1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Eur J Clin Nutr. Author manuscript; available in PMC 2017 August 22.

-, HHS Public Access
«

Published in final edited form as:
Eur J Clin Nutr. 2017 June ; 71(6): 788-794. doi:10.1038/ejcn.2017.5.

Building Better Bones in Childhood: A Randomized Controlled
Study to Test the Efficacy of a Dietary Intervention Program to
Increase Calcium Intake

David R. Weber, MD, MSCE,
University of Rochester School of Medicine and Dentistry, 601 Elmwood Ave, Rochester NY,
14642, Phone: 585-275-7744; david_weber@urmc.rochester.edu; Fax: 585-244-6097

Lori J. Stark, PhD,
Cincinnati Children’s Hospital, 3333 Burnet Avenue, Cincinnati, Ohio, 45229, Phone:
513-636-4336 lori.stark@cchmc.org; Fax: 513-636-3677

Richard F. Ittenbach, PhD,
Cincinnati Children’s Hospital, 3333 Burnet Avenue, Cincinnati, Ohio, 45229, Phone:
513-803-3310 richard.ittenbach@cchmec.org; Fax: 513-636-1254

Virginia A. Stallings, MD, and

The Children’s Hospital of Philadelphia and Perelman School of Medicine at the University of
Pennsylvania, 3535 Market Street, Room 1558, Philadelphia PA, 19104, Phone: 215-590-3630
stallingsv@email.chop.edu; Fax : 215.590.0604

Babette S. Zemel, PhD

The Children’s Hospital of Philadelphia and Perelman School of Medicine at the University of
Pennsylvania, 3535 Market Street, Room 1560, Philadelphia PA, 19104, Phone: 215-590-1669;
zemel@email.chop.edu; Fax : 215.590.0604

Abstract

Background/Objectives—Many children do not consume the recommended daily allowance of
calcium. Inadequate calcium intake in childhood may limit bone accrual. The objective of this
study was to determine if a behavioral modification and nutritional education (BM-NE)
intervention improved dietary calcium intake and bone accrual in children.

Subjects/Methods—139 (86 female) healthy children, 7-10 years of age, were enrolled in this
randomized controlled trial conducted over 36 months. Participants randomized to the BM-NE
intervention attended five sessions over a six-week period designed to increase calcium intake to
1500 mg/day. Participants randomized to the usual care (UC) group received a single nutritional
counseling session. The Calcium Counts® Food Frequency Questionnaire was used to assess
calcium intake; DXA was used to assess areal bone mineral density (aBMD) and bone mineral
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content (BMC). Longitudinal mixed effects models were used to assess for an effect of the
intervention on calcium intake, BMC and aBMD.

Results—BM-NE participants had greater increases in calcium intake that persisted for 12
months following the intervention compared to UC. The intervention had no effect on BMC or
aBMD accrual. Secondary analyses found a negative association between calcium intake and
adiposity such that greater calcium intake was associated with lesser gains in BMI and fat mass
index.

Conclusions—A family-centered BM-NE intervention program in healthy children was
successful in increasing calcium intake for up to 12 months but had no effect on bone accrual. A
beneficial relationship between calcium intake and adiposity was observed and warrants future
study.

INTRODUCTION

Calcium is the primary mineral present in bone, and provides strength and stiffness to the
skeleton.! Calcium and bone mineral content (BMC) accrual are highest in the years
surrounding the growth spurt,? illustrating the necessity of adequate calcium intake during
growth. Peak bone mass is attained in young adulthood3 and is an important predictor of
osteoporosis and fracture in later years.* ® Greater calcium intake has also been shown to be
associated with reductions in fat mass and obesity related complications in both children and
adults.® Given the potential benefits of calcium intake on life-long skeletal health and
cardiometabolic disease, there is strong incentive to establish a pattern of adequate calcium
intake during childhood.

Numerous studies have found that a large percentage of children do not meet the daily
recommendation for calcium intake.”~12 A study from the National Health and Nutrition
Examination Survey (NHANES) found that the majority of children in the US aged 9-18
years had inadequate calcium intake,® a concerning finding given that these are the critical
years for bone accrual. Calcium supplementation studies in pediatric populations have
shown that increased calcium intake improves bone mineral density (BMD).14-18 The
beneficial effects of supplementation may not persist beyond the study period; however, as
long-term follow-up studies have shown that the relative gains in BMD were lost once
supplementation was discontinued.1®-21 An alternative approach to calcium supplementation
is the institution of a behavioral modification and nutritional education (BM-NE)
intervention to improve calcium intake from food selection. This strategy has shown promise
in improving caloric intake in patients with cystic fibrosis,22 improving calcium intake in
patients with chronic inflammatory diseases?® 24 and decreasing carbohydrate and fat
consumption in obese children.25> The goal of this randomized controlled trial was to
determine if a BM-NE program designed to increase dietary calcium intake in healthy
children resulted in increased dietary calcium intake and bone accrual over a three year
period.
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Study Participants

Usual Care

Healthy children 7 to 10 years of age were eligible if they were less than 130% of ideal body
weight! and did not have chronic diseases or medications that might impair growth, BMD or
diet. Children were recruited from the clinics of The Children's Hospital of Philadelphia
(CHOP), and through local advertisements. The study was approved by the CHOP
Institutional Review Board, and written informed consent and assent were obtained from the
parents/guardians and children, respectively. Study visits were conducted from 1999-2005.

During the baseline visit, children were classified as low-risk or high-risk for poor bone
mineralization based on milk consumption, lactose intolerance, fracture history, and family
history of osteoporosis. Children were stratified by age (7 and 8 vs 9 and 10 year olds), sex
and risk status and then randomized 1:1 to participate in either the BM-NE intervention or
usual care (UC) group using a computerized randomization program. Study statisticians
performed the randomization. Technicians responsible for acquiring DXA, anthropometry
and dietary data were blinded to group assignment and risk status for poor bone
mineralization.

Children assigned to the UC group attended a 45-minute session with a dietitian where the
child and primary caregiver received counseling and education materials regarding calcium
requirements, reading food labels, dietary sources of calcium and suggestions on ways to
improve calcium intake.

Nutrition Intervention

The BM-NE intervention program consisted of five 90-minute sessions over a 6-week
period. Primary caregivers attended a class led by a psychologist and a dietitian. Children
attended a simultaneous class led by trained study staff. A structured curriculum was created
for both classes. The goal was to gradually increase total calcium intake to 1500 mg/day by
the end of the program. This target was chosen because calcium absorption continues to
increase up to 1500 mg/d and then plateaus,2® and it matched the NIH recommendation for
calcium intake in children aged 11 to 24 at the time.2’

The first session provided an overview of the program. Families completed a 7-day diet
record following the first session in order to establish baseline calcium intake. This baseline
calcium intake was used to develop an individualized plan for improving or maintaining
calcium intake at each meal during the following weeks of the intervention. Subsequent
sessions focused on a specific meal, starting with breakfast, and all activities were designed
to reinforce methods of increasing dietary calcium for the specific meal. Examples of meal-
specific calcium foods were provided, and nutrition labels were reviewed to illustrate

IThe study was initiated prior to the publication of the CDC 2000 growth charts, so percent of ideal body weight was used instead of

BMI percentiles.
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calcium content. Weekly calcium goals were set at 400 mg/day for meals and 300 mg/day
for snacks. The program is summarized in Supplemental Table 1.

Behavioral modification techniques were introduced at each session. Self-monitoring was
achieved through the use of weighed food records. Children were reinforced for meeting
daily calcium goal via sticker charts and parents were taught to use differential attention
(praising/ignoring), contingency management, and behavioral contracting (identifying the
rewards for children meeting calcium goals).

Measurements

The primary outcome was calcium intake as measured using the Calcium Counts!® food
frequency questionnaire, which had been validated against 7-day weighed food records for
estimating calcium intake in children.28 Because the questionnaire systematically
overestimated calcium intake, an adjusted calcium intake was calculated based on the
validation study and used for analyses. Calcium intake was assessed at all study visits
(baseline, 6-,12-,18-,24-,30-, and 36-months).

Secondary outcomes included BMC (g), areal BMD (aBMD; g/cm?), and body composition
assessed by DXA at baseline, 6-,12-,24-, and 36-month visits. DXA scans were obtained
using a Hologic QDR 4500a densitometer (Hologic, Inc, Bedford, MA, USA) and analyzed
in software version 12.3. Whole body (WB) and L1-L4 lumbar spine (LS) BMC and aBMD
were assessed and converted into sex- and race- specific Z-scores respective to age and
adjusted for height Z-scores using reference data from the Bone Mineral Density in
Childhood Study.2? WB fat and lean body mass were expressed as fat mass index [FMI; FM
(kg)/m?] and lean body mass index [LBMI; LBM (kg)/m?].3% LBM did not include BMC.

Height was assessed by stadiometer (Holtrain, Crymych), and weight by digital scale
(Scaletronix, White Plains, NY, USA). Body mass index (BMI) was calculated as kg/m?.
Height and BMI were converted into age- and sex-specific Z-scores using the 2000 CDC
reference data.3! Pubertal maturation was assessed according to Tanner32 using a validated
self-assessment questionnaire.33: 34 Non-fasting, serum 25-hydroxy vitamin D (250HD) was
assessed at baseline by 12°I-labeled radioimmunoassay using a commercially available kit
(DiaSorin, Stillwater, MN).3% Physical activity was assessed by self-report using a
questionnaire and reported as hours/day.

Statistical Analysis

Data for all participants were analyzed according to assigned treatment group, regardless of
adherence to study protocol (intention to treat analysis). Participants were allowed to
continue in the protocol if BM-NE sessions or follow-up study visits were missed. Sample
size calculation assumed 10% attrition, accounted for repeated measures and was
determined in order to have 80% power at a=0.05 to detect a difference of at least 300
mg/day in calcium intake at study conclusion between the BM-NE and UC groups.
Continuous variables were assessed for normality and reported as mean = SD or median
[interquartile range (IQR)], as appropriate. Longitudinal mixed effects models adjusted for
covariates of interest were used to assess for an effect of the intervention on calcium intake,
bone, and body composition outcomes over the study period. Initial models were developed
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to look at the main effects of time, intervention, and the time*treatment interaction (the main
contrast of interest). Males and females were analyzed together as there were no
sex*treatment or sex*time*treatment interactions. Secondary analyses were performed to
look at the main effects of time and calcium intake and the time*calcium intake interaction
on bone and body composition outcomes. Goodness of fit was assessed using the Akaike
information criteria (AIC). Final models included a random intercept for subjects and
random slope for visit. Analyses were performed using Stata 13.1 (Stata Corporation,
College Station, TX), and a two-sided p-value of <0.05 was used to determine statistical
significance.

A total of 139 participants met inclusion criteria and were randomized into the BM-NE
(n=68) or UC (n=71) treatment groups (Figure 1). The characteristics and baseline measures
of calcium intake, bone and body composition outcomes, physical activity, and vitamin D
levels did not differ between the two groups (Table 1). Vitamin D deficiency [defined as
250HD <50 nmol/L(20 ng/mL)] was present in 16.7% of BM-NE and 14.1% of UC
participants. The percentage of children in early puberty (Tanner Stage 1 or 2) did not differ
by treatment group or sex at baseline (90.3% males versus 87.2% females, p=0.57) or at last
follow-up (48.7% males versus 34.6% females, p=0.18).

Of the 68 participants allocated to the BM-NE group, 55 (80.9%) started the intervention
and 43 (63.2%) completed all educational sessions. A total of 17 (12.2%) participants (12
BM-NE and 5 UC) dropped out after the baseline visit and were lost to follow-up. Compared
to participants completing one or more follow-up visit, those who were lost to follow-up
were more likely to be African American, and had higher WB BMC. All other
characteristics including calcium intake were similar. The percentage of participants who
completed all study visits did not differ between the BM-NE and UC group, at 44.2% and
47.9%, respectively. Participants who missed at least one visit were more likely to be
African American compared to those who completed all visits; there were no differences in
other characteristics. The study ended with conclusion of planned study visits.

Effect of BM-NE intervention on calcium intake

Calcium intake ranged from 876 (IQR: 735-1039) mg/day at baseline to 951 (IQR: 814—
1126) mg/day at end of study in the BM-NE group and from 910 (IQR: 748-1078) mg/day
at baseline to 897 (IQR: 750-1079) mg/day at end of study in the UC group (Table 2). There
was no significant difference in calcium intake at end of study between the BM-NE and UC
groups; and calcium intake at end of study was not significantly different from baseline in
either group. Results of the longitudinal mixed model assessment of the effect of the BM-
NE intervention on calcium intake over the study period are shown in Figure 2. Adjusted for
age, sex, history of milk refusal, and African American ancestry, participants randomized to
the BM-NE intervention had a significantly greater increase in calcium intake from baseline
at 6 months (p=0.04) and 12 months (p=0.01), compared to those in the UC group.
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Effect of BM-NE intervention on bone outcomes

There were no significant differences between WB or LS aBMD or BMC between groups at
end of study. Longitudinal mixed effects analysis adjusted for sex, age, height, African
American ancestry and LBMI did not reveal a significant effect of the BM-NE intervention
on BMC or aBMD accrual at any point over the study period (Figure 3). The results were
similar when bone outcomes were converted into Z-scores, and again showed no effect of
the intervention (Supplemental Figures 1 and 2). Additional analysis revealed no effect of
calcium intake, irrespective of treatment group, on bone accrual (Table 3). Sensitivity
analyses that (1) were restricted to participants that completed all study visits, (2)
incorporated baseline 250HD level and (3) incorporated self-reported physical activity all
confirmed the lack of an effect of the intervention on bone accrual over 36 months.

Effect of calcium intake on adiposity

Median BMI increased from 16.7 (IQR: 15.3 to 18.0) to 17.9 (IQR:17.1 to 20.2) kg/m? and
16.6 (IQR:15.3 to 18.4) to 19.1 (IQR:16.4 to 20.4) kg/m? over the study in the BM-NE and
UC groups, respectively. Changes in other anthropometric outcomes over the study are
provided in Supplemental Table 2. Longitudinal mixed effects analysis adjusted for African
American ancestry, age and sex did not reveal a significant effect of the BM-NE intervention
on BMI over the study period. However, secondary longitudinal analyses did reveal a
significant negative effect of calcium intake on BMI, irrespective of treatment group, such
that higher calcium intake was associated with less increase in BMI at 18- and 24-month
visits (Table 3). A similar negative association between calcium intake and FMI was found
at the 24-month visit. Inclusion of pubertal status did not alter the effect of calcium intake on
BMI and did not improve goodness of fit; therefore it was not included in final models.

DISCUSSION

This randomized controlled trial found that children who completed a six-week BM-NE
program increased their dietary calcium intake to a greater extent compared to children who
underwent a single educational session with a dietician. The positive effect on dietary
calcium intake in the BM-NE group persisted for 12 months following completion of the
intervention program. These results suggest that the BM-NE program effectively promoted
changes in dietary behavior in regards to calcium intake. However, sustained dietary
behavior changes beyond 12 months were not seen and may require more prolonged
reinforcement than a six-week intervention.

Achieving and sustaining adequate calcium intake in childhood may be beneficial to lifelong
skeletal health.36 Reduced bone mass is a known contributor to fracture risk in children and
adults;37 and cross-sectional studies support a link between low milk intake in childhood and
diminished BMD and greater fracture risk across the lifespan.38 Bone mineral accretion
peaks in early to mid-puberty in conjunction with the adolescent growth spurt.3? Kinetic
studies have shown that both calcium absorption from the gastrointestinal track and bone
calcium deposition increase during early puberty;“% however increased absorption in the
absence of appropriate intake may not be sufficient to achieve adequate calcium deposition
into bone.*!
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Despite the greater calcium intake observed in BM-NE participants in the year following the
intervention, we did not find an effect of the intervention on bone accrual over the study
period. These results are in contrast to a calcium related behavioral intervention trial in
children with rheumatoid arthritis which reported increased BMC accrual over 12 months in
the intervention group.23 Another study of calcium intake and bone accrual following a
nutritional and physical activity behavioral intervention in healthy children found an effect
of the intervention to increase aBMD accrual at the hip in boys but not girls.#2 Our study
was conducted in healthy children and did not specifically target individuals with low
calcium intake or impaired calcium metabolism. We speculate that our failure to detect an
effect of the intervention on BMC or aBMD accrual was because the children in our study
had baseline calcium intakes that were only modestly low, and they were able to achieve
adequate calcium deposition into bone through increased calcium absorption. It is also
notable that 60% of participants had a family history of osteoporosis. This may be a reason
for the below average BMC and aBMD Z-scores at baseline. There is a strong heritable
component to peak bone mass*3 and it is possible that families with a history of osteoporosis
may be more inclined to participate in a clinical trial.

In addition to the known relationship between calcium intake and skeletal health, there is
growing evidence to suggest a beneficial association between calcium intake and obesity
related cardiometabolic outcomes. In our study, greater calcium intake was associated with
lesser increases in BMI and FMI irrespective of intervention group in study participants.
These results are in keeping with the findings of previous prospective and randomized
controlled trials which have identified positive effects of calcium supplementation on body
composition;*4: 45 although another study did not find an effect of calcium supplementation
in addition to caloric restriction to promote weight loss.#8 The mechanism linking calcium
intake to obesity is unknown. It may be the result of dietary choice of nutrient rich milk
versus calorically dense but nutrient poor sugar-sweetened beverages,*’ a regulatory role for
calcium or calciotropic hormones in the control of thermogenesis, fat oxidation, and
lipolysis,*8: 49 or an effect of gastrointestinal calcium content to decrease fat absorption.>0
We used a food frequency questionnaire that did not capture total daily caloric intake, so we
were unable to evaluate for potential relationships among calcium intake, caloric intake, and
BMI in the current study.

Although the BM-NE intervention program was successful in promoting dietary change,
there were limitations. The program consisted of five sessions over a six-week period. This
represented a significant time commitment for families and study staff. The cost of offering
an equivalent clinical program is unknown. Additionally, the families who agreed to
participate in a study involving a nutrition intervention may have been motivated to institute
dietary change, and may not be a representative sample of the population. However, we
recruited families from a broad range of socioeconomic status and across the greater
metropolitan area to minimize possible sources of sample bias. Future studies are necessary
to determine whether the program can be simplified and if interval follow-up activities can
be implemented to sustain increased calcium intake beyond 12 months. An additional
limitation is the number of participants who did not complete all study visits. Longitudinal
mixed methods is an accepted approach for dealing with missing data, and it appears that the
characteristics of the participants who missed visits were similar between both treatment
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groups. Finally, blood samples were only collected at baseline, therefore we were unable to
assess for an effect of the intervention on vitamin D status or to completely assess for an
effect of vitamin D status to moderate the association between calcium intake and bone
accrual.

In summary, this study found that a BM-NE intervention program designed to change
dietary habits was successful in increasing calcium intake for up to 12 months in healthy
children. These findings support the implementation and future study of BM-NE programs
to help children improve dietary calcium intake.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Randomization and follow up of study participants
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Figure 2. Median adjusted calcium intake in the usual care compared to behavioral modification-
nutritional education (BM-NE) intervention group

Predicted calcium intake adjusted for age, sex, history of milk refusal, black racial group,
BM-NE intervention*visit interaction. Calcium intake from food frequency questionnaire
was adjusted by nutritionists to account for overestimation of calcium intake by participants.
* indicates significantly different from usual care, p<0.05

Eur J Clin Nutr. Author manuscript; available in PMC 2017 August 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Weber et al.

Bone Mineral Content (g)

Bone Mineral Density (g/cm?)

Page 13
A. B.
8
S 1 B 1
N
So.
g £
2] g
— c
o
O o |
o ™
8 ; g
S 1 =
o
[a0]
8 o |
3 -
0 6 12 24 36 0 6 12 24 36
Visit (months) Visit (months)
[ usualCare [ BM-NE [ Usual Care [ BM-NE
C. D.
[e0)
— 4 - o
_ €
o o~ T
o1 - T CEh
2>
H :
© o ©
=% O o A
= i : ]
A [0
S w
N~ )
c
[e]
- m
o | L4 <
S A S A
0 6 12 24 36 0 6 12 24 36
Visit (months) Visit (months)
[ Usual Care [ BM-NE [ Usual Care [ BM-NE

Figure 3. Median whole body (A) and lumbar spine (B) bone mineral content and whole body
(C) and lumbar spine (D) bone mineral density in the usual care compared to behavioral
modification-nutritional education (BM-NE) intervention group

Predicted whole body and lumbar spine bone mineral content and bone mineral density
adjusted for age, sex, height, LBMI, and black racial group. No significant effect of the BM-
NE was observed at any of the study time points for any bone outcome.
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Baseline characteristics of 139 participants in a behavioral modification and nutritional educational (BM-NE)

trial to improve calcium intake

BM-NE Intervention Usual Carel
N 68 71
Female, n (%) 43 (63.2) 43 (60.6)
Age (yrs), median (range) 9(7.2t011) 9.1(7.2t011)
African American, n (%) 19 (27.9) 23(32.4)
Recent fracture, n (%) 0(0) 1(1.9)
High riskZ, n (%) 54 (79.4) 58 (81.7)
Lactose intolerant, n (%) 6(8.8) 5(7.1)
Milk refusal, n (%) 35 (51.5) 38 (53.5)
Family history osteoporosis, n (%) 36 (52.9) 47 (66.2)
Height Z-Score, mean + SD 0.17+1.0 0.16 £0.94
BMI Z-Score, median (IQR) 0.12 (-0.49-0.79) 0.19 (-0.39-0.86)
Tanner Stage 1-2, n (%) 61 (89.7) 61 (87.1)

25-Hydroxy Vitamin D (ng/mL), median (IQR)3

30.1 (24.5-36.1)

30.4 (25.6-39.2)

25-Hydroxy Vitamin D (nmol/L), median (IQR)3

75.1 (61.2-90.1)

75.9 (63.9-97.8)

Physical Activity (hrs/day), median (IQR)

2.5 (1.5-3.3)

2.3(1.7-3.3)

Calcium Intake

Calcium intake (mg)4, median (IQR)

876 (735-1039)

910 (748-1078)

Meeting RDA for calcium, n (%)

9(13.2)

14 (19.7)

DXA Bone and Body Composition

WB BMC (gm), median (IQR)

932 (838-1079)

953 (859-1068)

WB BMC Z-score, median (IQR)

-0.58 (~1.16--0.09)

-0.54 (<0.93—0.2)

WB aBMD (gm/cm?), mean + SD 0.744 £ 0.07 0.751 + 0.07
WB aBMD Z-score, mean + SD -0.97 £0.82 -0.91+£0.75
LS BMC (gm), median (IQR) 22 (19 to 25) 22 (19to 25)
LS BMC Z-Score, mean = SD -0.16 £ 0.9 -0.08 £ 0.8
LS aBMD (gm/cm?), mean + SD 0.555 +0.07 0.568 +0.07
LS aBMD Z-score, mean + SD -0.52+0.88 -0.39+0.80
FMI (kg/m?2), median (IQR) 3.8(3.0-5.1) 3.7 (3.0-4.8)

LBMI (kg/m?), median (IQR)

12.4 (11.7-13.2)

12.4 (11.8-13.4)

No significant differences between BM-NE and usual care participants in any characteristic

Based on milk consumption, fracture history, family history of osteoporosis, lactose intolerance

3n=54 (BM-NE), n= 57 (Usual Care)

4Mg/day, adjusted by study dietician as described previously36

Eur J Clin Nutr. Author manuscript; available in PMC 2017 August 22.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Weber et al. Page 15

Abbreviations: BMC, Bone Mineral Content; BMD, Bone Mineral Density; BMI, Body Mass Index; BM-NE, Behavioral Modification and
Nutritional Education; DXA, Dual Energy X-ray Absorptiometry; FMI, Fat Mass Index; LBMI, Lean Body Mass Index; LS, Lumbar Spine; RDA,
Recommended Daily Allowance; WB, Whole Body
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Dietary calcium intake over time in behavioral modification-nutritional intervention (BM-NE) compared to
usual care (UC) groups?

BM-NE Intervention® Usual Carel p—value2 adjusted p—value3

Baseline 876 (735-1039)4 | 910 (748-1078) | 039 -

6 months 1008 (804-1164) 967 (815-1093) 0.34 0.04
12 months 1008 (841-1217) 956 (779-1100) 0.09 0.01
18 months 969 (806-1146) 917 (750-1074) 0.31 0.13
24 months 937 (807-1088) 903 (726-1059) 0.35 0.27
30 months 880 (772-1087) 876 (758-1019) 0.75 0.88
36 months 951 (814-1126) 897 (750-1079) 0.24 0.17

lMg/day, adjusted by study dietician as described previously36

p-value represents pairwise comparison of raw dietary calcium intake at each visit

p-value represents group difference in calcium intake over time adjusted for age, sex, African American ancestry, and milk refusal

4 .
Median (inter-quartile range), all such values
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Table 3

Effect of time*calcium intake interaction on bone and body composition outcomes

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Beta Coefficient 95% ClI P-value
Whole Body BMC
Calcium intake -0.0004 -0.04,0.04 0.98
Calcium*6 month visit 0.0001 -0.04,0.04 0.99
Calcium*12 month visit 0.0124 -0.03,0.56 0.57
Calcium*24 month visit 0.0035 -0.05,0.06 0.91
Calcium*36 month visit 0.0652 -0.01,0.14 0.08
_cons -986.1 -1192.5,-779.5 | <0.0001
Lumbar Spine Bmc
Calcium intake 0.0013 -0.001,0.003 0.05
Calcium*6 month visit -0.0002 -0.001,0.001 0.72
Calcium*12 month visit -0.0008 -0.002,0.001 0.26
Calcium*24 month visit —-0.0009 -0.003,0.001 0.29
Calcium*36 month visit 0.0002 -0.002,0.003 0.841
_cons -41.7 -48.7,-34.6 <0.0001
Body Mass Index?
Calcium intake 0.0006 -0.001,0.001 0.09
Calcium*6 month visit -0.0003 -0.001,0.001 0.41
Calcium*12 month visit -0.0005 -0.001,0.001 0.17
Calcium*18 month visit -0.0012 -0.002,-0.001 0.002
Calcium*24 month visit -0.0012 -0.002,-0.001 0.007
Calcium*30 month visit 0.0003 -0.001,0.001 0.58
Calcium*36 month visit 0.0001 -0.001,0.001 0.77
_cons 10.6 7.3,13.9 <0.0001
Fat Mass Index?
Calcium intake 0.0003 -0.001,0.001 0.21
Calcium*6 month visit -0.0001 -0.001,0.001 0.57
Calcium*12 month visit -0.0002 -0.001,0.001 0.27
Calcium*24 month visit -0.0008 -0.002,-0.001 0.02
Calcium*36 month visit 0.0002 -0.001,0.001 0.57
_cons -0.2 -2.5,2.1 0.86

additional covariates included sex, African American ancestry group, age, height, lean body mass

2 .. S . .
additional covariates included sex, African American ancestry group, age

Abbreviations: BMC, bone mineral content
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