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ABSTRACT
Background: Nutrients are added to the diet through fortification/enrichment and dietary supplements (DSs). Meeting

the US Dietary Reference Intakes (DRIs) varies by nutrient and population subsegments.

Objective: The aim of this study was to assess the relative role of naturally occurring, enriched/fortified, and DS sources

of 15 micronutrients with reference to the DRIs.

Methods: We used the NHANES 2009–2012 (≥2 y old, n = 16,975) data, the ILSI North America Fortification database,

and the National Cancer Institute usual intake method.

Results: Prevalence of nutrient intake from naturally occurring sources below the Estimated Average Requirement

(EAR) varied from 5% for vitamin B-12 to 100% for vitamin D, with ≥40% of the population below the EAR for 8 of the

14 nutrients (ages ≥2 y). With enrichment/fortification, the percentage below the EAR decreased to the following for

vitamins A (35%), C (34%), and B-6 (7%), folate (8%), thiamin (5%), riboflavin (3%), niacin (1%), and iron (2%). Nutrients

from DSs further improved intakes related to the EAR for 12 nutrients (ages ≥2 y). For 9–18-y-olds, the percentages of

nutrient intakes below the EAR were 14–50% higher than for 2–8-y-olds. The Tolerable Upper Intake Level (UL) was

exceeded among children aged 2–8 y for folate (41.7%), niacin (10.1%), and zinc (39.9%), whereas among ages ≥2 y

and 9–18 y no prevalence of intakes over the UL exceeded 10%.

Conclusions: Fortification/enrichment constitutes a meaningful contribution to reducing the percentage of individuals

with less than the EAR for their demographic. These data underscore the need to encourage better dietary patterns to

improve the intake of nutrients at risk of low intake. J Nutr 2019;149:1404–1412.
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Introduction
The US Dietary Guidelines for Americans 2015–2020 (1)
recommend a healthy eating pattern with appropriate calorie
intake that includes nutrient-dense foods and limited intake of
sodium, saturated fats, and added sugar across the life span.
However, Healthy Eating Index scores from 2010 show that
only 57.8% of Americans adhere to the Dietary Guidelines (1).
Four nutrients for which intakes are low (calcium, potassium,
dietary fiber, and vitamin D) were reported to be of public
health concern by the Dietary Guidelines Advisory Committee
(DGAC) in 2015 (2). Low intake of iron is also of public health
concern for young children and pregnant women or those of
childbearing age (2).

The US food supply has long included foods that are enriched
and/or fortified with specific nutrients to replace nutrients
lost during processing (enrichment) and to increase nutrient
amounts to reduce the risk of nutrient deficiencies (fortification)
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(3, 4). Earlier work has identified the important contribution
of fortification to vitamin and mineral intakes in the United
States (5, 6). More recent studies have discussed concern about
excessive intakes as a result of fortification and called attention
to the complexities of interpreting the Tolerable Upper Intake
Level (UL) (4, 7), yet intake of some micronutrients in the United
States continues to not meet national recommendations (4).

Fulgoni et al. (8) evaluated the contribution of 19 micronu-
trients from naturally occurring sources, as well as those added
to foods through fortification and enrichment plus dietary
supplements (DSs), among persons ≥2 y of age in the US
population using the 2003–2006 NHANES. When comparing
estimated usual intakes to the DRIs, these authors reported
intakes from enriched and fortified foods below the Estimated
Average Requirements (EARs) for vitamins A (45%), C (37%),
D (93%), and E (91%), calcium (49%), and magnesium (55%)
(8). When these authors also considered DS intake, a lower
percentage of the population recounted intakes of specific
nutrients below the EAR. These authors reported that meeting
recommended intakes for vitamins A, C, and D, thiamin, iron,
and folate was primarily due to enrichment and/or fortification
(8). Fulgoni et al. (8) found that the prevalence of intakes
of niacin and zinc were appreciably above the UL for the
population (10.3% and 8.4%, respectively).

The objective of the current study was to estimate the
relative contribution, in the US diet, of naturally occurring,
enriched/fortified, and DS sources of 15 micronutrients in
meeting or exceeding appropriate DRIs for various age
groups using the 2009–2010 and 2011–2012 NHANES and
the National Cancer Institute (NCI) usual intake estimation
method. These results will provide an update of information on
the contribution of fortification/enrichment and DS use (6, 8) to
meeting the DRIs in the US diet.

Methods
Study population and nutrients
Dietary and individual DS intake information reported over two 24-h
periods for 2 consecutive NHANES cycles (2009–2010, 2011–2012)
(9) was coupled with the USDA food patterns equivalents database
for analysis alone and in combination with the North American
branch of the International Life Sciences Institute (ILSI North America)
Fortification database (10).

The NHANES is a nationally representative cross-sectional survey
that samples noninstitutionalized civilian US residents using a complex,
stratified, multistage probability cluster sampling design and is collected
by the National Center for Health Statistics (11). Food and beverage
items reported consumed in the NHANES dietary interview component
(What We Eat in America) were coded using the USDA’s Food and
Nutrient Database for Dietary Studies (FNDDS) and their estimated
nutrient content was obtained (12).

The NHANES dietary data include two 24-h dietary recalls collected
using a computer-assisted dietary interview software program: the
USDA’s automated multiple-pass method. The first 24-h dietary recall
is conducted as an in-person interview and the second is administered
by telephone 3–10 d later. At the time of the initial dietary interview,
participants are asked to show the interviewer the DSs they are currently
consuming and details of intake amount and frequency as well as
product label information are recorded. Although complete 24-h dietary
intake data were available for 20,293 participants, after exclusion of
those <2 y of age (n = 1371) and participants whose data were deemed
by the interviewer to be incomplete (n = 1947), the analytic sample
included a total of 16,975 participants ≥2 y of age. Included in the
total participants were children 2–8 y of age (n = 2871) and 9–18 y of
age (n = 3238). In the total sample, 49.96% were male.

We also used the ILSI North America Fortification database (10),
which contains estimates of nutrients available from 3 sources—as
naturally occurring (i.e., intrinsic), enriched, and fortified—for those
foods and beverages as reported in 2 NHANES cycles (2009–2010
and 2011–2012) and based on the USDA’s FNDDS. The NHANES
individual food intake files were merged with the ILSI North America
Fortification database, which contained nutrient proportions according
to the 3 sources. The total amount of each nutrient in the specified
food/beverage level (naturally occurring, +enrichment/fortification,
+DSs) for the analysis was calculated by multiplying the number of
grams per nutrient from the NHANES food file and the nutrient
proportion in the ILSI North America Fortification database, then
dividing by 100. These values were then summed by level for
each NHANES participant to yield the total intake by nutrient and
amount per 100 g. During analyses we verified selected results with
other published tables of NHANES data and found them to be
comparable (13).

Usual intake estimation
Data obtained from the two 24-h recalls were used to estimate
prevalence of intake using the NCI usual intake estimation methodology
(14, 15). The NCI’s MIXTRAN and DISTRIB computer macro
enables usual intake estimation at the individual level. As part of
our analysis, we incorporated/controlled for age, interview day (first
compared with second), and weekend day (yes/no), to account for
weekend effects in intake. Similarly to Fulgoni et al.’s study (8),
for estimates of total nutrient intake, the usual intake macros were
run before the addition of DS data to the enriched/fortified nutrient
amounts.

Estimated usual intake data were generated from 1) foods and
beverages only as naturally occurring, 2) foods and beverages including
those with enrichment/fortification, and 3) all foods and beverages
including enrichment/fortification and DSs for vitamins A, D, E, C,
B-6, and B-12, folate, thiamin, riboflavin, niacin, iron, zinc, calcium,
magnesium, and potassium, for each of which an EAR [or an Adequate
Intake (AI) for potassium] was established. Percentage below the EAR
as well as means and percentiles of intake for the nutrients of interest
are presented. Percentage above the AI was estimated for potassium. DS
data were not available for vitamins A and E for the NHANES cycles
used in this analysis. Also estimated was percentage greater than or
equal to the UL, as appropriate. Dietary folate equivalents were used
for folic acid and folate (16). The ULs for the niacin, magnesium, and
folate dietary folate equivalents were derived from nonfood sources
(enrichment/fortification or supplements) (16, 17). DRI ULs have not
been set for thiamin, riboflavin, potassium, and vitamins A, E, and B-12
(16, 18, 19).

For all other nutrients, the proportions of the population with
intakes greater than or equal to the ULs were estimated using naturally
occurring (all foods and beverages excluding enriched/fortified),
enriched/fortified, and DS sources.

Statistical analysis
We accounted for the NHANES clustered sampling design and
oversampling in all analyses and adjusted for differential noncoverage
and nonresponse across the 2 continuous NHANES cycles (20–22).
Frequencies, row percentages, and column percentages were reported
for sample size. Means and SEs were calculated for average usual
intake, percentage below the EAR, and percentage greater than or equal
to the UL. SEs were estimated using Balanced Repeated Replication
and NHANES weights were applied. The age groups analyzed include
≥2, 2–8, and 9–18 y of age for both sexes combined. All analyses
were conducted using SAS version 9.4 and its complex survey-specific
procedures (SAS Institute) and a P value < 0.05 was considered
statistically significant. Because this study was a secondary data analysis
of publicly available federal data, Human Subject Institutional Review
Board approval was not required by the Medical University of South
Carolina.
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Results
Total nutrient intake from all food and beverage
sources including DSs among individuals ≥2 y of age

Table 1 reports the national mean intake of 15 nutrients from
food and beverage items among the US population ≥2 y of
age over 2 d, by source (naturally occurring, enriched/fortified,
enriched/fortified plus DSs) and percentage below the EAR.
The percentage of the population ≥2 y of age with nutrient
intakes from naturally occurring sources below the EAR
varied from 5% for vitamin B-12 to 100% for vitamin D,
with ≥40% of the population below the EAR for 8 of the
14 nutrients. With the addition of nutrients estimated as added
by enrichment/fortification, the percentage of usual intakes
below the EAR decreased for the population for all 14 nutrients,
considerably so for vitamins A (65–35%), C (50–34%), and B-
6 (15–7%), folate (81–8%), thiamin (41–5%), riboflavin (13–
3%), niacin (9–1%), and iron (14–2%).

After the addition of estimated nutrients from reported
use of DSs into the total intake estimates, the percentage
of estimated intakes below the EAR decreased further for
12 nutrients with the largest reduction observed for vitamin D
(93–73%). However, for 4 nutrients ≥25% of the population
had total estimated intakes below the EAR after the inclusion
of estimated nutrients from DSs: vitamin D (73%), vitamin C
(27%), calcium (33%), and magnesium (40%). The percentages
of the population with total estimated intakes below the EAR
were 13% for zinc, 6% for folate, 5% for vitamin B-6, and 4%
for thiamin. Smaller proportions (<3%) of the population had
total intakes below the EAR for vitamin B-12, riboflavin, niacin,
and iron.

Only 2% of the population had total usual intakes that
exceeded the AI for potassium. A small percentage of the
population exceeded the AI for total usual intakes of potassium
from naturally occurring sources (2.1%), and this increased
only slightly to 2.2% after enrichment/fortification and did
not change after the addition of DSs. These AI data can be
interpreted as there being a low probability of inadequacy for
the populations assessed (23).

Percentage of the population with mean intakes
below the EAR by age group

Figure 1 and Supplemental Tables 1 and 2 include the
relative estimated nutrient intakes from naturally occurring
sources, enriched and fortified sources, and enriched and
fortified sources plus DSs among US individuals by age
groups including ≥2 y of age (Figure 1A), 2–8 y of age
(Figure 1B), and 9–18 y of age (Figure 1C). The differences with
enrichment/fortification/supplementation for the US population
≥2 y of age have already been described.

Figure 1B illustrates the intake of younger children and
Figure 1C that of older children and adolescents. The percentage
of 2–8- and 9–18-y-olds with total usual intakes from naturally
occurring sources below the EAR was consistent only for
vitamin D (100%). Compared with 2–8-y-olds, the percentages
of usual intakes below the EAR from naturally occurring
sources were higher among 9–18-y-olds for all nutrients:
vitamins A (76% compared with 19%), E (91% compared
with 54%), C (56% compared with 12%), B-6 (14% compared
with 1%), and B-12 (4% compared with 0.1%), folate (92%
compared with 48%), thiamin (44% compared with 9%),
riboflavin (18% compared with 0.9%), niacin (14% compared
with 3%), iron (26% compared with 5%), zinc (24% compared

with 2%), calcium (67% compared with 23%), and magnesium
(53% compared with 2%).

After enrichment/fortification and the addition of reported
DSs, the percentage of children with total usual intake of
the 14 nutrients below the EAR remained higher for 9–
18-y-olds than for 2–8-y-olds, and particularly for vitamins A
(38% compared with 3%), D (84% compared with 67%), E
(86% compared with 45%), and C (29% compared with 2%)
as well as zinc (15% compared with 0.7%), calcium (56%
compared with 16%), and magnesium (52% compared with
2%). The percentage of both 9–18-y-olds (92–84%) and 2–
8-y-olds (81–67%) with usual intakes of vitamin D below
the EAR declined more with the addition of DSs than with
fortification/enrichment alone.

Children 2–8 y of age had a greater percentage of total usual
intakes from naturally occurring sources exceeding the AI for
potassium than 9–18-y-olds (6% and 0.4%, respectively) as well
as usual intakes after enrichment/fortification and the addition
of DSs.

Mean intakes above the ULs by age group

Table 2 displays the percentage of estimated nutrient intakes
from naturally occurring sources, enriched and fortified sources,
and enriched and fortified sources plus DSs among individuals
that exceeded the ULs in the US population by the 3 age groups.
For all age groups, for those nutrients where a UL is available,
intake exceeding the UL from nutrients naturally occurring
in food and beverages was only seen at a negligible level for
calcium at 0.1% (≥2 y of age and 2–8 y of age). It was higher
for zinc at 4.6% (≥2 y of age) with the highest percentage
exceeding the UL among young children 2–8 y of age (27.2%),
yet there was no evidence of zinc intake above the UL among
older children 9–18 y of age. A UL is not available for naturally
occurring sources of folate, niacin, or magnesium.

With enrichment/fortification, prevalence of intakes over the
UL exceeded ≥10% primarily among the younger children 2–8
y of age for folate (41.7%), niacin (10.1%), and zinc (39.9%).
Whereas, among those ≥2 y of age and 9–18 y of age, none of
the intakes were as high as 10% above the UL.

When sources of enrichment/fortification and DSs were
considered for individuals ≥2 y of age, 9% of the usual
intakes were above the UL for folate, 2% above the UL for
niacin, 7% above the UL for zinc, and 0.3% above the UL
for calcium. With the addition of DSs, only slight increases
were observed in the prevalence of intake exceeding the UL
for vitamins B-6, C, and D, iron, and magnesium. Among
children 9–18 y of age, percentages of nutrients with intakes
above the UL were relatively low overall and the addition of
reported DSs led to small percentage increases above the UL
(enriched/fortified; enriched/fortified plus DSs): for folate (9%;
16%), niacin (1%; 4%), zinc (0.2%; 2%), and iron (0%; 0.8%).
Whereas, children 2–8 y of age had much higher percentages
of intakes exceeding the UL from enrichment/fortification and
DS sources, respectively, for folate (42%; 52%), niacin (10%;
19%), and zinc (40%; 46%), with slight increases above the
UL observed for vitamin C (0%; 0.4%), calcium (0.2%; 0.3%),
magnesium (0%; 0.1%), and iron (0%; 0.9%).

Discussion

Our analysis including DS intake further supports the conclu-
sions of the 2015 DGAC report (2) which identified vitamins
A, D, E, C, folate, calcium, and magnesium as the most
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TABLE 1 Usual intake from NHANES 2009–2012 for nutrients as naturally occurring, enriched/fortified, and DSs among individuals
≥2 y of age in the US population, compared with the DRIs1

Percentiles

Nutrient Usual intake2 10 25 50 75 90 % < EAR3

Vitamin A,4,5 μg RAEs/d

Naturally occurring 433 ± 0.0 224 299 403 534 679 65.1 ± 9.0
+Enriched/fortified 646 ± 0.0 334 447 605 799 1011 35.1 ± 1.6

Vitamin D,6,7 μg/d

Naturally occurring 1.6 ± 0.0 0.8 1.0 1.5 2.0 2.7 100 ± 0.0
+Enriched/fortified 5.4 ± 0.0 2.3 3.3 4.9 6.9 9.2 92.9 ± 0.6
+DSs 1.2 ± 0.0 2.5 3.8 6.0 11.1 21.5 72.5 ± 0.6

Vitamin E,5,8 mg AT/d

Naturally occurring 7.2 ± 0.0 4.0 5.2 6.8 8.8 10.9 85.5 ± 0.6
+Enriched/fortified 7.9 ± 0.0 4.3 5.6 7.4 9.6 12.0 79.6 ± 0.6

Vitamin C,8 mg/d

Naturally occurring 62 ± 0.0 21 33 53 81 114 50.1 ± 1.2
+Enriched/fortified 85 ± 0.0 32 49 74 110 151 33.7 ± 0.8
+DSs 135 ± 0.2 35 55 88 137 212 26.7 ± 0.6

Vitamin B-6,9 mg/d

Naturally occurring 1.6 ± 0.0 0.9 1.2 1.5 1.9 2.3 14.7 ± 0.6
+Enriched/fortified 2.0 ± 0.0 1.2 1.5 1.9 2.4 2.9 6.7 ± 0.4
+DSs 3.8 ± 0.0 1.2 1.6 2.1 3.0 4.6 5.0 ± 0.4

Vitamin B-12,9 μg/d

Naturally occurring 4.1 ± 0.0 2.2 2.9 3.8 5.0 6.2 4.5 ± 0.4
+Enriched/fortified 5.3 ± 0.0 2.7 3.6 4.9 6.5 8.2 2.1 ± 0.2
+DSs 30.1 ± 0.2 2.9 4.0 5.6 8.6 16.0 1.6 ± 0.2

Folate,9,10 μg DFEs/d

Naturally occurring 207 ± 0.0 113 148 196 254 316 81.3 ± 0.6
+Enriched/fortified 548 ± 0.0 318 404 521 662 814 7.5 ± 0.6
+DSs 694 ± 0.0 336 434 581 830 1213 5.8 ± 0.4

Thiamin,9 mg/d

Naturally occurring 0.9 ± 0.0 0.6 0.7 0.9 1.1 1.4 41.2 ± 1.2
+Enriched/fortified 1.6 ± 0.0 1.0 1.2 1.6 1.9 2.3 5.0 ± 0.4
+DSs 3.5 ± 0.0 1.0 1.3 1.7 2.3 3.1 3.9 ± 0.2

Riboflavin,9 mg/d

Naturally occurring 1.5 ± 0.0 0.9 1.1 1.5 1.9 2.3 13.1 ± 0.8
+Enriched/fortified 2.1 ± 0.0 1.2 1.6 2.0 2.5 3.1 2.9 ± 0.2
+DSs 3.3 ± 0.0 1.3 1.7 2.2 3.0 4.0 2.4 ± 0.2

Niacin,9 mg/d

Naturally occurring 17.1 ± 0.0 9.8 12.7 16.4 20.8 25.2 8.7 ± 0.6
+Enriched/fortified 24.2 ± 0.0 14.6 18.4 23.3 29.0 34.8 1.2 ± 0.2
+DSs 30.0 ± 0.0 15.2 19.3 25.2 33.4 43.7 0.9 ± 0.2

Iron,4 mg/d

Naturally occurring 9.1 ± 0.0 5.6 7.0 8.8 10.8 12.9 13.8 ± 0.6
+Enriched/fortified 15.0 ± 0.0 9.2 11.4 14.4 18.0 21.7 1.8 ± 0.2
+DSs 17.6 ± 0.0 9.4 11.8 15.1 19.6 27.6 1.4 ± 0.2

Zinc,4 mg/d

Naturally occurring 10.0 ± 0.0 6.2 7.7 9.6 12.0 14.4 20.9 ± 1.0
+Enriched/fortified 11.1 ± 0.0 6.8 8.4 10.6 13.3 16.1 15.8 ± 0.8
+DSs 13.7 ± 0.0 7.1 8.9 11.6 15.7 22.9 12.7 ± 0.6

Calcium,6,7 mg/d

Naturally occurring 946 ± 0.0 553 704 904 1142 1391 46.4 ± 1.2
+Enriched/fortified 1026 ± 0.0 594 759 979 1241 1516 39.1 ± 1.0
+DSs 1122 ± 0.0 630 809 1052 1353 1696 32.5 ± 0.8

Magnesium,7 mg/d

Naturally occurring 281 ± 0.0 170 213 269 336 406 44.9 ± 0.8
+Enriched/fortified 284 ± 0.0 172 215 272 341 412 43.8 ± 1.0
+DSs 299 ± 0.0 175 221 282 357 438 39.8 ± 0.8

(Continued)
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TABLE 1 (Continued)

Percentiles

Nutrient Usual intake2 10 25 50 75 90 % < EAR3

Potassium,11,12 mg/d % > AI
Naturally occurring 2566 ± 1.0 1598 1990 2491 3059 3630 2.1 ± 0.2
+Enriched/fortified 2581 ± 1.0 1610 2003 2505 3076 3650 2.2 ± 0.4
+DSs 2590 ± 1.0 1615 2009 2514 3086 3662 2.2 ± 0.4

1Source: reference 9 (n = 16,975 individuals ≥2 y of age, including pregnant and lactating women). SEM < 0.01 where SEM is 0.0 in the table. AI, Adequate Intake; AT,
α-tocopherol; DFE, dietary folate equivalent; DS, dietary supplement; EAR, Estimated Average Requirement; RAE, retinol activity equivalent.
2Values are mean ± SEM and percentiles for usual intakes are estimated using the National Cancer Institute method (14, 15).
3Values are mean ± SEM (16–19, 24).
4For DRIs, see reference 19.
5A supplements file is not currently available for vitamins A and E in NHANES for 2009–2012, and it will be released at a later date.
6For DRIs, see reference 24.
7For DRIs, see reference 17.
8For DRIs, see reference 18.
9For DRIs, see reference 16.
10Folate EAR is presented as DFEs. 1 DFE = 1 μg food folate = 0.6 μg of folic acid from fortified food or supplement consumed with food = 5 μg of a supplement taken on an
empty stomach.
11For DRIs, see reference 23.
12The AI approach was used for potassium (23).

underconsumed nutrients by the US population ≥2 y of age.
In our analysis of the at-risk nutrients identified by the DGAC,
>25% of the US population ≥2 y of age did not meet the
respective EAR for their demographic group for vitamins D
and C, calcium, and magnesium, whereas only ∼6% of the US
population were estimated to have intake amounts of folate
lower than their respective EAR. A potential explanation for
these differences is that we found some adults (>31 y old)
reported consuming very high amounts of specific individual
DSs.

Using the more recent NHANES 2009–2012 data, we found
that a higher percentage of the US population ≥2 y of age
reported nutrient intakes below the EAR for vitamins D and C,
riboflavin, and zinc when naturally occurring, fortified/enriched
foods and beverages, plus nutrients from reported DSs were
included, than in the Fulgoni et al. (8) 2003–2006 analyses.
Whereas, intake of vitamins A, B-6, and B-12, thiamin, niacin,
folate, iron, calcium, and magnesium demonstrates a smaller
proportion of the population ≥2 y of age not meeting the EAR
than in the same earlier analyses (8). Results were mixed for
the aforementioned nutrients when solely considering naturally
occurring and enriched/fortified sources. We believe that the
higher percentage of the population with reported nutrient
intakes below the EAR in our analysis is a reflection of changes
in the dietary patterns of the US population from 2006 to 2009
that have been reported for beverages and foods, cf. (25, 26).
Similar to Fulgoni et al.’s results (8), we found that a greater
percentage of 9–18-y-olds were at higher risk of not meeting
the EARs for all nutrients studied than 2–8-y-olds.

As recognized globally (27), fortification/enrichment is a
well-established and important approach to combating nutrient
deficiency. Although the US population does not exhibit the level
of widespread deficiency experienced by many low- and middle-
income countries, similarly to other reports (5, 6, 8), our data
further demonstrate that fortification/enrichment appreciably
reduced the percentage of individuals who did not meet the
EARs. Our data also indicated that the addition of nutrients
through intake of DSs resulted in much less of an impact on
meeting the EARs than did fortification/enrichment. Bailey et
al. (28) also found that those who reported intake of DSs
containing minerals had higher intake of minerals from food
that potentially could contribute to risk of excessive intake. Yet,

we found that the percentage of the population ≥2 y of age
exceeding the UL was very low with the exception of folate,
niacin, and zinc. We found the highest estimated percentage of
total intake above the UL for these 3 nutrients among children
2–8 y of age, suggesting that the UL may be disproportionally
too low in this age group. One would not expect children 2–8 y
of age to be eating systematically differently than older children
(9–18-y-olds). As the ULs for many nutrients were developed
through extrapolation for children 2–18 y of age, the UL values
may be unnecessarily conservative (29).

Food manufacturers in the United States may voluntarily
fortify foods with vitamins and minerals with the understanding
that there is some evidence of inadequacy of the particular
nutrient in the target population and that the added nutrients
are bioavailable, safe, and stable in the resulting product (4,
30, 31). US food fortification policies have slowly evolved since
the 1940s when the FDA first identified specific nutrients and
amounts as a standard of identity for “enriched” flour (30).
At that time the FDA determined that it would not require
mandatory fortification for any food product, but rather for
every standard of identity for an enriched product there would
be a parallel standard for a non-enriched product (30). The
FDA’s food fortification policy, published in 1980, that remains
in effect today, includes a set of principles for addition of
essential vitamins and minerals to foods (4, 30, 31). This policy
includes standards of identity that specify amounts of nutrients
which must be added (mandatory fortification) to a specific
product for it to meet an “enriched” standard of identity,
for example, folic acid, thiamin, riboflavin, niacin, and iron
fortification of enriched cereal grains (4, 30, 31).

Although the interpretation of the UL for a number of
nutrients is not clear for children (4), concern has been voiced
by some (7) about the potential for excessive intakes among
children due to fortification. Others also have demonstrated
the specific positive contributions of fortification to meeting
children’s recommended nutrient intakes (6) and a recent
international panel proposed a plan for global vitamin D food
fortification to improve public health (32). Documentation of
the higher than expected national estimated intake of folic
acid due to mandatory fortification of cereal-grain products
(33), coupled with uncertainty of application of the UL
for some nutrients, has prompted recommendations for the
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FIGURE 1 Percentage of the population with mean nutrient intakes from sources as naturally occurring, enriched/fortified, and DSs below
the EAR by age group, among individuals ≥2 y of age including pregnant and lactating women (n = 16,975) (A), 2–8 y of age (n = 2871) (B), and
9–18 y of age (n = 3238) (C). Data are from reference 9. Values are mean ± SEM for the percentage below the EAR (16–19, 24). DS information
is not currently available for vitamins A and E in NHANES for 2009–2012, and it will be released at a later date. Usual intakes were estimated
using the National Cancer Institute method (14, 15). DS, dietary supplement; EAR, Estimated Average Requirement; Vit, vitamin.
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TABLE 2 Usual intake from NHANES 2009–2012 compared with the ULs for intake of nutrients as naturally occurring,
enriched/fortified, and DSs in the US population, by age group1

% ≥ UL2

Nutrient ≥2 y of age 2–8 y of age 9–18 y of age

Vitamin D,3,4 μg/d
Naturally occurring 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+Enriched/fortified 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+DSs 0.5 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Vitamin C,5 mg/d
Naturally occurring 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+Enriched/fortified 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+DSs 0.3 ± 0.0 0.4 ± 0.0 0.0 ± 0.0

Vitamin B-6,6 mg/d
Naturally occurring 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+Enriched/fortified 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+DSs 0.5 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Folate,6,7 μg DFEs/d
Naturally occurring — — —
+Enriched/fortified 8.8 ± 0.6 41.7 ± 1.8 8.7 ± 1.4
+DSs 19.8 ± 0.4 52.4 ± 1.4 15.6 ± 1.2

Niacin,6 mg/d
Naturally occurring — — —
+Enriched/fortified 1.9 ± 0.2 10.1 ± 0.6 0.8 ± 0.2
+DSs 6.9 ± 0.2 18.5 ± 0.6 4.3 ± 0.2

Iron,8 mg/d
Naturally occurring 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+Enriched/fortified 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+DSs 2.0 ± 0.0 0.9 ± 0.0 0.8 ± 0.0

Zinc,8 mg/d
Naturally occurring 4.6 ± 0.2 27.2 ± 0.8 0.0 ± 0.0
+Enriched/fortified 6.8 ± 0.2 39.9 ± 1.2 0.2 ± 0.0
+DSs 9.4 ± 0.2 46.3 ± 1.0 2.2 ± 0.0

Calcium,3,4 mg/d
Naturally occurring 0.1 ± 0.0 0.1 ± 0.0 0.0 ± 0.0
+Enriched/fortified 0.3 ± 0.0 0.2 ± 0.0 0.0 ± 0.0
+DSs 2.6 ± 0.2 0.3 ± 0.0 0.0 ± 0.0

Magnesium,4 mg/d
Naturally occurring — — —
+Enriched/fortified 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
+DSs 0.7 ± 0.0 0.1 ± 0.0 0.0 ± 0.0

1Source: reference 9 (n = 16,975 individuals ≥2 y of age, including pregnant and lactating women; 2–8 y of age: n = 2871; 9–18 y of age: n = 3238). SEM < 0.01 where SEM is
0.0 in the table. DFE, dietary folate equivalent; DS, dietary supplement; UL, Tolerable Upper Intake Level.
2Values are mean percentage ± SEM for the percentage equal to or above the UL. Usual intakes were estimated using the National Cancer Institute method (14, 15).
3For DRIs, see reference 24.
4For DRIs, see reference 17.
5For DRIs, see reference 18.
6For DRIs, see reference 16.
7Folate EAR is presented as DFEs. 1 DFE = 1 μg food folate = 0.6 μg of folic acid from fortified food or supplement consumed with food = 5 μg of a supplement taken on an
empty stomach.
8For DRIs, see reference 19.

continued evaluation of the risks and benefits of fortification
(4, 7). However, in the present study, it was clear that
fortification/enrichment were the main contributors to the
reduction in percentage of individuals whose estimated intakes
of specific nutrients were below the EAR, and not placing
individuals at risk of exceeding the UL.

Our study is limited in that the nutrient intake estimation is
based on dietary information from two 24-h NHANES recalls.
Underreporting of portion size of food and drink items has
been cited as an issue for NHANES 24-h recall data, and as
this may affect nutrient amounts, the overall intake by US
adults may be underestimated and in particular the regularity
of DS intake (34). However, the NHANES and FNDDS

are nationally representative databases that provide the most
comprehensive dietary intake information for the US population
and misreporting of food and beverage items in the NHANES
has been reduced through use of the USDA’s automated
multiple-pass method approach for collecting dietary intake
data (12, 13). Although newer NHANES data are available,
the unique ILSI North America Fortification database was
derived from NHANES and specifically created for the 2009–
2010 and 2011–2012 NHANES cycles that are based on the
USDA’s FNDDS, thereby limiting our analysis to the same
period. The database contains specific detailed fortification
and enrichment data for the foods and beverages reported
in the 2 NHANES cycles, allowing for identification of the
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sources of the nutrients within foods consumed by the US
population.

In conclusion, these analyses further identify the need for
improved intake of the key nutrients identified by the 2015
DGAC as the most underconsumed by the US population:
vitamins A, D, E, and C, folate, calcium, and magnesium. Not
unlike other countries globally, fortification/enrichment of the
US diet clearly constitutes a major contribution to reducing
the percentage of individuals whose estimated intake is less
than the EAR for their demographic. Use of DSs further
reduced the percentage of the US population whose intake
was below the EAR, but not to the extent evidenced through
fortification/enrichment. Although concern exists about fortifi-
cation increasing intake above the UL, this analysis found an
appreciable percentage of the US population reporting intakes
that were deemed to be above the UL for only folate, niacin, and
zinc, which were primarily due to higher intakes among children
2–8 y of age. However, the ULs for a number of nutrients for
children are derived values, and as such may be artificially low
(4, 29).

Overall, however, these data underscore the need to encour-
age better food choices to improve the intake by all individuals
in the United States for vitamins A, D, E, and C, folate,
calcium, and magnesium. The approach of the 2015 DGAC
to focus on dietary patterns enables a wider possibility for
education at all age levels. Compared with earlier approaches
which focused on specific nutrient deficiencies, dietary pattern
education not only fosters an improvement in the consumption
of nutrients, such as these that are most underconsumed
by the US population, but also promotes an overall more
healthful approach to eating. Further modeling and quantitative
studies of nutrient intakes of children, and refinement of
the current ULs for all age groups, are needed before
more fully considering global recommendations for nutrient
fortification.
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