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Abstract

The purpose of this study was to identify the
psychosocial, environmental and behavioral fac-
tors associated with calcium intake, physical ac-
tivity and bone health in a cohort of adolescent
girls. Baseline data (N 5 718 girls, mean age:
11.6 60.4 years) from the Incorporating More
Physical Activity and Calcium in Teens (IM-
PACT) study conducted in Texas, 2001–03, were
utilized for the analyses. Hierarchical linear re-
gression was used to examine the associations of
interest. Confounders adjusted for included eth-
nicity, menarchal status, body mass index and
lactose intolerance. Several psychosocial and be-
havioral factors were significantly associated with
bone quality. These included knowledge of cal-
cium content of foods (b 5 0.08, P 5 0.016),
self-efficacy toward consuming calcium-rich
foods (b 5 0.16, P 5 0.047), physical activity
self-efficacy (b 5 0.20, P 5 0.002), physical activ-
ity outcome expectations (b 5 0.5, P 5 0.004),
family encouragement to do physical activity
(b5 0.96, P5 0.027), friend engagement in phys-
ical activity (b5 1.3, P5 0.001) and participation
in sports teams (b 5 1.7, P < 0.001). Self-efficacy,
social support and participation in sports teams

appear to be strongly associated with bone health
in adolescent girls. Future health education/
health promotion programs need to address these
factors for effective primary prevention of osteo-
porosis in this population.

Introduction

Osteoporosis is a disease characterized by low bone

mass and deterioration of bone tissue leading to in-

creased risk of bone fractures [1]. The World Health

Organization defines osteoporosis as bone mineral

density (BMD) >2.5 standard deviation (SD) below

the mean for normal young adults [1]. Fifty percent

of all fractures in women >50 years are osteoporosis

related [2]. It is highly age and gender related; cur-

rently >10 million people over the age of 50 in the

United States have the disease, 80% of those being

women [2, 3]. Another 34 million have osteopenia or

low bone mass placing them at increased risk for

osteoporosis. With the aging population, the preva-

lence of this disease is expected to increase rapidly.

By 2010, ;12 million in the United States are

expected to have osteoporosis and another 40million

will have low bone mass [3].

While genetics is a major determinant of bone

mass, achievement of peak bone mass during the

years of growth by behaviors such as increased

calcium intake and physical activity during child-

hood and adolescence could delay and prevent the

onset of bone loss later in life [4, 5]. Up to 90% of

peak bone mass is acquired by age 18 years in girls

and 20 years in boys, which makes childhood and

adolescence a critical time to promote behaviors

that increase bone health [5, 6].
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Literature shows that psychosocial and environ-

mental factors mediate the associations between be-

havior and disease [7–10]. Behavior change is

greatly facilitated by addressing these mediating

factors. However, there are no studies examining

multiple psychosocial and environmental correlates

of calcium intake, physical activity and their

relationship to bone health in a single cohort of

adolescent females. Since psychosocial, behavioral

and physical factors can potentially influence each

other both theoretically and structurally [7], exam-

ination of these relationships for calcium intake and

physical activity will provide new information on

how these factors affect behavior and bone health

and help to guide the design of effective osteopo-

rosis prevention programs. Furthermore, since de-

velopment of osteoporosis is highly gender specific

with women clearly at a higher risk as compared

with men [4, 11], it can be advantageous to examine

these relationships in a gender-specific manner. The

purpose of this study was to identify the psychoso-

cial, environmental and behavioral factors associ-

ated with calcium intake, physical activity and bone

health in a cohort of adolescent girls.

Methods

This study uses baseline data from The Incorporat-

ing More Physical Activity and Calcium in Teens

(IMPACT) study. IMPACT was a 1.5-year quasi-

experimental, school-based nutrition and physical

activity intervention program conducted from 2001

to 2003 to promote BMD among middle-school girls

in central Texas [12] (D. M. Hoelscher, R. S. Day, S.

H. Kelder, A. Hergenroeder, J. Ward, E. Baumler

unpublished data). The baseline study population

consisted of sixth-grade girls (n = 12 schools, 718

girls at baseline) (Table I). The response rate was

38% for all the girls. It is important to note that there

were no significant sociodemographic and ethnic dif-

ferences between the responders and non-responders

and 100% of the required sample size was recruited

[12] (D. M. Hoelscher, R. S. Day, S. H. Kelder, A.

Hergenroeder, J. Ward, E. Baumler unpublished

data). Parental consent and student assent were

obtained from all study participants. Approval for

the study was obtained from the University of Texas

Health Science Center, Committee for Protection of

Human Participants.

Data collection measures and variables of
interest

Data collection of all baseline measures was con-

ducted in Fall of 2001 at school sites by trained

project staff.

Anthropometric measures

Digital scales (SECA 770 or Tanita BWB-800S)

and stadiometers (Perspectives Enterprises, Por-

tage, MI) were used for weight and height measure-

ments, respectively, using a standardized protocol.

Height and weight were used to calculate body

mass index (BMI) using the formula weight (kg)/

height (m)2. Prevalence of overweight in the study

participants was determined using age- and gender-

specific BMI percentiles calculated using the mea-

sured height and weight. BMI >95th percentile for

Table I. Descriptive characteristics of female middle-school

students, IMPACT study

Variable Number Percent

Total 718

BMI-for-age percentilesa

<5th percentile 28 4

>5th to < 85th percentile 510 71

>85th to <95th percentile 105 15

>95th percentile 74 10

Ethnicity

White 515 72

Hispanic 83 12

Black 39 5

Other 80 11

Onset of menses 140 20

Mean SD

Age (years) 11.6 60.4

aCalculations and classifications are based on National Center
for Health Statistics and National Center for Chronic Disease
Prevention and Health Promotion growth charts with <5th
percentile = underweight, >5th to <85th percentile = normal
weight, >85th to <95th percentile = at risk for overweight and
>95th percentile = overweight at risk for obesity.
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age and sex was considered overweight, and a BMI

>85th percentile and <95th percentile for age and sex

was considered at risk of overweight. Percentiles

were determined using the Centers for Disease

Control gender- and age-specificBMI charts [13]. Par-

ticipants self-described their ethnicity as per a pre-

determined ethnic classification. Data on menarchal

status were obtained by asking the girls if they had

started menstruation. Table I presents the distribution

of BMI and other demographic variables of interest.

Bone health

Quantitative ultrasound (QUS) has been shown to

provide information on the qualitative and quantita-

tive aspects of the bone tissue [14]. For this study,

QUS was measured at the calcaneus using the

Achilles+ Lunar G/GE Electronics ultrasound unit

(Lunar, Madison, WI). QUS parameters measured

were broadband ultrasound attenuation (BUA),

speed of sound (SOS) and a clinical index named

stiffness index (SI). SI was calculated automatically

by the machine using the formula: SI = (0.673 BUA

+ 0.28 3 SOS) – 420. Os calcis, a weight-bearing

site with trabecular bone, has BMD values that fol-

low a similar pattern to that of the proximal femur

[14]. Thus, changes in the bone should be reflective

of changes in the BMD of the proximal femurs.

Food frequency questionnaire

The interviewer-administered food frequency ques-

tionnaire (FFQ) was used to assess frequency of

consumption of various foods as well as the mean

portion size consumed during the last week. The

FFQ was adapted from a previous instrument de-

veloped to assess calcium intake among adults [15,

16]. A list of foods for inclusion on the FFQ was

generated using data from the 1994–96 Continuing

Survey of Food Intakes of Individuals [16] as well

as other sources of child dietary data to determine

the most important food sources of calcium in the

diets of children and adolescents and to account

for secular trends in calcium-fortified foods (e.g.

orange juice). The food list was specifically devel-

oped to assess total diet and to allow the investiga-

tion of food consumption patterns, as well as to

provide nutrient intake estimates. Separate ques-

tions were included to assess vitamin and mineral

supplementation. An open-ended section at the end

of the questionnaire allowed students to enter foods

that were not on the FFQ.

Total energy intake and intake of 112 macro- and

micronutrients were calculated using the Food Fre-

quency Data Entry and Analysis Program [17, 18],

a microcomputer program developed for the data

entry and analysis of the FFQ using nutrient and

gram-weighted data from the food intake analysis

System [18]. The FFQ was used to determine the

mean milligrams of calcium consumed per day.

Self-administered physical activity checklist

The self-administered physical activity checklist

(SAPAC) is a self-reported questionnaire used to ob-

tain information on the participation of physical ac-

tivities during the previous day. SAPAC consists of

21 physical activities, spaces for listing up to four

‘other’ activities and an additional section for report-

ing TV/video viewing at three time periods during the

previous day: before, during and after school. This

instrument has been used extensively among seventh

and eighth graders in the Coordinated Approach to

Child Health (CATCH) trial [19] with acceptable

validity and reliability [20, 21]. For the current study,

SAPAC was adapted to include a weekend version,

as well as to distinguish between high-impact and

low-impact activities. For example, the calisthenics

category was divided into two categories—one that

included stretching exercises and one that included

weight-bearing physical activity (WBPA) such as

jumping jacks. The SAPAC was also tailored toward

girls and included activities such as gymnastics,

dance and cheerleading. Each student completed

three administrations of the SAPAC, including two

random weekdays and one weekend day. The

SAPAC was used to calculate the mean minutes of

physical activity per day as well as the minutes of

moderate-to-vigorous, vigorous and WBPA.

Calcium, osteoporosis and physical activity
survey

Psychosocial variables were assessed on all

participants in school using the 85-item calcium,

Bone health in middle-school girls
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osteoporosis and physical activity (COPA) ques-

tionnaire. The COPA was developed by the study

investigators, adapting questions from previous

instruments [21]. For the purpose of this study, we

included questions addressing (i) knowledge of os-

teoporosis (7 items) and calcium-rich foods (9

items), (ii) self-efficacy of consuming calcium-rich

foods (9 items) and engaging in WBPA (12 items),

(iii) outcome expectations (positive beliefs about

the benefits) of consuming calcium-rich foods

(7 items) and physical activity (11 items), (iv) envi-

ronmental factors such as neighborhood safety (1

item) and milk availability at home (1 item), (v)

behavioral factors such as participation in sports

teams (1 item) and (vi) family and friend social

support (engagement and encouragement) to be

physically active (4 items). COPA was pre-tested

using a sample of sixth- and seventh-grade students

in a school that did not participate in IMPACT

showing good reliability [13]. Individual-level

measures and protocols are on the project Web site

at http://www.sph.uth.tmc.edu/dellhealthyliving/

default.aspx?id=4011.

Statistical analysis

STATA version 9.2 (STATA Corp., College

Station, TX) statistical software was used for all

data analyses. Descriptive statistics of baseline

and demographic characteristics such as age, sex,

ethnicity, puberty status (as defined by menarche)

and BMI as obtained from the questionnaires

were calculated. In addition, percent of over-

weight participants as calculated using BMI was

calculated.

The psychosocial, environmental and behavioral

factors measured using the COPA were the predic-

tor variables of interest. These included knowledge

of calcium-rich foods, knowledge of osteoporosis,

self-efficacy toward consuming calcium-rich foods

and engaging in physical activity, outcome expect-

ations of consuming calcium-rich foods and engag-

ing in physical activity, physical activity social

support, neighborhood safety toward engaging in

physical activity, milk availability at home and par-

ticipation in sports teams.

The primary outcome variables of interest were

(i) calcium intake: measured by mean milligrams of

calcium consumed per day (FFQ) and glasses of

milk consumed per day (COPA), (ii) physical ac-

tivity: measured by mean minutes of physical ac-

tivity per day (SAPAC) and number of jumping

activities per week (COPA) and (iii) bone quality:

measured by the calcaneal SI (QUS).

Table II presents the distribution of the predictor

and outcome variables of interest along with the

internal consistency and test–retest reliability of

the scales used.

All variables were checked with regard to their

distribution (normality) with the use of frequency

distributions, scatter plots and histograms. Means,

SDs, median, modes, skewness and kurtosis were

computed. Milligrams of calcium consumed per

day and mean minutes of physical activity per day

were not normally distributed. These two variables

were transformed using log transformations which

normalized the variables. Results presented are

those using the transformed variables.

Confounder assessment

The primary confounders adjusted for in these anal-

yses were age, menarchal status, BMI and ethnicity.

Literature has shown that these factors are signifi-

cantly associated with BMD, calcium intake and

physical activity behaviors [4, 11, 20, 22]. Lactose

intolerance was also adjusted for in all analyses in-

volving calcium intake since participants with lac-

tose intolerance could be consuming lower amounts

of dairy-based calcium-containing foods [23].

This study not only examined the variation

among schools but also considered the variation

among individuals nested within schools thus con-

trolling for cluster effects [24, 25]. A multilevel or

hierarchical regression modeling technique using

STATA ‘xtmixed’ program was used for analysis

since the students were nested within schools. Hi-

erarchical linear regression was used to determine

which of the psychosocial and environmental fac-

tors were significantly associated with calcium in-

take, physical activity and calcaneal bone quality.

Significance level for all analyses was set at 0.05.
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Results

The IMPACT data set contained a total of 718 girls

at baseline, 72% of who were white and 25% were

at risk for overweight or overweight (BMI for

age > 85th percentile) (Table I).

Table II presents the descriptive statistics of the

various dependent and independent variables of in-

terest with the means, SD, range at baseline as well

as reliability coefficients. Overall, results show that

the mean calcium intake per day of the participants

was higher than the recommended 1200 mg day�1

(mean 1321 6754.8) [26] and participants were

doing more than the recommended physical activity

of 60 min day�1 (mean 108.7 664.6) [26]. Knowl-

edge of osteoporosis was low with only 26% of the

participants having a correct response. Most partic-

ipants reported a high perception of neighborhood

safety and scores for participation in sports teams

were low for the girls with 28% of the girls partici-

pating in zero teams and 53% participating in only

one sports team.

Baseline predictors of calcium intake and
physical activity

Calcium intake

Table III shows the bivariate and multivariate asso-

ciations between the psychosocial predictors and

calcium intake at baseline. Overall, several psycho-

social and environmental factors such as knowledge

of calcium-rich foods, self-efficacy toward consum-

ing calcium-rich foods, calcium outcome expecta-

tions and milk availability at home were

significantly positively associated with mean milli-

grams of calcium consumed per day and number of

glasses of milk consumed per day.

Table II. Descriptive statistics of variables of interest, IMPACT study

Variable Mean (SD) Range Cronbach’s alpha Test–retest reliability

Calcium intake

mg day�1a 1321.3 (6754.8) 154.3–5268.8 N/A N/A

Glasses of milk per day 1.9 (61.3) 0–5 0.44

Physical activity

Mean min day�1 108.7 (664.6) 25–407.5 N/A N/A

Jumping activities per week 3.04 (62.1) 0–7 0.63

Bone quality

Calcaneal SI 73.8 (614.9) 34.7–130.1 N/A N/A

Knowledge of

Osteoporosis (% correct) 26.4 (616.6) 0–85.7 0.19 0.61–0.90

Calcium content of foods (% correct) 66.1 (616.3) 0–100 0.41 0.57–0.80

Self-efficacy

Calcium 29.8 (66.6) 9–45 0.65 0.28–0.62

Physical activity 44.2 (69.7) 12–60 0.87 0.14–0.82

Outcome expectations

Calcium 17.9 (62.9) 7–25 0.54 0.48–0.59

Physical activity 22.1 (62.9) 11–30 0.36 0.36–0.75

Physical activity social support

Family encouragement 3.6 (61.2) 1–5

Family engagement 3.1 (61.1) 1–5 0.68 N/A

Friend encouragement 2.5 (61.2) 1–5

Friend engagement 3.6 (61.3) 1–5

Neighborhood safety 3.1 (61.3) 1–5 N/A N/A

Participation in sports teams 1.6 (61.3) 0–4 N/A 0.62

Milk availability at home 3.8 (60.5) 0–4 N/A 0.72

N/A = not applicable or available.
aDensity values for calcium reported.
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Physical activity

Bivariate and multivariate associations between the

psychosocial and environmental predictors and

physical activity at baseline are shown in Table

IV. Results showed that, after adjusting for con-

founders, physical activity self-efficacy, outcome

expectations, social support and participation in

sports teams were significantly associated with

mean minutes of physical activity per day and num-

ber of days per week of jumping activities.

Baseline predictors of calcaneal bone
quality

Table V shows the associations between the calca-

neal bone quality and the behavioral, psychosocial

and environmental factors. Of all the predictor

variables, results show that, knowledge of

calcium content of foods (b = 0.08, P = 0.016),

physical activity outcome expectations (b = 0.5,

P = 0.004), family encouragement (b = 0.96, P =

0.027) and friend engagement in physical activity

(b = 1.3, P = 0.001) and participation in sports

teams (b = 1.7, P < 0.001) were significant predic-

tors of bone quality. Interestingly, calcium intake

and leisure-time physical activity were not signifi-

cantly associated with calcaneal bone quality.

Discussion

This study examined the association of multiple

psychosocial, behavioral and environmental factors

with calcium intake, physical activity and bone

quality among sixth-grade girls in Texas.

Knowledge of calcium-rich foods, self-efficacy

toward consuming calcium-rich foods, outcome

expectations of consuming calcium-rich foods and

milk availability at home were significant predictors

of calcium intake. These findings suggest that inter-

ventions addressing calcium intake among adoles-

cents should consider these psychosocial and

environmental factors if behavior change is desired.

For knowledge, the results indicate that the majority

of participants (66%) had the correct knowledge of

calcium content of foods. Since knowledge has

been posited to be positively associated with intakeT
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Table IV. Psychosocial, environmental, behavioral factors associated with physical activity, IMPACT study

Physical activity

Mean min day�1a Days week�1 jumping activities

bb (95% CI)

(P value)

bc (95% CI)

(P value)

bb (95% CI)

(P value)

bc (95% CI)

(P value)

Knowledge of

Osteoporosis 0.001 (0.002, 0.004) (0.521) 0.009 (�0.001, 0.004) (0.568) 0.002 (0.007, 0.011) (0.644) 0.003 (�0.006, 0.011) (0.594)

Calcium content of foods �0.004 (�0.007, �0.0006) (0.018)* �0.003 (�0.007, �0.0006) (0.017)* �0.007 (�0.017, 0.002) (0.143) 0.007 (�0.017, 0.002) (0.148)

Physical activity self-efficacy 0.016 (0.011, 0.021) (0.000)* 0.017 (0.011, 0.022) (0.000)* 0.06 (0.046, 0.076) (<0.001)* 0.06 (0.047, 0.079) (<0.0001)*

Physical activity outcome

expectations

0.038 (0.021, 0.056) (0.000)* 0.038 (0.021, 0.056) (0.000)* 0.13 (0.077, 0.182) (<0.001)* 0.13 (0.08, 0.186) (<0.0001)*

Physical activity social support

Family encouragement 0.099 (0.058, 0.139) (0.000)* 0.095 (0.054, 0.136) (0.000)* 0.32 (0.192, 0.443) (<0.001)* 0.32 (0.197, 0.450) (<0.0001)*

Family engagement 0.108 (0.064, 0.154) (0.000)* 0.108 (0.062, 0.153) (0.000)* 0.35 (0.212, 0.487) (<0.001)* 0.36 (0.219, 0.501) (<0.0001)*

Friend encouragement 0.103 (0.064, 0.142) (0.000)* 0.098 (0.587, 0.137) (0.000)* 0.35 (0.228, 0.470) (<0.001)* 0.35 (0.228, 0.470) (<0.0001)*

Friend engagement 0.137 (0.10, 0.175) (0.000)* 0.134 (0.094, 0.170) (0.000)* 0.45 (0.339, 0.569) (<0.001)* 0.46 (0.345, 0.579) (<0.0001)*

Neighborhood safety 0.008 (�0.032, 0.048) (0.702) 0.004 (�0.037, 0.044) (0.863) 0.1 (�0.023, 0.224) (0.114) 0.09 (�0.025, 0.226) (0.119)

Participation in sports teams 0.125 (0.089, 0.161) (0.000)* 0.122 (0.085, 0.158) (0.000)* 0.33 (0.214, 0.442) (<0.001)* 0.33 (0.212, 0.442) (<0.0001)*

Adjusted and unadjusted beta coefficients (b) are presented; CI = confidence interval.
aResults presented are following log transformation of mean minutes of physical activity per day.
bBivariate analysis using hierarchical linear regression (unadjusted b presented).
cMultivariate analysis using hierarchical linear regression adjusted for baseline menarchal status, ethnicity and BMI. *Significant at P < 0.05.
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[27–29], this could explain the relatively high in-

take of calcium seen in this group of girls. How-

ever, we also found low knowledge of osteoporosis

(26%), thus suggesting the need for further exami-

nation of knowledge since these results could in-

fluence calcium intake.

The significant association between self-efficacy

toward eating calcium-rich foods, outcome expect-

ations and calcium intake suggests that an increased

confidence in performing a behavior and high per-

ception of positive benefits may contribute to

behavior change (7). These results concur with

Lee and Reicks (9), who identified psychosocial

factors associated with calcium intake in 105 ado-

lescent girls. Results showed that knowledge about

calcium sources and recommendations and liking

the taste of dairy were positively associated with

calcium intakes. Connors et al. [30] identified milk

preferences, health beliefs, cafeteria rules, milk fla-

vor, product packaging, modeling by adults and

shared experiences as factors influencing milk-

drinking behaviors of elementary school children

in North Texas (n = 41). Our results also identified

milk availability at home as a significant predictor

of calcium intake. This suggests that it is important

for milk or milk products to be available for calcium

consumption to take place. While this appears to

be intuitive, emphasizing the importance of milk

availability to the parents and schools in future

interventions is worthy.

Our study also identified several psychosocial

predictors of physical activity, such as self-efficacy,

outcome expectations and social support. The sig-

nificance of social support indicates that while it is

Table V. Psychosocial, environmental and behavioral factors associated with bone quality, IMPACT study

Predictor variables Bone quality

SI

bb (95% CI) (P value) bc (95% CI) (P value)

mg Ca consumed per 1000 kcal day�1 0.001 (�0.832, 0.876) (0.959) 0.002 (�0.002, 0.006) (0.383)

Glasses of milk drunk per day 0.01 (�0.003, 0.006) (0.426) 0.14 (�0.689, 1.011) (0.709)

Physical activity

Mean min day�1a 0.003 (0.014, 0.022) (0.688) 0.005 (�0.011, 0.021) (0.538)

Mean minutes moderate to vigorous per day 0.009 (�0.014, 0.032) (0.472) 0.03 (�0.003, 0.061) (0.077)

Mean minutes vigorous per day 0.03 (�0.003, 0.066) (0.075) 0.03 (�0.003, 0.061) (0.077)

Mean minutes weight bearing per day 0.013 (�0.007, 0.034) (0.188) 0.02 (�0.002, 0.034) (0.084)

Jumping activities per week �0.13 (�0.671, 0.407) (0.631) �0.006 (�0.499, 0.486) (0.980)

Knowledge of osteoporosis 0.001 (�0.07, 0.067) (0.959) 0.007 (�0.055, 0.069) (0.082)

Knowledge of calcium content of foods 0.05 (�0.02, 0.119) (0.162) 0.08 (0.014, 0.144) (0.016)*

Calcium self-efficacy 0.13 (�0.042, 0.301) (0.141) 0.16 (0.002, 0.317) (0.047)*

Physical activity self-efficacy 0.13 (0.017, 0.249) (0.025)* 0.20 (0.099, 0.317) (0.0002)*

Calcium outcome expectations �0.3 (�0.682, 0.102) (0.146) �0.07 (�0.449, 0.285) (0.662)

Physical activity outcome expectations 0.6 (0.207, 1.007) (0.003)* 0.5 (0.174, 0.917) (0.004)*

Physical activity social support

Family encouragement 1.13 (0.212, 2.061) (0.016)* 0.96 (0.107, 1.818) (0.027)*

Family engagement 0.19 (�0.848, 1.235) (0.716) 0.58 (�0.392, 1.544) (0.243)

Friend encouragement 0.50 (�0.405, 1.415) (0.276) 0.52 (�0.315, 1.354) (0.222)

Friend engagement 1.1 (0.184, 1.94) (0.018)* 1.3 (0.535, 2.16) (0.001)*

Neighborhood safety 0.7 (�0.224, 1.575) (0.141) 0.5 (�0.368, 1.30) (0.273)

Participation in sports teams 1.7 (0.886, 2.569) (<0.0001)* 1.7 (0.969, 2.51) (<0.001)*

Milk availability at home 0.35 (�2.02, 2.72) (0.772) 0.8 (�1.38, 3.01) (0.466)

Adjusted and unadjusted b are presented. Ca = calcium; CI = confidence interval.
aResults presented are following log transformation of mean minutes of physical activity per day.
bBivariate analysis using hierarchical linear regression (unadjusted b presented).
cMultivariate analysis using hierarchical linear regressionadjusted for baselinemenarchal status, ethnicity andBMI.*Significant atP < 0.05.

S. V. Sharma et al.

180

D
ow

nloaded from
 https://academ

ic.oup.com
/her/article/24/2/173/570219 by guest on 23 April 2024



good to encourage adolescents to be physically ac-

tive, it is also important to do physical activity with

them. These results concur with those of Springer

et al. [12], who identified significant correlations

(r = 0.10 to 0.12, P < 0.05) between family and

friend engagement and encouragement and physi-

cal activity behavior in the IMPACT population.

Our results found significant effects not only for

both peer and parental support but also for engage-

ment and encouragement in physical activity

among adolescent girls. The literature supporting

these positive associations seen between physical

activity and social support is strong. Sallis et al.
[31] reported parental and peer influences to be

significant correlates of self-reported physical activ-

ity among middle-school students in California but

found peer support to be the strongest. Prochaska

et al. [32] found peer support to be significantly

associated with vigorous physical activity among

female girls from Massachusetts in grades 7

through 9. O’Dea [33] reported parental support

and involvement in activities to be strongly associ-

ated with physical activity and, more recently, Dun-

can et al. [34] found friend social support to be most

highly related to physical activity among youth be-

tween the ages of 10 and 14. These findings, along

with the current study’s findings, suggest that peers

and parents may take a prominent role in influenc-

ing physical activity among adolescent girls and

clearly indicate the need for including this compo-

nent when developing and implementing health

promotion programs.

Table II shows that participation in sports teams

was low with 80% of the girls participating in zero

or one team. This could be because sports team

participation in these schools starts in the seventh

grade whereas the participants were in the sixth

grade at baseline. While associations between phys-

ical activity and bone quality were not significant,

participation in sports team was positively associ-

ated calcaneal bone quality. Thus, bone quality

appears to be influenced by physical activity that

occurs during organized sports activities which are

typically periods of high-intensity, vigorous activi-

ties performed for a few hours and consistently over

time rather than general leisure-time physical activ-

ity. Participation in sports teams might be a stronger

predictor of calcaneal bone quality versus walking

or other sporadic weight-bearing activities which

might not put a significant amount of stress on the

bone, thus explaining the lack of association be-

tween physical activity and calcaneal bone quality.

Sports activities give a sustained impact, e.g. daily

practices, for a season (several months) with a pos-

itive effect on BMD [35]. This could also be due to

the fact that students who had higher social support

from parents were also more likely to participate in

team sports. This is important because of all the

variables, social support and participation in sports

teams had the strongest association with calcaneal

SI. These results further emphasize the importance

of peer and family influences on health which needs

to be adequately addressed when trying to increase

sports team participation.

While some studies support the contribution of

neighborhood safety to performing physical activ-

ity [36–38], our results did not show any such as-

sociation. However, there was little variability in

the data, with >70% of the participants stating that

it is almost always or always safe to play in the

neighborhood. Secondly, neighborhood safety was

measured using only one self-reported item on the

COPA which could have rendered the results non-

significant. Studies that have used multiple items

have found significant associations [36, 37]. An-

other factor could be the sociodemographic distri-

bution of the study sample. The IMPACT study

population was primarily White, middle-class girls

living in relatively safe neighborhoods. Future stud-

ies exploring neighborhood safety need to include

either objective or measures with multiple scales in

more diverse populations.

Our results showed no significant associations

between calcium intake, general physical activity

and calcaneal bone quality. These results do not

concur with those of Robinson et al. [39] who

found a positive correlation between calcaneal SI,

calcium intake and hours spent doing high-impact

physical activity. However, this discrepancy could

be attributed to several factors. The sample size

used by Robinson et al. [39] was much smaller with

114 girls from one school and the participants were
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older (14–18 years) indicating that they were post-

pubertal. The IMPACT study had 718 girls who

were mostly pre-pubertal at baseline. Since ;35%

of peak BMD is achieved during puberty [5], these

differences could account for much the discrepancy

seen in the results observed. Most of the females in

our study sample were pre-menstrual (;80%),

11–12 years old as opposed to their older sample.

Studies have also shown BMD to be highly corre-

lated with ethnicity with Caucasians at a higher risk

as compared with other ethnic groups [5]. However,

our study population was predominantly Caucasian

and did not have sufficient power to examine ethnic

differences. Furthermore, there was little variability

in the calcaneal SI in this age group which could

have also rendered the results not significant.

Finally, it is important to note that the partici-

pants, on an average, had a higher intake of calcium

and did more physical activity than recommended.

While it might appear that investing resources into

developing bone health promotion programs in this

population may not be needed, one should consider

that calcium intake and physical activity were based

on self-report measures and it is typical for dietary

intake and physical activity to be overreported [20],

thus limiting the interpretation of these results.

Also, literature has shown that as students go from

middle school to high school, there is a significant

decline in physical activity [40] but a significant

increase in BMD with 35% of peak BMD occurring

during puberty [5]. Also, sex differences in BMD

have been observed as early as 4 years old with

females exhibiting a 13% increase in BMD from

ages 11–13 years. These results indicate that mid-

dle-school might be the right time to implement

health promotion programs aimed at reinforcing

these healthy eating and physical activity behav-

iors, especially in females.

Strengths and limitations

In addition to contributing to the literature on bone

health in adolescent girls, this study is among the

first to examine the association of multiple psycho-

social and environmental factors with calcium in-

take, physical activity and bone health in a cohort of

adolescent girls. The large sample size also lends

sufficient power to the study. These strengths

notwithstanding, some limitations should be con-

sidered when interpreting study findings. The

cross-sectional nature of the study limits any causal

conclusions. The response rate was low (38%).

However, 100% of the required sample size was

obtained and also the responders were not signifi-

cantly different from the non-responders. The self-

report methods utilized also may have led to

skewed estimates of dietary intake and physical ac-

tivity. While the FFQ has been established as an

instrument with adequate validity for measuring di-

etary intake [41, 42], there could be potential mea-

surement error related to inaccurate estimation of

portion sizes or faulty food item recall [43]. The

FFQ also tends to overestimate dietary intake and

may be better for surveillance rather than interven-

tion work (R. S. Day, D. M. Hoelscher, S. H.

Kelder, A. Hergenroeder unpublished data). The

FFQ was also limited to assessing dietary intake

only during the school week and not all 7 days.

For physical activity, the self-administered SAPAC

questionnaire could potentially result in overreport-

ing of physical activity performed thus biasing the

results away from the null. However, both SAPAC

and COPA have been validated with good validity,

reliability. Finally, most of the females were white,

pre-menstrual (;80%), 11–12 years old resulting in

limited generalizability of the results to other ethnic

or age groups.

Conclusions

Our study identified multiple psychosocial, envi-

ronmental and behavioral predictors of calcium in-

take, physical activity and bone health in a single

cohort of adolescent girls. Participation in sports

teams and social support were of particular impor-

tance for bone health. Given the rising prevalence

of osteoporosis in the US population, these results

are timely and addressing these mediating factors is

critical when designing osteoporosis prevention

programs to promote bone health. Future research

should examine the pathways used by these psy-
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chosocial and environmental factors in influencing

behavior and bone health and explore causal rela-

tionship of these psychosocial factors and calcium

intake, physical activity and bone health using a pro-

spective design.
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