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The nutrition contribution of dietary supplements on
total nutrient intake in children and adolescents

M Kang', DW Kim?, H Lee?, YJ Lee®, HJ Jung’, H-Y Paik'* and YJ Song*

BACKGROUND/OBJECTIVES: The use of dietary supplements (DSs) by children and adolescents is increasing. The aim of this study
was to identify the characteristics of DS users and examine the nutritional contributions of DSs to total nutrient intakes in children
and adolescents, using data obtained from a national survey.

SUBJECTS/METHODS: In total, 3134 subjects aged 9-18 years who participated in the 4th Korea National Health and

Nutrition Examination Survey (2007-2009) were selected; the survey included 24-h recall questions on food intake and
questions on DS use over the past year. Nutrient intakes from DSs were calculated using the aid of a label-based database on
such supplements, and individual total nutrient intakes were derived by combining information on the foods and DSs consumed
by each subject.

RESULTS: There were 895 DS users (28.5%), 85.2% of whom (n=577) had complete DS nutrient information and were therefore
defined as identified-DS users. Identified-DS users were slightly younger and had a greater household income and better nutritional
knowledge than did non-users. The most frequently consumed type of supplement was a ‘multivitamin and minerals’ complex.
For total nutrient intake, identified-DS users had a significantly higher intake of most of the nutrients, except for macronutrient and
sodium than non-users. In all identified-DS users, the contribution of vitamins and minerals from DSs to total nutrient intake
was higher than energy and macronutrients.

CONCLUSIONS: DS use by children and adolescents can improve micronutrient status, but it also increases the risk of excessive

intake of certain vitamins and minerals.

European Journal of Clinical Nutrition (2016) 70, 257-261; doi:10.1038/ejcn.2015.156; published online 16 September 2015

INTRODUCTION

The use of dietary supplement (DS) has increased substantially in
Korea and other countries. Recent national surveys reported that
the prevalence of DS use in adults was approximately 50% in
the United States,' 33% in the United Kingdom,? 30-56% in the
Netherlands® and 34% in Korea.* Children and adolescents also
widely used DSs: 37% of US children and 34% of Korean children
and adolescents reportedly taking DSs of any type.>®

Adult DS users are more likely to be female and to have higher
levels of education and healthier lifestyles, compared with
non-users.”'" Although there are few studies of supplement use
in children and adolescents, similar trends have been observed
with respect to higher family socioeconomic status,>'? greater
knowledge of nutrition,'® generally healthier diets and increased
engagement in physical activity.'*'

DSs are important sources of nutrients that can complement
nutrients naturally occurring in foods.”>'® They contribute
substantially to total micronutrient intake, and the use of
vitamin—-mineral complexes is particularly common. Because
of the absence of a Korean nutrient database for DS, very few
studies have examined the effects of DSs on total nutrient intake
(that is, from both foods and DSs). In the Multiethnic Cohort
Study,'” the prevalence of nutrient adequacy was calculated
based on food frequency questionnaire data; when DSs were
included, it improved by an average of 8% for both sexes.

Bailey et al. reported on the effects of DSs on micronutrient
sufficiency in US adults,'®'® as well as in children and
adolescents,?® using data from the National Health and Nutrition
Examination Survey (NHANES). In US adults, total vitamin and
mineral intakes in supplement users were higher compared with
non-users; furthermore, supplement use was associated with a
lower prevalence of intakes below the estimated average
requirement. Moreover, intakes of several nutrients, such as folic
acid, vitamin A, vitamin Bg, vitamin C, calcium, zinc, iron and
magnesium, were above the tolerable upper intake levels.'®'®
Similar to adults, micronutrient supplement use in children and
adolescents was associated with a lower prevalence of inadequate
intake of many different vitamins and minerals; however, the
prevalence of intakes above the upper intake level for several
micronutrients including iron, zinc, folic acid and vitamin A was
increased.?® Therefore, it is important to monitor the extent to
which DSs influence adequate, as well as excessive, nutrient
intakes. Children and adolescents are particularly susceptible to
the effects of DSs, due to their relatively low body weights. To
date, however, no study has examined the nutrient contribution
from DS use to total nutrient intake in Asian adolescents.

The primary goal of this study was to examine the nutrient
intake from DSs and evaluate total nutrient intake compared
with dietary reference intakes for Korean children and adolescents
using data from the 4th Korea NHANES (KNHANES).
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MATERIALS AND METHODS

Study design and study population

This study was based on data from the 4th KNHANES (2007-2009), a cross-
sectional, nationally representative survey carried out by the Korea Centers
for Disease Control and Prevention. The KNHANES uses a stratified,
multistage probability sampling method and comprises the following
three surveys: a health-related questions survey, a dietary survey and
a health examination survey. Detailed information from each survey
is available on the KNHANES website (http://knhanes.cdc.go.kr).21
KNHANES was approved by the Korea Centers for Disease Control and
Prevention Institutional Review Board, and informed written consent was
provided by every subject.

The study population comprised boys and girls between 9 and 18 years
of age who had completed the nutrition survey. The nutrition survey
consisted of 24-h recall and dietary-related questionnaire components,
including items pertaining to DS use.

Of the 3134 eligible subjects between 9 and 18 years of age, 2239
subjects (71.4%) reported that they were not taking DS, compared with
895 subjects (28.5%) who were taking DSs. Of these 895 subjects, we
excluded individuals who did not provide product names (n=218)
or provided inaccurate product information (n=100). The remaining 577
subjects were defined as ‘identified-DS users’. The final study sample
comprised 2816 subjects.

DS information

DS information was obtained using the following questions: ‘In the past
year, have you consumed any vitamin or mineral supplements for at
least 2 weeks on a continuous basis? and ‘In the past year, have you
consumed any functional foods for health at least 2 weeks on a continuous
basis?'. Subjects who answered ‘yes’ for either question were defined as
‘DS users’ and were then asked for more detailed information pertaining
to consumption frequency, amount taken per serving and supplement
type, brand and name. This information was used during searches of the
nutrient composition of each product, as well as to calculate total nutrient
intake from DSs.

Nutrient intake from DS was calculated using DS nutrient database
based on product label information; details of this process are provided
elsewhere.’ Briefly, DSs in the Korean market are classified as either
functional foods for health or pharmaceutical drugs. Although nutrient
information for health functional foods was directly obtained from nutrient
labels, information for pharmaceutical drugs was calculated on the basis of
the ingredients comprising their chemical formulae. DSs type was classified
based upon the categories provided by the Korean Ministry of Food and
Safety. Multivitamin and mineral supplements were defined as those that
contained at least one vitamin and at least one mineral and vitamin or
mineral supplements as those that contained more than one vitamin
or mineral, respectively.

Estimation of usual intake from foods using a 24-h recall method

Dietary intake from food sources was obtained using a 24-h recall method.
Because the 4th KNHANES provided 24-h recall data for only 1 day,
we used the data for 2 days obtained during the KNHANES of 2001-2002.
Murphy and Poos?? suggested that an estimate of within-person variation
in nutrient intakes can be taken from other data sets if it is not available in
the sample being studied. The usual intakes in the present study were
therefore calculated by using an estimate of within-person variation
derived from the 2001-2002 sub-data using the C-SIDE software package
(Software for Intake Distribution Estimation; ver. 1.02, 1996; available from
the Center for Survey Statistics and Methodology, lowa State University,
Ames, IA, USA). Estimation details have been described elsewhere.? Briefly,
within-person variations in the intake of each nutrient were estimated
using the 2-day intake data of the 2001-2002 KNHANES. This within-
person variation of each nutrient was applied in the estimation of the
distribution of usual intake from the 24-h recall data. We also partially
removed the effect of certain variables, such as age and gender, from the
intake data using C-SIDE’s adjustment procedure as a covariate.

Total nutrient intake from foods and DSs

Nutrient intakes from DSs for each individual were calculated using the
reported daily consumption frequency, amount of DS taken per serving
and the nutrient profiles per standard serving of DS in database. After the
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usual intake—from food—of each nutrient was estimated, total nutrient
intakes were combined from both foods and DSs for each individual.

Other confounding variables

Demographic and lifestyle characteristics including age, gender, household
income and physical activity and body shape self-awareness were also
obtained. If a subject indicated engagement in vigorous physical activity
for at least 20 min on 3 or more days per week, or moderate physical
activity for at least 30 min on 5 or more days per week, then their answer
to this question was coded as ‘yes'. The self-awareness of body shape
was grouped into five categories, ‘underweight’, ‘slightly underweight’,
‘normal weight’, ‘a little overweight’ and ‘obese’. The use of nutritional
labels and the awareness of dietary guidelines for Korean were also
included to analyze the knowledge about diet.

Statistical analysis

Data were analyzed using the SAS software package (Statistical Analysis
System; ver. 9.3, SAS Institute Inc., Cary, NC, USA). A value of P < 0.05 was
taken to indicate statistical significance. All analyses took into account the
complex sampling design, such that appropriate sampling weights were
employed according to the procedure used in the PROC SURVEY.”'
Demographic and lifestyle characteristics were compared between
identified-DS users and non-users using the chi-square test for categorical
variables and the t-test for continuous variables. Total nutrient intake and
intake from food sources alone were compared among identified-DS users
and non-users using a multivariate regression analysis after adjusting for
all potentially confounding variables.

RESULTS

In the 4th KNHANES (2007-2009), 28.5% of subjects 9-18 years of
age reported using DSs. The demographic and lifestyle character-
istics of identified-DS wusers and non-users are presented
in Table 1. The mean age of the identified-DS users was signi-
ficantly lower than that of non-users (P=0.0106). No significant
between-group difference was evident in terms of gender
distribution. However, household income differed significantly
by group (Table 1). The percentages of subjects aware of dietary
guidelines and who exhibited nutritional knowledge were
significantly higher among the identified-DS users. No significant
between-group differences in demographic or lifestyle character-
istics were evident between the identified-DS users and the
non-users (data not shown).

Table 2 shows the DSs most commonly consumed by identified-
DS users 9-18 years of age. ‘Multivitamin and mineral’ complexes
ranked first. The six most frequently consumed types of DS, when
considered together, were consumed by 94.9% of identified-
DS users.

Nutrient intakes from food and DSs are shown in Table 3.
Considering the nutrients from food only, the identified-DS users
consumed higher intakes of energy, vitamin A, riboflavin, calcium,
phosphorus and potassium, compared with non-users. Consider-
ing the nutrients from DSs, the intakes of vitamin C, thiamin,
niacin and iron were higher among the identified-DS users.

Figure 1 illustrates contributions of DSs to total nutrient intake.
In all identified-DS users, the percentage of nutrient intakes in
vitamins and minerals from DSs to total nutrient intake was
higher than energy and macronutrients. The contributions
of DSs to total nutrient intake were 0.3-0.4% of energy and macro-
nutrients (data not shown) and 20% or more for water-soluble
vitamins and approximately 10% for calcium and iron. When
considering identified-DS users who actually consumed each
nutrient from DSs, the nutrient contributions of DSs increased
40% or more for water-soluble vitamins and 19% for calcium and
38% for iron.

© 2016 Macmillan Publishers Limited
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Table 1. Characteristics of children and adolescents using data from
the 4th Korea National Health and Nutrition Examination Survey by
dietary supplement use

Non-users Identified-DS users p?
(n=2239) (n=577)

Age, years 13.6+0.1 13.2+0.1 0.0106
(mean +s.e.)
Gender

Boy 53.0 (1.3) 52.4 (2.6) 0.8310
Monthly household income, won

< 1000000 11.4 (1.0) 3.4 (1.0) < 0.0001

1000 000- 40.6 (1.6) 34.3 (3.0)

3000 000

3000 000- 29.5 (1.4) 40.6 (2.8)

5000 000

>5000 000 18.5 (1.3) 21.8 (2.8)
Self-awareness of body shape

Underweight 6.1 (0.6) 7.1 (1.3) 0.0707

Slightly 21.1 (1.1) 21.2 (2.0)

underweight

Normal weight 42.2 (1.3) 46.6 (2.7)

A little 23.9 (1.1) 21.9 (2.1)

overweight

Obese 6.7 (0.7) 3.2 (0.9)
Physical activity®

Yes 29.4 (1.5) 34.2 (3.4) 0.2494
Dietary guidelines

Aware of details 7.1 (0.7) 10.8 (1.6) 0.0105
Use of nutrition facts

Yes 20.8 (1.0) 28.0 (2.3) 0.0003

No 62.0 (1.3) 57.9 (2.4)

Do not know 17.1 (1.0) 14.1 (1.7)

Abbreviation: DS, dietary supplement. Values are % (s.e.). s.e.s' were
calculated with the use of Taylor series linearization method. ®Differences
between non-users and identified-DS users were analyzed using the Rao-
Scott x° test. bPhysical activity: Vigorous physical activity for at least 20 min
on 3 or more days per week or moderate physical activity for at least
30 min on 5 or more days per week.

Table 2. The most frequently consumed type of dietary
supplements among identified-DS users in children and adolescents
using data from the 4th Korea National Health and Nutrition
Examination Survey

Type Frequency No. of products
N (%) N (%)
Multivitamins and minerals 318 (41.9) 102 (39.7)
Vitamins 243 (32.0) 55 (21.4)
Omega-3 fatty acid 59 (7.8) 29 (11.3)
Minerals 49 (6.5) 26 (10.1)
Red ginseng 28 (3.7) 11 (4.3)
Chlorella 23 (3.0) 5(1.9)
Others® 39 (5.1) 29 (11.3)
Total 759 (100.0) 257 (100.0)

Abbreviation: DS, dietary supplement. Values are n (%). ®Including products
such as glucosamine, health tonics, metabolic tonic, gamma-linolenic acid,
aloe and propolis.

© 2016 Macmillan Publishers Limited

DISCUSSION

We identified the characteristics of the DS users and examined
nutrient contributions from DS to total nutrient intake in a large
nationwide sample of Korean children and adolescents.

We found that 28.5% of sampled children and adolescents
reported that they took DSs, including vitamin/mineral combina-
tions and functional foods for health, regularly for at least 2 weeks
over the past year. Our finding is in agreement with data from
other studies, although different methods were used to assess
DS intake. Among high school students in Texas,'* 23.6% took
DSs, as did 26.0% of children 8-11 years of age in Hawaii (on the
day before the survey; this figure was 40.0% for the month before
the survey).?* Among elementary school children in Taiwan, 22.0%
of each sex took supplements.?

Identified-DS users were younger, had higher household
incomes, had a greater awareness of dietary guidelines and read
nutritional information on products more frequently than did
non-users. These findings are similar to those of several other
studies in children or adolescents, in which DS use varied by
age, race/ethnicity, residential area and family socioeconomic
status.2>2° Most previous studies were characterized by a lack
of any between-gender differences, in agreement with our
results.>'*

The most frequently consumed forms of DS were multivitamins
and minerals (41.9%). Of all users, 80.4% took specific vitamin- or
mineral-related supplements, in agreement with the results
of studies conducted in ltaly, Japan, Taiwan and the United
States.>?>*’72° As vitamin—-mineral complexes are thus the most
frequently used supplements, the contributions of such supple-
ment to micronutrient intakes are of particular interest.

We found that the identified-DS users ingested higher amounts
of riboflavin, vitamin A, calcium, phosphorus and potassium
(compared with non-users), even when nutrients in food only
were considered. When nutrients from DSs were included, the
vitamin C, thiamin, niacin and iron intakes were also significantly
higher in identified-DS users.

A few studies have evaluated nutrient intakes from DSs in
children and adolescents, albeit in the context of food only.'*%°
In the Third CATCH (Child and Adolescent Trial for Cardiovascular
Health) tracking study, DS users had significantly higher intakes

of most vitamins and minerals (16 of 20) from food alone,

compared with non-users.'”®> However, there was no significant
differences among supplement users and non-users in terms
of micronutrient intakes from food sources alone in children and
adolescent of the 2003-2006 NHANES.*

As expected, the DS use was associated with increased vitamin
and mineral intakes. Although the use of dietary reference intake
values to assess nutrient intake as adequate or excessive
is not optimal, particularly for children and adolescents, the
proportion of subjects in whom total nutrient intakes, for the
majority of vitamins and minerals, were below the estimated
average requirement was lower among the identified-DS users.
The proportion of subjects who consumed amounts above the
upper intake level was 7.5 for vitamin A, 3.5% for vitamin C and
3.7% for iron (data not shown).

Regarding the effects of DSs on nutritional adequacy in children
and adolescents, Bailey et al?° also reported that calcium, iron,
magnesium, vitamin A, vitamin C, vitamin D and vitamin E levels
were increased, and there was also an association with excessive
intakes of certain vitamins and minerals, including iron, zinc,
copper, selenium, folic acid, vitamin A and vitamin C.

In Korea, intakes of calcium and iron in youth represent major
areas of concern.® Because the typical Korean diet is rice based
and contains plentiful plant-based foods, the reported consump-
tion of milk and dairy products is consistently low. Furthermore,
because girls typically desire a slim body shape, anemia
is prevalent in this population.®’ To address calcium and iron

European Journal of Clinical Nutrition (2016) 257 - 261

259



Contribution of dietary supplement on nutrient intake

M Kang et al
Table 3. Nutrient intakes from foods and supplements among non-users and identified-DS users
Nutrients Non-users (N =2239) Identified-DS users (N=577)
Food only™ Food only® pvs Food+DS® pvs)
Energy (kcal) 1878+ 14 1925 +25 0.0408 1932+25 0.0212
Carbohydrate (g) 315+24 324 +45 0.3447 326 +4.5 0.3262
Fat (g) 37+0.5 37+0.7 0.8380 37+0.7 0.8289
Protein (g) 65+0.6 67+1.0 0.2753 67+1.0 0.2893
Vitamins
Vitamin C (mg) 95+1.6 103+3.5 0.0918 378+26 < 0.0001
Thiamin (mg) 1.2+0.0 1.3+0.0 0.6439 3.9+04 < 0.0001
Riboflavin (mg) 1.1+0.0 1.2+0.0 0.0030 34+03 < 0.0001
Niacin (mg) 15+0.1 15+0.3 0.4651 27+1.8 < 0.0001
Vitamin A (pug RE) 689+ 11 792+30 0.0034 996 + 37 < 0.0001
Minerals
Calcium (mg) 456 +5.9 489+ 10 0.0187 557+13 < 0.0001
Iron (mg) 13+0.2 14+04 0.1488 18+0.8 < 0.0001
Sodium (mg) 4432 +44 4522 +92 0.9269 4524 +92 0.8343
Phosphorus (mg) 1084+9.3 1157 +18 0.0003 1167 +18 < 0.0001
Potassium (mg) 2643 +24 2874 +52 0.0006 2876 +52 0.0010
Abbreviation: DS, dietary supplement. Values are mean + s.e. s.e.s' were calculated with the use of Taylor series linearization method. All models were adjusted
for age, gender, household income and energy intake. ("Nutrient intake from food only in non-users. ?Nutrient intake from food only in identified-DS users.
Sotal nutrient intakes from food and DS in identified-DS users. PV*@: p values by comparing (1) and (2). P"V*®): P values by comparing (1) and (3).
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Figure 1.
supplements.

inadequacies, DS use would be beneficial. There is a group
of vitamins that accounts for almost half of the total nutrient
intake in the youth population, in whom DS should be monitored
because data on the long-term effects of high supplement doses
in children are still lacking.

Although this study is the first to quantify the contributions
of DSs to total nutrient intakes in Asian children and adolescents,
several limitations are apparent. First, although we combined the
nutrient intakes from food and DSs for each subject, the food data
were obtained via 24 h-recall, and dietary supplementation over
the past year was explored using a diet questionnaire. Although
we calculated intakes wusing 2001-2002 KNHANES data,
the difference between the methods used to derive the data
may have biased the total nutrient figures; this possibility should
be kept in mind. Nonetheless, it is important to evaluate
the micronutrient contributions of several DSs, because children
and adolescents are particularly susceptible to excessive intake.

Second, we used a label-based approach to obtain nutritional
information on DSs. Label-based values are not as accurate
as analytical data, and, our estimates could thus be somewhat
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B Identified-DS users with specific nutrient

Contrlbutlon of DSs on total nutrient intake among identified-DS users and users who actually obtained each nutrient from dietary
IPercentage of nutrient intake from dietary supplement to total nutrient intake.

inaccurate, in turn affecting our figures on the prevalence
of inadequate and excessive nutrient intake. In addition, we could
not evaluate the levels of folate, vitamin D or vitamin E, all of
which are particularly important nutrients in children and adoles-
cents, because no nutrient database on Korean foods is available.

Finally, we did not include all supplement users because
of incomplete data on supplement use in some. However, the
general characteristics of the identified and unidentified DS users
did not differ (data not shown).

Despite these shortcomings, we used the national data and
described nutrient contributions from DSs in Asian children and
adolescents. The contribution of DSs for water soluble vitamins
was almost half of total nutrient intakes among users who actually
consumed each nutrient. This indicates that micronutrient
intake from DSs should be monitored in young populations;
little is known about the long-term effects of excessive dietary
supplementation. Furthermore, methodology to achieve estima-
tion of total nutrient intakes (in food and DSs combined)
is required.

© 2016 Macmillan Publishers Limited
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