1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Clin Nutr. Author manuscript; available in PMC 2020 June 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Clin Nutr. 2019 July 01; 110(1): 150-157. doi:10.1093/ajcn/nqz037.

Vitamin D status in the United States, 2011-2014

Kirsten A Herrickl, Renee J Storandtl, Joseph Afful?, Christine M Pfeiffer3, Rosemary L
Schleicher3, Jaime J Gahche?, Nancy Potischman?

INational Center for Health Statistics, Centers for Disease Control and Prevention, Hyattsville,
MD;

2Peraton Corporation, Herndon, VA,

3National Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta,
GA;

40ffice of Dietary Supplements, National Institutes of Health, Bethesda, MD

Abstract

Background: Vitamin D is important for bone health; in 2014 it was the fifth most commonly
ordered laboratory test among Medicare Part B payments.

Objectives: The aim of this study was to describe vitamin D status in the US population in
2011-2014 and trends from 2003 to 2014.

Methods: We used serum 25-hydroxyvitamin D data from NHANES 2011-2014 (n7 = 16,180),
and estimated the prevalence at risk of deficiency (<30 nmol/L) or prevalence at risk of inadequacy
(30-49 nmol/L) by age, sex, race and Hispanic origin, and dietary intake of vitamin D. We also
present trends between 2003 and 2014.

Results: In 2011-2014, the percentage aged =1y at risk of vitamin D deficiency or inadequacy
was 5.0% (95% CI: 4.1%, 6.2%) and 18.3% (95% CI: 16.2%, 20.6%). The prevalence of at risk of
deficiency was lowest among children aged 1-5 y (0.5%; 95% ClI: 0.3%, 1.1%), peaked among
adults aged 20-39 y (7.6%; 95% CI: 6.0%, 9.6%), and fell to 2.9% (95% ClI: 2.0%, 4.0%) among
adults aged =60 y; the prevalence of at risk of inadequacy was similar. The prevalence of at risk of
deficiency was higher among non-Hispanic black (17.5%; 95% ClI: 15.2%, 20.0%) than among
non-Hispanic Asian (7.6%; 95% CI: 5.9%, 9.9%), non-Hispanic white (2.1%; 95% CI: 1.5%,
2.7%), and Hispanic (5.9%; 95% CI: 4.4%, 7.8%) persons; the prevalence of at risk of inadequacy
was similar. Persons with higher vitamin D dietary intake or who used supplements had lower
prevalences of at risk of deficiency or inadequacy. From 2003 to 2014 there was no change in the
risk of vitamin D deficiency; the risk of inadequacy declined from 21.0% (95% ClI: 17.9%, 24.5%)
t0 17.7% (95% Cl: 16.0%, 19.7%).
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Supplemental Figures 1 and 2 are available from the “Supplementary data” link in the online posting of the article and from the same
link in the online table of contents at https://academic.oup.com/ajcn/.
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Conclusion: The prevalence of at risk of vitamin D deficiency in the United States remained
stable from 2003 to 2014, at risk of inadequacy declined. Differences in vitamin D status by race
and Hispanic origin warrant additional investigation.
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Introduction

In 2014, vitamin D3 concentration [serum 25-hydroxycholecalciferol, 25(OH)D3] was the
fifth most common laboratory test ordered among Medicare Part B payments, accounting for
$323 million (1). Although the utility of screening in the primary care setting has been
questioned (2), population-based nutritional surveillance can be used to describe the diet-
disease relations, develop hypotheses for future research (3), and monitor the impact of
food-fortification policies (4).

Adequate concentrations of vitamin D are necessary for bone health, immune function, and
other health outcomes (5). Dietary sources of vitamin D include fatty fish, fortified foods,
such as milk with vitamin D added, and dietary supplements. In addition to obtaining
vitamin D from food sources, vitamin D is also made in the body when ultraviolet B rays
from sunlight are absorbed by 7-dehydrocholesterol in the skin, which initiates synthesis of
vitamin D in the body. Factors that can modify vitamin D synthesis in the body include:
season of the year, time of day, length of day, cloud cover, smog, skin pigmentation, and use
of sunscreen (6, 7). Vitamin D status is assessed by measuring circulating serum 25-
hydroxyvitamin D [25(OH)D] both in clinical settings and from surveillance of the
population because 25(OH)D takes into account vitamin D intake (food, beverages, and
dietary supplements) and synthesis via the skin. Serum 25(OH)D concentrations are
measured in HANES.

Low concentrations of serum 25(OH)D (<30 nmol/L) are associated with clinical pathology,
such as rickets and osteomalacia. Higher concentrations of serum 25(OH)D above the
deficiency range, yet not sufficient, carry a risk of inadequacy, as they are associated with
bone mineral depletion and fractures. Above sufficiency, chronic high concentrations of
25(0OH)D (>125 nmol/L) that extend beyond seasonal variation are concerning because they
carry no additional health benefits, but have the potential for adverse consequences (8).

This report provides the most recent estimates for the US population of the prevalence of at
risk of deficiency or inadequacy of vitamin D by sex, age, race and Hispanic origin, and by
intake of vitamin D from food and beverages, and supplement use. For the first time, we
present estimates for non-Hispanic Asian individuals. We also present trends from 2003 to
2004 through 2013 to 2014.
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Methods

Study design

NHANES is a complex, stratified, multistage probability sample of the US
noninstitutionalized population, conducted by the National Center of Health Statistics. Since
1999, NHANES has continuously collected and publicly released data in 2-y cycles.
Participants receive a detailed in-home interview, followed by a physical examination, which
includes the collection of a blood sample. Participants aged =18 y provide consent; children
and adolescents aged 7-17 y provide documented assent, and parental permission is
obtained for those aged <18 y. Non-Hispanic Asian, non-Hispanic black, and Hispanic
individuals were oversampled for the 2011-2014 survey years to obtain reliable estimates
for these population subgroups (9). The National Center of Health Statistics Research Ethics
Review Board approved the NHANES protocol.

Trend analysis for those 21 y started in 2003-2004, the first survey cycle in which NHANES
measured 25(OH)D in participants in this age group; however, serum 25(0H)D
measurement values are available for participants aged =12 y beginning with NHANES 111
(1988-1994) (10). The unweighted examination response rates for all participants were
76%, 77%, 75%, 77%, 70%, and 69% for the 2003-2004, 2005-2006, 2007-2008, 2009—
2010, 2011-2012, and 2013-2014 survey cycles, respectively (11).

Laboratory measurement of 25(OH)D

From 2000 to 2006, serum total 25(OH)D was measured by radioimmunoassay (RIA;
DiaSorin) (12). Beginning in 2007-2008, and through 2013-2014, a fully validated
standardized liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was
used to measure 25(0OH)D3, 25-hydroxyvitamin Dy [25(0OH)D5], and the C3 epimer of
25(0OH)D5 for all eligible participants. For the LC-MS/MS method, total 25(OH)D was
defined as the sum of 25(OH)D3 and 25(0OH)D,, excluding the C3 epimer of 25(OH)D3. For
the correct interpretation of trends, the NHANES 2003-2006 vitamin D data have been
converted, using regression, to equivalent 25(OH)D measurements from the standardized
(LC-MS/MS) method. Detailed information on the conversion of RIA data to LC-MS/MS-
equivalent data and the Vitamin D Standardization Program can be found elsewhere (13-15).

Cut-points for 25(OH)D (primary outcome variables)

The National Academy of Medicine-recommended cut-points for vitamin D status using
serum 25(0OH)D were used for these analyses (8). These cutoffs are: at risk of deficiency
[serum 25(OH)D <30 nmol/L (<12 ng/mL)], at risk of inadequacy [serum 25(OH)D 30-49
nmol/L (12-19 ng/mL)], sufficiency [serum 25(OH)D 50-125 nmol/L (20-50 ng/mL)], and
concentrations of possible concern [serum 25(OH)D >125 nmol/L (>50 ng/mL)] (8).

Vitamin D from foods and beverages

Trained interviewers, who used a computer-assisted dietary interview system that included a
multiple-pass format with standardized probes (16), collected type and quantity of all food
and beverages consumed in the 24 h previous to the physical examination at the Mobile
Exam Center (MEC) (specifically from midnight to midnight). Although a second 24-h
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dietary interview was collected by telephone 3-10 d later, only the first recall was used in
the current analysis and results refer to intake “on a given day.” Random errors and day-to-
day variation associated with 24-h recalls will cancel out if the data are collected evenly
across days of the week and seasons of the year as is done in NHANES; therefore a single
24-h recall is representative of mean population intake (17).

Proxies, generally a parent, provided dietary recalls for children 1-5 y, and assisted children
aged 6-11y; study participants =12 y self-reported their dietary interview. Dietary
interviews were marked unreliable if they were incomplete (i.e., all 5 steps in the multiple
pass were not finished) or if they included an eating occasion with missing information
about the type and quantity of foods consumed (16, 18). We only used records deemed
reliable in the current analysis (98%).

The USDA'’s Food and Nutrient Database for Dietary Studies (19, 20) was used to code
dietary intake data and calculate vitamin D intakes from all of the foods and beverages
participants reported consuming. Vitamin D first appeared in the Food and Nutrient
Database for Dietary Studies in the 2007-2008 NHANES survey cycle.

Vitamin D from dietary supplements

As part of the in-home interview, NHANES participants are asked to provide information on
the frequency, duration, and amount of dietary supplements used in the past 30 d (21, 22).
Interviewers also examined each dietary supplement container and recorded the complete
product information so that each reported dietary supplement could be matched or entered
into the NHANES Dietary Supplement Database. For the current analysis, dietary
supplement use was defined as reporting the consumption of =1 dietary supplement
containing vitamin D in the past 30 d.

Statistical analysis

We present overall population estimates for the prevalence of vitamin D sufficiency and the
prevalence of concentrations of concern. The prevalence of at risk of deficiency or at risk of
inadequacy are presented by gender (male, female), age (1-5, 6-11, 12-19, 20-39, 40-59,
>60 y), race and Hispanic origin (non-Hispanic white, non-Hispanic black, non-Hispanic
Asian, and Hispanic), tertiles of vitamin D intake from foods and beverages (0-2.0, 2.1-5.1,
>5.0 1), and use of a dietary supplement containing vitamin D (no, yes). Race-and Hispanic
origin-specific estimates reflect persons reporting only 1 race; those reporting >1 race are
included in the total but are not reported separately.

For practical reasons, NHANES collects data in the south during the winter months
(November—March) and in the north during the summer months (April-October). Since
vitamin D is produced in the skin by sunlight exposure, it can also vary by season.
Consequently, we used logistic regression to estimate predicted marginals, adjusted for
season to control for differences in the time of year when blood was drawn. Estimates were
also adjusted for age. Examination sample weights, which account for the differential
probabilities of selection, nonresponse, and poststratification, were incorporated into the
estimation process except when the association of dietary sources of vitamin D and serum
25(0OH)D were explored. For these analyses, dietary weights, which account for additional
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nonresponse and differential allocation by weekdays, were used. All variance estimates
accounted for the complex survey design by using Taylor series linearization. Statistical
hypotheses were tested by using logistic regression at an a level of 0.002, after applying a
Bonferroni correction for 30 tests, driven by the number of pairwise tests performed to
assess differences by race and Hispanic origin over 3 levels of dietary intake from food and
beverages, and 2 categories of use of a dietary supplement containing vitamin D. All
comparisons are significant at £< 0.002 unless otherwise noted. Data from NHANES 2011-
2014 were used to test for differences between subgroups. In testing for trends in vitamin D
status, orthogonal contrasts were used with the six 2-y cycles. Data analyses were conducted
with SAS System for Windows version 9.4 (SAS Institute Inc.) and SUDAAN version 11.0
(RTI International).

In NHANES 2011-2014, 18,378 participants aged =1 y were interviewed. Of these, 16,180
had their 25(OH)D evaluated and were included in the current analysis (Supplemental
Figure 1). For the trend analysis, using data from NHANES 2003-2014, 56,139 participants
aged =1 y were interviewed and 48,430 had 25(OH)D measured (Supplemental Figure 2).

In 2011-2014, nearly three-quarters (73.0%; 95% CI: 70.2%, 75.6%) of the population aged
=1y had a serum 25(OH)D value considered sufficient (data not shown). Almost one-fifth
(18.3%; 95% CI: 16.2%, 20.6%) of the population had serum 25(OH)D values categorized
as at risk of inadequacy (Table 1). The prevalence of at risk of deficiency was 5.0% (95%
Cl: 4.1%, 6.2%). A high serum 25(OH)D value, associated with concentrations of concern,
was observed in 3.7% (95% CI: 3.1%,4.4%) of persons aged =1 y (data not shown).

The age- and season-adjusted prevalence of at risk of deficiency was lower for males (4.4%;
95% CI: 3.5%, 5.5%) than for females (5.7%; 95% CI: 4.5%, 7.0%; P = 0.005); however,
after Bonferroni adjustment this difference was no longer statistically significant. There was
no significant difference by sex in the risk of vitamin D inadequacy (males: 18.7%; 95% CI:
16.3%, 21.4% and females: 17.8%; 95% ClI: 15.8%, 20.1%). Both the prevalence of at risk
of deficiency and at risk of inadequacy by age followed a quadratic trend. The season-
adjusted percentage of at risk of deficiency was 0.5% (95% CI: 0.3%, 1.1%) among children
1-5vy, 7.6% (95% ClI: 6.0%, 9.6%) among adults aged 20-39 y, and 2.9% (95% CI: 2.0%,
4.0%) among adults age =60 y. The equivalent season-adjusted percentages of persons at
risk of vitamin D inadequacy were 6.6% (95% CI: 5.2%, 8.3%), 23.8% (95% CI: 20.9%,
27.0%), and 12.3% (95% CI: 10.7%, 14.1%).

Non-Hispanic white persons had a significantly lower (2.1%; 95% CI: 1.5%, 2.7%) age- and
season-adjusted percentage of at risk of deficiency than non-Hispanic black (17.5%; 95%
Cl: 15.2%, 20.0%), non-Hispanic Asian (7.6%; 95% ClI: 5.9%, 9.9%), and Hispanic (5.9%;
95% CI: 4.4%, 7.8%) persons. Non-Hispanic black persons also had a significantly higher
prevalence of at risk of deficiency than non-Hispanic Asian and Hispanic persons. We
observed a similar pattern by race and Hispanic origin in the age- and season-adjusted
prevalence of at risk of inadequacy, i.e., non-Hispanic white, 11.8% (95% CI: 10.0%,
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13.8%); non-Hispanic black, 35.8% (95% CI: 33.3%, 38.5%); non-Hispanic Asian, 29.1%
(95% Cl: 26.4%, 32.0%); and Hispanic, 26.3% (95% CI: 23.0%, 29.8%).

The median intake of vitamin D from food and beverage sources was 3.5 g (95% CI: 3.4
14, 3.6 g); the mean intake was 4.9 g (95% CI: 4.8 19, 5.1 1g) (data not shown). A
significant linear decrease was observed in the prevalence of at risk of deficiency as vitamin
D intake from food and beverage sources increased, as measured in tertiles of intake: 7.1%
(95% CI: 5.7%,8.9%), 4.7% (95% ClI: 3.4%, 6.5%), and 2.6% (95% CI: 2.0%, 3.4%) for O—
2.0, 2.1-5.1, and >5.1 1g (Table 1) (P< 0.002). A similar decrease was observed in the
prevalence of at risk of inadequacy with increasing tertiles of vitamin D intake from foods
and beverages (£ < 0.002).

Overall, 37.4% (95% ClI: 35.6%, 39.3%) of the population reported taking a dietary
supplement that contained vitamin D (data not shown). Dietary supplement use varied by
race and Hispanic origin: use was higher among non-Hispanic white (43.7%; 95% ClI:
41.6%, 46.0%) and non-Hispanic Asian individuals (41.2%; 95% CI: 37.2%, 45.4%) than
among non-Hispanic black (24.8%; 95% CI: 23.0%, 26.8%) and Hispanic individuals
(22.0%; 95% CI: 19.8%, 24.3%) (P < 0.002) (data not shown). The prevalence of at risk of
deficiency was lower for those who reported the use of >1 dietary supplement containing
vitamin D: 6.9% (95% CI: 5.6%, 8.5%) compared with 1.1% (95% CI: 0.8%, 1.6%), (P<
0.002). The prevalence of at risk of inadequacy was also lower for those reporting the use of
a dietary supplement containing vitamin D.

Table 2 presents the prevalence of at risk of deficiency or at risk of inadequacy by race and
Hispanic origin, and by dietary sources of vitamin D. For all race and Hispanic-origin
groups, except non-Hispanic white individuals, as vitamin D intake from foods and
beverages increased, the prevalence of at risk of deficiency risk decreased linearly. For
example, among the non-Hispanic black subgroup, the age- and season-adjusted prevalence
of vitamin D deficiency decreased from 21.4% (95% CI: 18.1%, 25.2%) to 15.1% (95% ClI:
12.1%, 18.6%) to 10.5% (95% ClI: 8.0%, 13.8%), as the intake of vitamin D from foods and
beverages increased from 0-2.0 to 2.1-5.1 to >5.1 /9.

Within the lowest tertile of vitamin D dietary intake, differences by race and Hispanic origin
were identical to the pattern observed in the total population. At higher intakes of vitamin D
from foods and beverages, the magnitude of difference between race and Hispanic-origin
groups decreased and differences between some race and Hispanic-origin groups were no
longer significant. For example, with intakes of vitamin D from foods and beverages >5.1
44, non-Hispanic black (10.5%; 95% CI: 8.0%, 13.8%) individuals had a significantly
higher age- and season-adjusted percentage at risk of deficiency than all other race and
Hispanic-origin groups, and no other differences by race and Hispanic origin were observed
[non-Hispanic white, 1.0% (95% CI: 0.6%, 1.9%); non-Hispanic Asian, 3.1% (95% CI:
1.7%, 5.8%); and Hispanic, 2.8% (95% CI: 2.0%, 4.1%)]. The pattern of differences by race
and Hispanic origin and vitamin D intake from food and beverage sources for vitamin D
inadequacy was similar, but was attenuated and did not reach statistical significance for
some groups, compared with the prevalence of at risk of deficiency.
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Use of a dietary supplement that contains vitamin D decreased the prevalence of at risk of
deficiency significantly for all race and Hispanic-origin groups (£ < 0.001 for all). The
pattern of differences by race and Hispanic origin was similar to the total population among
nonusers of supplements. With the use of a supplement, non-Hispanic black individuals had
a significantly higher prevalence of at risk of vitamin D deficiency than all other race and
Hispanic-origin groups, and no other differences were observed. It should be noted that the
prevalence of at risk of deficiency fell to <5% for all race and Hispanic- origin groups.
Among supplement users, the prevalence of at risk of deficiency was 0.5% (95% CI: 0.3%,
0.9%) for non-Hispanic white; 3.6% (95% CI: 2.6%, 4.9%) for non-Hispanic black; 2.5%
(95% ClI: 1.2%, 5.2%) for Hispanic; and 1.3% (95% CI: 0.4%, 3.9%) for non-Hispanic
Asian individuals. The prevalence of at risk of inadequacy decreased for all race and
Hispanic-origin groups, similar to the prevalence of at risk of deficiency (£ < 0.001 for all).
The pattern of race and Hispanic origin differences was similar among both supplement
users and nonusers, and, as expected, the prevalence of at risk of inadequacy was lower
among supplement users than among nonusers.

From 2003 to 2004 through 2013 to 2014, there was no change in the percentage of persons
at risk of deficiency (Figure 1) [6.8% (95% CI: 4.9%, 9.2%) to 5.0% (95% CI: 4.0%,
6.2%)], whereas there was a significant linear decline in the percentage of persons at risk of
inadequacy from 21.0% (95% CI: 17.9%, 24.5%) to 17.7% (95% CI: 16.0%, 19.7%) (P=
0.001).

Discussion

Using data from 2011 to 2014, we found that 5% of the US population aged =1 y was at risk
of vitamin D deficiency and 18% was at risk of inadequacy. There were no observed
differences in the prevalence of at risk of deficiency or of at risk of inadequacy by sex.
Similar to previous publications, we found that vitamin D status differed by age with the
prevalence of at risk of deficiency or inadequacy, increasing from childhood to adults aged
20-39 y and then decreasing among older adults (23, 24).

For the first time, we present national estimates of vitamin D status for non-Hispanic Asian
persons (prevalence of at risk of deficiency: 7.6%) in the United States. The prevalence of at
risk of deficiency for this subgroup was most similar to that of Hispanic (5.6%) individuals.
Both of these groups had a lower prevalence of at risk of deficiency than that of non-
Hispanic black (17.5%) individuals, but higher prevalences than that of non-Hispanic white
(2.1%) individuals. The same pattern was observed in the prevalence of at risk of vitamin D
inadequacy. Differences in vitamin D status by ethnicity have been documented in Europe
(25), the United Kingdom (26, 27), the United States (23, 24, 28), and Canada (29). Across
locations, studies found that dark-skinned ethnic groups had a higher prevalence of at risk of
deficiency than white groups. Many of these studies did not have sufficiently large samples
to test for differences within dark-skinned ethnic groups; but for those that did, the pattern of
increased prevalence of at risk of deficiency with increasing skin pigmentation was not
always found. Cashman et al. (25) summarized results across Europe and found the
prevalence of deficiency risk [25(OH)D <30 nmol/L] among Kurdish and Somali adults
living in Finland to be quite different: 50.4% compared with 28.0%. Also, albeit with a small

Am J Clin Nutr. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Herrick et al.

Page 8

sample size, the National Diet and Nutrition Survey among participants aged =1y in the
United Kingdom found 35.7% of black respondents and 59.6% of Asian respondents at risk
of deficiency. Clearly, skin pigmentation is not the sole driver of vitamin D status; other
nonmodifiable lifestyle factors, such as latitude and cultural clothing practices, play a role
(30), as well as modifiable factors such as diet.

The mean population intake from food and beverage sources in the current study was 4.9
La/d, roughly equivalent to 200 1U. The Estimated Average Requirement for vitamin D is
400 1U (8), suggesting that vitamin D intake from food and beverage sources in the United
States is low. Despite the low intake, the prevalence of at risk of deficiency and of at risk of
inadequacy decreased with increasing intake. Similar decreases were also observed with the
use of dietary supplements that contained vitamin D; however, the magnitude of decrease
was larger with the use of dietary supplements. The larger decrease could be attributed to the
larger dose of vitamin D from supplements compared with foods and beverages; among
those who took a supplement containing vitamin D, the median average daily intake of
vitamin D was 12.4 (g/d (mean 25.8 1g/d).

We also examined the prevalence of at risk of deficiency and at risk of inadequacy by race
and Hispanic origin, and by dietary sources of vitamin D. It is noteworthy that the use of a
dietary supplement dramatically reduced the prevalence of being at risk of deficiency for all
race and Hispanic-origin groups, ranging from a reduction by half among non-Hispanic
white and more than three-quarters among non-Hispanic black persons. With the use of a
dietary supplement, the prevalence of at risk of deficiency was 3.6% among non-Hispanic
blacks and 0.5% among non-Hispanic whites. This demonstrates that the use of a dietary
supplement significantly attenuates the effect of race and Hispanic origin on vitamin D
status. In support of this finding, a Canadian study found a reduction in the prevalence of
25(0OH)D concentrations <50 nmol/L (in the winter) among non-white participants aged 6-
79 y in the Canadian Health Measures Survey—Cycle 1, from 60.7% to 36.3% with the use
of supplements (29).

The relationship between vitamin D status, defined by categories of total serum 25(OH)D
and bone health, has also been shown to vary by race and Hispanic origin (31). NHANES
data can now be used to investigate any such association among non-Hispanic Asian
persons. Previous research has found that non-Hispanic black persons have lower
concentrations of total serum 25(0OH)D (23, 32), but paradoxically, higher bone mineral
density and lower risk of facture compared with their non-Hispanic white counterparts, who
have higher concentrations of total serum 25(OH)D (33-36).

The prevalence of at risk of deficiency in the US population did not change between 2003
and 2004 through 2013 and 2014. There was a decrease in the percentage of the US
population at risk of inadequacy over the same period, from 21.0% to 17.7%. Previous
estimates reported no change in the prevalence of deficiency risk or of inadequacy risk from
2001 to 2002 through 2005 to 2006 in the US population aged =12 y (24). In a sensitivity
analysis (data not shown), we examined the risk of inadequacy in the US population aged
=12 y from 2003 to 2004 through 2013 to 2014 and still found a significant decreasing trend:
22.6% (95% CI: 19.4%, 26.1%) in 2003-2004 to 18.9% (95% CI: 17.0%, 21.0%) in 2013-
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2014 (P=0.0005). This decrease is therefore unlikely to be related to the inclusion of
children and adolescents.

This study has several limitations. The trend analysis uses LC-MS/MS-equivalent data for
2003-20086, i.e., it was measured by RIA, and thus there is potential for slight error arising
from the conversion, such as a slight underestimation of the prevalence of deficiency and of
the standard error (37). Vitamin D was not included in the nutrient or supplement databases
until 2007, so we were unable to look at the association between dietary sources of vitamin
D over time. It is well documented that self-reported measures of dietary intake are subject
to random and systematic error due to day-to-day differences in intake, systematic
underreporting, difficulty remembering foods, and errors in the food and nutrient database to
which intakes are linked (17, 38). Despite this, the 24-h recall is the recommended
measurement tool to assess dietary intake in a population (3) and the method used has been
shown to be accurate and reduce bias (16, 39). We also included both dietary supplement
and food and beverage sources of vitamin D and their association with vitamin D status in a
racially diverse population. Another strength of the study is that estimates for 2011-2014 are
based on 25(OH)D measured directly by LC-MS/MS, the state-of-the-art method (14, 40—
43). An additional strength of this analysis is that NHANES is nationally representative and
we present national estimates for various subgroups of the US population, including the first
estimates for non-Hispanic Asian individuals.

In conclusion, the prevalence of the US population at risk of vitamin D deficiency has
remained fairly stable, ~5%, over the past decade, from 2003 to 2004 through 2013 to 2014.
The prevalence of at risk of vitamin D inadequacy decreased from 21% to 17.7%. The
percentage of non-Hispanic Asian persons at risk of low vitamin D status was higher than
that of non-Hispanic whites and lower than that of non-Hispanic blacks. Dietary intake, both
from dietary supplements and foods and beverages, reduced the prevalence of persons at risk
of deficiency and at risk of inadequacy. Our work demonstrates that differences in vitamin D
status by race and Hispanic origin include differences between non-Hispanic Asian
individuals and both non-Hispanic white and non-Hispanic black individuals. Strategies to
reduce vitamin D deficiency may include food- and dietary supplement-based solutions.
Future work could also investigate whether differences in vitamin D status by race and
Hispanic origin extend to outcomes associated with vitamin D status, such as bone health.
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FIGURE 1.

Trends in prevalence of at risk of deficiency [serum 25(OH)D <30 nmol/L] or at risk of
inadequacy [serum 25(0OH)D 30-49 nmol/L] among persons aged =1y and over (NHANES,
2003-2014, n=48,430). Asterisk (*) indicates statistically significant decreasing linear
trend, determined with the use of orthogonal contrasts with six 2-y cycles in logistic
regression models adjusted for age and season; significant difference £< 0.002. 25(0OH)D,

25-hydroxyvitamin D.
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