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Abstract 
 
This report presents national estimates of usual nutrient intake distributions from food and water for vitamin D, calcium, phosphorus, 
and magnesium and compares those estimates to the Dietary Reference Intakes published by the Institute of Medicine in 1997.  
Estimates are based on data from 8,437 individuals ages 1 year and over (excluding breast-fed children and pregnant or lactating 
females) and 327 pregnant females 19-50 years of age who completed a 24-hour dietary recall in What We Eat in America, the dietary 
interview component of the National Health and Nutrition Examination Survey, 2005-2006. Data include nutrient intake estimates 
from food (both naturally present and fortified) and water only and exclude nutrient intake estimates contributed by dietary 
supplements and medications or that obtained from sunlight. Statistics are reported for 22 gender/age/lifestage groups.  The nutrient 
values for this report are from two sources.  The vitamin D values are based on the Vitamin D Addendum to the USDA Food and 
Nutrient Database for Dietary Studies 3.0, and the values for the remaining nutrients are based on the USDA Food and Nutrient 
Database for Dietary Studies 3.0 (both derived from the USDA National Nutrient Database for Standard Reference).   
 
 
 
 
Acknowledgements 
 
The authors gratefully acknowledge the constructive contributions of the peer reviewers which included Regan Bailey, Office of 
Dietary Supplements, NIH, DHHS; Johanna Dwyer, Office of Dietary Supplements, NIH, DHHS; Susan Gebhardt, Nutrient Data 
Laboratory, ARS, USDA; Margaret McDowell, National Center for Health Statistics, CDC, DHHS; and Betty Perloff (retired), Food 
Surveys Research Group, ARS, USDA. 
 
 
 
 



 3

Methodology 
 
Dietary Reference Intakes 
 
The Food and Nutrition Board of the Institute of Medicine, the National Academies, established a set of reference values for 
nutrients called Dietary Reference Intakes (DRIs) for use in planning and assessing diets of apparently healthy people (1-7).  The 
DRIs used in this report are those appropriate for assessing intakes of population groups, and include Adequate Intakes (AI) for 
vitamin D and calcium, Estimated Average Requirements (EAR) for phosphorus and magnesium, and Tolerable Upper Intake 
Levels (UL) for vitamin D, calcium, and phosphorus.  The assessments presented in this report cover nutrient intakes from 
foods and water only and therefore, are not total nutrient intakes.  They do not contain intakes from dietary supplements or 
medications or estimates of vitamin D obtained from sunlight.  This report was provided to the Institute of Medicine Committee to 
Review Dietary Reference Intakes for Vitamin D and Calcium established in early 2009 to review the 1997 DRIs for vitamin D and 
calcium (8).  While this Committee is specifically reviewing vitamin D and calcium, data on phosphorus and magnesium are also 
included because of their key roles in bone health. 
 
 

Dietary Intake Data 
 
The statistics in this report are estimated from 24-hour dietary recall interviews conducted in the What We Eat in America (WWEIA), 
NHANES 2005-2006 (9).  Dietary recalls were conducted by trained interviewers using the U.S. Department of Agriculture (USDA) 
Automated Multiple Pass Method (10).  The day 1 recalls were conducted in-person in the NHANES Mobile Examination Center.  
The day 2 recalls were conducted by telephone approximately 3-10 days after the day 1 recall.  Food intake information was coded 
using the USDA Food and Nutrient Database for Dietary Studies 3.0 (FNDDS 3.0), and that database was used to produce nutrient 
intake values for calcium, phosphorus, and magnesium (11).  Since FNDDS 3.0 does not include values for vitamin D, a special 
vitamin D database (an addendum to FNDDS 3.0) was developed for estimating usual intakes of this vitamin from food (12).  All 
FNDDS 3.0 items used to code foods reported in WWEIA, NHANES 2005-2006 are included.  The values in this vitamin D database, 
and used in this report, represent the sum of both ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3) and were based on the 
USDA Nutrient Database for Standard Reference, Release 22 (13).  Another form of the vitamin, 25-hydroxycholecalciferol, which 
may be present in some foods, was not included in this addendum to FNDDS 3.0, or in Standard Reference, Release 22, because 
adequate data from validated methods were not available. 
 
Beginning with WWEIA, NHANES 2005-2006, consumption of plain drinking water was collected and reported with the 24-hour 
food recall data (9).  Nutrient database values used for this report include small amounts of calcium and magnesium in water 
estimated by national sampling (14), and these values are reflected in the intake estimates reported here. 
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Tables 
 
This report presents estimates of usual nutrient intakes (Tables 1-4), including the mean, standard error of the mean, and intakes at the 
5th, 10th, 25th, 50th, 75th, 90th, and 95 th  percentiles for gender/age/lifestage groups for which DRIs have been established:  children ages 
1-3 and 4-8 years, males and females ages 9-13, 14-18, 19-30, 31-50, 51-70, and 71 years and older, and pregnant females ages 19-50 
years.  Additionally, summary estimates are presented for males and for females 19-50 years, 19 and older, 51 and older, and for males 
and females 1 year and older.  Infants (<12 months of age) and lactating females were excluded from all tabulations because the 
sample sizes for both groups were not large enough for comparison to their unique DRIs.  Pregnant females were also excluded except 
where noted.  Breast-fed children were excluded because breast milk was not quantified in dietary recall interviews.  Percentile values 
and their standard errors are reported for each nutrient in Appendix A (Tables A1-A4).  Statistical guidelines for identifying 
potentially less reliable estimates as presented in the Third Report on Nutrition Monitoring in the United States, Volume 1 have been 
applied to Tables 1-4 and Tables A1-A4 (15).  The sample counts for all gender/age/lifestyle groups from WWEIA, NHANES 2005-
2006, including those not analyzed for this report as well as the proportion of the national population they represent, are provided in 
Appendix B. 
 

The data in Tables 1-4 include tabulations by the DRI reference values for each nutrient.  Tables 1 and 2 present usual intake 
estimates from food and water for vitamin D and calcium including percentile values and the percentages of individuals with intakes 
above the AI.  Mean usual intake greater than the AI implies a low prevalence of inadequate intakes, especially when the AI is 
based on the mean intake of a healthy group.  Tables 3 and 4 present usual intake estimates from food and water for phosphorus and 
magnesium including the percentile values and the percentages of individuals with intakes below the EAR. The EAR is the average 
daily nutrient intake level estimated to meet the requirement of half of the healthy individuals in a particular life stage and gender 
group.  It is used to estimate the prevalence of inadequate intakes in a population group.    
 
Estimates of the proportion of the population with usual intakes from food and water above the UL for vitamin D, calcium, and 
phosphorus are presented in their respective tables.  The UL is the highest average daily nutrient intake level that is likely to pose no 
risk of adverse health effects to almost all individuals in the general population.  As intake increases above the UL, the potential risk 
of adverse effects may increase.  For most nutrients, the UL is based on the contribution from food, dietary supplements, and water.  
However, the UL estimates in this report are based on intakes from food and water only.  Estimates for individuals exceeding the 
UL for magnesium were excluded because the UL applies only to intake from dietary supplements and medications, but not intake 
from food (1).  It is important to note that the proportions of the population with intakes greater than the ULs shown in Tables 1-3 
may be underestimated because they do not include nutrient intakes from dietary supplements and medications. 
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Usual Intake Determination 
 
Usual intake estimates included in this report are based on the recommendation of the Institute of Medicine regarding the need to 
determine the distributions of usual nutrient intakes for assessing diets of population groups in relation to the DRIs (7). Nutrient 
intakes for an individual vary from day-to-day.  This variation is referred to as within-individual variation.  To determine usual 
nutrient intake for an individual, a large number of days of intake data is typically needed.  It is seldom practical to collect long-term 
data for each person in a large group such as the sample from WWEIA, NHANES.  Therefore, a statistical modeling method that 
accounts for within-individual variation in nutrient intakes while requiring relatively few days of intake per sampled individual was 
needed. A statistical method developed by the National Cancer Institute (NCI) was used to produce the usual intake distributions for 
this report (16).  A brief description of the NCI method and its application for this report are provided in Appendix C.  
 



 6

Summarized Results 
 
The graph below summarizes results on intake estimates from food and water reported in WWEIA, NHANES 2005-2006 for vitamin 
D and calcium, respectively, for which AIs have been established (1).  The AI for a nutrient is the recommended average daily intake 
level that is assumed to be adequate.  It is important to note that, unlike an EAR, an AI cannot be used to estimate the prevalence of 
inadequacy in a population.  Further, the percentages of the population above the AI may underestimate the true percentage with 
adequate intakes due to additional intakes provided by supplements or medications.  Percentages with intakes above the AI varied by 
gender/age/lifestage groups as reported in Tables 1 and 2 and summarized below.   

• For both vitamin D and calcium, about one-third of individuals 1 year and over met their AI.  Females 14-50 years 
were even less likely than their male counterparts to exceed their AI.   

• For vitamin D, most individuals over 50 years regardless of gender did not meet their AI. 
 
 

 Usual Intakes from Food and Water 
Percentage of Americans Above Adequate Intakes 

 

. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
  

 Source: What We Eat in America, NHANES 2005-2006.  Excludes breast-fed children and lactating females. Pregnant females excluded except where noted. 
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The graph below summarizes results for adequacy of intake estimates reported in WWEIA, NHANES 2005-2006 for phosphorus and 
magnesium, respectively, nutrients for which EARs have been established (1).  The EAR is the average daily nutrient intake level 
estimated to meet the requirement of half of the healthy individuals in a particular gender/age/lifestage group.  It is used to estimate the 
prevalence of inadequate intakes in a population group.  Percentages with inadequate intakes vary by gender/age/lifestage group as 
reported in Tables 3 and 4 and summarized below.   

• With the exception of females 9-18 years of age, few individuals 1 year and over had inadequate intakes from food and 
water for phosphorus.  About one-third of those ages 9-13 and one-half of those ages 14-18 had inadequate intakes of 
phosphorus. 

• Overall, nearly one-half of all individuals 1 year and over had inadequate intakes of magnesium and the percentage of 
inadequacy was greater for some gender/age groups.  More than two-thirds of 14-18 year olds and adults 71 years and 
over had inadequate intakes.   

 
Usual Intakes from Food and Water 

Percentage of Americans Below Estimated Average Requirements 
 
 
 
 
 
 
.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Source: What We Eat in America, NHANES 2005-2006.  Excludes breast-fed children and lactating females. Pregnant females excluded except where noted. 
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Appendix C. Procedure for Usual Intake Estimation 
 
Overview of the General Method for Usual Intake Estimation 
 
The method used to estimate the usual nutrient intake distributions presented in this report was developed at NCI (17). The NCI method 
permits the estimation of nutrients consumed by nearly all persons on nearly every day. This is referred to as the amount-only method 
and is applicable to the nutrient analyses presented in this report. The NCI method also permits the more complex estimation of the 
usual intake of episodically consumed foods or nutrients which requires a two-part approach that both estimates the probability of 
consuming a food or nutrient and estimates the amount consumed on a day when the food or nutrient is consumed.  The software 
developed to implement the NCI method is in the form of SAS® macro programs (16). The subsequent discussion describes only the 
application of the amount-only aspect of the NCI method for usual intake estimation. 
 
 
The following is a general summary of the amount-only usual intake estimation method. 
 
1.  Preliminary data adjustments 

Preliminary data adjustments include shifting observed intake data by a small amount away from zero, incorporating survey weights, 
and correcting for the effect of the sample day (Day 1 versus Day 2) on the mean and the variance of the distribution of observed 
intakes. Adjustment may also be made for differences in diet due to non-person specific effects such as seasonality or weekend-
versus-weekday eating patterns. 

 
2.  Transformation to normality 

Observed intake data (whether adjusted or not) generally have nonnormal distributions. For certain nutrients skewness is quite 
extreme. Most statistical procedures rely on an assumption of normality. At this step the adjusted dietary intake data are transformed 
into normality by applying a Box-Cox power transformation. 

 
3.  Estimation of usual intake model parameters 

A measurement error model is used, under the assumption of normality, to obtain estimates for the components of within- and 
between-individual variances for the amount model from the transformed intake data. The variance components are used to estimate 
the distribution of usual intakes in the normal scale, which is assumed to exhibit only between-individual variation. This model is fit 
by the maximum likelihood method. The parameter for the Box-Cox transformation described in step 2 is also estimated at the same 
time as part of the maximum likelihood procedure. 
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4. Estimation of usual intake distribution for the population 
The model parameters estimated in step 3 are used to simulate an appropriate population. The within-person component of variance 
is not included because, by definition, it does not contribute to long-term, or usual intake. A back transformation into the original 
scale is also performed. The mean and percentiles are then estimated empirically from this simulated population. 

 

Sampling Weights 
 
The use of sampling weights is suggested when estimating usual intakes from WWEIA, NHANES 2005-2006 just as their use is 
suggested for other analyses of NHANES data (18).  As with other large-scale surveys with a complex sample design, sampling 
weights may compensate for variable probabilities of selection, differential nonresponse rates, and possible deficiencies in the sampling 
frame. The NCI method allows for the use of sampling weights in estimating usual intake statistics. It is required, however, that the 
sampling weights used by the SAS® implementation be integers whereas the sampling weights disseminated as part of the WWEIA, 
NHANES 2005-2006 release are not integers. For this project it was necessary to convert the original full-sample set of day 1 dietary 
sampling weights to integers. As the Balanced Repeated Replicate (BRR) method was used to estimate standard errors for the 
percentiles and percentages presented in this report it was also necessary to generate sets of integer BRR weights. For this analysis, 
sixteen sets of BRR weights were generated. These are Fay-adjusted BRR weights with a perturbation factor of 70%, that is, k = 0.3.  
 

Application of the NCI method 
 
The NCI method implementation is comprised of two SAS® macros (16). The first macro, %MIXTRAN, transforms the data and fits 
the model. The second macro, %DISTRIB, uses the parameters estimated by %MIXTRAN to estimate the usual intake statistics 
through simulation. %DISTRIB can also provide the estimated percentage of the population whose usual intake falls below a given 
value. This feature provides the estimated percentages below EARs or above AIs and ULs. 
 
%MIXTRAN permits the use of covariates in the model fitting procedure. All of the calls to %MIXTRAN included two covariates: 1) a 
variable indicating the sequence of an individual’s intakes, that is, day 1 vs. day 2 and 2) a variable differentiating between weekday 
(M-Th) and weekend (F-Su) intakes. In addition, variables identifying gender/age groups were used when the estimation was of a broad 
age group such as males 19+ or all individuals 1+ years of age. 
 
Standard errors of the estimated usual intake statistics were estimated with the BRR method. The actual estimates were produced by 
using the integerized full-sample weights. The estimations were then repeated sixteen additional times using the BRR weights as 
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described above. The results were used to generate estimated standard errors as the square root of:   c
g

G

g( $ $)
=
∑ −

1

2θ θ  where $θ  is the full-

sample statistic, $θg  is the statistic from the gth replicate, G is the number of replicates, k is the Fay adjustment factor, and 

c G k= −1 1 2( ) .   As there are G = 16 replicates and k = 0.3, c = 0.127551. 

 
Computer and Programming Environment 
 
All programs were run on personal computers running Windows XP. SAS® version 9.2 was used in making use of the NCI SAS® 
macros and for other SAS® programming.  The sampling weights were calibrated and replicate weights were generated using WesVar® 
version 5.1. 
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Appendix D.  Table Notes 
 

#   The vitamin D intake estimates in this report reflect the sum of ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3) content 
of foods reported by survey participants.  The contribution of another form of vitamin D, 25-hydroxycholecalciferol, which may be 
present in certain foods, was not included because adequate data from validated methods for this form of vitamin D were not 
available (13).  Caution is advised when comparing the intake estimates in this report to earlier estimates.  Numerous factors 
including changes in the food supply and improvements in dietary interview, food composition analysis, and food sampling 
methodologies have occurred. 

 
†    Daily mean and standard error of the mean for nutrients are estimated directly from day 1 intake data and do not reflect the NCI  

usual intake estimation approach used to estimate the distribution statistics.  The conventional mean estimates are provided to be 
comparable to other tables produced by the Food Surveys Research Group.  While the NCI method and the conventional method are 
both estimating the mean, the actual results may differ slightly. 

 
**  Percentile of usual intake as well as the estimates of percentages less than or greater than the DRI and the standard error of the 

percentage are the direct result of an estimation of the usual nutrient intake distribution for that specific gender/age/lifestage group.  
Exceptions were necessary for composite groups where the DRI value differs across the component groups including 19 and over, 
51 and over, and 71 and over for males and for females, 19-50 pregnant females, and for males and females 1 and over.  For these 
composite groups, the estimated percentage less than or greater than the DRI value was computed as an average of the percentages 
for the gender/age/lifestage subgroups comprising the composite group weighted proportionally by population size.  Because a 
single DRI value for these composite groups does not exist, a hyphen is displayed. 

 
<3  Percentages less than 3 percent are represented by <3.  Standard errors are not displayed in these cases. 
 
*    Indicates an estimate that may be less statistically reliable than estimates that are not flagged. The rules for flagging estimated  
      means, percentages, and percentiles are as follows:  
 
 Means  An estimated mean is flagged when it is based on a sample size of less than 30 times the variance inflation factor 
 (VIF) or when the relative standard error is greater than 30 percent.  The VIF used in this report is 2.51.  No such estimates are 
 flagged in this report. 
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 Percentages An estimated percentage that falls above 25 percent and below 75 percent is flagged following the same rule as 
 estimated means. Also, an estimated percentage of 25 percent or lower or 75 percent or higher is flagged when the smaller of np 
 and n(1-p) is less than 8 times the VIF, where n is the sample size and p is the percentage expressed as a fraction. In this report, 
 estimated percentages between 0 and 3% are displayed as <3 and the flagging rule is not applied to these estimates. 
 
 Percentiles Estimated percentiles are flagged following the sample size rules that direct flagging for percentages. Thus, 
 values at the 5th or 95th percentiles are flagged when the sample size is less than 8 times the VIF (20.08) divided by 0.05 or 402.  
 In this report, the 5th and 95th percentile estimates are flagged for three groups: males ages 71 years and over, females ages 71 
 years and over, and pregnant females ages 19-50 years. 
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