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Abstract
Easily utilized questionnaires estimating dietary calcium intake would be a valuable asset to
promoting skeletal health and a helpful research tool. Two calcium questionnaires, one online and
one printed, were each compared to dietary calcium intake measured by a three-day diet record.
Women completed the questionnaires in a randomized order and kept a 3-day food record at home,
returning it by mail. The ethnicity of the 140 study participants was 102 Caucasian, 12 African
American, 16 Asian, and 10 Latin women. The average age was 49 ± 15 years (mean ± SD) with a
range of 22.7 to 89.9 years. Measures utilized included an online calcium quiz, a printed calcium
food frequency questionnaire and one three-day diet record. Data analysis was conducted using
Pearson correlation coefficients. Sub-analyses were conducted by ethnicity. The correlation between
each questionnaire and the daily calcium intake from the diet records was 0.37, p<0.001. Among the
ethnic subgroups, the correlations were highest for African American women, followed by Caucasian
women. There was also a trend toward higher correlations in younger women. These simple calcium
assessment tools, taking less than five minutes to complete, have correlation values with diet records
similar to more complex food frequency questionnaires reported in the literature. These
questionnaires may provide valuable tools to estimate calcium intake in research, clinical and
community settings.
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Introduction
Adequate calcium intake remains the cornerstone of nutritional advice to maximize skeletal
health. Increased calcium intake from dietary sources or supplements has been shown to
improve measures of skeletal health in adolescents, adults and older individuals [1–4]. Despite
the benefit of adequate calcium intake, dietary intake of calcium remains suboptimal, as
demonstrated in the National Health and Nutrition Examination Survey (NHANES) [5;6].
Adolescents continue to consume only 938 mg/day of calcium compared to the recommended
1300 mg/day and individuals over 60 years of age fare even worse, consuming only 721 mg/
day of calcium compared to the recommended 1200 mg/day [5].

While there are validated calcium questionnaires available for research and clinical use [7–
14], there are no widely available, validated calcium assessment tools specifically designed
for the lay public to self-administer. Easy-to-use educational interventions promoting adequate
calcium intake would be a valuable asset for optimizing skeletal health as well as reducing risk
of chronic diseases such as hypertension and colon cancer.

This project was undertaken to validate two publicly available calcium intake questionnaires
against a three-day food record.

Methods
Food Frequency Questionnaires

The two food frequency questionnaires used in this study were an online food frequency
questionnaire available at http://www.blindedwebsite and a written calcium food frequency
questionnaire in a lay educational brochure [15].

The questionnaire in the publication was developed by registered dietitians at blinded
organization and asks participants to consider the food items and beverages they consumed the
previous day. The questionnaire provides a list of calcium-containing foods divided into those
containing “high” and “medium” amounts of calcium. For assessing calcium intake, the
questionnaire instructs participants that three medium-calcium food servings equal one high-
calcium food serving. Participants then add up their total number of calcium servings and
compare that total to the number of calcium servings that are recommended each day.

The online calcium quiz also asks participants to recall the foods and beverages consumed the
previous day. The quiz lists 34 calcium-containing foods, along with a serving size. The
participant enters how many servings of each listed food he or she consumed the previous day
into a fill-in box. By clicking a button labeled “check my calcium intake” at the bottom of the
questionnaire, the participant receives his or her total calcium intake for that day and the
recommended intake for his or her age and gender. The main differences between the two
questionnaires are the route of administration, the inclusion of a calcium-fortified foods section
on the online questionnaire, and that the online questionnaire does not require any calculations
by the participant. The study was reviewed and approved by the UCSF Committee on Human
Research (IRB). All participants provided informed consent. The trial was registered at
www.clinicaltrials.gov (NCT00512733).

Subjects
Participants were ambulatory, community-dwelling women over the age of 18 with self-
reported good health recruited through advertisements and direct mailings. Participants were
screened through an initial telephone call for inclusion and exclusion criteria and given a
complete description of the study on the telephone. To maximize generalizability of the results,
exclusion criteria were minimal, excluding individuals with health conditions that limited food
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selection, those unable to keep a diet record or those unable to understand and provide informed
consent.

Procedures
Women who passed screening and were interested in participating were invited to attend a
single study visit. Informed consent was obtained and participants then completed the
questionnaires of interest. The order of questionnaire administration was randomized for each
participant. Participants were provided with the written questionnaire in the booklet and a
laptop set to the calcium quiz webpage to complete the online questionnaire. The research
dietitian was available for questions; however, participants were encouraged to primarily
utilize the instructions accompanying each questionnaire in order to approximate a self-
administration setting as much as possible.

Following the completion of the questionnaire, a registered dietitian taught the participant how
to keep a three-day food record. Each participant kept the food record for two weekdays and
one weekend day of her choice. The dietitian instructed each subject to record her intake of all
foods and beverages from all meals and snacks for these three days. The subject was instructed
to use measuring cups or measuring spoons to assess the portion size of each bulk item and to
record other foods in common terms such as number of eggs or slices of bread. Plastic food
models and handouts were used to educate the subject on portion sizes. Written instructions
were provided to the subjects, including guidelines for carefully describing food, methods of
preparation, portion estimation and listing brand names whenever possible. All supplies needed
by the subject to complete the dietary record were provided. Each participant was also provided
with a stamped, addressed envelope to return the food record by mail.

Immediately upon receipt, the food diaries were examined for completeness and legibility. Any
missing or unclear items were corrected by telephoning the participant. Food records were
entered into Food Processor Plus software (ESHA Research, Salem, OR) to determine nutrient
content. Nutrient content of any food items recorded by participants that were not in the
software’s database was determined by examination of labels, contact with food manufacturers,
search of the USDA nutrient database, or estimation from ingredient content by a dietitian.

Calcium intake from the questionnaires was calculated using the built-in calculator on the
webpage for the online questionnaire and calculated by hand following the instructions in the
booklet as described above.

Data Analysis
The mean calcium intake as assessed by each questionnaire was compared to the mean intake
determined by the food record using two tailed t-tests. Pearson’s correlation was used to
determine the correlation coefficient for each type of questionnaire and the food record. Bland-
Altman plots, a graphical technique used to compare two methods of quantifying the same
variable—in this case dietary calcium intake—were constructed. For each participant, the
difference in dietary calcium intake as assessed by the two measurement methods was plotted
against the dietary calcium intake from the two methods averaged together. All analyses were
conducted using STATA (version 8.2, StataCorp LP, College Station, TX).

Results
In all, 209 women passed telephone screening and were scheduled for participation. Out of
that number, 164 women completed the study visit, completed both questionnaires and were
provided materials for the three-day food record to be completed at home. Five women reported
sending in a food record, but no record was received. An additional 19 women did not return
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a three-day food record. Thus, complete data (two calcium questionnaires and three days of
food records) were available for 140 women.

The ethnicity distribution among the 140 study participants was 102 Caucasian, 12 African
American, 16 Asian, and 10 Latin women. The average age was 49 ± 15 years (mean ± SD)
with a range of 22.7 to 89.9 years.

The average daily calcium intake was 834.4 ± 554.1 mg/d for the online calcium quiz, 719.5
± 521.9 mg/d for the printed questionnaire and 901.8 ± 355.9 mg/d for the food record. Mean
calcium intake did not differ significantly between the online quiz and the food record.
However, mean calcium intake as assessed by the printed questionnaire was significantly lower
than that of the food record (p<0.001).

There was a significant correlation between each questionnaire and the three-day food record.
The correlation coefficient was r=0.37, p<0.001 for each questionnaire, compared with the
three-day calcium intake average from the food record (Figure 1).

The Bland-Altman comparisons demonstrated that the printed questionnaire had a systematic
bias and underestimated dietary calcium intake by 182 mg/day (95% CI−268 to −97mg/d). The
online calcium quiz did not demonstrate a systematic bias, with calcium intake estimated by
the quiz slightly lower than the food record with a confidence interval that included zero (−67
mg/day [95% CI −157 to +22 mg/day]). For both questionnaires, the Bland-Altman plots
demonstrate that at the higher average intakes, the difference between the calcium intake
estimated by the questionnaires and the calcium intake from the food records is higher than at
average or even low intakes. The correlations between the difference between the two methods
and the average calcium intake were significant with r=0.39, p<0.001 for the calcium booklet
and r=0.44, p<0.01 for the calcium quiz (Figure 2).

SUMMARY AND CONCLUSIONS
The two calcium questionnaires estimated dietary calcium intake reasonably well, with
correlations to the three-day food records that are similar to the ranges of correlations seen in
previous studies of limited-item calcium food frequency questionnaires [7–14;16]. The average
calcium intake assessed by each questionnaire was similar to both the food records obtained
as part of the study and to that seen in population-based data [6].

Calcium intake on both questionnaires was somewhat lower than that measured by the food
record. The questionnaires intentionally contain a limited number of food items to enable their
quick completion. The food records are much more extensive, recording all the foods eaten
during the recording period. Thus, it is not surprising that calcium intakes are lower on the
questionnaires than on the food records. Despite this, the online calcium quiz did not show a
systematic bias when compared to the food records, with an average difference in calcium
intake of less than 70 mg/day that was not significantly different. The calcium booklet
questionnaire did show a degree of systematic bias, underestimating calcium intake by about
190 mg/day on average. However, this degree of underestimation is relatively small, amounting
to less than one serving of calcium-rich food. The calcium booklet questionnaire focuses on
servings of foods categorized as “high” and “medium” calcium-containing foods, estimating
that three servings of medium-calcium foods will approximately equal one high-calcium food.
This ratio may be altered, depending on portion sizes that are not assessed by the questionnaire,
but would be captured on the food record.

The difference between each questionnaire and the food record increased with increasing
calcium intake. In particular, the questionnaires tended to overestimate dietary calcium intake
compared to the food records when intakes exceeded approximately 1500 mg/day. This may
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reflect a lack of portion-size assessment by the questionnaires and greater underestimation of
calcium intake among those consuming larger portions. However, the primary goal of these
questionnaires is to help consumers assess whether they are consuming sufficient calcium.
While it would be preferable for the questionnaires to perform equally well at all intakes,
accuracy is of particular importance at the range of typical as well as goal intakes in the
population, both of which are below 1500 mg/day.

Limitations of this study include that the two questionnaires were administered on the same
day for logistical reasons. We attempted to minimize the impact of this by randomizing the
order in which they were administered for each subject. There are also potential limitations
related to using a food record as the comparison method. Participants knew they were in a study
looking at dietary calcium questionnaires and so may have been more aware of calcium-
containing foods during their food record collection. Simply recording dietary intake may have
altered a participant’s typical intake. In addition, both questionnaires ask the respondent to fill
out the questionnaire according to what she ate the day before. While this approach has the
strength of assessing specific intakes in a timeframe that was easily recalled for the participants,
the previous day may not have reflected their habitual intake, thus reducing the likelihood that
the day recorded by the questionnaire would be similar to the days captured on the food record.
The issue of assessing “yesterday’s intake” vs. typical intake” on the questionnaires was
debated when designing the validation study. The questionnaires had been developed asking
about the previous day’s intake, with the rationale that the previous day’s meals would be easy
for the respondents to remember accurately. When we undertook the validation study, we were
concerned that having the participant complete the questionnaire and do a food record of the
same day would result in an extremely high, somewhat artifactual, correlation as they would
be recounting the same day’s foods twice in short succession. This did not seem like it would
be a credible way to validate the questionnaires. On the flip side, using a more conventional
approach of comparing the questionnaire to a three day food record has the limitation that the
previous day’s intake may not be reflective of typical intake. We tried to minimize this
limitation by having subjects complete the three day diet record within the week of the
questionnaire to limit seasonal and travel variations. However, it is quite possible that for some
subjects, the previous day was not reflective of their typical intake. This could have diminished
the correlation between the questionnaires and the diet record.

Supplement use was not included in the calcium intake totaled from either the calcium food
frequency questionnaires or in the three day diet records. We were primarily interested in how
well these questionnaires would assess dietary calcium intake. Adding intake from supplements
would increase the calcium intake on both the questionnaire and the food record by the same
amount, thus not altering the correlation between the two. However, in terms of using these
questionnaires as educational tools, adding supplement intake to the dietary intake to provide
a total intake would be helpful information for respondents. We will provide feedback to the
questionnaire developers for them to consider adding supplement intake to the total calcium
assessment.

In conclusion, the two questionnaires performed reasonably well and appear to be quite suitable
for screening for insufficient dietary calcium intake. They are considerably shorter than other
calcium questionnaires that have shown a higher correlation with food records. Uniquely, these
two questionnaires were designed specifically for layperson use. Both are quite simple to
understand and complete. In our study, participants were able to quickly complete both
questionnaires using only the short accompanying directions. Additionally, the online
questionnaire is readily available to anyone with Internet access and performs all calculations
for the participant. These short questionnaires with good correlations to calcium intake
estimates from food records are valuable tools for the layperson to assess his or her own calcium
intake. Web analytics indicate that some consumers complete the quiz two or more times in
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the same visit to identify how changes in food choices affect their calcium intake providing
dietary assessment and education. The questionnaires also may be helpful screening techniques
for health care professionals assessing patients for dietary calcium insufficiency.
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Figure 1.
Correlations between each food frequency questionnaire and the three-day diet

Andrea et al. Page 7

J Am Diet Assoc. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Bland-Altman plots of each questionnaire compared to the three-day food record.
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