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Abstract

Background—A dietary assessment instrument designed for use in a nationally representative 

pediatric population was required to examine associations between calcium intake and bone 

mineral accrual in a large, multi-center study.

Objective—To determine the reproducibility and intermethod reliability of a youth calcium food 

frequency questionnaire (FFQ) in a multiracial/ethnic sample of children and adolescents.

Design—Reproducibility (n=69) and intermethod reliability (n=393) studies were conducted by 

administering repeat FFQs and three unannounced 24-h dietary recalls to stratified random 

samples of individuals participating in the Bone Mineral Density in Childhood Study (BMDCS).

Participants/setting—Children and adolescents ages 5–21 years.

Main outcome measures—Calcium intake estimated from the FFQ and 24-h dietary recalls.

Statistical analysis—Reproducibility was assessed by the intraclass correlation coefficient 

(ICC). Intermethod reliability was assessed by deattenuated Pearson correlations between the FFQ 

and 24-h recalls. Attenuation factors and calibration corrected effect estimates for bone density 

were calculated to determine the potential impact of measurement error on associations with 

health outcomes.

Results—The ICC (ICC=.61) for repeat administrations and deattenuated Pearson correlation 

between the FFQ and 24-h recalls (r=.60) for all subjects indicated reproducibility and 

intermethod reliability (Pearson r = 0.50–0.74 across sex and age groups). Attenuation factors 

were ≤ 0.50 for all sex and age groups and lower for non-Hispanic blacks (λ = 0.20) and Hispanics 

(λ = 0.26) than for non-Hispanic whites (λ = 0.42).

Conclusions—The BMDCS calcium FFQ appears to provide a useful tool for assessing calcium 

intake in children and adolescents drawn from multiracial/ethnic populations and/or spanning a 

wide age range. However, similar to other FFQs, attenuation factors were substantially less than 

one indicating the potential for appreciable measurement error bias. Calibration correction should 

be performed and racial/ethnic differences in performance considered when analyzing and 

interpreting findings based on this instrument.
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INTRODUCTION

Food frequency questionnaires (FFQ) have been used extensively to obtain information on 

usual intake of foods and nutrients, including calcium, and to examine estimates of calcium 

intake in relation to health outcomes.1–6 Advantages of FFQs for measuring dietary calcium 

intake, especially in large studies, include low cost, ease of administration, and focus on 

usual consumption of calcium-containing foods and supplements. Despite these strengths, 

nutrient intakes estimated from FFQs are subject to measurement error due to the limited 

number of food items queried, reliance on generic memory, potential reporting biases, and 

inaccuracies in food and nutrient databases. To properly interpret findings from a newly 

developed FFQ, reproducibility (intramethod reliability) and validation studies must be 

conducted. Ideally, the extent of error is determined from objective measures of true dietary 

intake; however, such measures are rare and confined to a select few recovery biomarkers.7 

Therefore, intermethod reliability studies are generally conducted that compare the 

performance of the new instrument with an accepted method. These studies are often 

referred to as relative validation studies, although, an accurate measure of dietary intake is 

required to determine validity and therefore the term intermethod reliability is preferable.8 

Multiple, unannounced 24-h dietary recalls or dietary records are commonly used to assess 

intermethod reliability under the assumption that these methods provide an unbiased 

measure of dietary intake for a single day.9–12 Regression calibration provides a means to 

correct for measurement error in the primary instrument (FFQ) and to obtain relatively 

unbiased measures of association between a food or nutrient and health outcome when the 

assumptions for proper reference instrument are met.10,13,14

The Bone Mineral Density in Childhood Study (BMDCS) was a large, national cohort of 

U.S. children and adolescents designed to develop reference data for bone mass and density 

and to investigate the determinants of bone accretion.15,16 To examine associations between 

calcium intake and bone mineral accrual in this cohort a dietary assessment instrument 

designed for use in a nationally representative pediatric population was required. Therefore, 

a FFQ developed from dietary data collected as part of the third National Health and 

Nutrition Examination Study (NHANES III) and tailored for pediatric use was designed by 

NutritionQuest (Berkeley, CA) and used as the primary instrument to assess calcium intake. 

The purpose of this study was to examine the reproducibility and intermethod reliability of 

the BMDCS calcium FFQ for estimating usual dietary calcium intake in representative 

subsets of children and adolescents participating in the BMDCS. In addition, regression 

calibration was performed to assess potential measurement error bias when using the 

BMDCS calcium FFQ and to obtain correction factors that may be used to inform future 

studies. An example is provided investigating the impact of measurement error when 

estimating associations of calcium intake with bone mineral content (BMC) and areal bone 

mineral density (aBMD) at the spine to highlight the extent to which measurement error may 

impact effect estimates (i.e. regression coefficients) and whether calibration correction may 

provide results more in line with calcium supplementation trials.17–19
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MATERIALS AND METHODS

Study population

The BMDCS was comprised of approximately 2,000 participants recruited from five clinical 

centers in the U.S.: 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). The initial cohort consisted of a multiracial/ethnic sample of girls 6–15 years of 

age and boys 6–16 years of age who were enrolled between July 2002 and November 2003 

and followed annually for six years.15 A second recruitment period, including individuals 5 

and 19 years of age, occurred between August 2006 and November 2007 to increase the 

number of younger and older participants.16 Healthy, normally developing children and 

adolescents were enrolled into the study. Participant recruitment and enrollment criteria 

have been described previously.15,16 Informed consent was obtained from participants 18 

years of age or older. Informed consent was obtained from the participant’s parent or 

guardian and assent obtained from the participant for those less than 18 years of age. The 

study protocol was approved by the institutional review boards of all five centers.

Two substudies were conducted (reproducibility and intermethod reliability), each using a 

stratified, random sample of BMDCS participants 5–21 years of age at enrollment into the 

substudies. The goal of the reproducibility substudy was to assess the test-retest performance 

of the FFQ. Recruitment of participants (n = 69) occurred from 2006–07 by randomly 

selecting participants within strata defined by sex, age (≤ 13 y and > 13 y), and center. The 

first FFQ (FFQ1) was administered during the visit. The questionnaire was completed by 

study participants > 13 years of age and by the parent and child together for those ≤ 13 years 

of age. The second FFQ (FFQ2) was mailed to participants one to two weeks after the study 

visit and returned within one month. Visual aids including pictures with glasses and bowls 

and lines indicating volumes were provided to aid participants in assessing food quantity.

The goal of the intermethod reliability substudy was to assess the accuracy of the FFQ in 

relation to three unannounced, interviewer administered 24-h dietary recalls. Recruitment of 

participants (n = 430) occurred from 2006–09. Participants were randomly selected within 

strata defined by sex, age (≤ 13 y and > 13 y), and center. The sampling frame provided a 

subsample generally representative of the BMDCS cohort. The FFQ was administered 

during a clinical visit occurring from 2006–09. The three unannounced 24-h recalls were 

conducted via telephone by study dietitian within one month of completing the FFQ. Visual 

aids including pictures with glasses and bowls and lines indicating volumes were provided 

to assist in portion size estimation. The FFQ and 24-h recalls were completed by study 

participants > 13 years of age and by the parent and child together for those ≤ 13 years of 

age. A total of 393 participants completed all three recalls and were included in the present 

analyses. Compensation of $10 was provided for participation in a substudy.

Development of the FFQ

The BMDCS FFQ was designed to measure food items contributing calcium to the diets of 

children and adolescents over the previous seven days. The FFQ was developed by 
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NutritionQuest (Berkeley, CA) in accordance with procedures for the Block dietary 

questionnaires and screeners.20–22 The initial list of calcium-containing foods was obtained 

from 24-h recalls collected as part of the NHANES III.23 Individual food items were then 

aggregated into categories based upon similarities in food type, nutrient content, and 

culinary usage, and rank-ordered on contribution to total calcium intake. The minimum set 

of food categories that could capture ≥ 90% of calcium intake in each of nine pre-specified 

age-race/ethnicity groups (6–10 y, 11–13 y, 14–19 y; Hispanic, non-Hispanic black, non-

Hispanic white) were included on the FFQ. The final questionnaire included queries on 45 

distinct food and beverage categories (Supplemental Table 1). Five responses were provided 

to assess how often the foods and beverages were consumed over the preceding week (1 

day/week, 2 days/week, 3–4 days/week, 5–6 days/week, everyday). In addition, four portion 

size options were provided for each category to capture usual amounts consumed. Dietary 

calcium intake (mg/d) was estimated from the questionnaire using food composition tables 

developed and maintained by NutritionQuest. For the present analysis, instrument 

performance for calcium intake from foods alone was examined, as quantitative information 

on supplement use for participants in the substudies was not collected on the FFQ. The 

CaFFQ used in the BMDCS is available from NutritionQuest (http://nutritionquest.com/).

Administration of the 24-h recalls

Three non-consecutive, unannounced 24-h recalls were conducted via telephone by trained 

dietitians from Cincinnati Children’s Hospital Medical Center (CCHMC) and Children’s 

Hospital of Philadelphia (CHOP). CCHMC was responsible for interviews with participants 

in Cincinnati, Creighton, and the male participants in Los Angeles. CHOP was responsible 

for interviews with participants in Philadelphia, New York, and the female participants in 

Los Angeles. The dietitian asked the participant about the foods and beverages consumed 

over the previous 24-h employing a multiple pass method to enhance detail and limit 

omissions. Quantities were expressed in terms of typical bowls, cups, etc. Study participants 

were encouraged to consult the food-model pamphlet, distributed at the study visit, to assist 

in assessing portion sizes. The recalls were planned to occur on two weekdays and one 

weekend day. The recalls were collected and analyzed using the Nutrition Data System for 

Research (NDSR) software versions 2006–2009, developed by the Nutrition Coordinating 

Center, University of Minnesota.

Bone densitometry

Dual-energy x-ray absorptiometry (DXA) scans were performed using a dedicated Hologic, 

Inc. (Bedford, MA) bone densitometer (QDR4500A, QDR4500W, Apex, and Delphi A 

models) at each clinical center. Scans were performed for each participant according to the 

manufacturer’s guidelines to obtain spine BMC and aBMD. Calibration stability across sites 

and over time was maintained using traveling and site-specific phantoms as previously 

described.15 All scans were analyzed by the DXA Core Laboratory at the University of 

California, San Francisco using Hologic software release 12.3 to obtain BMC and aBMD 

values for each participant. Data from the lumbar spine scans were used in the present 

analysis as they have shown associations with calcium intake in the BMDCS cohort24, and 

the lumbar spine is a recommended site for pediatric bone health assessment.25
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Additional measures

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

stadiometer. Sexual maturation was assessed by physical exam of testes volume (males) and 

breast size (females) by a pediatric endocrinologist or nurse practitioner. Sexual maturity 

was defined according to the Tanner criteria. Usual weight-bearing physical activity (PA, 

hours per week) was assessed with the modified self-report tool.26 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.

Statistical analysis

Reproducibility—The mean difference and 95% confidence interval (CI) for calcium 

intake estimated from FFQ1 and FFQ2 and the intraclass correlation (ICC) were used to 

assess reproducibility (intramethod reliability). High ICC values, denoting low within-

subject variation, reflect a high degree of reproducibility. Results were calculated for all 

participants and for younger (5–13 y) and older (14–21 y) participants separately. ICCs of ≥ 

0.6 were considered a priori to reflect appreciable reproducibility.

Intermethod reliability—The mean difference and 95% confidence interval (CI) for 

calcium intake estimated from the average of three 24-h recalls and the FFQ, deattenuated 

Pearson correlations, and attenuation factors were used assess intermethod reliability. 

Deattenuation corrects for random measurement error (i.e., day-to-day variability in the 24-h 

recalls) in the observed correlation.7 To calculate the deattenuated Pearson correlation (rt), 

the following formula was used: rt = ro √(1 + [S2
w/S2

b]/nx) where ro is the observed 

correlation, S2
w/S2

b is ratio of the within- to between-subject variances in calcium intake 

estimated from repeat measures, and nx is the number of 24-h recalls. Deattenuated 

correlations in the range of r=0.4–0.7 were considered a priori to reflect intermethod 

reliability.9,27 Attenuation factors, calculated as the slope of the regression of the average of 

the three 24-h recalls on the FFQ, provide a measure of the expected bias due to 

measurement error in the FFQ.28 The attenuation factor (λ) is a multiplicative scalar that 

operates on the true value biasing it to the extent denoted by λ; where, for example, true 

value = observed value/λ. Attenuation factors closer to 1 indicate minimal bias; whereas, 

lower values denote greater expected attenuation when estimating associations between 

dietary intake and health parameters. Calcium intakes were natural log transformed where 

necessary to better meet model assumptions. Results were obtained for all participants and 

for predefined sex-age and race/ethnic groups.

Calibration correction—Uncorrected (referred to herein as naïve) and calibration 

corrected multiple linear regression was used to examine associations between usual calcium 

intake and BMC and aBMD at the spine adjusted for age (continuous), sex, race (black vs. 

non-black), height (continuous), total physical activity (continuous), tanner stage, and 

clinical center. Calibration was performed using the method described by Spiegelman et 

al.29 for linear regression. Calcium intake assessed via the FFQ was assumed to be measured 

with error and the average of the three 24-h recalls was used as the reference instrument. All 
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covariates were assumed to be measured without error and all regressions were performed 

on the log-log scale to better meet model assumptions.

RESULTS

The mean age of participants in the BMDCS reproducibility and intermethod reliability 

substudies was 14.5 y (min=5 y, max=21 y) and 13.1 y (min=5 y, max=21 y), respectively at 

the time of data collection (Table 1). For the reproducibility subsample, non-Hispanic whites 

comprised the largest proportion of participants (52%), followed by Hispanics, non-Hispanic 

blacks, and Asian Americans with the majority of participants at Tanner stage 4 or 5. For the 

intermethod reliability subsample, non-Hispanic whites comprised the largest proportion of 

participants (49%), followed by non-Hispanic blacks, Hispanics, and Asian Americans. The 

greatest proportions of participants were Tanner stage 1 and 5 with fewer at intermediate 

stages. Approximately 45% of participants in both samples were male with mean heights of 

159 cm and 151 cm in the reproducibility and intermethod reliability subsamples, 

respectively.

Reproducibility

The mean difference in calcium intake estimated with repeat administrations of the FFQ 

(FFQ1 - FFQ2) was 17 mg/d (95% CI: −89, 123) (Table 2). The intraclass correlation for 

calcium intake (log scale) indicated reproducibility of the FFQ (ICC = 0.61). In analyses 

stratified on age, there was no difference in mean calcium intake upon repeat administration 

in both age groups; however, the intraclass correlation was lower for younger (5–13 y) when 

compared to older (14–21 y) participants. The low correlation for younger children was 

highly influenced by one outlying value (Cook’s D = 2.2) and improved to ICC = 0.52 upon 

removal.

Intermethod reliability

The FFQ underestimated calcium intake relative to the average of three 24-h recalls (Table 

3). The mean difference for calciumrecalls – calciumFFQ was 72 mg/d (95% CI; 12, 131) for 

all subjects indicating a systematic bias at the group level as expected based on the FFQ 

development protocol. Confidence intervals for the mean difference between the FFQ and 

24-h recalls were wide for all age-sex and race sub-groups, but reached statistical 

significance for all females, females 10–14 y, females 15–21 y, and non-Hispanic whites. 

The deattenuated Pearson correlation coefficient for the FFQ and average of three 24-h 

recalls was r = 0.60 for all subjects indicating intermethod reliability and ranged from r = 

0.50 to r = 0.74 across sex and age groups. Correlations were modestly higher for females 

than for males and for participants 5–7 years of age. In race/ethnic-specific analyses, the 

correlations were lowest for non-Hispanic blacks (r = 0.48) followed by Hispanics (r = 0.54) 

and non-Hispanic whites (r = 0.62). The attenuation factor for the FFQ relative to the 

average of three 24-h recalls was λ = 0.36 for all subjects indicating the extent to which 

associations between calcium intake estimated from the FFQ and health outcomes may be 

biased towards the null in univariate analyses. Attenuation factors were ≤ 0.50 for all sex 

and age groups and λ = 0.20 for non-Hispanic blacks, λ = 0.26 for Hispanics, and λ = 0.42 

for non-Hispanic whites.
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Calibration correction

Uncorrected and calibration corrected estimates for the association of calcium intake with 

BMC and aBMD at the spine are provided in Table 4. There were no statistically significant 

associations overall, or for non-Hispanic black or Hispanic participants; however, the 

uncorrected results were biased towards no association to the degree expected by the 

attenuation factors. For non-Hispanic whites, in uncorrected models, a 10% increase in 

calcium intake was associated with a 0.54% increase in BMC (p = 0.02) and a 0.41% 

increase in aBMD (p = 0.03). Adjusted for measurement error, a 10% increase in calcium 

intake was associated with a 1.52% increase in BMC (p = 0.03) and a 1.16% increase in 

aBMD (p = 0.04). In our sample, an increase in calcium consumption of roughly 300 mg/

day, equivalent to a cup of milk or the low range of supplemental calcium provided in 

previous trials, corresponded to an approximate increase of 40% in daily intake. In 

calibration corrected models this translates into an approximate increase of 2.13% and 

1.62% in BMC and aBMD, respectively when estimated within the range of the data among 

non-Hispanic whites. Overall, attenuation factors obtained from the multivariable models 

were generally similar to those obtained for the univariate model presented in Table 3 

(Supplemental Table 2; data shown for all subjects only).

DISCUSSION

These data indicate that the BMDCS calcium FFQ provides reasonably reproducible and 

reliable estimates of calcium intake in representative samples of children and adolescents 

participating in the BMDCS when compared to the average of three 24-h dietary recalls. 

Calcium intake was generally underestimated by the FFQ relative to the 24-h recalls; 

however, correlational analyses demonstrated deattenuated associations consistent with our 

a priori criterion for intermethod reliability. Despite reasonable agreement between 

instruments, attenuation factors were ≤ 0.50 across all subgroups highlighting the potential 

for substantial measurement error bias when estimating associations between calcium intake 

and health outcomes. Nutrition professionals utilizing the BMDCS calcium FFQ are 

therefore recommended to obtain calibration corrected estimates, in addition to naïve 

estimates that assume no measurement error, when assessing associations between calcium 

intake and health outcomes to better understand the extent to which measurement error may 

have impacted findings.

The BMDCS FFQ was able to reproducibly measure dietary calcium intake. Previous 

research assessing the reproducibility of both paper and web-based FFQs designed 

specifically to measure dietary calcium intake in children and adolescents have reported 

correlations for test-retest performance ranging from r=0.68–0.79.6,30–32 The modestly 

weaker correlation in our sample was likely due to differences in the time frame queried by 

the FFQ. Unlike previous FFQs designed to assess calcium intake over the preceding month, 

the BMDCS calcium FFQ queries intake occurring over the preceding week. This decision 

was made to limit cognitive difficulties in estimating the usual frequency and quantity of 

foods items consumed over longer time spans in an attempt to improve accuracy. Thus, the 

repeat administrations in our study do not reflect dietary intake occurring over the same time 

period with an expectant reduction in the ICC due to incorporating true within-person 
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variation in calcium intake. The reason for the discrepancy in the ICC for younger (5–13 y) 

when compared to older (14–20 y) participants is unknown, but could reflect a more varied 

diet of calcium containing foods in younger participants or simply sampling variation. 

Differences in test-retest performance according to age in previous reports have been 

inconsistent.6,30,31

Compared to the average of three unannounced 24-h recalls, the BMDCS FFQ 

underestimated dietary calcium intake on average. This was expected as the FFQ was 

designed to capture ≥ 90% of calcium intake in select age-race/ethnicity groups based upon 

24-h recall data. Previous studies have reported lower point estimates for mean calcium 

intake estimated from a short 10-item FFQ relative to the average from 24-h recalls31 and 

higher mean calcium intake estimated from a 41-item FFQ relative to a seven-day weighted 

food record.6 Numerous factors influence the assessment of absolute calcium intake on a 

FFQ including the length of the questionnaire, food list, response options, nutrient 

calculations, and subject instructions7 and must be considered along with the study 

objectives and participant burden when designing the questionnaire. The deattenuated 

correlation for the BMDCS FFQ and 24-h recalls of r=.60 was similar to, or better than, 

correlations with reference measures for other FFQs designed to measure calcium intake in 

children and adolescent in the U.S.6,30–33 and other countries34–38; despite the wide age 

range and multiracial/ethnic sample. This highlights the potential utility of this instrument 

for assessing calcium intake in future studies drawn from multiracial/ethnic populations or 

those spanning a wide age range. The higher correlation for females than for males in our 

sample has not been consistently observed in previous reports, and the lack of uniformity 

across age groups is in agreement with earlier studies.6,30,31 A noteworthy finding was that 

despite developing the FFQ from items providing the greatest contribution to dietary 

calcium intake in Hispanic, non-Hispanic black, non-Hispanic white children and 

adolescents, correlations between the FFQ and 24-h recalls were lower for non-Hispanic 

blacks and Hispanics than for non-Hispanic whites. Similar differences have been reported 

previously.6 The reason for this discrepancy is unknown and highlights unresolved 

challenges in culturally tailoring aspects of the questionnaire beyond the list of foods to 

elicit more accurate responses in specific racial/ethnic groups.

Attenuation factors obtained from the slope of the regression of the 24-h recalls on the FFQ 

indicated the potential for appreciable measurement error bias when estimating associations 

between calcium intake and health outcomes. Examples for the association of dietary 

calcium intake with BMC and aBMD at the spine demonstrated naïve associations were 

attenuated by approximately two-thirds relative to calibration corrected results. 

Measurement error of this magnitude has the potential to severely distort associations 

between calcium intake and health outcomes with the direction of the bias uncertain in 

multivariable statistical models.28,39,40 Furthermore, attenuation factors were lower for 

Hispanics and non-Hispanic blacks than for non-Hispanic whites indicating that naïve effect 

estimates may be more biased for these groups. Measurement error also impacts study 

power; reducing effective sample size by a factor inversely proportional to λ2.28 Thus, the 

ability to detect statistically significant associations in Hispanics and non-Hispanics blacks, 

relative to non-Hispanic whites, would also be reduced. Calcium supplementation trials in 
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children and adolescents have generally reported modest increases (1%–6%) in BMC and 

BMD during active supplementation, although it is unclear whether improvements are 

confined to children with low baseline levels or persist beyond the end of 

supplementation.17–19 In calibration corrected models, a ~300 mg/day increase in calcium 

intake was related to a 2.11% and 1.64% increase in BMC and aBMD in non-Hispanic 

whites; more in line with results obtained from calcium supplementation trials. Calibration 

correction using multiple 24-h recalls as the reference instrument may allow for more 

accurate results, as effect estimates have been, in part, corrected for measurement error. A 

measure of true usual calcium intake, however, would be required to eliminate bias due to 

measurement error. While traditional regression calibration provides a means to correct 

naïve effect estimates (e.g. regression coefficients), it does not recapture lost study power, 

improve tests for statistical significance, and is impacted by error in the assessment of model 

covariates.

Regression calibration also relies on the assumptions that the error in the reference 

instrument is unbiased and contains only within-person error that is uncorrelated with errors 

in the primary instrument.9 Comparisons of self-report instruments with recovery 

biomarkers have demonstrated both intake-related and correlated person-specific biases 

violating both assumptions of a proper reference instrument.13,14 To the extent that 

measurement error in the 24-h dietary recall method is associated with error in the BMDCS 

FFQ, correlational analyses (i.e. intermethod reliability) and attenuation factors will have 

been overestimated and the true attenuation for estimated effects greater than that reported. 

Despite these limitations, regression calibration using the 24-h recall as the reference 

instrument is preferable to performing no adjustment, as improvements in parameter 

estimates have been shown for both univariate and multivariable methods.41 Nutrition 

professionals using the BMDCS calcium FFQ are therefore recommended to report the 

naïve estimates that assume no measurement error, as well as calibration corrected results 

when possible.

Strengths of this study include the rigorous methodology employed in the development of 

the FFQ, the large sample size for the intermethod reliability substudy, the dietitian 

administered 24-h dietary recalls, and the multiracial/ethnic composition of the substudies 

contributing to the generalizability of the results. There were also limitations. First, as 

previously discussed, correlations and attenuation factors for the BMDCS FFQ presented 

here may be overly optimistic relative to true usual calcium intake due to correlated errors in 

the primary and reference instruments. However, this limitation is common to all dietary 

intermethod reliability studies in which an unbiased measure of dietary intake is unavailable. 

Second, the study power to detect small and small-to-moderate mean differences between 

instruments was limited for the intermethod reliability and reproducibility substudies, 

respectively. Third, timing with respect to the administration of the FFQ and 24-h recalls 

may have modestly reduced correlations between measures since they did not assess dietary 

intake occurring over the exact same period of time. Fourth, we were unable to examine 

whether calcium intake from supplements had any material impact on measures of 

reproducibility and intermethod reliability. Fifth, Tanner staging was not calibrated across 

clinicians; however, Tanner stage had little impact on the regression calibration or health 

outcome models and any misclassification is therefore not expected to have materially 
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impacted the study findings. In addition, the BMDCS calcium FFQ was developed using 24-

h recalls collected during the third NHANES (1988–94) warranting examination of the 

generalizability of the tool for capturing contemporary food and beverage intakes. The food 

items included on the FFQ remained capable of capturing >90% of calcium intake among 

U.S. children ages 8–17 years based 24-h recall data collected during the 2005–2006 

NHANES (personal communication, NutritionQuest). Thus, similar performance of the 

instrument is expected for contemporary nutrition research studies.

CONCLUSION

The BMDCS calcium FFQ appears to provide a useful tool for assessing dietary calcium 

intake in children and adolescents. The ability to administer a single, short instrument with 

demonstrated performance across a wide age range and in racially/ethnically heterogeneous 

populations makes the instrument an appealing option for nutrition professionals. While 

meeting our a priori criterion for intermethod reliability in all racial/ethnic groups 

examined, the performance of the questionnaire was found to vary. Therefore, consideration 

with respect to potential racial/ethnic differences in measurement error bias needs to be 

given when analyzing and interpreting findings from naïve analyses based on this 

instrument. When possible, internal calibration studies should be conducted to facilitate the 

calculation of calibration corrected effect estimates. In the absence of an internal calibration 

study, nutrition professionals may also consider using the present findings to conduct 

external calibration sensitivity analyses to account for measurement error.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of participants in the Bone Mineral Density in Childhood Study (BMDCS) calcium food 

frequency questionnaire reproducibility and intermethod reliability substudies

Characteristic Reproducibility (n=69) substudy Intermethod reliability (n=393) substudy

 Age y, mean (SD) 14.5 (3.9) 13.1 (5.2)

 Males, n (%) 31 (44.9) 184 (46.8)

 Race/ethnicity, n (%)

  Asian 8 (11.6) 20 (5.1)

  Non-Hispanic black 10 (14.5) 81 (20.6)

  Hispanic 12 (17.4) 68 (17.3)

  Non-Hispanic white 36 (52.2) 194 (49.4)

  Other 3 (4.4) 30 (7.6)

 Height cm, mean (SD) 158.5 (17.8) 150.5 (22.3)

 Tanner stage, n (%)

  1 8 (11.6) 125 (31.8)

  2 4 (5.8) 12 (3.1)

  3 10 (14.5) 18 (4.6)

  4 12 (17.4) 38 (9.7)

  5 33 (47.8) 170 (43.3)

  Missing 2 (2.9) 30 (7.6)

Abbreviations: SD, standard deviation.

Note: Values may not sum to total due to missing data.
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