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Abstract

Objective—To evaluate a 12-session home and community-based health promotion/obesity

prevention program (Challenge!) on changes in BMI, body composition, physical activity (PA),

and diet.

Methods—235 African-American adolescents (11–16 yrs, 38% overweight/obese) were recruited

from low-income urban communities. Baseline measures included weight, height, body

composition (dual-energy x-ray absorptiometry (DEXA) and bioelectrical impedance), physical

activity (PA) (accelerometry), and diet (food frequency). PA was measured by time in play-

equivalent physical activity (PEPA≥1800 activity counts/min). Participants were randomized into

a home- and community-based health promotion/obesity prevention controlled trial, anchored in

social cognitive theory and involving motivational interviewing techniques, and delivered by

college-enrolled, African-American mentors. Control adolescents did not receive the intervention

or a mentor. Post-intervention (10 mos) and delayed follow-up (24 mos) evaluations were

conducted. Longitudinal analyses using random mixed effects models and generalized estimating

equations (GEE) examined direct and moderated effects of time, gender, and baseline BMI

category on changes at both follow-ups.

Results—Retention was 76% (178/235) over 2 years; overweight/obese status declined 5.3%

among intervention adolescents and increased 11.3% among control adolescents (χ2=5.8, p=0.02,
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GEE). Among males, but not females, fat free mass was significantly higher among intervention

members at both follow-up evaluations. PA effects were moderated by baseline BMI category;

among adolescents ≥ 85th percentile, control adolescents averaged 25.5 min less daily activity than

intervention adolescents (p=0.018) at the 10-mo, but not the 24-mo follow-up. Intervention

adolescents declined significantly more in snack and dessert consumption than control adolescents

(p=0.045).

Conclusion—A 12-session, home-and community-based intervention, based on social cognitive

theory and delivered by college-enrolled mentors, had sustained effects over 24 months in

preventing an increase in BMI category, in enhancing fat free mass among males, and in reducing

snack and dessert intake. The intervention prevented PA declines among the heaviest adolescents,

but effects were not sustained.
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Pediatric obesity1 has increased threefold over the past three decades, particularly among

minority children from low-income families (1–5). As a defining health issue of the 21st

century, pediatric obesity is associated with immediate and long-term health problems,

including hypertension, asthma, musculoskeletal problems, obstructive sleep disorders, Type

2 diabetes, depression, and social stigmatization (6–9).

Although multiple programs have attempted to reduce the prevalence of pediatric obesity,

reviews (17) and meta-analyses (18) find limited impact on BMI. Our study was designed to

address a common criticism, the lack of attention to home and community activities {19, 20,

Gittelsohn, 2007}. We focused on adolescents because not only are adolescents are risk for

weight gain (21) which is likely to be sustained into adulthood (10–13), but with increasing

independence and access to their local community, they make decisions related to diet and

physical activity (PA) (23).

We conducted a randomized, controlled trial of a home- and community-based health

promotion/obesity prevention program for urban African American adolescents, anchored in

social cognitive theory and involving motivational interviewing techniques, and delivered by

specially trained, college-enrolled, African American mentors. Our primary outcome was

the accretion of body mass and body fat at10-mo and 24-mo follow-ups. Our secondary

outcomes were changes in PA and eating habits.

Methods

Participants

The trial was based at a mid-Atlantic, urban, university medical center with two samples of

adolescents. The first (N=84) participated in a longitudinal investigation of growth and

1Based on body mass index (BMI) weight in kg/height in m2. Overweight=BMI≥85th percentile and <95th percentile;
obesity=BM≥95th percentile.
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development. Approximately 17.9% experienced growth faltering by age 2y, but by age 6y,

their growth had recovered (24). The second (N=151) was recruited from middle-schools.

Eligibility criteria for both samples included age (11 to 16y) and residence in the low-

income communities surrounding the medical center. Eligibility was not based on body

weight, nor was body weight mentioned in recruitment materials.

Procedure

The protocol was approved by the University of Maryland Baltimore Institutional Review

Board. Written informed assent and consent were obtained and participants were

compensated for evaluations.

Adolescents and caregivers participated in a baseline evaluation between 7/2002 and 5/2004,

including anthropometrics and questionnaires on demographics, diet, and PA.

Questionnaires were self-administered on a laptop computer using voice-generating software

and mouse responses.

Randomization was stratified by growth history, overweight/obese status, gender, and age.

Intervention adolescents were paired with a race and gender-matched (>90%) college-

enrolled (age 19–25 y) mentor. Mentors received approximately 40 hours of training,

including motivational interviewing (26), and had weekly supervision during the

intervention. They delivered the intervention in the adolescents’ homes and accompanied

them on field trips to community sites (e.g. convenience stores).

The manualized 12-session intervention, “Challenge,” was based on social cognitive theory

(25), developed with an advisory board of African American adolescents, and included a rap

music video promoting healthy eating and PA. Principles of mentorship (role modeling and

support), participatory learning, and goal setting were central to the intervention. In addition

to setting dietary and PA goals, tracking and evaluating progress, and revising goals as

necessary, intervention adolescents made and tasted healthy snacks and engaged in PA.

Control adolescents did not receive a mentor or any contact between baseline and follow-up

evaluations.

Two follow-up evaluations were conducted: post-intervention at approximately 10 months

and delayed follow-up at approximately 24 months. Adolescents and caregivers returned to

the medical center and repeated the baseline evaluations. Research assistants were unaware

of participants’ intervention status or baseline findings.

Measures

Adolescents and caregivers reported basic demographic information, including age, gender,

race/ethnicity, highest grade completed, family size, and family income.

Anthropometry

Research assistants collected anthropometrics for adolescents and caregivers. Height was

measured (0.1 cm) with a wall-mounted standiometer and weight was measured (0.5

pounds) with a digital scale (Tanita Co. Tokyo, Japan). Adolescents’ BMI was calculated

(kg/m2), converted to z-scores and percentiles (28), and used to form categories: normal
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(<85th percentile), overweight (>85th percentile and <95thpercentile), and obese (≥95th

percentile). (1) Caregivers’ BMI was used to form categories: normal (BMI<25 kg/m2),

overweight (BMI≥25 kg/m2 and <30 kg/m2), and obese (BMI≥30 kg/m2).

Body Composition

Participants were measured by the body impedance analysis (BIA) method, using a

TANITA 300GS instrument (Tanita Corp., Tokyo, Japan). Body fat percentage was

calculated using the instrument’s software. Dual energy X-ray absorptiometry (DEXA) scan

was included for the final 75% of participants enrolled. The DEXA scan was performed

using a QDR 4500 W scanner (Hologic, Inc; Bedfod, MA) in whole-body mode. Percentage

body fat, fat mass (kg), and fat free mass (kg) were calculated using manufacturer-provided

software. Because the accuracy of DEXA is superior to that of BIA (ref), we performed

analyses pertaining to body composition using the DEXA subset data only.

PA

We placed a uniaxial accelerometer (Actiwatch; Respironics, Inc.; Bend, OR) on each

adolescent’s right ankle with a non-removable, reinforced hospital band. Adolescents wore

the accelerometer for ≥9 days next to the skin, under socks. Actiwatch software was used to

reduce the data, based on days with complete data (24 hours with average ≥100 counts/min).

Adolescents had an average of 6.16 complete days (SD=0.80).

Time in sleep was excluded by eliminating 1-hour blocks of time with average activity <55

counts/min, resulting in average sleep time of 8.05 hours/night (SD=0.98). Two summary

scores were created: average daily PA counts/minutes and minutes/day in play-equivalent

physical activity (PEPA).

PEPA was defined based on a methodological substudy in a similar population of

adolescents (8). The adolescents wore Actiwatch accelerometers on the right knee and ankle

during a 20-minute free-play session in a gymnasium furnished with age-appropriate

equipment. Knee placement of the Actiwatch has been correlated with energy expenditure,

(29) but ankle placement was preferred by participants. Ankle and knee placement counts

were highly correlated (r=0.94, p<0.001). We selected periods with >1800 counts/min as a

threshold for PEPA. Both average daily activity counts/min and PEPA were logarithmically

transformed to approximate a normal distribution.

Yan comments: Hi, based on the original table, only average daily activity counts/min
is log transformed, PEPA was not log transformed----I do not change this table since it
is where we found significant findings (preventive effect for the overweight or obese
youth). Please feel free to let me know if you would like to log transform this variable.

Diet

Dietary patterns were measured with the Youth Adolescent Food Frequency Questionnaire

(YAQ), a 131-item instrument developed and validated for adolescents. (30, 31) The YAQ

was self-administered and adolescents reported on foods consumed over the past 12 months.

Responses were analyzed by Epidemiology Center for Cancer Prevention, Channing
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Laboratory, Harvard University. We analyzed total energy intake (kcal), total dietary fat,

saturated fat, fiber, calcium, fruits (servings/day), vegetables (servings/day), snacks and

desserts (servings/day), milk (servings/day), non-diet soda (servings/day), fried foods

(servings/day). Adolescents whose energy intake were beyond 3 standard deviations from

the means were considered as outliers and were excluded from the analyses on the total

energy intake (n=4 for baseline, n=3 for post-intervention, and n=3 for delayed follow-up).

There were no differences in results of analyses conducted with and without these

adolescents for other variables; therefore all data were retained for analyses on other

variables.

Analysis Plan

Intention-to-treat analyses were conducted. Data were checked for skewness, kurtosis, and

extreme outliers. Preliminary analyses were conducted to examine baseline differences

between intervention and control group with T tests for the continuous variables and Chi-

square analyses for categorical variables. Figures were used to illustrate the change of

outcome variables across time by intervention.

Multilevel modeling with random intercept was used for the continuous outcome variables

to account for the clustering of outcome measures over time within individuals (32, 33).

Main effects of intervention, time after baseline assessment (in yr), and interaction between

intervention and time were assessed after controlling for the baseline age and gender with

the “proc mixed” command of SAS software package (SAS version 9.1; SAS Institute Inc.,

Cary, NC), (Mujahid, (35). Generalized estimating equations (GEE) was used for the

categorical variable “Overweight/Obese”. Similarly the main effects of intervention, time

after baseline assessment and interaction between intervention and time were assessed after

controlling for the baseline age and gender of the youth (PROC GENMOD SAS version 9.1;

SAS Institute Inc., Cary, NC, Liang and Zeger, 1986). The significant interaction between

time and intervention suggests significant intervention effect {Fitzmaurice} on the change of

the outcome variables.

To explore whether gender or overweight/obese status modified the relationship between

intervention and time, we conducted stratified analyses by gender or by overweight/obese

status instead of three-way interaction due to concern on the statistical power related to the

limited sample size in this study.

Results

A total of 235 adolescents were recruited (Figure 1, Table 1). The mean age was 13.3 years

(SD=1.0); 49% female, 97% African American, 12% overweight, and 26% obese. A total of

121 (52%) were randomized to intervention and 114 (48%) to control. Forty-two adolescents

experienced growth deficiency early in life, and were evenly divided by intervention status.

The intervention and control adolescents did not differ significantly on any baseline

parameter other than overweight status. However, there is no significant difference between

intervention and control with regard to the z-sccore of the BMI. Within the intervention,

52% (62/121) attended at least 10 of 12 sessions, 15% (18/121) attended none, and 33%

(41/121) attended an average of 4.6 sessions (SD=2.7).
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Post-intervention and delayed follow-up evaluations occurred an average of 10.9 (SD=4.70)
and 24.1 (SD=5.43) months following baseline. Data were available for 184/235 (78%)

adolescents at post-intervention and 179/235 (76%) adolescents at delayed follow-up. There

were no differences in retention by group assignment, baseline overweight/obese status, PA,

or dietary intake.

Overweight/Obese status

As shown in Table 2, the percentage of being overweight/obese adolescents declined from

54% to 36% while the percentage declined from 36% to 32% among the control group at

post-intervention; The percentage of being overweight/obese further declined to 35%, but

increased to 38% among the control group at delayed follow-up. GEE modeling with the

exchangeable correlation structure, the auto-regressive correlation structure and unstructured

correlation structure did not show much variation in the estimates of coefficients and

standard errors. Therefore, we used the exchangeable correlation structure. In the GEE

modeling, there was a significant interaction between time and intervention (β = −0.25,

SE=0.09, p=0.006) in the delayed follow-up, but not in the post-intervention.

In addition, when the analyses were stratified by gender or overweight/obese status,

interaction between intervention and time was significant for both normal weight youth (β =

−2.46 se=099 p=0.0130) and overweight/obese youth (β =1.89 se=0.90 p=0.036) at post-

intervention. Interaction between intervention and time is significant (β =−0.41 se=0.14

p=0.0045) for males at the delayed follow-up, but not significant for females.

DEXA Body Composition

There were no statistically significant interactions between intervention and time in either

post-intevention or delayed follow-up for total percent body fat, fat mass or fat free mass in

the multi-level modeling with the whole sample. However, when the analyses were stratified

by overweight/obese status, the intervention was effective in reducing fat percentile (β =

−1.54 se=0.51, p=0.003) and fat mass (β =−1.31 se=0.57, p=0.025) and increasing the fat

free mass (β =1.41 se=0.60 p=0.0205) in the overweight/obese youth in the delayed follow-

up, but not for the normal weight youth.

Yan’ s question: Do we need to include this stratified results by gender? I included the

information below any way in case the information is needed.

In addition, when the analyses were stratified by gender, the intervention was marginally

effective for the females (β =−0.76 se=0.39, p=0.055), but not for the males with regard to

fat mass in the delayed follow-up.

PA

There were no significant interaction between intervention and time with regard to log

transformed daily activity counts or PEPA at post-intervention or delayed follow-up in the

overall analytic sample (Table 3).

However, stratified analyses suggested that the effect of intervention on the change of PEPA

might be moderated by baseline BMI category. As illustrated in Figure 3, among
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overweight/obese youth, the average PEPA for adolescents in the control group declined by

20.31 from 86.50 to 66.19 minutes per day while the average PEPA for adolescents in the

intervention group increased by 2.75 from 81.84 to 84.59 in post-intervention. Multi-level

modeling shows a significant interaction between intervention and time for the overweight/

obese youth (β=29.22 se=10.87, p=0.009), but not in the normal weight youth in the post

intervention (β=−1.78 se=10.35, p=0.864). No significant intervention effect was found for

either overweight/obese group or normal-weight group in the delayed follow-up. Analyses

stratified by gender did not found significant findings for post-intervention or delayed

follow-up for either PEPA or the log transformed average daily activity.

Diet

Both intervention and control adolescents reported decreases in intake of total calories, fat,

and fiber over time. As shown in Table 4, the adolescents in the intervention group, in

general, reported a greater degree of decrease in average assumption per day than the

adolescents in the control group for each item in post-intervention or delayed follow up

except for milk at the post-intervention. The intervention effect reached significance on

reducing consumption of snacks and desserts at both the post-intervention (β=−2.21 se=0.66

p=0.001) and the delayed follow-up (β=−0.69 se=0.31 p=0.026) and on reducing the

consumption of fiber (β =−4.37 se=2.07 p=0.036) and fruit (β =−0.41 se=0.18 p=0.021) at

the post-intervention. The intervention effect was marginally significant in reducing the

consumption of total energy (β =−459.73 se=235.37 p=0.053) and total dietary fat (β =

−17.01 se=9.28, p=0.069) in the post-intervention and fried food (β =−0.07 se=0.04

p=0.062), fiber (β =−1.76 se=0.99 p=0.077) and fruit (β =−0.15 se=0.09 p=0.089) in the

delayed follow-up.

Although stratified analyses showed significances of the interaction between intervention

and time for several diet variables by overweight/obese status or by gender, the directions of

the interaction are, in general, remains the same across the subgroups by overweight/obese

or gender. Therefore, the results of the stratified analyses were not detailed here and are

available upon request from the corresponding author.

Details for the stratified analyses are listed below. I think they are not very
informative, so I summarized the findings and wrote it above. If you need detailes,
please see the following two paragraphs. If you do not need, please feel free to delete
them.

Stratified analyses by overweight/obese status showed that the interaction between

intervention and time for daily energy was significant for the normal weight youth (β=

−740.96 se=335.82 p=0.030), but not significant for the overweight/obese youth (β=−112.85

se=326.23 p=0.731); the interaction for regular soda was marginally significant for the

overweight/obese youth (β=−0.19 se=0.10 p=0.051), but did not reach significance for the

normal weight youth (β=−0.02 se=0.08 p=0.824) in the delayed follow-up; the interaction

for fiber was significant for the normal weight youth at the post-intervention (β=−7.96

se=2.88 p=0.007) and marginally significant in the delayed follow-up(β=−2.33 se=1.31

p=0.077), but was not significant for the overweight/obese youth in the post-

intervention(β=0.36 se=3.00 p=0.905) or delayed follow-up(β=−1.11 se=1.54 p=0.471); the
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interaction for fruit was significant for the normal weight youth in the post-intervention (β=

−0.73 se=0.24 p=0.003) and the delayed follow-up(β=−0.29 se=0.12 p=0.012), but was not

significant for the overweight/obese youth in the post-intervention or the delayed follow-up;

the interaction for snack was marginally significant for the overweight/obese youth in the

post-intervention (β=−1.68 se=0.90 p=0.067) and in the delayed follow-up (β=−0.82 se=0.42

p=0.054) and was significant for the normal weight youth in the post-intervention (β=−2.62

se=0.95 p=0.007).

The interaction for total fat was marginally significant for the females were marginally

significant in the delayed follow-up (β =−10.23 se=5.23 p=0.052), but not for the males; the

interaction for the calcium was significant for females (β =−150.36 se=67.08 p=0.026),, but

not for males in the delayed follow-up; the interaction for the regular soda was significant

for females (β =−0.17 se=0.18 p=0.038), but not for males in the delayed follow-up; the

interaction for the saturated fat was significant for females (β =−3.66 se=1.85 p=0.0498) in

the delayed follow-up, but not for males in the delayed follow-up; the interaction for the

fiber was significant for males (β =−8.06 se=3.43 p=0.021) in the post-intervention, but not

for males in the post-intervention; the interaction for the fruit was significant for males, but

not for females in the post-intervention (β =−0.74 se=0.28 p=0.009); the interaction for the

snack was significant was marginally significant (β =−1.53 se=0.78 p=0.054) for the post-

intervention and significant (β =−1.03 se=0.38 p=0.008) for the delayed follow-up among

females, and was significant in the post-intervention (β =−3.29 se=1.10 p=0.004), but not

significant in the delayed follow-up for the males.

Discussion

Challenge! was designed to overcome many barriers that interfered with the success of

previous adolescent obesity prevention trials.(14) The 12-session intervention was

implemented in adolescents’ homes with college students as mentors who accompanied the

adolescents to neighborhood convenience stores and playgrounds to promote healthy dietary

choices and PA. Using the principles of social cognitive theory and motivational

interviewing, the mentors helped the adolescents identify personal challenges and goals

related to diet and PA. These implementation strategies were effective in promoting positive

changes related to weight status, percent body fat, PA, and diet.

Weight Status

The intervention adolescents did not advance in BMI category during the 2-year study

period. In contrast, control adolescents advanced in BMI category over time, following a

pattern of adolescent weight gain that has been well-described.(2) The effects of the

intervention were not significant until the delayed follow-up, conducted more than one year

after the intervention ended. This pattern suggests that a behavior change in either diet or PA

preceded the change in weight gain. Moreover, the sustained effects in BMI category

suggest that the intervention adolescents made long-lasting behavioral changes.

The absence of a significant change in z-BMI score may be partially explained by the

inclusion of adolescents across a wide BMI range. Although changes in z-BMI within the

normal weight category are of limited health consequence, we focused on youth regardless
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of their weight status to emphasize the normative aspects of consuming a healthy diet and

engaging in PA and to reduce the stigma that may have resulted from targeting the

overweight/obese adolescents. Our reasoning was that the adolescents’ low-income,

minority status; high snack and dessert consumption; low PA; and high rate of maternal

overweight/obesity placed all of them at risk (20, 47).

Percent Body Fat

Although percent body fat (measured by DEXA) declined among intervention adolescents

and increased among control adolescents, the overall group difference over time was

marginal. The pattern observed for control adolescents follows the expected trend (1–3).

Among intervention adolescents, percent fat decreased over time while BMI category

remained constant, suggesting that intervention adolescents were protected against

becoming overweight/obese through exposure to the intervention and also experienced a

slight, although non-significant decline in adiposity.

The gender differences in fat free mass related to the intervention suggest that males in the

intervention experienced an increase in body tissues not containing fat, such as skeletal

muscle. Although there were no gender-related differences in PA measured by

accelerometry, adolescent males are more likely than females to form muscle in response to

interventions. One possibility is that intervention males engaged in weight bearing activities

that increased fat free mass, but were not detected by accelerometry.

PA

At the post-intervention follow-up, the intervention protected the heaviest adolescents from

the decline in PA experienced by the control adolescents. During the following year, the

differences between the intervention and control adolescents declined, suggesting that the

intervention effects were not sustained. Adolescents may require more sustained

intervention to continue to achieve changes in PA.

The decline in PA among control adolescents is consistent with national findings that rates

of PA decline during adolescence (40, 41). Although at the post-intervention evaluation, we

found significant differences in efficacy favoring the heaviest youth within the intervention,

the intervention effects represented maintenance of the status quo, not an increase in PA. An

inverse relation between body size and PA has been well documented among adolescents.

(42) One possibility is that the heaviest adolescents, those most likely to experience a

decline in PA, benefited from the individualized support of the mentored intervention and

were able to sustain their prior levels of PA.

A strength of the current investigation is the reliance on accelerometry to measure PA. Many

previous studies have relied on self-report recall to measure PA. However, self-reported PA

is notoriously unreliable (14).

Snacks and Desserts

By the delayed follow-up, snack and dessert consumption decreased significantly more

among intervention adolescents than control adolescents. Not only do adolescents tend to
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snack frequently (44), but snacks are often high in energy density and fat. Although we did

not find other intervention effects related to diet, the overall sample reported declines in

calories, fat, and fibers. However, caution is warranted because children may underreport

dietary intake. (47).

Home Environment

Conducting the intervention in homes and communities enabled mentors to help adolescents

build skills in their personal environments. Adherence to the intervention was positive; over

half of the intervention adolescents participated in at least 10/12 sessions.

Methodological Considerations

There are several methodological considerations. First, generalizability is limited to similar

populations. Second, although accelerometry provides an objective measure of movement, it

does not capture weight-bearing activities or yield information on the type of PA. Third,

although analyses of changes in BMI category and PA suggest that the beneficial effects of

the intervention were concentrated among the heaviest adolescents, our power to conduct

stratified analyses was limited. Finally, in spite of efforts to promote adherence by

delivering the intervention at home, there was variability in the adolescents’ participation.

Conclusions

A one-on-one, 12-week health promotion, obesity prevention program delivered to low-

income, urban adolescents in their homes and communities by college mentors was effective

in preventing an increase in BMI category, in preventing a decline in PA among the heaviest

adolescents, in enhancing fat free mass among males, and in reducing the intake of snacks

and desserts. With the exception of the changes related to PA, the effects of the intervention

were retained for one year after implementation of the intervention, illustrating that the

effects of obesity prevention trials may not be detected at the close of the intervention and

that behavioral interventions can lead to sustainable changes. One possibility is that the

cultural sensitivity of the intervention delivered by college-enrolled mentors successfully

altered the adolescents’ social norms around diet and PA.
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Figure 1.
Flow of participants recruited, randomized, and followed
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Figure 2.
Proportion of adolescents with a BMI ≥85th percentile by intervention across time.
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Figure 3.
Log of mean minutes of Play Equivalent Physical Activity (PEPA) per day by intervention

and overweight status across time.
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Table 1

Baseline demographics of the participants by intervention status

Intervention
Mean (SD) or

n(%)

Control
Mean (SD) or

n(%)

P value

n=121 n=114

Adolescent Demographics

Age (years) 13.3(1.0) 13.3(1.0) 0.791 a

Education (years) 7.2(1.3) 7.2(1.2) 0.941 a

Female(%) 62(51.2%) 54(47.4%) 0.553 b

Non-Hispanic Black (%) 118(97.5%) 110(96.5%) 0.585 b

BMI Z score 0.76 (1.2) 0.59 (1.1) 0.287 a

Overweight or obese (%) c 54(44.6%) 36(31.6%) 0.040 b

Caregiver Demographics

Age (years) 39.4 (8.5) 40.7 (9.5) 0.283 a

Female(%) 113(94.2%) 105(92.9%) 0.699 b

Biological mothers(%) 104(86.0%) 91(79.8%) 0.212 b

Overweight or obese(%) c (BMI ≥ 25kg/m2) 92(76.7%) 86(76.1%) 0.920 b

Living below the federal poverty line(%) 65(59.1%) 55(52.9%) 0.361 b

With high school diploma or GED(%) 90(74.4%) 86(75.4%) 0.852 b

Female-led single parent household(%) 72(60.0%) 70(61.4%) 0.826 b

a
T-tests for the continuous variales

b
Chi-square tests for the categorical variables.

c
“Overweight or obese” is defined as greater than 85 percentile for the youth, and the BMI is greater or equal to 25kg/m2 for caregivers.

d
“Female-led single parent household” is defined as no male adult present in the household.
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