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Abstract

Childhood and adolescence are critical periods of bone mineral content (BMC) accrual that may 

have long-term consequences for osteoporosis in adulthood. Adequate dietary calcium intake and 

weight-bearing physical activity are important for maximizing BMC accrual. However, the 

relative effects of physical activity and dietary calcium on BMC accrual throughout the continuum 

of pubertal development in childhood remains unclear. The purpose of this study was to determine 

the effects of self-reported dietary calcium intake and weight-bearing physical activity on bone 

mass accrual across the five stages of pubertal development in a large diverse cohort of US 

children and adolescents. The Bone Mineral Density in Childhood study was a mixed longitudinal 
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study with 7393 observations on 1743 subjects. Annually, we measured BMC by DXA, physical 

activity and calcium intake by questionnaire, and pubertal development (Tanner stage) by 

examination, for up to seven years. Mixed-effects regression models were used to assess physical 

activity and calcium intake effects on BMC accrual at each Tanner stage. We found that self-

reported weight-bearing physical activity contributed to significantly greater BMC accrual in both 

sexes and racial subgroups (black and non-black). In non-black males, the magnitude of the 

activity effect on total body BMC accrual varied among Tanner stages after adjustment for 

calcium intake; the greatest difference between high and low activity boys was largest in Tanner 

stage 3. Calcium intake had a significant effect on bone accrual only in non-black girls. This effect 

was not significantly different among Tanner stages. Our findings do not support differential 

effects of physical activity or calcium intake on bone mass accrual according to maturational 

stage. The study demonstrated significant longitudinal effects of weight bearing physical activity 

on bone mass accrual through all stages of pubertal development.
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Introduction

Senile osteoporosis is a pediatric disease

Charles E. Dent, 1972 (1)

Today, more than 40 years since Dr. Dent suggested that prevention of osteoporosis should 

begin in childhood, it is widely accepted that bone mineral accrual during childhood and 

adolescence is a critical determinant of bone health in adulthood. Peak bone mass (PBM), 

the maximum amount of bone mineral an individual accrues, is considered the best predictor 

of osteoporotic fracture.(2-4) In developed countries, at least 90% of PBM is accrued by 19 

to 20 years of age.(5-8) The relative risk of fracture increases as much as 2.6-fold for each 1 

standard deviation decrease in bone mass,(9) and a 10% increase in PBM in the population is 

estimated to decrease risk of fracture in the elderly by 50%.(10) Furthermore, bone mass 

predicts fractures in children.(11)

Most randomized clinical trials show positive effects of higher dietary calcium or dairy food 

intake on bone mass accrual in childhood ,(12,13) although there is some evidence that the 

increases in BMD and BMC do not persist after the supplementation has been stopped.(14-16) 

Many randomized trials show positive effects of physical activity on bone mass accrual and 

bone structure during childhood.(17-25) Indeed, bone adaptation to mechanical loading is 

much greater during growth than after cessation of growth.(26,27) Physical activity and 

calcium intake are modifiable behaviors that affect bone mass accrual, but it remains 

uncertain whether they have greater effects during specific stages of pubertal development 

when bone might be most responsive to changes in diet and exercise.(24,28,29) If such a 

critical period exists, it would be an opportune time to promote increased dietary calcium 

intake and bone-building physical activity to maximize their positive impact on bone 

accrual.(30)
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The objectives of this study were to determine whether self-reported dietary calcium intake 

and weight-bearing physical activity have greater effects on bone mass accrual at specific 

stages of pubertal development. We utilized data from the Bone Mineral Density in 

Childhood Study (BMDCS), a large diverse cohort of healthy US children and adolescents 

whose pubertal staging was done annually by pediatric endocrinologists and specially 

trained nurse practitioners. Pubertal development ranged from pre-pubertal to sexually 

mature in this cohort.

Methods

Participants

The National Institute of Child Health and Human Development BMDCS was a large, 

multi-center, multi-ethnic U.S. prospective study with a primary goal to develop bone 

density reference data for Dual-Energy X-Ray Absorptiometry (DXA) measures in children 

and adolescents.(31,32) Healthy children and adolescents were recruited from five centers: 

Children's Hospital of Los Angeles (Los Angeles, CA), Cincinnati Children's Hospital 

Medical Center (Cincinnati, OH), Creighton University (Omaha, NE), Children's Hospital of 

Philadelphia (Philadelphia, PA), and Columbia University (New York, NY). Recruitment of 

1554 girls (6-15 yr) and boys (6-16 yr) occurred from July 2002 to November 2003. These 

participants were evaluated annually for 6 yr (7 visits). Additional participants, ages 5 or 19 

y, (n=460) were recruited between August 2006 and November 2007 to provide a sufficient 

number of observations to allow development of reference data for the ages 5 to 20 yr. 

These participants were evaluated at three annual visits. The final sample consisted of 2,014 

participants with a total of 10,716 study visits.

Entry criteria have been reported previously.(31,32) Briefly, these included: anticipated 

residence in the United States for three years or longer; school placement within one year of 

expected for age; full-term birth; birth weight greater than 2.3 kg; and no evidence of 

precocious or delayed puberty. Children were excluded for history of two or more fractures 

if age ten years or younger, or three or more fractures if age older than ten years. This 

exclusion was based on evidence that refracture rates in children range from 5-33% (33,34) 

and that low bone mass values in girls who fracture persist four years later.(33) In fact, the 

2013 Official Position Statement on Pediatric Health from the International Society of 

Clinical Densitometry posits, “A clinically significant fracture history is one or more of the 

following: 1) two or more long bone fractures by age 10 years; 2) three or more long bone 

fractures at any age up to age 19 years.”(35) Other exclusion criteria for the BMDCS study 

included current or previous medication or medical condition known to affect bone health; 

history of extended bed rest; height, weight, or body mass index outside the range of the 3rd 

to the 97th percentile for age; indwelling hardware; or scoliosis.

Following enrollment, data were excluded for use of medications including: steroid use, 

parenteral ≥ 1 week or non-parenteral ≥ 6 week; anticonvulsant and oral Isotrentinoin; 

DepoProvera or Norplant; psychiatric medication or stimulant use for more than 180 days. 

Also, subjects were excluded if they developed a medical condition known to affect bone 

health or had pregnancy with delivery of a full term baby.
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Written assent/consent was obtained from study participants and also from parents/guardians 

if the participants were minors. The protocol was approved by the institutional review 

boards of each clinical center.

Measurements

DXA scans were obtained using Hologic, Inc. (Bedford, MA) bone densitometers 

(QDR4500A, QDR4500W, and Delphi A models). Cross-calibration of DXA devices and 

longitudinal calibration stability were performed as previously described.(31) Whole body, 

posteroanterior lumbar spine (L1-L4, fast array), non-dominant forearm, and left proximal 

femur (fast array) scans were acquired on each study participant following the manufacturer 

guidelines for patient positioning. The BMDCS DXA Core Laboratory (University of 

California, San Francisco) analyzed all scans using Hologic software release 12.3.

Weight (±0.1 kg) was measured on a digital scale and height (±0.1 cm) was measured using 

a stadiometer. Participants were dressed in examination gowns or lightweight clothing with 

shoes removed during the measurement. Information on population of origin (African 

American, Asian, etc.) and ethnicity (Hispanic/Latino vs. Non-Hispanic/Latino) was 

obtained by questionnaire using National Institutes of Health classifications.

Dietary calcium intake (Ca, mg/d) was determined with a semi-quantitative food frequency 

questionnaire (FFQ) developed by Block Dietary Data Systems (BDDS, Berkeley, CA). The 

FFQ asked about the frequency of intake in the last week and the portion size of 45 food and 

beverage items. These 45 items were selected because they captured 90% of dietary calcium 

intake of individuals 6 to 19 yr of age participating in NHANES III. Food models and 

pictures were used to assist with estimation of portion sizes. Participants, with help of their 

parents if < 13 yr, completed the FFQ at each study visit. Ca was calculated from the 

questionnaire using an automated computer analysis program by BDDS.

Usual weight-bearing physical activity (PA, hours per week) was assessed with the modified 

self-report tool of Slemenda.(36) The questionnaire listed 37 weight-bearing activities, such 

as walking, basketball, dance, etc., in which children and adolescents are likely to 

participate. Participants indicated the time spent in activities in which they participated 

during the previous week. Space was provided to include activities that were not listed. 

Parents of younger children helped them complete the questionnaire. In a subset of ten 

children and adolescents in this cohort, the test-retest reliability of the tool within a two-

week interval was 0.8.

Sexual maturation was assessed by physical exam by pediatric endocrinologists or nurse 

practitioners trained in endocrinology. Testicular volume (measured with an orchiometer) in 

boys and breast development in girls were classified according to criteria of Tanner. (37-39)

Statistical Analysis

BMC was measured at each annual visit. Annualized bone mineral content accrual rate 

(chgBMC) was calculated for each observation as current BMC (end of the interval) minus 

BMC at the previous annual visit (beginning of the interval) and divided by interval length. 
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Observations were classified by the Tanner stage (TS) at the end of the interval. We 

calculated the mean and SD of annualized BMC accrued for each TS. Percent accrual 

(%chgBMC) was calculated as the annualized accrual divided by the BMC at previous visit 

multiplied by 100.

Some participants maintained the same TS for multiple visits. We calculated the mean value 

of PA and Ca within a TS for each subject so that there would be one value of PA and Ca for 

each TS for each subject. Group means and standard deviations by TS were calculated using 

these values. Pearson correlation coefficients were calculated to evaluate the consistency 

(tracking) of PA and Ca across TS; the individual means within a TS were used in these 

calculations. To evaluate differences among TS in PA and Ca, mixed model analysis of 

individual observations (not individual within-TS means) was assessed in two stages. In the 

first stage, we developed a base model in which annualized BMC change (chgBMC) was 

modeled for each skeletal site as a function of BMC at the beginning of the interval 

(previous visit BMC, pvBMC), annualized height change (chgHT, calculated like chgBMC 

described above), age at the beginning of the interval (previous visit age, pvAGE) and TS. 

Subject was included as a random effect, while all other predictors were fixed effects, as 

recommended.(40) All regressions were performed separately by four sex and race 

subgroups: nonblack (NB) males, black (BL) males, NB females, and BL females. This was 

done because sex/race differences in children and adolescents are seen in absolute 

BMC,(41,42) and at least one study suggests sex/racial differences in bone accrual.(42) Based 

on these differences, it has been recommended that race and sex be accounted for in 

analyses of bone mass accrual.(42,43)

Because of large differences among TS in pvBMC, velHT and pvAGE, these three 

continuous predictor variables were centered by subtracting the mean of the variable for that 

TS, sex and racial subgroup from each observation. This transformation enabled us to carry 

the maximum amount of information about biological age in the single variable (TS). All 

possible main effects and interactions were evaluated, and those that were statistically 

significant (p<0.05) were included in a final basic model. Ordinary residuals from this final 

basic model were interpreted as annualized BMC change adjusted for pvBMC, chgHT, 

pvAGE, and TS.

The second stage modeled the residuals, using a mixed model, as a function of PA and Ca. 

Interactions between PA and Ca, as well as interactions between PA or Ca and the factors in 

the basic model (pvBMC, chgHT, pvAGE, and TS) were evaluated. Type 3 tests were used 

for hypothesis testing, with p<0.05 as the criterion for significance. P values of 0.05 to > 

0.01 are referred to as weak or marginal in this report since no adjustment was made for 

testing multiple hypotheses.

To illustrate observed effects, we calculated the predicted accrual, adjusted for pvBMC, 

chgHT and pvAGE, for the 25th percentile (Q1) and the 75th percentile (Q3) of PA and Ca 

for each race, sex, and TS subgroup. We used within-subject means by TS for these 

calculations, rather than individual observations.
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Study data were collected at five centers. To evaluate the possibility that observed effects 

were due to confounding with center, the analysis was repeated with study site included in 

the basic model. Similarly, some observations were associated with intervals which deviated 

from the usual visit interval of one year. To evaluate the possibility that such visits affected 

the results, the analysis was repeated after excluding visits with intervals less than 11 

months or more than 13 months. In both cases, if the reanalysis results did not differ from 

the original results in terms of which factors were significant, we concluded that the results 

were not sensitive to these phenomena.

Results

Descriptive results

After exclusions and data lost due to missed examinations, we included 7393 observations 

on 1743 subjects. Of these subjects, 696 were NB males, 214 were BL males, 645 were NB 

females, and 188 were BL females. The numbers of observations in each TS were: TS1, 

1544 (20.9% of sample); TS2, 580 (7.8%); TS3, 601 (8.1%); TS4, 797 (10.8%); and TS5, 

3871 (52.4%).

Table 1 shows BMC accrual rate (g/yr) and percent (%) accrual in each race/sex subgroup 

by TS. The greatest BMC accrual at all skeletal sites occurred at TS4, with the exception 

that the greatest % accrual in hip BMC in females was at TS3. Also apparent in Table 1 is 

the wide age range for any specific TS and the overlap in ages among TS.

Mean PA among race/sex subgroups and TS ranged from 10.3 to 15.9 hr/wk (Table 2). 

There were marginally significant differences (0.05 > p >0.01) in PA among TS in NB 

males and NB females. The percent of subjects below currently recommended PA (7 hr/

wk)(44) ranged from 11.1% to 38.1% among the race/sex/TS subgroups. Mean Ca among 

race/sex subgroups and TS ranged from 576 to 989 mg/d. Mean values in males were 

consistent across TS, but highly significant differences were seen among TS in females, with 

considerably lower intakes in TS5.

Tracking of calcium and activity

Correlations of Ca between adjacent TS were moderate in size, ranging from 0.39 to 0.69, 

and significant in nearly all race/sex subgroups (Table 3). Correlations of PA between 

adjacent TS were significant in NB males, ranging from 0.37 to 0.55. Tracking of PA was 

not consistent in BL males; significant correlations were observed only in higher TS. For 

both BL and NB females, correlations of PA between adjacent TS decreased with increasing 

TS.

Correlation between calcium and activity

Correlations between Ca and PA within TS were generally weak, ranging from −0.042 to 

0.292. Correlations exceeded 0.25 in TS-5 in all males and BL females, and in TS-3 in NB 

males. (Data not shown)
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Relationships among predictors in the basic model

As expected, there were marked differences among TS in the values of the other predictors 

(pvBMC, chgHT, and pvAGE). However, rescaling these other predictors by subtraction of 

the mean for each specific TS eliminated these differences.

Summary of mixed model regression results for the basic model

TS and interaction effects including TS were highly significant in most subgroups and 

skeletal sites. pvBMC and chgHT effects were universally significant, while pvAGE was 

significant at some skeletal sites, in some subgroups. Interactions among these latter three 

covariates were significant only in NB females. Because all subgroups showed a significant 

four-way (TS x pvBMC x pvAGE x chgHT) interaction at two or more skeletal sites, we 

accepted the complete basic model with all possible interaction effects as the best 

representation. The effects of PA and Ca at each skeletal site were assessed after adjustment 

for this complete model.

Dietary calcium and physical activity effects on BMC accrual

There was no evidence of an interaction between PA and Ca in predicting adjusted 

annualized BMC accrual rate at any skeletal site in any race/sex subgroup. Given the 

correlation between PA and Ca, we evaluated the effects on adjusted BMC accrual of each 

factor (PA and Ca) after adjustment for the other factor.

PA and Ca were evaluated first in models including interactions with TS. Significant PA x 

TS interactions were observed, only in NB males, and only for total body BMC. Details of 

the results are provided in Table 4 and Figure 1. PA by TS interaction effects in other 

subgroups and other skeletal sites were all non-significant (p>0.05; Figure 2 is shown as an 

example of non-significant interaction effects (in NB females). Ca by TS interaction effects 

were insignificant/marginally significant in all subgroups and sites.

Given the lack of clearly significant interactions with TS in most subgroups/skeletal sites, 

PA and Ca were each evaluated as the sole predictors in the model. Results from these 

analyses are presented in Table 5. PA was a significant predictor of annualized BMC accrual 

rate at all skeletal sites after adjustment for the basic model and Ca in NB males, at the 

lumbar spine and hip in BL males, at the total body and hip in NB females, and at the spine 

in BL females. Ca was a significant predictor of BMC accrual rate at the lumbar spine in NB 

females (p<0.002) after adjusting for PA (Table 5).

Sensitivity analyses indicated that neither including study site nor excluding observations 

with visit intervals less than 11 months or more than 13 months in the model affected the 

outcomes.

Discussion

This is the first long-term prospective study to compare the effects of self-reported weight-

bearing physical activity and dietary calcium intake on rates of bone mass accrual 

throughout pubertal maturation in a large diverse cohort of boys and girls. We found that 

self-reported weight-bearing physical activity contributed to significantly greater BMC 
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accrual after adjustment for age, height velocity, Tanner stage, prior visit BMC, and calcium 

intake in both sexes and both racial subgroups. Findings from our study do not support the 

hypothesis that the effects of PA and Ca on BMC accrual vary as a function of puberty, with 

the exception that the PA effect on total BMC accrual varied among TS in non-black males. 

The difference in predicted total body BMC accrual between high and low activity non-

black boys was largest in TS-3. Calcium intake had a significant effect on adjusted BMC 

accrual only in non-black girls; this effect was not significantly different among TS. The 

lack of calcium and activity effects in BL boys and girls may be attributed partially to our 

much smaller number of observations in those groups.

Others have found greater effects of PA on percent bone accrual at various maturational 

times. MacKelvie et al recently conducted a systematic review of exercise interventions in 

children to determine whether a critical period exists for bone response to weight-bearing 

exercise.(28) Eight studies met their criteria of being an exercise intervention in healthy non-

athletes less than 18 yr of age. Of those eight studies, all three interventions in pre-pubertal 

children, designated by the researchers as TS1 and 2, showed a significant effect on bone 

accrual at one or more skeletal sites.(18,21,25) The one study of early-pubertal (designated as 

TS1 – 3) girls by Morris et al(22) also demonstrated a significant effect on bone accrual. 

Neither study of post-menarcheal (designated as TS4-5) girls found an effect;(46,47) 

however, one of these studies had a very small sample size and used as an intervention 

weight training with hydraulic machines, which may not have provided enough additional 

strain on the skeleton.(47) A study by Heinonen et al designed to determine whether pre-

menarcheal girls had a greater bone response to an exercise intervention than post-

menarcheal girls found that the exercise significantly increased bone accrual in pre-, but not 

post-menarcheal girls.(29) In the latter study, pre-menarcheal girls were TS1-3 while post-

menarcheal girls were TS2-5, so there was overlap in TS between the two menarcheal 

groups. Our findings that the effect of self-reported PA on BMC accrual does not vary with 

pubertal stage, compared to findings of randomized PA trials, suggests that more vigorous 

PA is needed to detect a difference in skeletal loading response across TS.

The PA levels in our study were self-selected and self-reported, which is less exact than PA 

administered in a treatment intervention. Nonetheless, mean PA values were significantly 

associated with BMC accrual in all subgroups of our cohort, reinforcing the importance of 

weight-bearing PA in development of optimal peak bone mass. In fact, as can be seen in 

Figure 1 showing NB boys as an example, those in the lowest activity group demonstrated 

lower than expected accrual at some stages. Thus it is critical that children and adolescents 

be encouraged to engage in weight-bearing physical activity throughout development.

The U.S. Department of Health and Human Services recommends that children and 

adolescents participate in at least one hour of PA per day (seven hours/week), including 

daily moderate- or vigorous-intensity aerobic physical activity. Bone and muscle-

strengthening activity should be performed at least three days per week.(44) Mean PA in 

each race/sex subgroup of this cohort, using the Slemenda questionnaire, exceeded 

recommended overall hours of physical activity, except for TS2 in black females and TS5 in 

nonblack females. All subgroups exceeded recommended hours of weight-bearing PA to 
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strengthen bones (three hours/week). Our self-report questionnaire did not ascertain level of 

intensity so that cannot be compared to recommended levels.

The level of PA correlated significantly between adjacent TS in all race/sex subgroups, 

albeit weaker in BL males, indicating that PA tracked as children grew older (See Table 3). 

This suggests that implementing PA routines in younger children may lead to higher 

physical activity levels later in childhood and through adolescence.

Self-reported dietary calcium intake was a significant predictor of adjusted BMC accrual, 

independent of activity, only at the lumbar spine in nonblack females, where it had a small, 

but significant, positive effect. On the other hand, most randomized trials of calcium 

supplementation or dairy food in growing youth show a positive effect of calcium on 

BMC/BMD accrual. However, the effect is small, about 1-2%/y greater than the placebo 

group, (12,48) and there is some evidence that the increases in BMD and BMC do not persist 

after the supplementation has been stopped.(14-16,49) One explanation for the difference 

between our study and others may be the relatively low calcium intake in our study. Mean 

Ca among the four race/sex subgroups ranged from 576 to 989 mg/day. However, our 

calcium intake values are underestimates since the FFQ was restricted to the frequency of 

intake and the portion size of 45 food and beverage items, selected because they captured 

90% of dietary calcium intake of individuals 6 to 19 yr of age participating in NHANES III. 

Mean Ca remained fairly constant across TS in males, but the Ca in females was lower in 

TS5 than in other TS, which is consistent with other findings and has been explained by 

dieting behavior as girls mature.(50)

There was no evidence of an interaction between Ca and PA in this observational study. Ca 

and PA were correlated, and controlling for the Ca in the analysis diminished the effect of 

PA. Likewise, controlling for PA diminished the effect of Ca. Contrary to our findings, a 

few studies have found additive or synergistic effects of PA and Ca.(51,52) For example, 

Bass et al(52) found that a calcium and exercise intervention in pre- and early pubertal boys 

resulted in greater increase in BMC at the femur and tibia-fibula than exercise or calcium 

alone, whereas no effect was seen at the radius or lumbar spine. In a 8.5-mo randomized trial 

of exercise and calcium in pre- and early pubertal girls,(51) an exercise/calcium interaction 

was seen in the femur. However, the interaction was not seen at other skeletal sites. Ward et 

al(53) found that there was no beneficial effect of calcium supplementation in pre-pubertal 

elite gymnasts who already consumed recommended levels of calcium. Thus, there is a need 

for more randomized trials to determine the combined effects of optimal calcium intake and 

weight bearing physical activity.

This analysis provided an opportunity to characterize BMC accrual by TS in race/sex 

subgroups. As can be seen in Table 2, the highest BMC accrual was in TS4 in all subjects 

and skeletal sites. This is to be expected since mineralization of the skeleton lags behind 

longitudinal growth,(54) and PHV occurs between TS2 and 3 in girls and between TS 3 and 4 

in boys.(55)
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Strengths and Limitations

A major strength of this study was the annual Tanner staging completed by endocrinologists 

or trained nurse practitioners. The large sample of both boys and girls of racial diversity 

from various regions of the U.S. is also important. Furthermore, the standardized 

acquisition, quality control and analysis of all DXA scans were performed by the DXA Core 

Laboratory at UCSF. A limitation of this study is that weight-bearing physical activity and 

calcium intake were ascertained by self-report. However, in order to maximize the accuracy 

of these reports, study staff members at all sites were trained on a common protocol for 

administration of these questionnaires. Also, parents were encouraged to help children 

complete the questionnaires, especially the younger ones. Since our methods of assessment 

are not precise, our effect size estimates are underestimates.

Summary

This study affirmed the importance of weight-bearing physical activity for bone mass 

accrual in children and adolescents. Moreover, there was no definitive Tanner stage at which 

weight-bearing physical activity or calcium intake had a significantly greater effect on BMC 

accrual at all skeletal sites or in all race/sex subgroups. Our study and those of others(56,57) 

found that PA levels track during childhood, which provides justification to stimulate 

interest in physical activity at an early age. Although we found an effect of self-reported 

dietary Ca on BMC accrual only at the lumbar spine in non-black females, calcium remains 

essential for growth and development of the skeleton, and adequate calcium intake should be 

encouraged in all individuals throughout the lifespan.
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Figure 1. 
For NB males, for each TS, expected annualized BMC change (adjusted for the basic model 

and calcium intake) is shown, along with the +/− 1 standard error range, predicted for a high 

activity child (at Q3, the 75th percentile of PA for the subgroup and TS) and a low activity 

child (at Q1, the 25th percentile). The figure also shows activity hours, Q1 and Q3, for each 

TS. A: Q1 and Q3 of weight-bearing activity. B: TBBMC expected annualized accrual. C: 

SPBMC expected annualized accrual. D: HP BMC expected annualized accrual.
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Figure 2. 
For NB females, for each TS, expected annualized BMC change (adjusted for the basic 

model and calcium intake) is shown, along with the +/− 1 standard error range, predicted for 

a high activity child (at Q3, the 75th percentile of PA for the subgroup and TS) and a low 

activity child (at Q1, the 25th percentile). The figure also shows activity hours, Q1 and Q3, 

for each TS. A: Q1 and Q3 of weight-bearing activity. B: TBBMC expected annualized 

accrual. C: SPBMC expected annualized accrual. D: HP BMC expected annualized accrual.
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Table 3

Pearson correlation coefficients (r) between calcium intake (Ca) in adjacent Tanner stages (TS) and between 

physical activity (PA) in adjacent TS

NB males BL males NB females BL females

R P r p r p r p

Ca

TS1 to TS2 0.60 0.0001 0.66 0.0003 0.57 0.0001 0.69 0.0003

TS2 to TS3 0.67 0.0001 0.55 0.011 0.65 0.0001 0.50 0.032

TS3 to TS4 0.44 0.0001 0.51 0.011 0.70 0.0001 0.39 0.058

TS4 to TS5 0.50 0.0001 0.42 0.006 0.61 0.0001 0.40 0.007

PA

TS1 to TS2 0.37 0.0001 0.14 0.51 0.37 0.0001 0.66 0.0007

TS2 to TS3 0.55 0.0001 0.27 0.23 0.48 0.0001 0.50 0.029

TS3 to TS4 0.52 0.0001 0.51 0.012 0.27 0.003 0.13 0.55

TS4 to TS5 0.42 0.0001 0.44 0.003 0.00 0.99 0.27 0.072
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Table 4

Mixed model analysis results, the effect of weight-bearing physical activity (PA) on total body BMC accrual 

in nonblack males after adjustment for the basic model and for calcium intake.

Effect Tanner Estimate StdErr
* ProbF

Nonblack Males

Intercept −3.277 2.816

PA 0.248 0.170 0.00047

Tanner 1 0.117 5.183

Tanner 2 1.814 7.030

Tanner 3 −24.992 8.639

Tanner 4 1.182 7.498

Tanner 5 0 0.05913

PA*tanner 1 0.020 0.346

PA*tanner 2 −0.135 0.437

PA*tanner 3 1.887 0.523

PA*tanner 4 −0.098 0.441

PA*tanner 5 0 0.00732

*
StdErr: standard error.
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Table 5

Mixed model analysis results, the effect of weight-bearing physical activity (PA) or calcium intake (Ca) on 

BMC accrual, adjusted for the basic model, and for Ca when evaluating PA effects, and for PA when 

evaluating Ca effects.

Total body BMC Spine BMC Hip BMC

Nonblack Males PA
0.006

* 0.006 0.0001

Ca NS NS NS

Black Males PA NS 0.0278 0.0383

Ca NS NS NS

Nonblack Females PA 0.0171 NS 0.0034

Ca NS 0.0018 NS

Black Females PA NS 0.0177 NS

Ca NS NS NS

*
Significant PA by TS interaction
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