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Abstract

BACKGROUND: The purpose was to explore whether baseline sociodemographic and physical
characteristics moderated effects of an intervention on moderate-to-vigorous physical activity
(MVPA), percent body fat, body mass index z-score, and cardiorespiratory fitness (CRF) at post-
intervention, relative to the control condition.

METHODS: A secondary analysis of data from a group randomized trial including 24 schools (12
intervention and 12 control; N=1519 girls) was conducted. Age, ethnicity, race, socioeconomic
status, and pubertal stage were assessed via survey. Height, weight, MVVPA (min/hr), percent body
fat, and CRF were measured. Mixed-effects linear models were performed.

RESULTS: Compared to the control, the intervention increased overweight and obese girls’ CRF
(F=4.36, p=.037; F=6.56, p=.011, respectively), but not healthy weight girls’ CRF (F=0.01,
p=.925). Pre- to mid-puberty girls in the intervention group had slightly lower post-intervention
MVPA than those in the control (3.04 vs. 3.31, p=.055), while late to post-puberty intervention and
control girls” post-intervention MVPA was similar (3.12 vs. 3.04, p=.542).

CONCLUSIONS: A PA intervention can improve overweight and obese girls’ CRF, possibly
attenuating their cardiovascular risk. Effective strategies are needed to assist adolescent girls,
especially those in pre- to mid-puberty, in maintaining their MVPA after an intervention ends.
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INTRODUCTION

Regular participation in moderate-to-vigorous physical activity (MVPA) is associated with
improvements in body weight status, percent body fat, and cardiorespiratory fitness (CRF)
among adolescents (1). To reap these health benefits, the World Health Organization
recommends that adolescents attain 60 minutes or more of MVPA daily (2). Yet, globally,
data from 2016 indicated 84.7% of adolescent girls, compared to 77.6% of boys, reported
insufficient PA. Similarly, in the U.S., a higher percentage of adolescent girls (80.5%) than
boys (64.0%) reported insufficient PA. In addition, from 2011 to 2016, both the global and
U.S. prevalence of insufficient PA decreased for boys, but remained the same for girls (3).
These dismal findings highlight the need for effective interventions to increase PA,
particularly among adolescent girls (4).

Although no definitive explanation exists for the findings concerning adolescent girls,
sociodemographic and physical characteristics have been suggested as playing a role (5). For
example, girls’ PA participation has been found to decline with increasing age across
adolescence (6-7). According to the 2017 U.S. Youth Risk Behavior Survey (8) involving
high school students, the prevalence of attaining PA for at least 60 minutes on every day of
the week was higher among girls who were Non-Hispanic White (18.4%) than those who
were Non-Hispanic African American (15.5%) or of Hispanic ethnicity (18.1%). In a recent
U.S. study (9), the odds ratio for eligible to receive free and reduced-price lunches at school
(a widely used proxy for socioeconomic status [SES] based on U.S. Income Eligibility and
Poverty Guidelines [10]), compared to not eligible, predicting failure to meet aerobic fitness
standards approached statistical significance for 41 and 5™ grade girls, but not boys (9). In
another U.S. study, receipt of free and reduced-price lunches at school was significantly
associated with higher odds of obesity among adolescent girls (11). However, findings from
a systematic review examining the effects of SES on adolescents’ PA were not uniform
across the included studies (12). In addition, a global investigation involving 146 countries
showed no consistent pattern in adolescent girls’ PA based on country income (3). These
discrepancies underscore a need for continued research to increase understanding of these
relationships.

Pubertal development during adolescence may also influence PA due to various sexually
dimorphic changes occurring during this period, but rigorously conducted studies
investigating this association are sparse. In a recently conducted longitudinal study, pubertal
stage measured by the Peterson et al. Pubertal Development Scale (13) was not significantly
associated with MV/PA in Finnish adolescent girls at baseline in 51 grade or at follow-up in
7t grade (14). Interestingly, in a study with South African adolescent girls, pubertal stage
was significantly associated with an increase in sedentary time but not PA (15).
Unfortunately, one major limitation of the two studies focusing on pubertal stage was that
PA was assessed via self-report, possibly resulting in inaccurate measurement due to social
desirability and recall bias (16).

Excessive weight gain among adolescents has been associated with reduced levels of MVVPA.
A 2018 systematic review showed that the mean minutes per day that adolescents engaged in
MVPA, measured via accelerometers, did not reach 60 minutes in 18 of 20 included studies.
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Moreover, in 10 of 16 studies that compared accelerometer-measured MVPA in obese versus
non-obese groups, mean daily time spent attaining MVPA was significantly lower in obese
than non-obese adolescents. The findings from the review provide strong evidence that the
vast majority of obese adolescents are not achieving the U.S. or international PA
recommendations (17).

Collectively, the information suggests that adolescents’ responses to an intervention to
increase their PA may vary based on these sociodemographic and physical characteristics.
However, it is important to note that although these characteristics are associated with or can
predict variation in the behavior itself, they may not have the same direction or magnitude of
effect on variation in response to a PA intervention (18). To advance the science focusing on
adolescent girls, who are at high risk for health problems related to inadequate PA, this study
focuses on exploring the effect of these potential moderators on adolescent girls’ responses
to a PA intervention.

To address the low levels of PA noted among adolescent girls, interventions to promote PA
have been tested in community settings. To examine intervention effectiveness in increasing
adolescent girls” PA, systematic reviews and meta-analyses (5-7) were recently conducted.
Voskuil and colleagues’ (6) systematic review included PA intervention studies in which PA
was objectively measured in 6- to 18-year-old girls. Voskuil et al. (6) found that only one
study resulted in significant MVPA differences between intervention and control groups, but
the mean MVPA differences were only 1.6 minutes/day. One major explanation provided by
the researchers for the modest effects of the interventions included in the review was that the
dose received by the participating girls might not have been intense enough to produce the
anticipated effects. Owen et al. (5) and Pearson et al. (7) each conducted a meta-analysis
including studies involving adolescent girls who had their PA assessed either via self-report
or an objective measure. Findings from the two meta-analyses showed significant, but small,
intervention effects on PA (g=0.09, 0.35). Pearson et al. (7) found that the intervention effect
was even smaller (g=0.29) in studies that used an objective measure instead of self-report
(9=0.38), suggesting that self-report’s weak validity due to recall bias may have inflated the
effect. Only the Pearson et al. (7) study included moderation analyses, which showed
stronger effects for interventions designed for younger than older girls (g=0.42) and those
that used multicomponent strategies (g=0.62), were theory-based (g=0.42), had moderate
(9=0.42) or high (g=0.52) study quality. Although these results regarding the girls’ age are
important to note, no additional findings based on other participant characteristics were
reported.

The limited effectiveness of PA interventions for adolescent girls to date and the complexity
of PA behavior necessitate examination of potential moderators of intervention effects (19).
Moderation analyses can be useful for determining the type of intervention that may be
successful in a subgroup (20) and for tailoring an intervention to optimally meet each
participant’s needs. Yet, little research has been conducted to explore moderators in PA
interventions, and baseline physical and sociodemographic characteristics that may moderate
responses of adolescent girls to interventions remain relatively unknown (21). The current
study was designed to address the gap in information concerning moderators of PA
interventions among adolescent girls. Specifically, this study’s purpose was to explore
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whether certain baseline participant sociodemographic (age, ethnicity, race, socioeconomic
status determined by free and reduced-price school lunch eligibility) and physical (pubertal
stage, weight status) characteristics moderated the effects of an intervention on moderate-to-
vigorous physical activity (MVPA), percent body fat, body mass index (BMI) z-score, and
cardiorespiratory fitness (CRF) at post-intervention, relative to the control condition. The
research question was: What baseline participant sociodemographic (age, ethnicity, race,
free and reduced-price school lunch eligibility) and physical (pubertal stage, weight status)
characteristics moderate the effects of a PA intervention on MVPA (primary outcome),
percent body fat, BMI z-score, and CRF (secondary outcomes) at post-intervention, relative
to the control condition?

A secondary analysis of data from a 5-year (2011-2016) school-based group randomized
controlled (RCT) trial that included adolescent girls was conducted. The primary aim of the
trial’s intervention was to increase post-intervention MVPA. Secondary aims were to
improve post-intervention BMI z-score, percent body fat, and CRF. Although no differences
between intervention and control groups occurred in MVPA or BMI z-score, percent body
fat increased less and CRF decreased less among intervention than control girls (4,22). The
intervention effects on MVPA, percent body fat, BMI z-core, and CRF have been published
(4,22).

The Michigan State University Biomedical Institutional Review Board provided ethical
approval to conduct the trial that involved 24 public schools located in low-income urban
areas in the Midwestern U.S. School administrators gave permission to conduct the trial in
their respective school districts.

Participants, setting, and procedures

During assemblies in each school, researchers presented the trial to 4192 518t grade girls
and invited them to participate. A total of 4146 girls received packets including a consent
and assent form and screening tool designed to determine eligibility based on the following
inclusion criteria: 1) not attaining 60 minutes per day of MVPA; 2) not engaging in MVPA
>3 days per week during sports, lessons, or other forms of organized PAs; 3) available and
interested in participating in a PA club after school 3 days per week for 17 weeks; 4) able to
read, speak, and understand English; and 5) having no health issue preventing safe
involvement in MVPA. A total of 2024 girls agreed to participate and returned packets with
signed informed consent and assent forms and completed screening tools. After excluding
505 girls (e.g, did not meet inclusion criteria, withdrew before baseline data collection),
1519 girls remained in the trial.

Schools were paired based on having similar school characteristics (e.g., school size,
demographics). During the beginning of each academic school year over a 3-year period,
trained research assistants collected baseline data on the girls’ sociodemographic and
physical characteristics (8 different schools per year). A statistician then randomly assigned
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the schools in each pair to receive either a 17-week PA intervention (7=12 [4 schools per
year]; n=753 girls) or control condition including usual school offerings only (7=12 [4
schools per year]; 7=766 girls). Data were collected at baseline before the intervention had
started and again at post-intervention immediately after the intervention had ended. Details
about procedures, along with a flow diagram depicting girls’ participation in the trial, have
been published (22-23). The trial was registered: ClinicalTrials.gov Identifier
NCTO01503333.

The 17-week PA intervention included three components. One component involved two
face-to-face motivational interviews conducted by a health professional/counselor with each
girl at her school at the beginning and end of the intervention period. Motivational
interviewing, which is a collaborative communication style used to strengthen an
individual’s own motivation to positively change behavior (24), has been used with
adolescent girls in a prior PA intervention that resulted in a decrease in their sedentary
behavior (25). The second component was an Internet-based session that delivered
motivational feedback messages based on each girls’ responses to survey questions at the
intervention midpoint; and the third component included a 90-minute after-school PA club
offered three days per week at each school. Details about the intervention can be found
elsewhere (23).

Measurements

Baseline data on four potential moderators, including age, race, ethnicity, and enrollment in
the free or reduced-price lunch program at school were obtained from responses to single
items on the consent form or screening tool. Baseline data on two potential moderators (e.g.,
pubertal stage and weight status) and post-intervention data on the four outcomes of interest
(e.g., MVPA, BMI z-score, percent body fat, and CRF) were obtained from girls at each
school.

Pubertal Stage.—The reliable and valid (26) 5-item Pubertal Development Scale was
used (13) to assess each girl’s pubertal stage. Girls rated themselves, as compared to other
girls of similar age, on body hair, breast development, and menstruation. For body hair and
breast development, they selected one of four choices: 1) no, not yet started; 2) yes, barely;
3) yes, definitely; and 4) development complete. For menstruation, they chose: 1) no or 4)
yes (menstrual period started). Girls who noted no menstruation and had a summed score for
body hair and breast development of 2, 3, or >3 were in the pre-pubertal, early, or mid-
pubertal stage, respectively. Girls who reported menstruation and had a summed hair and
breast development score of <7 or 8 were in the late or post-pubertal stage, respectively (26).
The scale has a McDonald’s omega of 0.65 in the study.

Weight Status, BMI z-score, and percent body fat.—Each girls’ height was
measured twice to the nearest 0.1 cm with a Shorr Board (Shorr Productions, Olney, MD).
Weight and percent body fat were assessed with a portable digital foot-to-foot bioelectric
impedance analysis scale (Model Number BC-534; Tanita Corporation, Tokyo, Japan). Body
weight was assessed twice to the nearest 0.1 kg. The two measures of height and weight
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were averaged. BMI was estimated by calculating kg/meters2. To determine BMI z-scores
and BMI percentiles (BMI-P) for age, a SAS program for the Centers for Disease Control
and Prevention Growth Charts (available online) was used (27). Based on the charts, girls
were classified as underweight, healthy weight, overweight, or obese if their BMI-P was
<5t 5t to <85t 85t to <95t or =95t respectively (28). Percent body fat was estimated
to the nearest 0.1% via the same scale, which was found to be reliable and valid with
adolescents.

Minutes per hour of MVPA were measured with ActiGraph GT3X+ accelerometers, which
are reliable and valid for assessing PA intensity. The accelerometer was attached to a belt
that each girl wrapped around her waist. At baseline and post-intervention, each girl wore
the accelerometer on her right hip from the time getting out of bed in the morning to the
time going to sleep at night for 7 consecutive days (e.g., 5 weekdays; 2 weekend days). Data
were reintegrated to 15-second epochs and processed using PA intensity cut-points validated
with adolescent girls: 547-1002 counts per 15 seconds for moderate and =1003 counts per
15 seconds for vigorous PA (29). In the trial, close to 92% of the girls provided = 8 hours of
data on three weekdays and one weekend day, which is adequate data (30) for aggregating to
represent a week (7 days). To avoid bias (31), imputation based on all available data in hour
blocks on all 7 days was used. Time of accelerometer wear was standardized to 14 hours per
weekday, including one hour before the actual start time at each school, 7 hours during the
school day, and 6 hours after school. For each weekend day, the time was standardized to 10
hours due to later awake times on no-school days. If any hour block of the 90 hours/week
included incomplete data, the entire hour was identified as missing (22). ActiLife
(ActiGraph Corporation, Pensacola, FL) and R statistical software [version 3.2.4] using the
MICE package (32) were employed for data reduction and imputation. Additional details
have been published (22).

CRF.—The Progressive Aerobic Cardiovascular Endurance Run (PACER) test, an
endurance shuttle run that is reliable and valid for estimating adolescents’ maximal oxygen
consumption (VO,max), was used (33). The shuttle run distance, 15-meter or 20-meters,
was determined by space in each school and marked by two cones. Each girl ran between the
cones, trying to reach each cone before hearing an audio cue. As the test progressed, the
time between audio cues decreased. A girl’s test was finished when she failed to complete
two laps before the audio cues. To estimate VO,max, number of completed laps was
converted into the mile equivalency (34); then, the following equation was used: VO,max =
[-8.41*(mile-equivalent)] + [0.34*(mile-equivalent*mile-equivalent)] +
[0.21*(age*gender)] — (0.84*body mass index) + 108.94 (35). A higher VOo,max indicates
greater CRF.

Data analysis

To reduce missing data biases and maximize statistical power, multiple imputation (R,
version 3.2.4.) was employed to produce 20 datasets (21, 36-37). We used absolute numbers
and percentages to describe categorical variables and included means and standard
deviations for continuous variables. Independent t-test or chi-square test was used to
examine group differences (intervention vs. control) in study variables. Intent-to-treat
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principle was followed for all data analyses. Mixed effect models were applied to examine
the potential moderators including race, ethnicity, free/reduced-price lunch enroliment,
pubertal stage, and baseline weight status. To reduce potential multicollinearity and increase
interpretability, the continuous moderator age was centered for the moderation analyses (38).
For each of the six potential moderators, an interaction term was created as the product of
group (intervention vs. control) multiplied by the moderator. A series of mixed effect models
were performed for each outcome of interest (MVPA, BMI z-score, percent body fat, and
CRF) while controlling for age, race, ethnicity, pubertal stage, weight status, free/reduced-
price lunch enrollment, and baseline dependent variable of interest. All moderation analyses
accounted for clustering of girls within schools. If the interaction effect was significant, then
post hoc tests were performed using the LSMESTIMATE statement (39). The
LSMESTIMATE statement is a combination of the LSMEANS and ESTIMATE statements
and is used to obtain custom hypothesis tests among LS-means (39). Results from the 20
imputed datasets were combined to obtain a single F-statistic and a p-value (40). All
analyses were performed in SAS 9.4 with a significance level of 0.05.

RESULTS

Preliminary analyses

As shown in Table 1, the intervention and control groups did not differ on age, ethnicity,
free/reduced-price lunch enrollment, pubertal stage, MVPA, percent body fat, BMI z-score,
and CRF at baseline. The control group included a higher percentage of African American
girls than the intervention group (64.23% vs. 56.18%, p=.001). The control group had a
higher proportion of obese girls (34.33% vs. 28.55%), and a lower proportion of healthy
weight girls (45.23% vs. 48.61%, p=.046) than the intervention group.

Table 2 shows the bivariate correlations among all study variables. Age and pubertal stage
were positively correlated with weight status (/=0.07, p=0.014; r=0.19, p<0.001), percent
body fat (+=0.19, p<0.001; r=0.28, p<0.001), BMI z-score (+=0.10, p<0.001; r=0.26,
p<0.001), but negatively correlated with MVVPA (=-0.07, p=0.012; r=-0.12, p<0.001) and
CRF (r=-0.25, p<0.001; =-0.29, p<0.001). African American girls tended to have higher
percent body fat and BMI z-score, but lower CRF. Weight status was positively correlated
with percent body fat (+=0.87, p<0.001) and BMI z-score (r=0.85, p<0.001), while
negatively correlated with MVPA (=-0.09, p<0.001) and CRF (/=-0.84, p<0.001).

Moderation analysis

Table 3 demonstrates the results of moderation effects on MVVPA, BMI z-score, percent body
fat, and CRF at post-intervention. Weight status significantly moderated the intervention
effects on CRF (F3.95 127706339, p<0.01). Results from the post hoc tests showed that
overweight or obese girls in the intervention group had significantly higher CRF at post-
intervention than those in the control group (overweight girls: mean difference £=0.28,
=1.97, p=0.049; obese girls: £6=0.31, £=2.60, p<0.01). However, among under/healthy
weight girls, post-intervention CRF did not differ significantly between intervention and
control groups (6=0.04, £=0.38, p=0.706). Figure 1 shows the post-intervention CRF

Pediatr Res. Author manuscript; available in PMC 2020 October 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Robbins et al.

Page 8

between intervention and control group by baseline weight status. Age, race, ethnicity, free/
reduced-price lunch enrollment, and pubertal stage were not significant moderators for CRF.

There was no statistically significant moderator for the intervention effects on MVPA, BMI
z-score, or percent body fat. Only pubertal stage was identified as a marginally significant
moderator for MVPA (Fp.94 1056.47=3.03, p=0.08). At post-intervention, girls in the pre- to
mid-pubertal stage in the intervention group had lower MVPA than those in the control
group (6=0.263, £=1.92, p=0.055); while girls in the late to post-pubertal stage had similar
MVPA between the intervention and control groups (6=0.07, £0.61, p=0.542). As
demonstrated in Figure 2, in the control group, girls in the late to post-pubertal stage were
significantly less active than those in the pre- to mid-pubertal stage (&= 0.26, £=2.47,
p=0.014); while in the intervention group, girls in the late to post-pubertal stage were
slightly more active than those in the pre- to mid-pubertal stage (6=0.07, £0.70, p=0.484).

DISCUSSION

The current study identified whether the effects of a PA intervention on adolescent girls’
MVPA, percent body fat, BMI z-score, and CRF at post-intervention were greater for some
subgroups than others, relative to the control condition. Findings showed that the
intervention was more effective in improving CRF in overweight or obese girls than among
girls having a healthy weight and in increasing MVPA among late to post-pubertal girls, as
compared to pre- to mid-pubertal girls.

The obesity epidemic has been associated with obesogenic factors, such as low levels of PA,
that then result in impaired CRF. Overall, the CRF of adolescent girls having a healthy
weight has been found to be better than the CRF of girls with overweight or obesity (41).
The current study’s findings that no between-group differences in CRF occurred for under/
healthy weight girls, but overweight or obese girls in the intervention group had higher CRF
than their control group counterparts may have resulted because baseline CRF fitness was
lower among overweight and obese girls than under/healthy weight girls, resulting in an
opportunity for greater gains in CRF across time for the former than the latter group. Of
importance is that overweight or obese girls may have reaped health benefits from their
participation in the PA intervention. The findings imply that a targeted PA intervention that
increases CRF among overweight or obese girls, many of whom probably have low levels of
CRF, may provide a greater return on investment than a more diffuse program implemented
with the general population of adolescent girls.

In a group RCT involving adolescent girls in low-income communities, no differences
between the intervention and control groups occurred in minutes of MVVPA measured
immediately following a PA intervention (22); but, CRF was significantly higher among
intervention than control group girls (4). The researchers who conducted the group RCT
explained that after the PA intervention had ended, the girls in the low-income communities
lost the opportunity to be physically active, and this occurrence may have reduced their
ability to attain MVPA post-intervention when their PA was measured (22). Perhaps, CRF is
a better outcome than MVPA to measure in PA interventions, given that CRF is somewhat
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stable over a short time period, as compared to MVPA, the latter of which may be influenced
by contextual factors. However, research is needed to support these contentions.

The finding that late to post-pubertal girls in the control group were significantly less active
than the pre- to mid-pubertal girls in the same group aligns with evidence supporting that
girls’ PA declines during adolescence (42). In contrast, however, in the intervention group,
late to post-pubertal girls were slightly more active at post-intervention than the pre- to mid-
pubertal girls, although the finding did not reach statistical significance. The findings
suggest that the intervention may have had a better effect on the MVPA of late to post-
pubertal girls relative to the pre- to mid-pubertal girls. Two plausible explanations are that:
1) pre- to mid-pubertal girls in the intervention group no longer had the after-school club to
engage in MVPA and the related support for the behavior after the intervention had ended
and when post-intervention measures were conducted, possibly resulting in a reduction in
their MVPA,; and 2) late to post-pubertal girls in the intervention group, given their relatively
matured cognition, might have been able to continue to attain MVPA even though the
intervention had ended (19).

Girls’ responses to the intervention, as indicated by its effects on the outcome variables, did
not differ based on age, race, ethnicity, or participation in free or reduced-price lunch
program at school. Similarly, ethnicity did not emerge as a significant moderator in a cluster
RCT to evaluate the impact of an obesity prevention intervention on BMI z-score, adiposity,
and PA (43). The lack of significant differences in intervention effects based on age and SES
in the current study conflicted with results of other studies. For example, Cook et al. (19)
reported that an Internet-based computer-tailored intervention program was more effective
for commuting by bicycle and leisure-time walking among older than younger adolescents
(16-18 years old vs. 13-15 years old, respectively). The findings by Cook et al. (19) suggest
that the young age, ranging from 10-15 years, of the girls in the current study may have
contributed to the non-significant results. In addition, following a health-promoting school
initiative with 4- to 12-year olds, Bartelink and colleagues (44) noted that the effects on BMI
z-score and PA were more favorable among higher than lower SES groups. Perhaps, in the
current study, the ability to detect significant differences in the girls’ responses to the
intervention based on their SES was limited because the vast majority of girls (78%) were of
low SES. Regardless, the inconsistent results indicate a need for continued research
involving moderation analyses.

Also, in the current study, weight status did not significantly moderate the intervention
effects on BMI z-score or percent body fat, inconsistent with Annesi’s (45) study showing
that reductions in BMI were more pronounced after an obesity prevention intervention in
African-American pre-adolescents who were overweight and obese than among those with a
healthy weight. One plausible explanation for the inconsistent findings is that Annesi’s (45)
intervention addressed nutrition as well as PA, whereas the current intervention focused only
on PA.

Limitations and strengths

The study had strengths and limitations. One strength is that many participants were low-
income African American adolescent girls, representing a group having high obesity rates
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(46). Other strengths include the presence of a control group, the longitudinal design, and
measurement of PA via accelerometers. One limitation is that data were collected from
adolescent girls in urban areas so results may not be generalizable to other groups. Another
limitation is that SES was determined based solely on enrollment in the free and reduced-
price lunch program; unfortunately, parent education and income were not assessed.

Conclusions

A PA intervention can improve overweight and obese girls’ CRF, possibly attenuating their
cardiovascular risk. Moreover, girls in late-to-post-puberty, who typically attain lower levels
of MVPA than those in earlier pubertal stages, can increase their MVVPA beyond levels
demonstrated by girls in pre-to mid-puberty as a result of their participation in a PA
intervention. This information indicates that both overweight and obese girls and girls in
late-to-post-puberty should be included in a PA intervention because both groups respond
well to and benefit from it. Also, many adolescent girls, especially those in pre-to mid-
puberty, may need assistance to maintain their MVPA after an intervention ends; therefore,
effective strategies for accomplishing this task warrant consideration when designing PA
interventions for this population.

Moderation analyses need to become common practice in PA and obesity prevention
research to identify subgroups of adolescent girls that respond differently to interventions.
Then, in future PA interventions, special attention can be directed toward less responsive
subgroups of girls, and interventions can be optimized to enhance effectiveness. Continued
research is needed to increase understanding regarding why PA interventions do not work
for certain subgroups and how this problem can be resolved.
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. A physical activity intervention can improve overweight and obese girls’

Moderators of physical activity intervention effects among adolescent girls
are important to identify because the effectiveness of these interventions to
date in this population has been limited.

This article contributes to the notable gap in knowledge regarding moderators
in physical activity interventions involving adolescent girls, particularly
baseline characteristics that may moderate their responses to physical activity
interventions. Awareness of the moderators can be useful for determining the
type of intervention that may be successful in subgroups of adolescent girls
and for tailoring a physical activity intervention to optimally meet each girl’s
needs to achieve maximal effects.

Findings show that weight status moderated the intervention effects on
cardiorespiratory fitness. Compared to the control condition, the intervention
increased overweight and obese, but not healthy weight, girls’
cardiorespiratory fitness.

cardiorespiratory fitness, possibly attenuating their cardiovascular risk.
Therefore, it is essential to include overweight and obese girls in PA
interventions to help them reap this important benefit.
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Table 1.

Participants’ sociodemographic and physical characteristics at baseline (A=1519)

Characteristics

Total
Mean (SD) or n (%)

Intervention (n=753)

Mean (SD) or n (%)

Control (n=766)
Mean (SD) or n (%0)

Age (years)
Race ™
Black
Non-black
Ethnicity
Hispanic
Non-Hispanic
Missing
Free/reduced price lunch
Yes
No
N/A
Pubertal stage
Pre-puberty
Early puberty
Mid-puberty
Late puberty
Post-puberty
Missing
Weight status *
Underweight
Healthy weight
Overweight
Obese
Missing
MVPA (min/hour)
Percent body fat
BMI z-score

Cardiovascular fitness

12.05 (1.01)

915 (60.24%)
604 (39.76%)

201 (13.23%)
1232 (81.11%)
86 (5.66%)

1182 (77.81%)
234 (15.40%)
103 (6.79%)

59 (3.88%)
143 (9.41%)
601 (39.57%)
708 (46.61%)
2 (0.13%)
(0.39%)

18 (1.18%)

687 (45.23%)
305 (20.08%)
478 (31.47%)
31 (2.04%)

2.96 (1.32)
29.96% (9.71%)
0.97 (1.06)
37.89 (5.19)

12.05 (0.99)

423 (56.18%)
330 (43.82%)

111 (14.74%)
603 (80.08%)
39 (5.18%)

577 (76.63%)
113 (15.01%)
63 (8.36%)

34 (4.52%)
64 (8.50%)
298 (39.58%)
353 (46.88%)
1(0.13%)

3 (0.39%)

8 (1.06%)

366 (48.61%)
154 (20.45%)
215 (28.55%)
10 (1.33%)

3.02 (1.33)
29.47% (9.56%)
0.92 (1.03)
38.15 (5.17)

12.05 (1.02)

492 (64.23%)
274 (35.77%)

90 (11.75%)
629 (82.11%)
47 (6.14%)

605 (78.98%)
121 (15.80%)
40 (5.22%)

25 (3.26%)
79 (10.31%)
303 (39.56%)
355 (46.35%)
1(0.13%)

3 (0.39%)

10 (1.31%)

321 (41.91%)
151 (19.71%)
263 (34.33%)
21 (2.74%)

2.89 (1.30)
30.44% (9.84%)
1.02 (1.08)
37.64 (5.19)

Note. Table includes non-imputed data;

p<.05, calculated with chi-square test.

Pediatr Res. Author manuscript; available in PMC 2020 October 23.

Page 16



Page 17

Robbins et al.

'8s800=¢ ‘WyBramiano=g bram Ayijeay pue Jybramispun=T :snyeis

1yB1apn ‘Auagnd 1sod-are|=g ‘Auagnd prw-aid=T :abe3s [euagnd ‘ou=Q ‘saA=T :youn| a8d1id paonpal/aald ‘ou=Q ‘saA=T :(d1uedsiH) A121UYIT {18Y10 10 [eI10RI-PAXIIN=E ‘BNUYA=C ‘URdLIBWY UBDLI}Y/=T :80ey

Author Manuscript

"10°>d
¥

‘50>
x

:80UROIIUBIS [201SINRIS UOITRIABP PIepuBIS=dS B10N

0T SSoUllY JeInasenoIpie) 0T
s 06— 6 9102s-Z |IN9 6
T 56 8 18} Apog Jus0uad 8
#0807 80— 0T- (Inoy/uiw) VaAW L
w787 98 8 60 g snyels 1yB1apn 9
60— 9 8T - 6T G aBe1s [evagng 5
£90- o S0 £ 10— L, 0T v younj aoud paonpai/eald v

€0 10-  10- T0- 200 20— «90 ¢ (owedsipH) Anouyia £
L L0 0= L0- pgn 90— L ZT- go-  ,,6C z aoeY z
8- 0T 6T - 0 9 6T 90—  TT- by I

ot 6 8 ] 9 5 v £ 4 slgeLIBA  JBqUINN

‘¢ slqeL

Author Manuscript

(6TST=V) sojgelien Apnis Buowe suole|aliod aieLieAlg

Author Manuscript Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2020 October 23.



Page 18

Robbins et al.

ssaully Alojedidsalolpied=44D ‘xapul ssew Apog=|Ng ‘AAnoe [eaisAyd snoiobiA 01 a1esapow=Yd AN BI10N

100> 6€°€ 440 ¥6°0 170 ¥0°¢C 120 YT snyess 1yBIam

890 170 [44] €91 620 100 800 €0'¢ abess [ensqngd

120 00T 6T°0 S0°0 €€0 ¢00 610 7A younj sad paonpaifealy

€10 T0°0 €0 €00 S¢'0 000 120 000 Apuy3

w0 680 ¢s0 99°0 €L°0 8¢°0 €10 10C aoey

610 000 IZA0) 900 0T'0 8¢ 120 000 aby
anjen-d onsnels-4 anjen-d onsnels-4 anjea-d onsnelIs-4 anjen-d onsnels-4

Juswileal| x J0JedapoN

440

juswieald| x 10]Jedspo|N

184 AP0 1U8dI8d

juswileal| x 10JelspolN

21095-Z |ING

Juswileal| x J0JedapolN

VdAIN 101eI3pOIN

(6TST=/V) SSaull) Je|NaseAoIpIed pue ‘1e) Apoq usdlad ‘91095-Z |ING ‘WdAIN UOIUSAISIUI-ISOd U0 $1934)3 UOIJUBAISIUI JO SI01RIBPOIA

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2020 October 23.



	Abstract
	INTRODUCTION
	METHODS
	Design
	Participants, setting, and procedures
	Intervention
	Measurements
	Pubertal Stage.
	Weight Status, BMI z-score, and percent body fat.
	CRF.

	Data analysis

	RESULTS
	Preliminary analyses
	Moderation analysis

	DISCUSSION
	Limitations and strengths
	Conclusions

	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

