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Abstract

Aim: Ensuring adequate calcium (Ca) intake during childhood and adolescence is critical 
to acquire good peak bone mass to prevent osteoporosis during older age. As one of 
the primary strategies to build and maintain healthy bones, we aimed to determine 
whether dietary Ca intake has an influence on bone mineral density (BMD) in children 
and adolescents.
Methods: We conducted a cross-sectional study composed of 10,092 individuals from the 
National Health and Nutrition Examination Survey (NHANES). Dietary Ca intake and total 
BMD were taken as independent and dependent variables, respectively. To evaluate the 
association between them, we conducted weighted multivariate linear regression models 
and smooth curve fittings.
Results: There was a significantly positive association between dietary Ca intake and total 
BMD. The strongest association was observed in 12–15 year old whites, 8–11 year old 
and 16–19 year old Mexican Americans, and 16–19 year old individuals from other  
race/ethnicity, in whom each quintile of Ca intake was increased. We also found that 
there were significant inflection points in females, blacks, and 12–15 year old adolescents 
group, which means that their total BMD would decrease when the dietary Ca intake was 
more than 2.6–2.8 g/d.
Conclusions: This cross-sectional study indicated that a considerable proportion of children 
and adolescents aged 8–19 years would attain greater total BMD if they increased their 
dietary Ca intake. However, higher dietary Ca intake (more than 2.6–2.8 g/d) is associated 
with lower total BMD in females, blacks, and 12–15 year old adolescents group.

Introduction

Calcium (Ca) is the primary nutrient of interest in bone 
health. It is essential to ensure adequate Ca intake to 
support the accelerated growth spurt during childhood 
and adolescence when bone accumulates and grows at a 
rapid rate (1). During this period, bone mineral density 
(BMD) acquisition is critical for adult bone mass accrual 
and skeletal formation; therefore, ensuring adequate Ca 

intake is critical to acquire a greater peak bone mass to 
prevent osteoporosis during older age (2).

The recommendations for Ca intake vary by country, 
and the optimal amount of Ca intake to maintain skeletal 
growth remains unclear (3). The Ca recommended dietary 
allowances for US adolescent males and females aged 9 
to 18 years is 1.3 g/d and for those aged 4 to 8 and 19 to 
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50 years old is 1 g/d (4). As one of the primary strategies 
to build and maintain healthy bones, it is important to 
determine the influence of dietary Ca intake on BMD. 
However, the association between Ca intake and better 
BMD remains controversial (5, 6). Therefore, we aimed 
to determine whether self-reported dietary Ca intake has 
an influence on BMD in US children and adolescents at 
8–19 years of age using the National Health and Nutrition 
Examination Survey (NHANES) database.

Methods

Study population

NHANES is the only national survey that provides a 
cross-sectional picture of nutrition and health in the US 
population. Its data is collected by the National Center 
for Health Statistics (NCHS) in biennial cycles. For data 
researchers and users, the survey data of NHANES are 
publicly available on the internet. Full details information 
on NHANES can be found at www.cdc.gov/nchs/nhanes/. 
In the present study, data from 1999 to 2006 were combined 
for analysis. Of the 12,508 participants aged from 8 to 
19 years eligible for this study, only 10,092 participants 
remained for the final analysis after the exclusion of 2416 
subjects with missing dietary Ca intake (n = 492) or total 
BMD (n = 1924). NCHS ethics review board approved all 
NHANES protocols, and participants or their proxies 
provided informed consent prior to participation (7).

Variables

In the present study, the dependent variable was Ca 
intake. The targeted independent variable was total 
BMD. The dietary intake of Ca was assessed during 
an in-person 24-h dietary recall using the automated 
multiple-pass method (8). The complete descriptions of 
foods, preparation methods, and portions are ensured 
by provided prompts. Approximately 7,300 foods are 
included in the database, and nutrient information for 
52 food components can be calculated. Proxy-assisted 
interviews were completed with children 8–11 years of 
age, and 12 years and older conducted the interviews 
on their own. Total BMD measurement was determined 
by DEXA scans. For covariates in this study, sex, race/
ethnicity, physical activity, and Ca supplement use were 
used as categorical variables; age, BMI, poverty to income 
ratio, and serum Ca were used as continuous variables. 

During the mobile examination, BMI was calculated 
from measured height and weight. The family poverty to 
income ratio was calculated by dividing family income by 
the poverty guideline. The information on participation 
in physical activity over the past 30 days was obtained 
by open-ended questions from the participants. Ca 
supplement use was estimated using past 30-day reports. 
Serum Ca was measured by Beckman Synchron LX20. 
Details of dietary Ca intake, total BMD measurement 
process, and other covariate acquisition process can be 
found at www.cdc.gov/nchs/nhanes/.

Statistical analysis

All estimates were calculated accounting for NHANES 
sample weights. We conducted weighted multivariate 
linear regression models to evaluate the association of 
dietary Ca intake with total BMD. Those covariates were 
adjusted as potential effect modifiers. In the subgroup 
analyses, we conducted smooth curve fittings to address 
for the nonlinearity of dietary Ca intake and total 
BMD after adjustment for the same covariates as in the 
linear regression models. The continuous variables and 
categorical variables were expressed as means ± s.d. and 
percentage, respectively. We conducted weighted linear 
regression models (continuous variables) or weighted 
chi-square tests (categorical variables) to calculate the 
differences among different groups. The statistical software 
packages R (http://www.R-project.org) and EmpowerStats 
(http://www.empowerstats.com) were used for the data 
analyses. Statistical significance was considered when  
P value was < 0.05.

Results

The description of weighted sociodemographic and 
medical characteristics is shown in Table 1. Among 
the participants, 57.14% (n = 5766) are male, 61.47% 
(n = 6203) are white, 14.57% (n = 1471) are black, and 
11.36% (n = 1146) are Mexican American. Among 
different groups of dietary Ca intake (Quintile, Q1–Q5), 
age, BMI, income poverty ratio, serum Ca, total BMD, sex, 
race/ethnicity, physical activity, and Ca supplement use 
are all significantly different (P < 0.0001). The description 
of dietary Ca intake and total BMD stratified by age and 
sex is shown in Supplementary Table 1 (see section on 
supplementary materials given at the end of this article).
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Association between dietary Ca intake and 
total BMD

In the fully-adjusted model (Fig. 1 and Table 2), after 
controlling for the potential confounding factors, we 
observed a significantly positive association between 
dietary Ca intake and total BMD (0.0181 (0.0153, 0.0209)).

In the subgroup analysis stratified by age and  
race/ethnicity, we observed a positive association of 
dietary Ca intake with total BMD (Table 3) in whites, 

blacks, Mexican Americans, and the 12 to 15 years 
group and 16 to 19 years group of other race/ethnicity. 
The strongest association was observed in 12–15 year 
old whites, 8–11 year old and 16–19 year old Mexican 
Americans, and 16–19 year old individuals from other 
race/ethnicity, in whom each quintile of Ca intake was 
increased. Compared with the lowest quintile of dietary 
Ca intake, the mean BMD was greater in the highest 
quintile in all groups. We found that trend tests remained 
significant in all groups except 8–11 year old individuals 
from other race/ethnicity.

We also tried to use smooth curve fittings to find the 
nonlinear relationship between dietary Ca intake and 
total BMD, stratified by age, sex, and race/ethnicity (Figs 
2, 3 and 4). We found there were significant inflection 
points in the 12–15 year group, females, and blacks. These 
inflection points were almost near 2.6–2.8 g/d.

Discussion

During the children and pubertal growth spurt, bone 
modelings require adequate Ca to form and lay down 
new bone properly. Poor bone mineralization might be 
prevented from childhood by guaranteeing adequate 
dietary Ca intake for optimizing bone health (9, 10). In 
the present cross-sectional study, we found dietary Ca 
intake positively correlated with total BMD. In addition, 
the strongest association was observed in 12–15 year 
old whites, 8–11 year old and 16–19 year old Mexican 
Americans, and 16–19 year old individuals from other 
races, in whom each quintile of Ca intake was increased. 
The trend tests remained significant in all groups except 
the 8–11 year old other race group.

Similar to our conclusion, a cross-sectional study of the 
Korea National Survey suggested that a large proportion 
of young Koreans would attain greater bone mineral 
content if they increased dietary Ca intake (11). Their 
data indicated that dietary Ca intake plays a supportive 

Figure 1
The illustrated curved line relation between dietary Ca intake and total 
bone mineral density. (A) Each black point represents a sample. (B) The 
area between two blue dotted lines is expressed as a 95% CI. Each point 
shows the magnitude of the dietary Ca intake and is connected to form a 
continuous line.

Table 2 Association of Ca intake with total bone mineral density.

Model 1 β (95% CI) Model 2 β (95% CI) Model 3 β (95% CI)

Ca intake 0.0204 (0.0154, 0.0253) 0.0177 (0.0148, 0.0206) 0.0181 (0.0153, 0.0209)
Quintiles of Ca intake
 Lowest quintile Reference Reference Reference
 2nd −0.026 (−0.036, −0.016) 0.003 (−0.003, 0.009) 0.003 (−0.002, 0.008)
 3rd −0.031 (−0.041, −0.021) 0.011 (0.005, 0.017) 0.012 (0.006, 0.017)
 4th −0.030 (−0.040, −0.020) 0.019 (0.014, 0.025) 0.020 (0.015, 0.026)
 Highest quintile 0.010 (0.001, 0.020) 0.027 (0.022, 0.033) 0.029 (0.023, 0.034)

Model 1: no covariates were adjusted. Model 2: age, sex, and race/ethnicity were adjusted. Model 3: age, sex, race/ethnicity, BMI, income poverty ratio, 
physical activity, Ca supplement use, and serum Ca were adjusted.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-19-0534

https://ec.bioscientifica.com	 © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-19-0534
https://ec.bioscientifica.com


K Pan, C Zhang et al. Diet Ca and BMD in children 
and adolescents

1989:3

role in bone mass for early adolescents and young adult 
males. The results of another two cross-sectional studies 
in Spanish revealed that high Ca intake associated with 
a higher BMD in children between 5 and 12 years old 
(12), and total BMD was positively related to Ca intakes 
in adolescents aged 12.5 to 17.5 years (13), respectively. 
However, some other studies supported that Ca intake had 
no effect on BMD (14, 15, 16, 17, 18). A previous review by 
Lanou et al. (6) reported that nine cross-sectional studies 
of 13 did not find an association of dietary Ca intake 
with BMD or bone mineral content in adolescent girls. 
They also found no significant associations between Ca 

intake and BMD in eight prospective studies of nine. The 
inconsistent conclusions of these studies may be mainly 
attributed to heterogeneity among studies, including 
differences in sex, age-stage, and race/ethnicity. According 
to the STROBE statement (19), subgroup analysis can make 
better use of data. In our subgroup analysis, we found 
inflection points in the 12–15 year old group, female, and 
blacks. Their total BMD decreased when the dietary Ca 
intake was more than 2.6–2.8 g/d.

Although Ca is only one factor contributing to 
bone mass and strength, it is essential for skeletal 
mineralization and bone development, especially in 

Table 3 Total bone mineral density by quintiles of dietary Ca intake, stratified by race/ethnicity and age.

Quintiles of Ca intake
Whites Blacks Mexican Americans Other race

Total BMD g/cm2 (95% CI)

8 to 11 years
 Lowest quintile 0.826 (0.810, 0.841) 0.872 (0.860, 0.883) 0.805 (0.788, 0.821) 0.834 (0.810, 0.858)
 2nd 0.819 (0.806, 0.831) 0.883 (0.872, 0.894) 0.821 (0.808, 0.834) 0.830 (0.811, 0.848)
 3rd 0.838 (0.826, 0.849) 0.881 (0.870, 0.893) 0.827 (0.817, 0.838) 0.838 (0.820, 0.856)
 4th 0.848 (0.838, 0.858) 0.889 (0.878, 0.901) 0.832 (0.821, 0.842) 0.852 (0.832, 0.872)
 Highest quintile 0.848 (0.837, 0.860) 0.896 (0.882, 0.911) 0.837 (0.826, 0.847) 0.839 (0.817, 0.862)
 P for trend <0.001 0.008 0.001 0.284
12 to 15 years
 Lowest quintile 0.982 (0.966, 0.997) 1.044 (1.033, 1.055) 0.980 (0.966, 0.993) 0.989 (0.966, 1.011)
 2nd 0.985 (0.971, 0.998) 1.065 (1.053, 1.077) 0.995 (0.983, 1.008) 0.997 (0.975, 1.019)
 3rd 0.994 (0.980, 1.007) 1.061 (1.049, 1.074) 0.988 (0.976, 0.999) 1.021 (0.995, 1.046)
 4th 1.005 (0.992, 1.018) 1.061 (1.048, 1.074) 0.989 (0.978, 1.001) 0.988 (0.963, 1.012)
 Highest quintile 1.024 (1.012, 1.036) 1.068 (1.052, 1.084) 1.019 (1.007, 1.031) 1.028 (1.006, 1.050)
 P for trend <0.001 0.023 <0.001 0.036
16 to 19 years
 Lowest quintile 1.000 (0.991, 1.009) 1.062 (1.056, 1.069) 0.985 (0.978, 0.993) 1.006 (0.993, 1.019)
 2nd 0.997 (0.989, 1.005) 1.201 (1.190, 1.212) 0.998 (0.991, 1.005) 1.007 (0.995, 1.019)
 3rd 1.010 (1.002, 1.018) 1.195 (1.182, 1.208) 0.999 (0.992, 1.005) 1.018 (1.004, 1.031)
 4th 1.020 (1.013, 1.027) 1.205 (1.191, 1.219) 1.004 (0.997, 1.010) 1.021 (1.006, 1.035)
 Highest quintile 1.031 (1.024, 1.037) 1.223 (1.208, 1.239) 1.015 (1.008, 1.022) 1.028 (1.014, 1.042)
 P for trend <0.001 <0.001 <0.001 0.007

Sex, BMI, income poverty ratio, physical activity, Ca supplement use, and serum Ca were adjusted.

Figure 3
The correlation between dietary Ca intake and total bone mineral density, 
stratified by race/ethnicity.

Figure 2
The correlation between dietary Ca intake and total bone mineral density, 
stratified by sex.
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individuals with a low intake (20). Thus, adequate dietary 
Ca intake is considered to be beneficial and has been 
widely recommended. However, Ca intake exceeding 
the upper limit was associated with the increased risk of 
adverse events, such as hypercalciuria, hypercalcemia, 
and kidney stones (21, 22, 23). Therefore, it is important 
to balance potential risks against potential benefits. Our 
results supported that increased dietary Ca intake will be 
beneficial to bone health in the low Ca intake population. 
A meta-analysis concluded that Ca intake within tolerable 
upper intake levels (2000 to 2500 mg/d) is not associated 
with cardiovascular disease risk in generally healthy adults 
(24). However, this conclusion still needs to be confirmed 
by larger prospective studies.

The biggest strength of this study is that the present 
study includes representative samples of the multiracial 
population and better generalizability of the US 
population. Besides, the large sample size allows us to 
conduct further subgroup analysis. There are also some 
limitations in our study. First, the observational design of 
the cross-sectional study does not allow us to determine 
whether dietary Ca intake influences change in total 
BMD over time and the cause-effect relations can not 
be assessed. Second, the use of the 24-h dietary recalls 
may not reflect habitual intakes, relies on memory, and 
is susceptible to over-reporting and under-reporting. 
Besides, the methodology that dietary intake was assessed 
does not correct for systematic bias that can create 
excessive noise in the estimation of dietary intake (25). 
Third, the biases caused by other potential confounding 
factors are not excluded. For example, as the database 
of NHANES 1999–2006 lacks the information of dietary 
vitamin D intake, we did not adjust this potential 
confounding factor in the present study.

Overall, this cross-sectional study indicated that a 
considerable proportion of children and adolescents 
aged 8–19 years would attain greater total BMD if they 
increased their dietary Ca intake. However, higher dietary 
Ca intake (more than 2.6–2.8 g/d) is associated with 
lower total BMD in females, blacks, and 12–15 year old 
adolescents group. Such a conclusion would warrant 
further prospective studies of intervention trials.
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