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Abstract: Many Americans have inadequate intakes of several nutrients. The Dietary Guidelines
for Americans 2015–2020 specifically identified vitamins A, C, D and E, calcium, magnesium, iron,
potassium, choline and fiber as “underconsumed nutrients”. Based on nationally representative data
in 10,698 adults from National Health and Nutrition Examination Surveys (NHANES), 2009–2012,
assessments were made of age-group differences in the impact of dietary supplements on nutrient
intake and inadequacies. Compared to food alone, use of any dietary supplement plus food was
associated with significantly (p < 0.01) higher intakes of 15–16 of 19 nutrients examined in all age
groups; and significantly reduced rates of inadequacy for 10/17, 8/17 and 6/17 nutrients examined
among individuals age ≥71, 51–70 and 19–50 years, respectively. Compared to the other age groups,
older adults (≥71 years) had lower rates of inadequacy for iron and vitamins A, C, D and E, but
higher rates for calcium. An increased prevalence of intakes above the Tolerable Upper Intake Level
was seen for 8–9 of 13 nutrients, but were mostly less than 5% of the population. In conclusion,
dietary supplement use is associated with increased micronutrient intake, decreased inadequacies,
and slight increases in prevalence above the UL, with greater benefits seen among older adults.
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1. Introduction

Despite continued public health recommendations including recent dietary guidelines [1]
providing guidance on healthful dietary patterns, many Americans do not adhere to these
recommendations [2]. Studies have shown that Americans have inadequate intakes of several
essential nutrients [3–6], despite an abundant supply of nutrient-dense foods such as whole grains,
fruits, vegetables, low-fat dairy products, and lean meats [7]. Adequate intake of micronutrients
is critical for health, growth and development; healthy aging; and well-being across the lifespan.
The Dietary Guidelines for Americans 2015–2020 (DGA) identified vitamin A, vitamin C, vitamin D,
vitamin E, choline, calcium, iron (for certain age/gender groups), magnesium, potassium and fiber
as “underconsumed nutrients”; and vitamin D, calcium, potassium and fiber as “nutrients of public
health concern” because low intakes are associated with a risk for chronic disease [1].
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The Second National Report on Biochemical Indicators of Diet and Nutrition in the U.S. Population
reported that nutrition deficiencies varied by age, gender, or race/ethnicity and could be as high as
nearly one third of certain population groups; the highest levels of deficiencies were noted for vitamin
B6, vitamin D, and iron [8]. DGA recommends consuming nutrient dense foods as part of a healthy
eating pattern and, in some cases, fortified foods and dietary supplements to help achieve nutrient
adequacy [1].

The consumption of dietary supplements has been shown to increase overall nutrient intake
and decrease the prevalence of nutrient inadequacy [3,4]. However, the key consumer motivators
for dietary supplement use are maintenance or improvement in overall health as well as specific
health benefits rather than filling nutritional gaps; thus, supplements are primarily considered a
favorable health and lifestyle choice [9,10]. The consumption of dietary supplements has increased
over time in the United States [11] and currently about 50% adults take dietary supplements and
more than two-thirds of these use vitamin/mineral supplements [12–14]. The high prevalence of
dietary supplement use in the United States has increased interest in research evaluating the role of
supplements in meeting nutritional requirements.

The primary objective of this cross-sectional study was to investigate age-related differences in
effect of dietary supplements on nutrient intake and prevalence of inadequacy using a large nationally
representative data set. This study was part of a broader effort to determine the effect of dietary
supplements among diverse US populations.

2. Materials and Methods

2.1. Study Population

The National Health and Nutrition Examination Survey (NHANES) is a continuous nationally
representative, cross-sectional survey of non-institutionalized, civilian U.S. residents and the data are
collected by the National Center of Health Statistics (NCHS) of the Centers for Disease Prevention and
Control and released in two year cycles. Data from NHANES 2009–2010 and 2011–2012 were combined
for the present analyses, and included 10,698 adults (age 19 years and older), excluding pregnant or
lactating females and those with incomplete dietary records or missing data [15]. All participants or
proxies provided written informed consent and the Research Ethics Review Board at the NCHS
approved the survey protocol. Participants were categorized into age groups: age 19–50 years
(n = 5793), 51–70 years (n = 3330) and ≥71 years (n = 1575).

2.2. Micronutrient Intake from Foods

Dietary intake from foods was estimated from two reliable 24-h dietary recall interviews using
United States Department of Agriculture’s (USDA) automated multiple-pass method (AMPM) [15].
The nutrient content of foods consumed by NHANES 2009–2010 and 2011–2012 participants was
determined by using Food and Nutrient Database for Dietary Studies (FNDDS) 2009–2010, and
2011–2012 [16,17] in conjunction with USDA National Nutrient Database for Standard Reference (SR)
releases 24 and 26 [18], respectively.

2.3. Micronutrient Intake from Supplements

A dietary supplement questionnaire assessing the usage of vitamins, minerals, botanicals, and
other dietary supplements was administered as part of the NHANES household interview, and the
consumption frequency, duration and dosage were recorded for each supplement used over the past
30 days [19]. The complete product information including labeled dosage or serving size, ingredients,
and the amounts of ingredients per serving, was also recorded. The average daily intake of nutrients
from dietary supplements was calculated using the supplement consumption frequency and dosage
(i.e., the sum of all supplements taken calculated by the number of days taken in last 30 days times
the amount of nutrient in each supplement taken divided by 30 days). In this way, the number of
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dietary supplements taken and the frequency of consumption of each dietary supplements taken
was considered.

2.4. Statistics

All statistical analyses were performed with SAS software (version 9.2; SAS Institute Inc., Cary,
NC, USA) and SUDAAN (version 11; Research Triangle Institute; Raleigh, NC, USA). Usual nutrient
intakes (long-term intakes) from food only and from food plus dietary supplement for the entire
population group were estimated using two days of dietary intake in NHANES with the National
Cancer Institute method [20] and with day of recall, weekday/weekend intake flag, and dietary
supplement use (yes/no) flag as covariates. Percentage of the population below the Estimated Average
Requirement (EAR) using the cut-point method (except for iron where the probability method was
used) for 17 nutrients (calcium, copper, iron, magnesium, phosphorus, selenium, zinc, vitamin A,
thiamin, riboflavin, niacin, folate, vitamin B6, vitamin B12, vitamin C, vitamin D, and vitamin E),
above the Adequate Intake (AI) for two nutrients (vitamin K and choline; given an EAR has not been
established the percentage of the population with inadequate intakes cannot be determined [21]), and
above the Upper Tolerable Level (UL) for 13 nutrients (calcium, copper, iron, phosphorus, selenium,
zinc, vitamin A as retinol, folate as folic acid, vitamin B6, vitamin C, vitamin D, vitamin E as added
alpha-tocopherol and choline) were assessed. EAR, AI, and UL used were age/gender specific.
Potassium and sodium were excluded from the present analysis as negligible amounts are found in
dietary supplements. To obtain nationally representative estimates, NHANES survey weights, strata,
and primary sampling units were used in all calculations. A Z-statistic was used to test whether usual
intake means and proportions of the population below EAR or above the UL were similar between
groups. p < 0.01 was deemed significant. Data are presented as mean ± SE.

2.5. Trial Registration

Not applicable, as this is secondary analysis of publicly released observational data (NHANES
2009–2012).

3. Results

3.1. Dietary Supplement Usage

Among NHANES 2009–2012 participants, dietary supplement use (mean ± standard error) was
reported to be 45.8 ± 1.2% of adults age 19–50 years, 64.9 ± 1.3% of adults age 51–70 years, and 73.2 ±
1.1% of adults age ≥71 years.

3.2. Comparison of Intakes from Food Alone in Dietary Supplement Consumers and Non-Consumers

In adults 19–50 years, consumers of dietary supplements had higher (p < 0.01) intakes from food
alone of most nutrients examined (not selenium, zinc and vitamin B12) as compared to non-consumers
(Table 1). Consumers of dietary supplements 51–70 years had higher intakes of vitamins A, C and E
and lower intake of choline while consumers ≥71 years had higher intakes of copper, magnesium,
vitamins B6 and K as compared to non-consumers. Regarding the percentage of the population with
inadequate intakes from food alone (Table 2), consumers of dietary supplements had lower inadequacy
for magnesium (all three age groups), vitamin A (19–50 and 51–70 year groups), vitamin C (19–50
and 51–70 year groups), and copper (≥71 year group); the percentage of the population above the
AI for vitamin K as higher for dietary supplement consumers for all three age groups. Both dietary
supplement consumers and non-consumers had high percentages of the population below the EAR
from food only for calcium, magnesium, and vitamins A, C, D, and E along with relatively low
percentages of the population with intakes above the AI for vitamin K and choline.
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Table 1. Usual intake of nutrients from foods only among adults (19+ years old) by age groups.
NHANES 2009–2012, gender combined data.

Nutrients
Age 19–50 Years Age 51–70 Years Age ≥71 Years

Non-Consumer
(n = 3427)

Consumer
(n = 2366)

Non-Consumer
(n = 1408)

Consumer
(n = 1922)

Non-Consumer
(n = 490)

Consumer
(n = 1085)

Nutrients with EAR (Estimated Average Requirement)

Calcium (mg) 1026 ± 11 1109 ± 20 * 928 ± 18 968 ± 17 818 ± 24 861 ± 14
Copper (mg) 1.27 ± 0.02 1.42 ± 0.02 * 1.27 ± 0.04 1.39 ± 0.03 1.09 ± 0.03 1.20 ± 0.02 *

Iron (mg) 15.6 ± 0.1 16.6 ± 0.2 * 14.9 ± 0.4 15.2 ± 0.3 14.2 ± 0.5 14.5 ± 0.3
Magnesium (mg) 303 ± 4 338 ± 5 * 300 ± 7 318 ± 5 249 ± 7 274 ± 4 *
Phosphorus (mg) 1470 ± 12 1538 ± 21 * 1362 ± 22 1358 ± 18 1135 ± 26 1183 ± 18

Selenium (µg) 120 ± 1 122 ± 12 112 ± 2 108 ± 2 92.4 ± 3.3 91.9 ± 1.2
Zinc (mg) 12.1 ± 0.1 12.6 ± 0.2 11.3 ± 0.2 11.3 ± 0.2 10.0 ± 0.2 10.4 ± 0.2

Vitamin A (µg RE) 568 ± 12 683 ± 17 * 604 ± 21 749 ± 43 * 639 ± 26 676 ± 22
Thiamin (mg) 1.67 ± 0.02 1.80 ± 0.03 * 1.59 ± 0.03 1.60 ± 0.03 1.46 ± 0.04 1.46 ± 0.2

Riboflavin (mg) 2.09 ± 0.03 2.34 ± 0.04 * 2.14 ± 0.04 2.19 ± 0.05 1.93 ± 0.06 1.99 ± 0.03
Niacin (mg) 27.9 ± 0.43 28.1 ± 0.4 * 25.0 ± 0.6 24.2 ± 05 20.6 ± 0.5 21.3 ± 0.3

Folate (µg DFE) 567 ± 8 600 ± 11 * 519 ± 15 555 ± 16 490 ± 19 507 ± 11
Vitamin B6 (mg) 2.19 ± 0.04 2.34 ± 0.05 * 2.07 ± 0.07 2.01 ± 0.05 1.74 ± 0.04 1.90 ± 0.04 *
Vitamin B12 (µg) 5.33 ± 0.09 5.73 ± 0.03 5.15 ± 0.15 5.18 ± 0.25 4.70 ± 0.17 4.98 ± 0.18
Vitamin C (mg) 79.8 ± 2.5 89.4 ± 2.7 * 78.4 ± 4.1 95.2 ± 1.9 * 73.2 ± 4.4 85.9 ± 3.7
Vitamin D (µg) 4.66 ± 0.10 5.05 ± 0.17 4.84 ± 0.13 4.83 ± 0.17 5.10 ± 0.25 5.03 ± 0.18
Vitamin E (mg) 8.25 ± 0.17 9.2 ± 0.2 * 7.81 ± 0.27 9.02 ± 0.21 * 6.80 ± 0.33 7.56 ± 0.16

Nutrients with AI (Adequate Intake)

Vitamin K (µg) 90.1 ± 2.3 111 ± 5 * 108 ± 7 131 ± 8 79.7 ± 5.5 106 ± 5 *
Choline (mg) 344 ± 5 354 ± 5 351 ± 6 329 ± 5 * 287 ± 9 288 ± 5

* Significant difference for consumer and non-consumer within age subgroups at p < 0.01.

Table 2. Percent of adult (19+ years old) population below Estimated Average Requirement (EAR) or
above Adequate Intake (AI) of nutrients from foods only. NHANES 2009–2012 gender combined data.

Nutrients
Age 19–50 Years Age 51–70 Years Age ≥71 Years

Non-Consumer
(n = 3427)

Consumer
(n = 2366)

Non-Consumer
(n = 1408)

Consumer
(n = 1922)

Non-Consumer
(n = 490)

Consumer
(n = 1085)

Nutrients with EAR, percentage below EAR

Calcium 29.5 ± 1.4 25.4 ± 1.4 53.7 ± 1.9 50.7 ± 1.9 75.0 ± 2.9 71.8 ± 19
Copper 6.0 ± 0.7 2.8 ± 0.8 7.8 ± 1.1 2.2 ± 0.6 * 15.0 ± 3.0 7.2 ± 1.2

Iron 6.6 ± 0.7 5.9 ± 0.6 <1 <1 <1 <1
Magnesium 55.0 ± 1.7 40.1 ± 1.4 * 59.8 ± 2.6 46.9 ± 1.8 * 77.8 ± 3.4 65.1 ± 2.1 *
Phosphorus <1 <1 <1 <1 4.4 ± 1.2 1.5 ± 0.5

Selenium <1 <1 <1 <1 3.3 ± 1.6 2.1 ± 0.8
Zinc 11.9 ± 1.6 8.2 ± 1.8 20.3 ± 2.0 16.7 ± 1.6 31.8 ± 3.2 23.8 ± 2.1

Vitamin A 55.0 ± 2.3 39.5 ± 2.2 * 51.7 ± 2.8 31.9 ± 3.9 * 45.5 ± 4.2 33.8 ± 3.4
Thiamin 4.5 ± 1.3 3.7 ± 0.8 5.3 ± 1.3 6.3 ± 1.2 13.2 ± 2.7 7.3 ± 1.8

Riboflavin 3.2 ± 0.7 1.5 ± 0.5 3.7 ± 0.7 2.0 ± 0.5 5.7 ± 1.6 2.7 ± 0.5
Niacin <1 <1 <1 1.6 ± 0.4 6.2 ± 2.0 3.1 ± 0.9

Folate DFE 8.3 ± 2.3 8.2 ± 1.3 13.0 ± 1.8 9.0 ± 1.6 20.6 ± 3.4 15.9 ± 1.8
Vitamin B6 4.6 ± 1.1 3.2 ± 1.0 15.0 ± 2.6 16.4 ± 1.7 27.3 ± 2.2 20.4 ± 2.0
Vitamin B12 2.0 ± 0.8 2.5 ± 1.0 6.3 ± 1.7 4.5 ± 1.4 5.5 ± 1.9 5.0 ± 1.5
Vitamin C 49.1 ± 2.0 39.2 ± 2.1 * 52.3 ± 2.7 36.2 ± 2.0 * 53.1 ± 3.9 40.9 ± 2.7
Vitamin D 96.8 ± 0.8 92.8 ± 1.4 93.8 ± 1.1 94.9 ± 1.4 94.4 ± 2.1 96.0 ± 1.2
Vitamin E 86.5 ± 1.6 80.7 ± 1.5 90.3 ± 2.4 81.9 ± 1.9 93.6 ± 2.3 91.2 ± 1.3

Nutrients with AI, percentage above AI

Vitamin K 29.3 ± 2.2 43.9 ± 3.0 * 40.3 ± 4.0 57.4 ± 3.1 * 23.7 ± 3.9 42.5 ± 3.1 *
Choline 8.4 ± 1.2 10.3 ± 1.3 9.9 ± 1.6 6.8 ± 0.9 2.3 ± 0.9 2.0 ± 0.8

* Significant difference for consumer and non-consumer within age subgroups at p < 0.01.
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3.3. Effect of Supplement Use on Usual Intake of Nutrients

Usual intake of nutrients from food and supplement combined was higher (p < 0.01) than from
food only for all nutrients except phosphorus, vitamin K and choline (Table 3). Usual intakes of
DGA-identified “underconsumed nutrients” increased (range of mean intake differences across age
groups) significantly in the various age subgroups by 9–34% for calcium, 17–29% for iron, 5–16% for
magnesium, 37–88% for vitamin A, 66–159% for vitamin C, 118–309% for vitamin D and 123–461% for
vitamin E. The magnitude of increase was generally higher for older than for younger age subgroups
(≥71 years > 51–70 years > 19–50 years) (Table 3), consistent with increased dietary supplement use in
older age groups.

Table 3. Usual intake of nutrients from foods and foods + dietary supplements among adults
(19+ years old) by age groups. NHANES 2009–2012, gender combined data.

Nutrients
Age 19–50 Years (n = 5793) Age 51–70 Years (n = 3330) Age ≥71 Years (n = 1575)

Food Only Food +
Supplement Food Only Food +

Supplement Food Only Food +
Supplement

Nutrients with EAR

Calcium (mg) 1065 ± 11 1157 ± 13 * 956 ± 20 1192 ± 26 * 848 ± 11 1135 ± 15 *
Copper (mg) 1.34 ± 0.02 1.60 ± 0.02 * 1.35 ± 0.02 1.68 ± 0.03 * 1.17 ± 0.02 1.60 ± 0.04 *

Iron (mg) 16.1 ± 0.1 18.7 ± 0.2 * 15.1 ± 0.2 18.2 ± 0.3 * 14.4 ± 0.3 18.6 ± 0.4 *
Magnesium (mg) 319 ± 3 337 ± 3 * 312 ± 4 351 ± 6 * 267 ± 3 311 ± 5 *
Phosphorus (mg) 1501 ± 12 1506 ± 11 1358 ± 18 1369 ± 19 1169 ± 14 1184 ± 13

Selenium (µg) 121 ± 1 133 ± 2 * 110 ± 2 137 ± 7 * 91.9 ± 1.4 118 ± 2 *
Zinc (mg) 12.3 ± 0.1 15.2 ± 0.2 * 11.3 ± 0.2 16.1 ± 0.4 * 10.3 ± 0.2 17.8 ± 0.5 *

Vitamin A (µg RE) 622 ± 12 853 ± 13 * 700 ± 29 1099 ± 46 * 666 ± 18 1254 ± 47 *
Thiamin (mg) 1.73 ± 0.02 4.19 ± 0.18 * 1.59 ± 0.02 7.06 ± 0.85 * 1.46 ± 0.02 7.50 ± 2.40

Riboflavin (mg) 2.20 ± 0.02 4.13 ± 0.13 * 2.18 ± 0.05 5.88 ± 0.79 * 1.97 ± 0.03 4.80 ± 0.57 *
Niacin (mg) 28.0 ± 0.3 34.5 ± 0.7 * 24.5 ± 0.3 38.6 ± 1.8 * 21.2 ± 0.3 33.0 ± 1.2 *

Folate (µg DFE) 582 ± 6 740 ± 7 * 543 ± 8 798 ± 15 * 503 ± 10 820 ± 15 *
Vitamin B6 (mg) 2.26 ± 0.03 4.70 ± 0.13 * 2.03 ± 0.03 6.38 ± 0.48 * 1.87 ± 0.03 6.44 ± 0.55 *
Vitamin B12 (µg) 5.51 ± 0.10 32.4 ± 2.9 * 5.18 ± 0.15 69.8 ± 7.4 * 4.91 ± 0.14 101 ± 10 *
Vitamin C (mg) 84.6 ± 2.0 141 ± 5 * 89.5 ± 2.0 192 ± 11 * 82.5 ± 2.4 214 ± 14 *
Vitamin D (µg) 4.83 ± 0.11 10.6 ± 0.7 * 4.83 ± 0.12 18.1 ± 1.2 5.06 ± 0.17 20.7 ± 1.4 *
Vitamin E (mg) 8.69 ± 0.11 19.4 ± 0.9 * 8.59 ± 0.13 32.8 ± 2.2 * 7.35 ± 0.16 41.2 ± 3.1 *

Nutrients with AI

Vitamin K (µg) 99.6 ± 2.4 105 ± 2 124 ± 4 132 ± 4 99.5 ± 3.3 110 ± 3
Choline (mg) 348 ± 3 349 ± 3 337 ± 5 340 ± 5 287 ± 5 289 ± 5

* Significantly different from Food Only at p < 0.01.

3.4. Effect of Supplement Use on Prevalence of Inadequacy

Consumption of dietary supplements decreased (p < 0.01) the prevalence of inadequacy (range
of mean differences in intakes below EAR across age groups) for DGA-identified “underconsumed
nutrients” by 18–35% for calcium, 10–19% for magnesium, 19–38% for vitamin A, 21–43% for vitamin C,
23–53% for vitamin D and 24–43% for vitamin E across all age groups, with the magnitude of decrease
generally higher for older population subgroup (Table 4). There was also a decrease (p < 0.01) in
the prevalence of intakes below the EAR for zinc (age ≥71 years), vitamin B6 (age ≥71 years and
51–70 years), and folate (age ≥71 years and 51–70 years) associated with dietary supplement intake.
There were no significant differences in the prevalence of intakes above the AI of vitamin K or choline
with supplement intake (plus food) compared to food alone among adults of any age group except the
≥71 years group had increased percentage of the population above the AI for vitamin K intakes with
supplement intake.
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Table 4. Percent of adult (19+ years old) population below Estimated Average Requirement (EAR) or
above Adequate Intake (AI) of nutrients from foods and foods + dietary supplements by age groups.
NHANES 2009–2012 gender combined data.

Nutrients
Age 19–50 Years (n = 5793) Age 51–70 Years (n = 3330) Age ≥71 Years (n = 1575)

Food Only Food +
Supplement Food Only Food +

Supplement Food Only Food +
Supplement

Nutrients with EAR, percentage below EAR

Calcium 27.5 ± 0.9 22.7 ± 0.9 *,a 51.4 ± 1.5 34.6 ± 1.2 *,b 72.9 ± 1.6 47.7 ± 1.2 *,c

Copper 4.6 ± 0.5 4.1 ± 0.5 a 4.1 ± 0.8 3.1 ± 0.6 a 9.6 ± 1.3 6.7 ± 0.7 b

Iron 6.2 ± 0.5 5.0 ± 0.4 a <1 <1 b <1 <1 b

Magnesium 47.8 ± 1.2 43.0 ± 1.1 *,a 51.3 ± 1.5 41.9 ± 1.2 *,a 68.6 ± 1.5 55.2 ± 1.5 *,b

Phosphorus <1 <1 a <1 <1 a,b 2.07 ± 0.51 2.0 ± 0.4 b

Selenium <1 <1 a <1 <1 a 2.4 ± 0.7 1.5 ± 0.4 b

Zinc 10.1 ± 1.5 8.08 ± 1.25 a 17.9 ± 1.9 12.6 ± 1.0 b 26.1 ± 1.8 16.4 ± 1.0 *,c

Vitamin A 47.3 ± 1.7 38.2 ± 1.2 *,a 39.2 ± 2.2 28.2 ± 1.6 *,b 37.4 ± 2.9 23.0 ± 1.6 *,b

Thiamin 4.2 ± 0.8 3.5 ± 0.7 6.0 ± 1.0 4.1 ± 0.5 8.9 ± 1.8 5.3 ± 0.9
Riboflavin 2.5 ± 0.5 2.10 ± 0.42 2.6 ± 0.4 1.9 ± 0.3 3.4 ± 0.5 2.2 ± 0.3

Niacin <1 <1 a 1.3 ± 0.4 <1 a 4.0 ± 0.9 2.5 ± 0.5 b

Folate DFE 8.3 ± 1.2 6.4 ± 0.9 a 10.6 ± 1.0 7.4 ± 0.7 *,a,b 17.0 ± 1.7 10.3 ± 1.0 *,b

Vitamin B6 4.0 ± 0.7 3.2 ± 0.5 a 15.6 ± 1.3 10.5 ± 0.8 *,b 22.4 ± 1.8 14.0 ± 1.1 *,c

Vitamin B12 2.3 ± 0.6 1.7 ± 0.5 5.2 ± 1.4 3.3 ± 0.9 4.9 ± 1.1 2.8 ± 0.5
Vitamin C 44.6 ± 1.4 35.2 ± 1.2 *,a 42.1 ± 1.9 28.7 ± 1.2 *,b 44.2 ± 1.9 25.4 ± 1.3 *,b

Vitamin D 94.8 ± 0.9 73.5 ± 1.0 *,a 94.6 ± 0.9 53.3 ± 1.2 *,b 95.5 ± 1.2 44.4 ± 1.3 *,c

Vitamin E 83.8 ± 0.9 64.1 ± 0.8 *,a 85.0 ± 1.3 55.3 ± 1.0 *,b 91.7 ± 1.2 52.1 ± 1.4 *,b

Nutrients with AI, percentage above AI

Vitamin K 37.2 ± 1.7 41.3 ± 1.7 a 51.3 ± 2.0 56.6 ± 2.2 b 37.1 ± 1.8 45.1 ± 1.5 *,a

Choline 8.9 ± 0.8 9.2 ± 0.8 a 7.8 ± 0.9 8.3 ± 1.1 a 2.1 ± 0.6 2.2 ± 0.5 b

* Significantly different from Food Only at p < 0.01; a,b,c Values with different letters in a row are significantly
different at p < 0.01.

3.5. Comparison of Prevalence of Inadequacy by Age

There were significant differences in proportion of population with intakes (from food +
supplement) below EAR by age groups (Table 4). The ≥71 years population subgroup had a lower
prevalence of inadequacy for iron, vitamin A, vitamin C, vitamin D, and vitamin E, and higher
prevalence of inadequacy for calcium, magnesium and other minerals (except iron), and most B
vitamins compared to other age subgroups. Among DGA-identified “underconsumed nutrients”,
the ≥71 years subgroup, compared to the other two age subgroups, had (range of differences in mean
intakes below EAR changes across age groups) 38–110% higher prevalence for calcium inadequacy, 98%
lower prevalence for iron inadequacy (compared to age 19–50 years only), 28–32% higher prevalence
for magnesium inadequacy, 18–40% lower prevalence for vitamin A inadequacy, 28% lower prevalence
for vitamin C inadequacy (compared to age 19–50 years only), 17–40% lower prevalence for vitamin D
inadequacy and 19% lower prevalence for vitamin E inadequacy (compared to age 19–50 years only).

3.6. Effect of Supplement Use on Prevalence of Intake Higher Than the UL

There was a higher (p < 0.01) prevalence of intakes above UL for calcium (all age groups), iron
(all age groups), selenium (age 19–50 years and 51–70 years population subgroups), zinc (all age
groups), vitamin A (all age groups), folate (all age groups), vitamin B6 (all age groups), vitamin C
(age 19–50 years only), and vitamin D (all age groups) with dietary supplement consumption (Table 5).
The actual percentages above the UL were mostly below 2% and were never more than 5% for any
nutrient and any age group except for calcium (9.0%, age 51–70 years) and zinc (5.2%, age ≥71 years).
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Table 5. Percent adult (19+ years old) population exceeding Tolerable Upper Limit of intake (UL) of
nutrients from foods and foods + dietary supplements by age groups. NHANES 2009–2012 gender
combined data.

Nutrients
Age 19–50 Years (n = 5793) Age 51–70 Years (n = 3330) Age ≥71 Years (n = 1575)

Food Only Food + Supplement Food Only Food + Supplement Food Only Food + Supplement

Calcium <1 1.24 ± 0.20 * 1.45 ± 0.43 9.00 ± 1.08 * <1 <1
Copper <1 <1 <1 <1 <1 <1

Iron <1 1.37 ± 0.17 * <1 1.98 ± 0.29 * <1 2.63 ± 0.39 *
Phosphorus <1 <1 <1 <1 <1 <1

Selenium <1 <1 <1 <1 <1 <1
Zinc <1 1.10 ± 0.17 * <1 2.53 ± 0.41 * <1 5.20 ± 0.62 *

Vitamin A <1 <1 <1 <1 <1 <1
Niacin ND ND ND ND ND ND

Folate DFE <1 1.35 ± 0.13 * <1 1.96 ± 0.30 * <1 2.63 ± 0.40 *
Vitamin B6 <1 <1 <1 1.42 ± 0.38 * <1 1.95 ± 0.39 *
Vitamin C <1 <1 <1 <1 <1 <1
Vitamin D <1 <1 <1 1.95 ± 0.67 * <1 1.99 ± 0.57 *
Vitamin E <1 <1 <1 <1 <1 <1
Choline <1 <1 <1 <1 <1 <1

* Significantly different from Food Only at p < 0.01; Vitamin A, folate and vitamin E ULs based on retinol, folic acid
and added alpha tocopherol, respectively. ND: Not determined as niacin UL is based on a particular form of niacin
(nicotinic acid) which is not quantified in NHANES.

4. Discussion

This is among the first analysis of NHANES data to examine micronutrient intakes from food
alone and food plus dietary supplements among different US population age subgroups. While there
were some differences in intakes from food alone in dietary supplement consumers and non-consumers,
especially in the 19–50 years group, all age groups had greater than 25% of the population with intakes
below the EAR for calcium, magnesium, and vitamins A, C, D, and E. This analysis, based on NHANES
data from 2009–2012, shows that dietary supplement use consistently contributed to increased intakes
of nutrients and decreased population prevalence of inadequacy among all age subgroups with only
small (typically < 5%) increases in the population exceeding the UL.

Inadequacy of nutrient intakes among Americans have been consistently demonstrated in past
reports [1,3–6]. Our data show that older adults had lower intake and higher prevalence of inadequacy
for most nutrients (from food only) compared to younger adults. Previous studies have also reported
lower intake of several key nutrients among older adults. One study estimated that older adults
consume only 20–33% of the Recommended Dietary Allowance for many nutrients [22]. A 2005–2006
NHANES analysis indicated that over 92% adults age 51+ were consuming below the EAR for
vitamin E and 67% below the EAR for magnesium [23]. While good nutritional status in older adults
can have beneficial effects on quality of life, morbidity, and mortality, this population appears at
a disproportionately greater risk of inadequate intakes. Nutrient inadequacies were shown to be
more pronounced in older adults, possibly due to a decrease in total energy intake with advancing
age [24]. There is consistent data from both cohort and cross-sectional surveys indicating a substantial
age-associated decline in energy intake and food intake quantity [22]. Additionally, a high proportion
of older adults (age >71 years) had inadequate intakes for fruits (~70%), vegetables (>80%), and whole
grains (>90%) in an earlier study [2].

Our analysis shows that use of dietary supplements significantly increased nutrient intakes and
decreased the prevalence of inadequacy for most nutrients in all age subgroups. Calcium, potassium,
iron (adolescent and adult females), magnesium, dietary fiber, choline, and vitamins A, D, E, and C are
“underconsumed nutrients” as their intakes for many individuals are below the recommendations [1].
Increased risk of several adverse health effects including cardiovascular disease, stroke, impaired
cognitive function, cancer, eye diseases, poor bone health and other conditions have been associated
with nutrient inadequacies [8,25,26]. Low intakes of calcium, potassium, iron (adolescent and adult
females) dietary fiber, and vitamin D are associated with the risk of chronic disease [1].
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Although the prevalence of inadequacy for most nutrients from food only was higher among
older adults, the prevalence of inadequacy (for intakes from food + supplements) for vitamins A, C,
D and E among older adults was much lower than among younger adults. Dietary supplement use
was associated with a lower prevalence of inadequacy in all age groups. The prevalence of inadequate
intake of vitamins A, E, and folate among the elderly population decreased from 53% to 4%, 93% to
14%, and 75% to 7%, respectively, with the use of supplements [27]. It is interesting to note that, while
there was generally an increased intake associated with dietary supplements across all age groups,
the decrease in prevalence of inadequacy among older adults was much higher than among younger
age groups. Our data show higher prevalence of dietary supplement use among older adults than
among younger adults. Similar findings of higher incidence of dietary supplement use among older
population subgroup were also reported in earlier studies. In the National Health Interview Survey
(NHIS), while 53% of participants reported taking vitamin or mineral supplements, 60–61% of older
Americans reported taking supplement [28]. More prevalent dietary supplement use among older
adults was also reported from an NHANES 2003–2006 analysis [9] as well as from NHANES III [29].
It appears that although the older adult population subgroups typically start with lower intakes, their
more prevalent use of dietary supplements help compensate for nutritional inadequacies.

A major strength of our study was the use of a large nationally representative population-based
sample of adults. Our analysis relied on the assumption that 24-h dietary recall-based nutrient
intakes from food sources were unbiased and self-reported dietary supplement intake accurately
reflected long-term intake patterns. We assumed self-reported data for dietary supplement use from
the NHANES questionnaire represents long-term supplement intake but this has not been validated.
However, the NHANES interviewers used standardized procedures and saw the dietary supplement
bottles/labels and verified the self-reporting accuracy 85% of the time [9]. Additionally, the estimates
of vitamins and minerals contributed by dietary supplements relied on the label declarations rather
than analytic values. The results of this study should be interpreted with these limitations in mind.

In conclusions, the results of this study suggest an association between supplement use and
meeting nutritional adequacies for various nutrients, and that the association is stronger for older
adult population subgroups than younger population ones.

Acknowledgments: This research was supported by Bayer Consumer Healthcare, DSM and Pharmavite, which
are members of the Campaign for Essential Nutrients (CFEN).

Author Contributions: All authors jointly conceived and designed the analyses. Victor L. Fulgoni, III performed
the analyses and wrote the first draft of this article, to which all other authors provided input.

Conflicts of Interest: In addition to consulting work for the Campaign for Essential Nutrients (CFEN), the
authors receive funding support from: USDA ARS grant 58-1950-014 (J.B.B.), NIH grant AT008754 (C.M.W.),
Nestle Nutrition (S.H.Z.) and Pfizer Consumer Healthcare (B.F.). The authors serve on scientific advisory boards
for AdvoCare (J.B.B.), Pfizer Consumer Healthcare (B.B.F., J.B.B.), Pharmavite (C.M.W., J.B.B.) and Metabolon
(S.H.Z.). S.H.Z. is funded by grants from the NIH (DK56350, DK115380) and is a founder of Nutrigene Sciences,
LLC, a company in which he owns stock equity. V.L.F., as Senior Vice President of Nutrition Impact LLC, performs
consulting and database analyses for various food and beverage companies and related entities. Neither CFEN
nor its individual company members had any role in the design of this study; collection, analyses or interpretation
of the data; or writing of the manuscript. The authors made the final decision to publish these findings.

References

1. U.S. Department of Health and Human Services; U.S. Department of Agriculture. 2015–2020 Dietary
Guidelines for Americans, 8th ed.; 2015. Available online: http://health.gov/dietaryguidelines/2015/
guidelines/ (accessed on 15 March 2017).

2. Krebs Smith, S.M.; Guenther, P.M.; Subar, A.F.; Kirkpatrich, S.I.; Dodd, K.W. Americans do not meet federal
dietary recommendations. J. Nutr. 2010, 140, 1832–1838. [CrossRef] [PubMed]

3. Fulgoni, V.L., III; Keast, D.R.; Bailey, R.L.; Dwyer, J. Foods, fortificants and supplements: Where do Americans
get their nutrients? J. Nutr. 2011, 141, 1847–1854. [CrossRef] [PubMed]

4. Bailey, R.L.; Fulgoni, V.L., III; Keast, D.R.; Dwyer, J.T. Examination of vitamin intakes among US adults by
dietary supplement use. J. Acad. Nutr. Diet. 2012, 112, 657–663. [CrossRef] [PubMed]

http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
http://dx.doi.org/10.3945/jn.110.124826
http://www.ncbi.nlm.nih.gov/pubmed/20702750
http://dx.doi.org/10.3945/jn.111.142257
http://www.ncbi.nlm.nih.gov/pubmed/21865568
http://dx.doi.org/10.1016/j.jand.2012.01.026
http://www.ncbi.nlm.nih.gov/pubmed/22709770


Nutrients 2017, 9, 1325 9 of 10

5. Moshfegh, A.; Goldman, J.; Ahuja, J.; Rhodes, D.; LaComb, R. What We Eat in America, NHANES 2005–2006:
Usual Nutrient Intakes from Food and Water Compared to 1997 Dietary Reference Intakes for Vitamin D, Calcium,
Phosphorus, and Magnesium; U.S. Department of Agriculture, Agricultural Research Service: Beltsville, MD,
USA, 2009.

6. USDA & DHHS. Scientific Report of the Dietary Guidelines Advisory Committee. 2015; [Internet]. Available
online: http://health.gov/dietaryguidelines/2015-scientific-report/ (accessed on 12 August 2016).

7. Wells, H.F.; Buzby, J.C. Dietary Assessment of Major Trends in U.S. Food Consumption, 1970–2005; Economic
Information, Bulletin No. 33; Economic Research Service, U.S. Department of Agriculture: Washington, DC,
USA, 2008.

8. CDC, National Center for Health Statistics. Second National Report on Biochemical Indicators of Diet
and Nutrition in the U.S. Population. 2012. Available online: http://www.cdc.gov/nutritionreport/pdf/
nutrition_book_complete508_final.pdf (accessed on 10 November 2016).

9. Bailey, R.L.; Gahche, J.J.; Miller, P.E.; Thomas, P.R.; Dwyer, J.T. Why US adults use dietary supplements.
JAMA Intern. Med. 2013, 173, 355–361. [CrossRef] [PubMed]

10. Dickinson, A.; MacKay, D.; Wong, A. Consumer attitudes about the role of multivitamins and other dietary
supplements: Report of a survey. Nutr. J. 2015, 14, 66. [CrossRef] [PubMed]

11. Briefel, R.R.; Johnson, C.L. Secular trends in dietary intake in the United States. Annu. Rev. Nutr. 2004, 24,
401–431. [CrossRef] [PubMed]

12. Bailey, R.L.; Gahche, J.J.; Lentino, C.V.; Dwyer, J.T.; Engel, J.S.; Thomas, P.R.; Betz, J.M.; Sempos, C.T.;
Picciano, M.F. Dietary supplement use in the United States, 2003–2006. J. Nutr. 2011, 141, 261–266. [CrossRef]
[PubMed]

13. Wallace, T.C.; McBurney, M.; Fulgoni, V.L. Multivitamin/mineral supplement contribution to micronutrient
intakes in the United States, 2007–2010. J. Am. Coll. Nutr. 2014, 33, 94–102. [CrossRef] [PubMed]

14. Kantor, E.D.; Rehm, C.D.; Du, M.; White, E.; Giovannucci, E.L. Trends in dietary supplement use among US
adults from 1999–2012. JAMA 2016, 316, 1464–1474. [CrossRef] [PubMed]

15. CDC, National Center for Health Statistics. About the National Health and Nutrition Examination Survey.
Available online: http://www.cdc.gov/nchs/nhanes/aboutnhanes.htm (accessed on 5 October 2016).

16. Ahuja, J.K.A.; Montville, J.B.; Omolewa-Tomobi, G.; Heendeniya, K.Y.; Martin, C.L.; Steinfeldt, L.C.; Anand, J.;
Adler, M.E.; LaComb, R.P.; Moshfegh, A.J. USDA Food and Nutrient Database for Dietary Studies, 5.0; U.S.
Department of Agriculture, Agricultural Research Service, Food Surveys Research Group: Beltsville, MD,
USA. Available online: https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fndds/fndds5_doc.pdf
(accessed on 10 January 2017).

17. U.S. Department of Agriculture, Agricultural Research Service. USDA Food and Nutrient Database for
Dietary Studies 2011–2012. Food Surveys Research Group Home Page. 2014. Available online: https://www.
ars.usda.gov/ARSUserFiles/80400530/pdf/fndds/fndds_2011_2012_doc.pdf (accessed on 10 January 2017).

18. U.S. Department of Agriculture National Agriculture Library: National Nutrient Database for Standard
Reference. Available online: http://ndb.nal.usda.gov/ (accessed on 5 October 2016).

19. CDC, National Center for Health Statistics. Questionnaires, Datasets and RELATED Documentation; NHANES:
Hyattsville, MD, USA, 2016. [Internet]. Available online: http://www.cdc.gov/nchs/nhanes/nhanes_
questionnaires.htm (accessed on 5 October 2016).

20. Tooze, J.A.; Kipnis, V.; Buckman, D.W.; Carroll, R.J.; Freedman, L.S.; Guenther, P.M.; Krebs-Smith, S.M.;
Subar, A.F.; Dodd, K.W. A mixed-effects model approach for estimating the distribution of usual intake of
nutrients: The NCI method. Stat. Med. 2010, 29, 2857–2868. [CrossRef] [PubMed]

21. National Academies of Medicine, Food and Nutrition Board. Dietary Reference Intakes: Applications in Dietary
Assessment; National Academies Press: Washington, DC, USA, 2000.

22. Wakimoto, P.; Block, G. Dietary intake, dietary patterns, and changes with age: An epidemiological
perspective. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, 65–80. [CrossRef] [PubMed]

23. Institute of Medicine (U.S.) Food Forum. Providing Healthy and Safe Foods as We Age: Workshop Summary;
National Academies Press: Washington, DC, USA, 2010.

24. Drewnowski, A.; Shultz, J.M. Impact of aging on eating behaviors, food choices, nutrition and health status.
J. Nutr. Health Aging 2001, 5, 75–79. [PubMed]

25. Ames, B.N. Low micronutrient intake may accelerate the degenerative diseases of aging through allocation
of scarce micronutrients by triage. Proc. Natl. Acad. Sci. USA 2006, 103, 17589–17594. [CrossRef] [PubMed]

http://health.gov/dietaryguidelines/2015-scientific-report/
http://www.cdc.gov/nutritionreport/pdf/nutrition_book_complete508_final.pdf
http://www.cdc.gov/nutritionreport/pdf/nutrition_book_complete508_final.pdf
http://dx.doi.org/10.1001/jamainternmed.2013.2299
http://www.ncbi.nlm.nih.gov/pubmed/23381623
http://dx.doi.org/10.1186/s12937-015-0053-9
http://www.ncbi.nlm.nih.gov/pubmed/26134111
http://dx.doi.org/10.1146/annurev.nutr.23.011702.073349
http://www.ncbi.nlm.nih.gov/pubmed/15189126
http://dx.doi.org/10.3945/jn.110.133025
http://www.ncbi.nlm.nih.gov/pubmed/21178089
http://dx.doi.org/10.1080/07315724.2013.846806
http://www.ncbi.nlm.nih.gov/pubmed/24724766
http://dx.doi.org/10.1001/jama.2016.14403
http://www.ncbi.nlm.nih.gov/pubmed/27727382
http://www.cdc.gov/nchs/nhanes/about nhanes.htm
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fndds/fndds5_doc.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fndds/fndds_2011_2012_doc.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fndds/fndds_2011_2012_doc.pdf
http://ndb.nal.usda.gov/
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://dx.doi.org/10.1002/sim.4063
http://www.ncbi.nlm.nih.gov/pubmed/20862656
http://dx.doi.org/10.1093/gerona/56.suppl_2.65
http://www.ncbi.nlm.nih.gov/pubmed/11730239
http://www.ncbi.nlm.nih.gov/pubmed/11426286
http://dx.doi.org/10.1073/pnas.0608757103
http://www.ncbi.nlm.nih.gov/pubmed/17101959


Nutrients 2017, 9, 1325 10 of 10

26. Fairfield, K.M.; Fletcher, R.H. Vitamins for chronic disease prevention in adults: Scientific review. JAMA
2002, 287, 3116–3126. [CrossRef] [PubMed]

27. Sebastian, R.S.; Cleveland, L.E.; Goldman, J.D.; Moshfegh, A.J. Older adults who use vitamin/mineral
supplements differ from nonusers in nutrient intake adequacy and dietary attitudes. J. Am. Diet. Assoc. 2007,
107, 1322–1332. [CrossRef]

28. Fennell, D. Determinants of supplement usage. Prev. Med. 2004, 39, 932–939. [CrossRef] [PubMed]
29. Kennedy, E.T.; Luo, H.; Houser, R.F. Dietary supplement use pattern of U.S. adult population in the 2007–2008

National Health and Nutrition Examination Survey (NHANES). Ecol. Food Nutr. 2013, 52, 76–84. [CrossRef]
[PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1001/jama.287.23.3116
http://www.ncbi.nlm.nih.gov/pubmed/12069675
http://dx.doi.org/10.1016/j.jada.2007.05.010
http://dx.doi.org/10.1016/j.ypmed.2004.03.031
http://www.ncbi.nlm.nih.gov/pubmed/15475026
http://dx.doi.org/10.1080/03670244.2012.706000
http://www.ncbi.nlm.nih.gov/pubmed/23282192
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Micronutrient Intake from Foods 
	Micronutrient Intake from Supplements 
	Statistics 
	Trial Registration 

	Results 
	Dietary Supplement Usage 
	Comparison of Intakes from Food Alone in Dietary Supplement Consumers and Non-Consumers 
	Effect of Supplement Use on Usual Intake of Nutrients 
	Effect of Supplement Use on Prevalence of Inadequacy 
	Comparison of Prevalence of Inadequacy by Age 
	Effect of Supplement Use on Prevalence of Intake Higher Than the UL 

	Discussion 

