -328 33.1% + 2.3% 28.3% - 37.9%

LPA, light physical activity; MPA, moderate physical activity; VPA, vigorous physical activity; MVPA, moderate-to-vigorous physical activity; SE, standard error; Cl,

confidence interval.

provide strong evidence of the important contribution
that dance classes can make to girls’ total physical
activity.

The present study used accelerometry to measure
physical activity, which has been done very rarely to
examine the contribution of structured physical activity
programs to total physical activity. Although several pre-
vious studies [5,20-22] have used accelerometry to
examine physical activity during structured physical
activity programs, to the best of our knowledge, only
one study [5] has used accelerometry to examine the
contribution of structured physical activity programs to
total physical activity. Organized sports and physical
education contributed 23% and 11% to boys’ total daily
MVPA, respectively [5]. These are lower than the con-
tribution of dance classes in the present study (29%).
Other studies have examined the contribution of struc-
tured physical activity programs to total physical activity,
but they utilized different methodologies to assess physi-
cal activity [23,24]. For example, Katzmarzyk and Malina
administered a 3-day activity diary to 12- to 14-year-old
sport participants and found that youth sport contribu-
ted to 60% of their daily moderate to vigorous energy
expenditure [24]. Morgan et al. [23] used pedometers in
1% through 6™ graders and reported that the least, mod-
erately active, and most active children obtained
approximately 20%, 9%, and 16% of their total steps per
day during physical education classes. The differences in
these estimates are most likely attributable to the differ-
ences in physical activity assessments. However, it is
important to recognize the advantages of accelerometry
over other physical activity measurements: its ability to
measure objectively, assess intensity, and provide activity
counts with corresponding date and time stamps. None-
theless, the present study supports previous findings
that structured physical activity programs provide youth
with a substantial proportion of MVPA to total MVPA.

A key finding of this study was that girls accumulated
70% more MVPA on program days (i.e., participation in
dance class) than on non-program days. Therefore, the
additional amount of MVPA obtained on program days
was not maintained on non-program days. Further, girls

in this study had 46.2 fewer minutes of sedentary beha-
vior on program days compared to non-program days.
These findings are consistent with those of Wickel and
Eisenmann [5] who found that 6- to 12-year-old boys
engaged in more MVPA and less sedentary behavior on
a sport day compared to a non-sport day. The present
findings are also similar to those of Dale et al. [25], who
reported that when school physical activity opportunities
were restricted, children did not compensate by increas-
ing their activity during the after-school hours. These
findings provide compelling evidence of the potential
importance of dance classes for increasing MVPA and
reducing sedentary behavior in adolescent girls.
Although a substantial proportion of girls’ total weekly
MVPA was attributable to dance classes, girls in this
study were observed to have physical activity levels
approximately the same as girls in other studies that
objectively measured physical activity. Girls in this study
engaged in an average of 25 minutes of MVPA per day,
which is consistent with sixth-grade girls in the Trial of
Activity for Adolescent Girls (TAAG) study who accu-
mulated 23.7 minutes of MVPA per day [26]. The physi-
cal activity estimates for TAAG were also reported by
geographic location, including South Carolina, and that
sub-sample of girls obtained 20.8 minutes of MVPA per
day [26]. Both the current study and TAAG used the
accelerometer cut-points developed by Treuth et al.
[17]. The present findings are also similar to those of
12- to 15-year-old girls in the National Health and
Nutrition Examination Survey (NHANES) who obtained
24.6 minutes of MVPA per day [27]. In contrast, the
amount of daily MVPA of girls in this study was slightly
higher than that of 12-year-old girls in the UK [28] and
16- to 19-year-old girls in NHANES [27] who engaged
in 18.3 and 19.6 minutes of MVPA per day, respectively.
The MVPA cut-point in the UK study [28] was higher
than the current study, whereas the MVPA cut-point in
NHANES [27] was lower than the current study, which
could potentially explain the differences in estimates. It
is also important to note that in this study, the standard
deviation was 10.1 minutes of MVPA per day, which
indicates high inter-individual variability, which is
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consistent with the findings of Pate et al. [26]. These
findings together indicate the need to increase overall
physical activity levels of adolescent girls, as they, on
average, are not achieving the physical activity guideline
of at least 60 minutes of daily MVPA [1].

This study has strengths and limitations that should
be noted. An important strength of this study was the
objective measurement of physical activity and sedentary
behavior via accelerometry. A second strength was the
inclusion of a variety of dance styles from 11 dance stu-
dios. Another strength was the ability to measure physi-
cal activity on both program and non-program days.
Limitations were that the accelerometer cut-points were
developed for 13- to 14-year-old girls and were applied
to girls ages 11 to 18 years, and the cut-points were not
specifically developed for dancing. This may have
resulted in an underestimation of physical activity from
arm movement and its associated energy expenditure.
Another limitation was the self-report of dance class
schedules, which may be subject to bias and recall lim-
itations. Lastly, because data were collected in one
metropolitan area and mostly with Caucasian girls, they
may not be generalizable to other populations. However,
the sample size allowed us to test multiple hypotheses.

Conclusion

In summary, our findings demonstrate the importance
of dance classes to girls’ physical activity levels. We
found that dance classes contributed a substantial pro-
portion (29%) of MVPA to girls’ total weekly MVPA,
and girls accumulated 70% more MVPA and 8% less
sedentary behavior on dance class days than on non-
dance class days. Thus, the additional minutes of MVPA
on dance class days were not maintained on non-dance
class days. Therefore, dance classes can play a critical
role by providing health-enhancing physical activity to
adolescent girls, and can assist them in meeting the cur-
rent physical activity guideline.

Acknowledgements

The authors thank Amber F. Hotz, MPH, for her assistance with data
collection. The authors also thank the dance studio directors, instructors, and
students for their participation and contribution to this research study.

Author details

'Department of Exercise Science, Arold School of Public Health, University
of South Carolina, (921 Assembly Street Suite 212), Columbia, (29208), SC,
USA. ?Prevention Research Center, Armold School of Public Health, University
of South Carolina, (921 Assembly Street), Columbia, (29208), SC, USA.

Authors’ contributions

JRO conceived of and designed the study, acquired the data, analyzed and
interpreted the data, and drafted the manuscript. RRP provided critical input
during data analysis and manuscript development. The co-authors (RRP and
SPH) participated in the interpretation of data and critical revision for
important intellectual content. All authors read and approved the final
manuscript.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.

Received: 25 February 2011 Accepted: 4 August 2011
Published: 4 August 2011

References

1. US. Department of Health and Human Services: 2008 Physical Activity
Guidelines for Americans U.S. Department of Health and Human Services;
2008.

2. Centers for Disease Control and Prevention: Guidelines for school and
community programs to promote lifelong physical activity among
young people. MMWR Morb Mortal Wkly Rep 1997, 46:1-36.

3. Centers for Disease Control and Prevention: Increasing physical activity. A
report on recommendations of the Task Force on Community
Preventive Services. MMWR Recomm Rep 2001, 50:1-14.

4. Pate RR, Saunders RP, O'Neill JR, Dowda M: Overcoming Barriers to
Physical Activity: Helping Youth be More Active. ACSM's Health & Fitness
Journal 2011, 15:7-12.

5. Wickel EE, Eisenmann JC: Contribution of youth sport to total daily
physical activity among 6- to 12-yr-old boys. Med Sci Sports Exerc 2007,
39:1493-1500.

6. O'Neill JR, Pate RR, Liese AD: Descriptive epidemiology of dance
participation in adolescents. Res Q Exerc Sport .

7. Gottlieb NH, Chen MS: Sociocultural correlates of childhood sporting
activities: their implications for heart health. Soc Sci Med 1985,
21:533-539.

8. Sallis JF, Zakarian JM, Hovell MF, Hofstetter CR: Ethnic, socioeconomic, and
sex differences in physical activity among adolescents. J Clin Epidemiol
1996, 49:125-134.

9. Kimm SYS, Glynn NW, Kriska A, Fitzgerald SL, Aaron DJ, Similo SL, et al:
Longitudinal changes in physical activity in a biracial cohort during
adolescence. Med Sci Sports Exerc 2000, 32:1445-1454.

10. Pate RR, Stevens J, Webber LS, Dowda M, Murray DM, Young DR, et al:
Age-related change in physical activity in adolescent girls. J Adolesc
Health 2009, 44:275-282.

11. Belanger M, Gray-Donald K, O'Loughlin J, Paradis G, Hanley J: When
adolescents drop the ball: sustainability of physical activity in youth. Am
J Prev Med 2009, 37:41-49.

12. Aaron DJ, Storti KL, Robertson RJ, Kriska AM, LaPorte RE: Longitudinal study
of the number and choice of leisure time physical activities from mid to
late adolescence: implications for school curricula and community
recreation programs. Arch Pediatr Adolesc Med 2002, 156:1075-1080.

13. van Mechelen W, Twisk JW, Post GB, Snel J, Kemper HC: Physical activity of
young people: the Amsterdam Longitudinal Growth and Health Study.
Med Sci Sports Exerc 2000, 32:1610-1616.

14, Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al: Age
and gender differences in objectively measured physical activity in
youth. Med Sci Sports Exerc 2002, 34:350-355.

15. Eston RG, Rowlands AV, Ingledew DK: Validity of heart rate, pedometry,
and accelerometry for predicting the energy cost of children’s activities.
J Appl Physiol 1998, 84:362-371.

16. Trost SG, Ward DS, Moorehead SM, Watson PD, Riner W, Burke JR: Validity
of the computer science and applications (CSA) activity monitor in
children. Med Sci Sports Exerc 1998, 30:629-633.

17. Treuth MS, Schmitz K, Catellier DJ, McMurray RG, Murray DM, Almeida MJ,
et al: Defining accelerometer thresholds for activity intensities in
adolescent girls. Med Sci Sports Exerc 2004, 36:1259-1266.

18.  Catellier DJ, Hannan PJ, Murray DM, Addy CL, Conway TL, Yang S, et al:
Imputation of missing data when measuring physical activity by
accelerometry. Med Sci Sports Exerc 2005, 37:5555-5562.

19.  Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R,
et al: CDC growth charts: United States. Adv Data 2000, 314:1-28.

20. Beets MW, Rooney L, Tilley F, Beighle A, Webster C: Evaluation of policies
to promote physical activity in afterschool programs: Are we meeting
current benchmarks? Prev Med 2010, 51:299-301.

21. Trost SG, Rosenkranz RR, Dzewaltowski D: Physical activity levels among
children attending after-school programs. Med Sci Sports Exerc 2008,
40:622-629.

22. O'Neill JR, Pate RR, Beets MW: Physical activity levels of adolescent girls
during dance classes. J Phys Act Health .


http://www.ncbi.nlm.nih.gov/pubmed/9011775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9011775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9011775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18634202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18634202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18634202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21774751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21774751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17805079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17805079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4049022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4049022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8606313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8606313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10949011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10949011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19237114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19524143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19524143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10994913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10994913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11828247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11828247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11828247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9451658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9451658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9565947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9565947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9565947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15235335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15235335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16294118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16294118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11183293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20637796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20637796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20637796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317385?dopt=Abstract

O'Neill et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:87
http://www.ijbnpa.org/content/8/1/87

23.

24.

25.

26.

27.

28.

Morgan CF, Beighle A, Pangrazi RP: What are the contributory and
compensatory relationships between physical education and physical
activity in children? Res Q Exerc Sport 2007, 78:407-412.

Katzmarzyk PT, Malina RM: Contribution of organized sports participation
to estimated daily energy expenditure in youth. Pediatr Exerc Sci 1998,
10:378-386.

Dale D, Corbin CB, Dale KS: Restricting opportunities to be active during
school time: do children compensate by increasing physical activity
levels after school? Res Q Exerc Sport 2000, 71:240-248.

Pate RR, Stevens J, Pratt C, Sallis JF, Schmitz KH, Webber LS, et al:
Objectively measured physical activity in sixth-grade girls. Arch Pediatr
Adolesc Med 2006, 160:1262-1268.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M: Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc 2008, 40:181-188.

Mitchell JA, Mattocks C, Ness AR, Leary SD, Pate RR, Dowda M, et al:
Sedentary behavior and obesity in a large cohort of children. Obesity
(Silver Spring) 2009, 17:1596-1602.

doi:10.1186/1479-5868-8-87

Cite this article as: O'Neill et al: The contribution of dance to daily
physical activity among adolescent girls. International Journal of
Behavioral Nutrition and Physical Activity 2011 8:87.

Page 8 of 8

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/18274212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18274212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18274212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10999261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10999261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10999261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17146024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18091006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18091006?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Design
	Participants
	Objective Measurement of Physical Activity
	Measurement Protocol
	Data Reduction
	Overall physical activity
	Contribution of dance classes to total light, moderate, vigorous, and MVPA
	Program days vs. non-program days

	Anthropometric Measures
	Additional Variables
	Statistical Analyses

	Results
	Overall physical activity
	Contribution of dance classes to total light, moderate, vigorous, and MVPA
	Program day vs. non-program day

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


