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Abstract

Background—More than half of US adults use dietary supplements. Some reports suggest that
supplement users have higher vitamin intakes from foods than nonusers, but this observation has
not been examined using nationally representative survey data.

Objective—The purpose of this analysis was to examine vitamin intakes from foods by
supplement use and how dietary supplements contribute to meeting or exceeding the Dietary
Reference Intakes for selected vitamins using data from the National Health and Nutrition
Examination Survey among adults (aged =19 years) in 2003-2006 (n=8,860).

Results—Among male users, mean intakes of folate and vitamins A, E, and K from food sources
were significantly higher than among nonusers. Among women, mean intakes of folate and
vitamins A, C, D, and E from foods were higher among users than nonusers. Total intakes (food
and supplements) were higher for every vitamin we examined among users than the dietary
vitamin intakes of nonusers. Supplement use helped lower the prevalence of intakes below the
Estimated Average Requirement for every vitamin we examined, but for folic acid and vitamins
A, B-6, and C, supplement use increased the likelihood of intakes above the Tolerable Upper
Intake Level.

Conclusions—Supplement use was associated with higher mean intakes of some vitamins from
foods among users than nonusers, but it was not associated with the prevalence of intakes less than
the Estimated Average Requirement from foods. Those who do not use vitamin supplements had
significantly higher prevalence of inadequate vitamin intakes; however, the use of supplements
can contribute to excess intake for some vitamins.
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More than half of adults use dietary supplements in the United States (1), primarily in the
form of multivitamins with or without minerals (2). Paradoxically, dietary supplement users
tend to have higher intakes of some vitamins from food sources than people who do not use
supplements (3,4), perhaps in part because they consume more fruits and vegetables (4,5).

Dietary supplements can provide large amounts of micro-nutrients to the diet. For example,
in the Multiethnic Cohort Study (6), multivitamin dietary supplement users consumed the
Recommended Dietary Allowance for thiamin; riboflavin; niacin; vitamins A, B-6, B-12,
and E; and folate from the supplements alone. Thus, the use of dietary supplements has the
potential to lower the prevalence of inadequate dietary intakes among adults for many
micronutrients (3,7,8). However, dietary supplement use also has to potential to increase the
risk of intakes above the tolerable upper intake level (UL) (9,10).

Previous nationally representative survey data (1994-1996) have only been examined for
differences in vitamin intakes from foods between users and nonusers of dietary
supplements among older adults (4). Since the authors published these data, the use of
dietary supplements has increased dramatically in the United States (11). In addition,
research is needed to examine adults’ vitamin intakes by supplement use across all age
groups. Furthermore, it is important to understand whether those who use supplements use
them to avoid nutrient deficiencies or whether they contribute to risk of excess intakes.
Therefore, we examined vitamin intakes from food sources by dietary supplement use and
assessed how dietary supplements contributed to meeting or exceeding the Dietary
Reference Intakes for selected vitamins in the National Health and Nutrition Examination
Survey (NHANES) 2003-2006.

Study Population

The National Center for Health Statistics of the Centers for Disease Control and Prevention
collects NHANES data. Written informed consent was obtained for all participants and the
survey protocol was approved by the Research Ethics Review Board at the National Center
for Health Statistics. We combined data from NHANES 2003-2004 and 2005-2006 for
these analyses (12). The combined sample included 18,063 participants who had provided
24-hour dietary intake data. We excluded those aged <19 years (n=7,962) and pregnant and/
or lactating women (n=1,241). The final analytic sample size was 8,860 people aged >19
years.

Dietary Intake

NHANES participants completed an in-person household interview and underwent a health
examination in a mobile examination center that included providing an in-person 24-hour
dietary recall. Survey personnel collected a second 24-hour dietary recall by telephone
approximately 3 to 10 days after the health examination. The collection of both 24-hour
recalls used the US Department of Agriculture’s automated multiple-pass method (13,14).

Survey personnel collected dietary supplement use information during the household
interview as part of the dietary supplement questionnaire (12). This questionnaire assesses
participants’ use of vitamins, minerals, herbs, and other dietary supplements during the past
30 days. Survey personnel also collected detailed information about the type, consumption
frequency, duration, and amount of each reported dietary supplement that respondents took.
The average daily intake of vitamins from dietary supplements was calculated for
individuals using the number of days that supplement use was reported, the reported amount
taken per day, and the serving size unit from the product label; the details on these
procedures are available elsewhere (7,8).
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Operational Definitions

We defined nonusers of dietary supplements as those who did not report taking a dietary
supplement within the past 30 days. We describe dietary intakes for nonusers based on
intakes from foods alone. We defined users of dietary supplements as those who reported
taking a dietary supplement that contained a given vitamin within the past 30 days. For
example, a vitamin C user was someone who took a multivitamin containing vitamin C or a
dietary supplement containing vitamin C only. We examined the dietary intakes (ie, from
foods only) of users and compared these intakes to those of nonusers. We also calculated
total vitamin intakes, which we defined for dietary supplement users as vitamin intakes from
food sources plus vitamin intakes from dietary supplements.

The prevalence of inadequate dietary intakes of a group was determined using the Estimated
Average Requirement (EAR) cut-point method for all vitamins (15). The cut-point method
requires more than one 24-hour dietary recall to adjust for individual variation. The EAR
cut-point method assumes that there is no correlation between intakes and requirements; the
variance in intakes is greater than the variance of requirements; and the distribution of
requirements is symmetrical around the EAR. If these assumptions are met, the number of
individuals with usual intakes below the EAR is proportionate to the prevalence of the group
with inadequate intakes.

Vitamin Bioequivalence for Folate, Retinol, and Tocopherol

Folic acid does not occur naturally in the food supply but is the form of the vitamin that
manufacturers use to fortify foods and in dietary supplements. The bioavailability of food
folate is much lower than that of folic acid in fortified foods and dietary supplements. For
this reason, the Food and Nutrition Board of the National Academies developed the dietary
folate equivalent to reflect this differential bioavailability (16). The EAR for folate is
expressed in dietary folate equivalents. The Food and Nutrition Board established an UL for
folic acid only.

The Food and Nutrition Board established the EAR for vitamin A in micrograms of retinol
activity equivalents to account for the different biological activities of retinol and the
provitamin-A carotenoids (17). The UL for vitamin A applies only to micrograms retinol
and does not include the carotenoids. The Dietary Reference Intake for vitamin E is
described in milligrams of a-tocopherol (18). The UL for vitamin E is only for supplemental
sources and does not include vitamin E that occurs naturally in foods.

Statistical Analysis

We adjusted the 24-hour dietary recall data for within-person variability and other covariates
using the National Cancer Institute (NCI) method (19); the amount-only part of the NCI
method (ie, not the frequency of intake that applies to usual intake of foods) is applicable to
estimates of usual nutrient intakes. The first step in the NCI method includes a preliminary
data adjustment to shift the observed vitamin intakes from the 24-hour dietary recalls away
from zero (if necessary) and the incorporation of the NHANES survey weights, which make
the estimates nationally representative. The method removes the effect of the sequence of
the 24-hour dietary from the estimated nutrient intake distribution (day 1 or day 2). We also
adjusted for the day of the week that the survey personnel collected the 24-hour recall data,
which we dichotomized as weekend (Friday through Sunday) or weekday (Monday through
Thursday). The final covariate was the use of dietary supplements. Additional details on the
NCI method are available elsewhere (19), and the software macros necessary to fit this
model and to estimate usual intake distributions are available on the NCI Web site (20).
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We performed all statistical analyses using SAS (version 9.3, 2008, SAS Institute Inc, Cary,
NC) software. We used sample weights to account for differential nonresponse and
noncoverage and to adjust for planned oversampling of some groups. We estimated mean
usual dietary and total vitamin intakes. We compared mean usual dietary intakes of vitamins
between dietary supplement users and nonusers and the proportion meeting the EAR and
exceeding the UL by computing a Zstatistic. We set significance at a Bonferroni-corrected
Pvalue of <0.003. A Bonferroni adjusted Pvalue is calculated by dividing the traditional P
value of 0.05 by the number of statistical test performed, we compared eight vitamins by sex
(n=16 tests).

Mean Dietary Intakes by Dietary Supplement Use Category

Among men when age groups were combined, the mean intakes of folate, vitamin A,
vitamin E, and vitamin K from food sources were significantly higher among those who
used dietary supplements than those who did not (Table 1). We found no differences
between male users and nonusers of dietary supplements for vitamins B-6, B-12, C, and D.
Mean intakes by age groups can be found in Table 2 (available online at www.andjrnl.org).
In women, dietary intakes of folate and vitamins A, C, D, and E from foods were
significantly higher among those who used dietary supplements than among non-users.
Although we examined thiamin, riboflavin, and niacin, we found no significant differences
in dietary intakes from foods between male or female users and nonusers (data not shown).
As expected, mean total vitamin intakes were higher for every vitamin we examined
(including thiamin, riboflavin, and niacin) among both male and female supplement users
than among nonusers (Table 1).

Prevalence of Inadequate Intakes from Food Sources Only

The prevalence of inadequate dietary intakes (ie, intakes below the EAR) was significantly
lower among male supplement users than nonusers for vitamins A and E (Table 3). We
found no differences in the prevalence of inadequate vitamin intakes from food sources
alone among men for folate or vitamins B-6, B-12, C, or D. Among women, we observed a
lower prevalence of inadequate dietary intakes of vitamins A and C for users of dietary
supplements than for nonusers. We observed no differences in the prevalence of inadequate
vitamin intakes from food sources among women for folate and vitamins B-6, B-12, D, and
E.

Comparisons of Intakes from Food Sources of Nonusers to Total Intakes of Users

For adults (combined sexes), when we compared the prevalence of at-risk intakes between
the dietary intakes of nonusers (from foods only) and the total intakes of users (from foods
and supplements), significantly more nonusers were at risk for inadequacy for every vitamin
that we examined (Figure). The difference in prevalence between users and nonusers was
most notable for the fat-soluble vitamins A, E, and D. When we combined data from both
sexes, the prevalence of not meeting the EAR was 16%+1% for vitamin B-6 and 4%+0.8%
for vitamin B-12 among nonusers and <0.5% for both vitamins in users (data not shown).

Among men, the prevalence of inadequate vitamin intakes from food sources among
nonusers of dietary supplements was significantly higher than the prevalence of inadequate
total vitamin intakes among dietary supplement users for every vitamin that we examined,
with the exception of vitamin B-12. Data from men showed that <1% had diet or total
vitamin B-12 intakes below the EAR. Among women, the prevalence of inadequate vitamin
intakes from food sources alone among nonusers of dietary supplements was significantly
higher than the prevalence of inadequate total vitamin intakes among dietary supplement
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users for every vitamin we examined. Regardless of sex, the most notable differences were
among the fat-soluble vitamins D and E, whose inadequate status prevalence estimates
dropped from more than 95% in nonusers to 25% for vitamin D and 5% for vitamin E
among users (Table 3).

Among adults aged 19 to 30 years the prevalence of at-risk dietary intakes was almost 70%
for vitamin A, but among supplement users this prevalence was only 4% (Table 4, available
online at www.andjrnl.org). Approximately 35% to 40% of older women who did not use
dietary supplements containing vitamin B-6 had inadequate intakes, compared with <1% of
dietary supplement users. About 12% of women aged 19 to 30 years had inadequate dietary
intakes of vitamin B-12, compared with <0.5% of women in this age group who used
supplements. Overall, about 40% to 50% of nonusers had dietary vitamin C intakes
associated with a risk of not meeting the EAR, compared with <5% of supplement users.
More than 90% of adults who did not use supplements had inadequate dietary intakes of
vitamins D and E from foods. Although the prevalence of inadequate vitamin D and E
intakes was substantially lower in supplement users, about 40% of adults aged 19 to 30
years had inadequate vitamin D total intakes and about 13% had inadequate total vitamin E
intakes.

Prevalence of Intakes Above the UL

This population did not have usual dietary intakes of vitamins from foods alone that were
above the UL. However, when we examined total vitamin intakes among users, we found
that several total vitamin intakes exceeded the UL (Table 5). Specifically, about 7% of adult
supplement users exceeded the UL for folic acid and 5% of adults older than age 50 years
exceed the vitamin A UL. With the exception of women aged 71 years or older, <5% of
adult B-6 supplement users had total intakes above the UL. About 2% of adult dietary
supplement users exceeded the UL for vitamin C. Less than 0.7% of supplement users had
total intakes that exceeded the UL for vitamins D and E (data not shown).

DISCUSSION

More than half of adults (53%) reported use of a dietary supplement in NHANES 2003—
2006 (1), and the most frequently reported supplement was a multivitamin (11). The usual
mean vitamin intakes from food sources were higher for supplement users when compared
with those of nonusers for some vitamins in US adults: folate and vitamins A and E. In
addition, among men, vitamin K intake from foods was higher among users than nonusers
and among women the same was true for vitamins C and D.

Although mean intakes of vitamins from food sources differed by the use of supplements,
very little difference was observed in the prevalence of inadequate vitamin intakes from
foods alone between users and nonusers of supplements with the exception of vitamin A
(and vitamin C in women and vitamin E in men). We recently examined mineral intakes
from food sources between users and nonusers of dietary supplements in NHANES 2003-
2006 (21). We observed both higher mineral intakes from food sources and a lower
prevalence of inadequate mineral intakes from foods for most minerals (especially in
women) among US adults who used dietary supplements. From the public health
perspective, the prevalence of inadequate intakes from foods is more meaningful than an
examination of the differences in mean intakes. For minerals, there are true differences (ie,
lower prevalence of inadequate mineral intakes) between the users and non-users of mineral
containing supplements in their intakes of minerals from foods. In contrast, among users of
vitamin supplements and nonusers such differences were not apparent, with the exception of
vitamin A from food sources. That is, those who chose mineral supplements did have a
significantly lower prevalence of inadequate mineral intakes from foods alone, but those
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who chose vitamin supplements did not necessarily have different prevalence of inadequate
vitamin intakes from food sources alone. A dramatically lowered prevalence of inadequate
total intakes (diet plus supplements) was observed across every vitamin that we examined
among dietary supplement users when compared to the vitamin intakes from foods of
nonusers. Thus, those who do not use vitamin dietary supplements have a significantly
higher prevalence of inadequate vitamin intakes among US adults—especially for vitamins
A, C,D,and E.

A large proportion of nonusers did not meet the EAR for vitamin A, and dietary intakes of
vitamin A from foods were consistently higher among users than nonusers as well. Vitamin
A exists in two forms, retinol found primarily in animal products, and carotenoids found
primarily in vegetables. Both forms of the vitamin have biological activity and both were
considered in our estimates. More than 90% of adults who did not use dietary supplements
in our study failed to meet the recommended intake levels for vitamins E and D. When we
examined supplement users, we observed a much lower prevalence of inadequate intakes for
vitamin E. However, even with supplement use, vitamin D intakes were still low, placing
some at risk, particularly older adults. Because vitamin D can be made in vivo from
exogenous ultraviolet light exposure, the vitamin D nutritional status of US adults cannot be
determined simply by dietary intake estimates alone. The EAR for vitamin D intakes does
not reflect the influence of ultraviolet light exposure (22). Future work should address the
serum 25-hydroxyvitamin D status of dietary supplement users and nonusers separately.

Our results show that about 12% of young adult women (aged 19 to 30 years) do not meet
the EAR for vitamin B-12. Previous studies have shown that women in this age group also
have lower serum vitamin B-12 concentrations (23). Oral contraceptive use seems to be
associated with lower serum vitamin B-12 in younger women in NHANES (23); but our
data suggest that lower dietary exposure may also be involved. Given the role of vitamin
B-12 in red blood cell formation, neurological function, and DNA synthesis further
investigation of these trends among young women may be warranted.

Because dietary supplements have the potential to greatly influence nutrient intake
distributions, it is not surprising that although supplement users in our study had a lower
prevalence of inadequate intakes, they also had a higher prevalence of excessive intakes
(higher than the UL) for folic acid and vitamin A and, to a lesser extent, for vitamins B-6
and C. Also, 5% of older adults (aged 71 years and older) using supplements exceed the UL
for vitamin A. Excess vitamin A is associated with headaches, liver damage, and reduced
bone strength, all of which would be of concern. High retinol exposure is known to be
teratogenic (17); about 2% of reproductive aged women using supplements exceeded the UL
in this study. About 11% of women aged 19 to 30 years who used dietary supplements
exceed the UL for folic acid, which is 1,000 pg. Public health experts believe that women of
reproductive age need to increase their folic acid intakes because of the strong evidence that
folic acid can prevent neural tube defects in children (24). Excessive folic acid intakes may
mask the hematological signs of a vitamin B-12 deficiency (16) and although this deficiency
is more prevalent in older adults, it deserves attention because of the low vitamin B-12
intake in young women.

Sebastian and colleagues (3) examined vitamin intakes by dietary supplement use in older
adults in the Continuing Survey of Food Intakes by Individuals (1994-1996). The only
difference in vitamin intake from foods that these authors found was that male supplement
users (aged 51 to 70 years) had higher vitamin C intakes than nonusers and female
supplement users (aged 51 years or older) had higher vitamin C, vitamin B-6, folate, and
vitamin E intakes than nonusers. We found many more differences in the vitamin intakes
from foods between dietary supplement users and nonusers than the authors of this earlier
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report, who also used nationally representative data (3). However, we examined all adult age
groups, whereas the earlier report focused exclusively on older adults. Also, dietary
supplement use increased dramatically after the passage of the Dietary Supplement Health
and Education Act of 1994, so Sebastian and colleagues collected their data at a time when
supplement use was lower than its current level.

Tetens and colleagues (25) have recently published estimates of micronutrient intakes by
supplement use from the Danish National Birth Cohort. Like our study, Tetens and
colleagues also found that the differences in nutrient intakes were much more evident among
women than men (25). This is an interesting finding, and may indicate that female
supplement users exhibit different eating patterns (ie, more nutrient dense) than male
supplement users.

A strength of our investigation is that we examined usual vitamin intakes that we had
adjusted for the effects of within-person variability. We also used the recommended method
of analysis for total nutrient intakes, which is to adjust the dietary data first and then add the
average supplement dose (26). However, the adjustment procedures rely on assumptions,
chief of which are that nutrient intake from food sources on the 24-hour dietary recalls are
unbiased and that the self-reported dietary supplement intake reflects true long-term
supplement intake. Another assumption is that labeled levels of vitamins in dietary
supplements reflect the actual amounts contained in the supplements, even though some
analytical data on dietary supplements suggest that actual levels exceed the labeled values
for some vitamins (27,28).

CONCLUSIONS

Dietary supplements constitute an important source of vitamins for large segments of the
adult population in the United States. In general, we observed that adults who use dietary
supplements tend to already have higher mean vitamin intakes from foods than those who do
not use supplements, but do not differ in the prevalence if inadequate vitamin intakes from
food sources. Users of supplements had a significantly lower prevalence of inadequate total
vitamin intakes than those who do not use supplements. Dietary supplement use remains a
controversial public health strategy to improve nutrient intakes because, although this use is
associated with lower prevalence of intakes below the EAR, supplement use is also
associated with an increased risk of intakes above the UL. For this reason, Murphy and
colleagues (9) suggested that supplement manufacturers try to better tailor the levels of
nutrients in dietary supplements to help meet, but not exceed, nutrient needs.
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P<0.003.
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