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ABSTRACT

Objectives: The growing popularity of frequent dietary supplements (DS) use raises concerns about DS overconsumption,
posing challenges in achieving nutritional balance while avoiding excessive intake. Nonetheless, most studies have compared
DS users with non-users without examining specific usage patterns. This study aimed to identify the varying DS usage patterns,
frequencies, and associated nutrient adequacy and excess in 9889 Korean adults from the 2019-2020 KNHANES.

Methods: Dietary intake was assessed using a 24-h recall. DS use was assessed using structured questionnaires. Nutrient
intakes from foods and DS were compared to reference levels, including estimated average requirements (EAR) and tolerable
upper intake levels (UL), according to daily DS tablet consumption level. The mean adequacy ratio (MAR) was also calculated
to assess overall nutritional adequacy.

Results: Fifty-six percent of Korean adults used DS, and 61% of DS users consumed two or more DS products. Among multiple
DS users, multivitamins were the most commonly used types of DS, often taken with single vitamins, and mineral products.
Compared to food alone, nutrient intake at any level of daily DS tablet consumption was mostly associated with a lower
prevalence of intake below the EAR (p-trend < 0.001). However, the prevalence of exceeding UL increased with the use of a
greater daily DS tablet consumption for vitamin C, iodine, iron, magnesium (all p-trend < 0.022), while the MAR improvements
plateaued.

Conclusions: While frequent DS use reduces micronutrient inadequacy, it may increase the risk of excessive intake, yielding
only diminished gains in overall nutritional adequacy.

Abbreviations: Al, adequate intake; BMI, body mass index; DS, dietary supplements; EAR, estimated average requirements; KDCA, Korea Disease Control and
Prevention Agency; KDRI, Korean Dietary Reference Intakes; KNHANES, Korea National Health and Nutrition Examination Survey; MAR, mean adequacy ratio; MM,
multimineral; MV, multivitamin; MVM, multivitamin and mineral; NAR, nutrient adequacy ratio; PAF, population attributable fraction; RDA, recommended dietary
allowance; RNI, recommended nutrient intake; UL, tolerable upper intake levels U.S.United States.
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Summary

« This is the first nationally representative study in
Korea to quantify diet supplement (DS) overuse,
usage patterns, and their benefits and risks for
nutrient adequacy and tolerable upper intake level
(UL) exceedance in a dose-response manner.

Our study found widespread multiple DS uses in
Korean adults; among DS users, 61% consumed two
or more diet supplement products, with multi-
vitamins being the most commonly consumed DS
types, often taken alongside single vitamin and min-
eral products.

While greater DS use reduced nutrient deficiencies,
the gains in overall nutritional adequacy plateaued at
higher consumption levels, increasing the risk of ex-
cessive intake.

These results caution against over-reliance of DS use
beyond addressing nutritional gaps and emphasize
moderate use of DS to complement a diet.

1 | Introduction

The widespread use of dietary supplements (DS) [1-6], which
typically contain bioactive compounds such as vitamins, min-
erals, proteins, and fatty acids, is a global phenomenon, driven
primarily for the pursuit of better health and disease prevention
[7, 8]. Approximately 56% of adults in the United States (US)
[2], 17%-33% in the United Kingdom (UK) [5], 30%-59% in the
Netherlands [6], 43.2% in Australia [9], and 38.9% in Japan [1]
reported to use DS, according to National Surveys. These trends
are particularly pronounced in Korea, where 75% of adults re-
ported using any form of DS in 2020 [3], and 55% consumed two
or more multiple DS [10].

While substantial evidence supports that DS can address micro-
nutrient deficiencies such as low levels of iron, vitamin D, and
calcium in the general population and reduce deficiency related
conditions, including anemia, neural tube defects, and osteoporosis
[11, 12], their overall health benefits beyond meeting nutritional
requirements remains controversial. Excessive DS use may lead to
intakes above the tolerable upper intake levels (UL) [13-17]. Several
meta-analyses of randomized controlled trials [18-20] or a cohort
[21] also reported that high-dose supplementation of certain nu-
trients (e.g., calcium (> 500 mg/day) [18], vitamin E (15 mg/day)
[20], beta-carotene (9.6 mg/day) [20], folate (> 400 pg/day) [19]) and
multivitamins (> 10 tablets/week) [21] increases risks of cardio-
vascular diseases by 13%-16% [18], prostate cancer by 24% [19], and
all-cause mortality by 3%-58% [20, 21]. Consequently, public health
authorities such as US Preventive Service Task Force [22] have
issued cautionary statements regarding DS use.

Nevertheless, globally, there is limited understanding of effec-
tive and safe DS usage, raising the concerns of potential misuse
or overuse of DS and associated health risks. To date, only one
US study has examined such patterns [23]. In Korea, prior
studies mainly compared DS users and non-users, for a limited
range of six to seven nutrients [14, 24-29]. Addressing this gap
by examining common DS usage patterns and providing

insights into both nutritional benefits and potential risks related
to nutrient intake is therefore timely and necessary, yet remains
understudied. Therefore, we conducted the first nationwide
study in Korea to identify DS usage patterns and frequencies
and rigorously evaluate its impact on nutrient adequacy and
excess in the Korea National Health and Nutrition Examination
Survey (KNHANES) [30].

2 | Materials and Methods
2.1 | Study Design and Study Population

This study utilized data from the KNHANES 2019-2020, an
annual, cross-sectional survey conducted by the Korea Disease
Control and Prevention Agency (KCDA) to assess the health
and nutritional status of the civilian, non-institutionalized
Korean population [30]. Participants were selected using a
complex, stratified, multistage cluster probability sampling
method to ensure national representation [30]. Data on socio-
demographics, health, and nutritional status were collected
through health interviews, health examinations, and nutrition
surveys conducted by trained staff.

Of 15,469 adults within KNHANES 2019-2020, we excluded
those aged <19 years (N = 2,730), without food or DS intake
data (N = 2159), with implausible energy intake (< 500 kcal/day
or > 5000 kcal/day) (N=180) [3], or missing survey weights
(N=511), leaving a total of 9,889 participants in the final
analysis (Figure 1). Informed consent was obtained from all
participants. All KNHANES protocols were approved by the
institutional review boards of the KCDC, and participants pro-
vided written informed consent. This study adheres to the
principles of the Helsinki Declaration and was approved by the
institutional Review Board of Ewha Womans University (IRB
no. ewha-202309-0032-03).

2.2 | Nutrient Intake From Food

Dietary intake was assessed using a 24-h recall conducted by
trained staff who received standardized and systematic training
on the 24-h recall protocol, including interviewing techniques,
use of portion-size estimation aids, and coding procedures, to
ensure data quality [30]. The 24-h recall interview employed a
structured, multi-stage approach to minimize recall bias and
omissions, including sequential collection of meal and food
items consumed, eating occasions and time, portion-size esti-
mation, detailed information on food preparation methods and
ingredients, and final respondent confirmation [30].

Daily nutrient intakes were estimated by multiplying the
amount of each food item consumed by its nutrient content per
gram, and summing these values across all reported foods,
based on the 10th edition of the Korean Food Composition
Table (2022) [31].

2.3 | Nutrient Intake From DS

As part of the KNHANES nutrition survey, participants com-
pleted a DS questionnaire. Those who answered ‘yes’ to ‘Have
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The KHNANES participants in 2019-2020

(N =15,469)
Exclude participants < age 19 years
(N =2,730)
N=12,739
Exclude participants without both food and DS intake data
(N =2,159)
N =10,580
Exclude participants with implausible energy intake
(<500 or >5000 kcal/d)
(N =180)
N = 10,400

Exclude participants who had missing value of survey weight

(N=511)

Study populations

(N =9,889)

FIGURE 1 | Flow chart of the study population selection. DS, dietary supplements; KNHANES, Korean National Nutrition and Health Survey.

you taken dietary supplements for more than 2 weeks in the
past year? were subsequently asked to provide additional
details up to four currently used DS products, including fre-
quency, duration, typical amount consumed, the brands and
manufacturers. Based on this information, participants were
categorized either by the number of DS products used or by the
number of tablets consumed per day [21].

Daily nutrient intake from DS was calculated using the DS da-
tabase we developed following the protocol from a prior study
[14]. Nutrient composition data for the DS products were com-
piled from various sources, including the Korean Ministry of
Food and Drug Safety website (foodsafetykorea.go.kr), Druginfo
(Druginfo.co.kr), manufacturer websites, or product distributor
websites. The DS database covered 4203 DS products (84.6%) out

of the 4967 products reported in KNHANES 2019-2020, includ-
ing product name, manufacturer, standard serving size, and
nutrient content. Daily nutrient intake from DS was calculated
by multiplying daily frequency of each DS product by its nutrient
content per participants' typical serving size and summing across
all reported DS products.

2.4 | Total Nutrient Intake

Total nutrient intake from food sources and DS was estimated
by summing the intake from both foods and DS sources. The
correlation of total nutrient intake estimated from our study
and the KNHANES dataset with a limited set of nutrient
information were high ranging from 0.74 to > 0.99 (Table S1).
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2.5 | Assessment of Nutrient Adequacy

Participants were categorized by sex and age groups (19-29,
30-49, 50-64, 65-74, and > 75 years) according to the 2020
Dietary Reference Intakes for Koreans. Individual nutrient
adequacy was assessed comparing intake levels to age- and sex-
specific reference values, including the Estimated Average
Requirement (EAR), Recommended Nutrient Intake (RNI) or
Adequate intake (AI), and UL. Nutrient intake below the EAR
or Al was considered inadequate, while intake above UL was
excessive. Overall nutritional adequacy, reflecting the extent to
which daily nutrient requirements were met, was evaluated
using the mean adequacy ratio (MAR) [32]. The MAR was
calculated as the average of nutrient adequacy ratio (NAR) for
each of 19 nutrients (See Table 4 for the list of nutrients) [32];
Each NAR, defined as the ratio of a participant's nutrient intake
to the RNI or Al, was truncated at 1 to avoid overestimation of
MAR due to excessive intake of certain nutrients [32]. The MAR
values range from 0 to 1, with higher values indicating a greater
fulfillment of overall nutritional requirements.

2.6 | Assessment of Other Covariates

Information on socio-demographics (age, sex, household income,
education level, marital status), health behaviors (alcohol con-
sumption, smoking, physical activity), and health status (self-
perceived health status, current diseases) was collected using self-
reported, standardized questionnaires [30]. Based on reported his-
tory and frequencies, alcohol and smoking status were classified as
never, past, or current. Participants were considered physically
active if they engaged in at least 2.5 h of moderate-intensity activity,
1.25 h of vigorous-intensity activity, or an equivalent combination of
moderate- and vigorous-intensity activities weekly. Body mass index
(BMI) was calculated from measured weight and height (kg/m?2).
Self-perceived health status was categorized as ‘good’ or ‘poor’.
Chronic disease comorbidity was estimated by counting diagnosed
or currently treated conditions, including hypertension, diabetes,
cancer, dyslipidemia, cardiovascular disease, and liver disease.

2.7 | Statistical Analysis

All analyses accounted for the complex KNHANES sampling
design using PROC SURVEY procedures in SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) applying sampling weights
to ensure national representativeness.

Population characteristics across DS wusage categories were
described using frequencies and percentages, with group differences
tested by the chi-square test. To identify the DS consumption pat-
terns and assess the nutrient adequacy of commercial DS products
available in Korea, the DS products were categorized into five types:
multivitamin-mineral (MVM) supplement containing at least three
vitamins and one mineral [33]; multivitamin (MV) supplement
containing two or more vitamins; multimineral (MM) containing
two or more minerals; single vitamin or mineral supplement; and
others. The most consumed DS patterns were then ranked sepa-
rately by the number of DS products used. To evaluate whether the
nutrient levels in DS available on the Korean market are appro-
priate, nutrient content distributions across DS types were sum-
marized by median and interquartile range and compared with the

RNI or Al values for women aged 30-49 years, the predominant DS
users in Korea [3].

Total nutrient intake and MAR were log-transformed to improve
normality, and geometric means and standard error across daily
tablet consumption, as well as percentage contributions of nutrient
intake from DS, were estimated using multivariable-adjusted linear
regression [29]. The prevalence of inadequate intake (below the
EAR) and excess intake (above the UL) were estimated by calcu-
lating adjusted probabilities from multivariable-adjusted logistic
regression [34]. All models were adjusted for a priori selected
potential confounding factors previously reported as predictors of
DS use, including age, sex, education level, household income, body
mass index, physical activity, and total energy intake [14, 21, 29]. A
missing indicator for missing covariate data was used, if applicable.
Test for trend was conducted by treating daily tablets counts as a
continuous term. The population attributable fraction (PAF) for
exceeding the UL for each nutrient due to consuming > 2 tablets
per day was calculated to better understand the contribution of DS
overuse to excessive nutrient intake. Additionally, sensitivity
analyses stratified by age and sex were conducted across all nutrient
adequacy metrics, including the EAR, UL, NAR, and MAR. Sta-
tistical significance for all analyses set at a two-sided p < 0.05.

3 | Results
3.1 | Population Characteristics

Table 1 presents the characteristics of the study population.
Overall, 56% of participants reported using DS. Specifically, 22%
reported using one DS product, 15% used two DS products, and
20% used three or more DS products. Individuals who used
more DS products were more likely to be older, female, urban-
dwelling, and married, and have higher household income and
education levels. They were also less likely to be current alcohol
drinkers and smokers, and more likely to be physically active
and had fewer chronic disease conditions (all p < 0.05). How-
ever, there were no significant differences in the BMI and self-
perception health status across levels of DS product use.

3.2 | Patterns of Commonly Used Ds Types and
Nutrient Content in DS Products

Among single DS users, 32.4% reported using other supple-
ments, followed by single vitamin or mineral products (29.95%),
MVM (29.9%), MV (6.83%), and MM (0.92%) (Table 2). The
most frequent combination of DS products consumed were
MVM and other supplements (28.88%) for two DS users, and
MVM, single vitamin or mineral, and other supplements
(57.73%) for users of three or more DS products.

Nutrient levels in the majority of DS products were high relative
to nutritional requirements (Table 3). For instance, in MVM
products, the median levels of fat-soluble nutrients met 77% to
100% of the RNI or AI. The median levels of water-soluble
vitamins often exceeded RNI or Al, with these values ranging
from 75% for folate to 458% for vitamin B12, whereas the cor-
responding values of mineral content varied widely from 23%
for calcium to 180% for molybdenum. These high nutrient
contents were similarly observed across other types of DS
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TABLE 1 | Study population characteristics in KNHANES 2019-2020% (N = 9889).

Non-users 1 product users 2 products users > 3 products
Characteristics (N =4329) (N =2167) (N =1450) users (N =1943) p value®
Sociodemographic factors®
Age, years
19-39 1252 (38.63) 512 (32.17) 335 (29.65) 426 (28.22) <0.001
40-64 1713 (40.75) 914 (43.75) 722 (51.41) 1163 (59.50)
> 65 1364 (20.61) 741 (24.09) 393 (18.94) 354 (12.28)
Sex
Male 2128 (56.14) 924 (48.97) 573 (46.03) 607 (37.97) <0.001
Female 2201 (43.86) 1243 (51.03) 877 (53.97) 1336 (62.03)
Region
Urban 3391 (84.41) 1686 (82.61) 1197 (87.86) 1655 (89.80) <0.001
Rural 938 (15.59) 481 (17.39) 253 (12.14) 288 (10.20)
Household income
Low 1013 (18.03) 455 (15.90) 261 (13.79) 218 (8.64) <0.001
Middle-Low 1158 (26.11) 578 (24.23) 328 (21.39) 397 (18.76)
Middle-High 1084 (27.27) 569 (28.37) 392 (28.21) 542 (28.55)
High 1054 (28.59) 555 (31.50) 469 (36.61) 781 (44.06)
Educational level
Less than elementary school 891 (14.42) 411 (14.11) 219 (10.79) 189 (7.01) <0.001
Middle school 358 (7.31) 219 (8.42) 149 (8.33) 164 (6.35)
High school 1407 (40.38) 622 (32.83) 410 (31.35) 637 (34.75)
College or higher 1323 (37.89) 760 (44.65) 591 (49.53) 870 (51.88)
Marital status
Married 3,403 (70.03) 1,840 (78.36) 1,264 (82.78) 1,703 (83.24) < 0.001
Single 926 (29.97) 327 (21.64) 186 (17.22) 240 (16.76)
Healthy behavior factors®
Alcohol drinking
Never 545 (9.37) 285 (10.00) 159 (7.99) 190 (7.70) 0.030
Occasionally 1,526 (34.12) 798 (35.40) 543 (35.67) 791 (38.48)
Frequently 2,203 (56.52) 1,064 (54.61) 730 (56.35) 954 (53.82)
Smoking
Never 2,431 (53.21) 1,322 (58.71) 912 (59.05) 1,314 (63.46) <0.001
Past 984 (23.60) 515 (24.00) 333 (25.98) 403 (22.65)
Current 855 (23.18) 309 (17.29) 187 (14.97) 218 (13.89)
Physical activity
Inactive 2,395 (57.01) 1,152 (54.80) 762 (53.93) 985 (51.79) 0.017
Active 1,582 (42.99) 856 (45.20) 604 (46.07) 877 (48.21)
BMI (kg/m?)
<185 189 (4.82) 83 (4.30) 47 (3.39) 69 (3.81) 0.088
18.5-23 1,559 (36.50) 790 (36.46) 558 (39.38) 777 (38.86)
23-25 932 (21.62) 512 (24.03) 340 (23.12) 445 (23.68)
>25 1,590 (37.06) 742 (35.21) 484 (34.11) 631 (33.65)
Clinical health conditions®
Self perception of health
status
Good 1161 (31.29) 622 (32.67) 414 (31.14) 541 (30.62) 0.870
(Continues)
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TABLE 1 | (Continued)

Non-users 1 product users 2 products users > 3 products
Characteristics (N =4329) (N =2167) (N =1450) users (N =1943) p value®
Normal 2069 (51.36) 1004 (50.33) 712 (52.58) 990 (52.56)
Bad 777 (17.35) 396 (17.00) 245 (16.28) 334 (16.82)
The number of chronic
diseases®
0 2400 (63.02) 1164 (60.72) 807 (59.72) 1256 (69.45) <0.001
1 1305 (26.28) 705 (28.23) 450 (29.85) 517 (23.49)
2 520 (9.01) 255 (9.58) 168 (9.21) 146 (6.28)
>3 96 (1.70) 42 (1.48) 23 (1.21) 21 (0.79)

Abbreviations: BMI, body mass index; DS, dietary supplements; KNHANES, Korea National Health and Nutrition Examination Survey.

#Values are expressed as number (percentages).
®P_value was calculated using a chi-squared test.

“The chronic disease include hypertension, diabetes, cancer, dyslipidemia, cardiovascular disease, and liver disease.

products, including MV and MM, and single vitamins or min-
eral products.

3.3 | Total Nutrient Intake According to Daily DS
Tablet Consumption

Greater consumption of DS tablets was significantly associated
with higher total intake of all nutrients, with the contribution of
DS to total intake also increasing as the number of tablets
consumed rose, although the degree of increase varied widely
across the nutrients evaluated (all P-trend <0.004) (Table 4,
Figure S1). The proportion of intake attributed to DS increased,
ranging from a 1.71-fold increase for vitamin B12, from 21% for
those consuming 0<~<1 tablet per day to 36% for those
consuming > 5 tablets per day, to a 3.72-fold increase for cal-
cium, from 7% to 26% over the same range of tablet
consumption.

3.4 | Nutritional Adequacy According to Daily DS
Tablet Consumption

Increasing DS tablet consumption, up to > 5 tablets per day, was
associated with a significant decrease in the prevalence of
nutrient deficiencies across most of nutrients (P-trend < 0.001)
(Table 5, Figure S2). Among the nutrients, vitamin C showed
the greatest improvement, with the proportion of intake below
the EAR dropping sharply by 57.29%, from 80.59% among non-
users to 51.45% with >0~ <1 tablet per day, and further to
23.30% with > 5 tablets per day. In contrast, iodine showed the
smallest reduction, decreasing modestly by 19.42%, from 79%
among non-users to 72.13% with >0~ <1 tablet per day, and
59.58% with more than > 5 tablets per day.

However, greater DS tablet consumption was also associated
with a significant increase in the prevalence of intake exceeding
the UL for certain nutrients (all P-trend <0.022) (Table 5,
Supplementary Figure 3). Specifically, the proportion exceeding
the UL for vitamin C rose sharply from 0.03% in non-users to
0.36% in those consuming >0~ <1 tablet per day, and further
to 16.17% in those consuming > 5 tablets per day. Notably, these

excessive intakes of vitamin C were found to be largely attrib-
utable to DS use, with the PAF for exceeding the UL due to
consuming > 2 tablets per day estimated at 93.3%. Similarly,
excessive intakes of iodine, iron, and magnesium also increased
with higher tablet consumption per day, although the preva-
lence remained below 5% even in the highest category.

Moreover, overall nutritional adequacy showed limited
improvement with increasing DS tablet consumption (Figure 2;
Supplementary Table 2). The MAR increased progressively,
starting at 0.60 among no DS users, rising to 0.69 for users of
>0~ <1 tablet per day, 0.72 for > 1~ <2 tablets per day, 0.76
for > 2~ <3 tablets per day, and stabilizing around 0.77 for
those consuming > 3 tablets per day.

In sensitivity analyses, stratifying all analyses by age and sex
yielded results that did not materially differ from the main
findings (Tables S3-1 to S5-5).

4 | Discussion

In this nationwide study of Korean adults, 56% reported DS use.
Among DS users, 61% used multiple DS products and MVM was
most commonly used, often combined with single-vitamin and
mineral products. Most DS products contained high nutrient
levels relative to daily requirements. Greater consumption of
daily DS tablets significantly reduced nutrient deficiencies, but
it also increased the risk of exceeding ULs, particularly for
vitamin C, iodine, iron, and magnesium, yielding only dimin-
ishing the marginal gains in overall nutritional adequacy.

DS use has risen globally with growing health awareness and
accessibility [1-6]. In Korea, where rapid population aging has
led to increasing interest in preventive health, this trend has
been particularly pronounced, where DS use surged from 34.2%
in 2007-2009 [14] to 70% in 2020 [3]. In our analysis charac-
terizing DS usage patterns, majority of DS users consumed two
or more products. This may reflect a popular belief that com-
bining multiple supplements with diverse functionalities may
offer greater synergistic or complementary health benefits.
Similar trends have been reported in prior studies, with such

6 of 15

Journal of Human Nutrition and Dietetics, 2026

85U8017 SUOWWIOD BAII8.D 3(edl|dde auy Aq peusenob ke o e YO 8sn Jo Sa|nJ Joj Akeid8UIIUO AB|IM UO (SUORIPUOD-PUR-SLLLIBI WD A8 | 1M ARe.d 1 jBul[UO//:SdNL) SUOIPUOD Pue SIS | 8Ly 88S *[9202/60/82] Uo Ariqiauliuo Ao|im ‘Ariqi AVSeAIUN SUeWOM eYm3 AQ 62202 'UY(TTTT 0T/I0p/A00" AB | 1M Alelq | pul|uo//Sdily Wwo.j pepeo|umod ‘€ ‘9202 ‘XLLZS9ET



I
é/\/\
N O~ ~ N AN AN/
BS99 o9 =wan
Yo RS N S B B S
Slin A & ¥ A4 6N~ S
vimwvvvvv
Bl o n & A = 0 © N
Tl o on ~ n n on o~ ~
9| > «
L2
<
=
-
Il 5 o
— —_—
gl |[£8 T 2% <
o = 5} F= o
e e) IS] o £ o
3 = ‘g . B 2
7 LR g = =
= Qg — = = g
@ -Ecu o o © o
2 g = o £ g 3
Q = g g 2 -
5 = E g g g
=] ° = - < g
e g O = © = 3
= ks = o ° s
=] g & = o B
o SE 852 8 E
.‘:Eobn,c:mmud)
Al 5 38 g 8 8 95
RG] 951
R - Y A
ngEE_EEéé
P S S
s 22292 L0
§>>>>>2>>>
p=R==T= ===
<
EA/-\A
N = N N N N
Q0 0 O n 1w o T
. ?@@NNQQWQQ;
g 5§ 8d8cuouvcge
o
S| |Blgxgemmsgenm
& | 8 &
3 3
N
n
2 . =
< 2 5 = =
T |~ = O E o
z | R o £ b, o
2= — 8 g £
g |- S g g
; 1l o © o o
5 |2 £ = S o
S|~ Eé o o
S | . RS =
<IN R4 = S = g
- O.H
5l g . 5 g £
Al2] |8 €3 Z 5o
5|8 £S5 2528852
s_g O';Eﬁzgggz
8 S ! - *
ElglelS esCs22S
gm5>5>>>>22>
o | & PR NPT~ Rb= =
k=
2 ~
o S
o < o o Q
I » T o P N
ARHEEERE
] SXG;;EJ’l"l
%) o)) (=)
£ IR I TN
2 =~
3 P
Zle
2 |% —
RS s
= ()
s | =t
22 E
S
> |2 g
>
Bl E
1Hs
Slol g =2 s
o | & S oh
Ug§5.5>>§
— |~ SCa===111"1
[o\}
&) 4
= [=|
==} 5]
g Kl 0 o & n © I~ 0 &

10 (0.64)

MVM, MV, MM

2 (0.19)

MV, MM

10

Note: 1 Products that are not MVM, MV, MM, single vitamin or mineral.

Abbreviations: DS, dietary supplements; KNHANES, Korea National Health and Nutrition Examination Survey; MVM, multi vitamin and mineral; MV, multi vitamin; MM, multi mineral.

prevalence rates of 35.1%—61% in US [35, 36] and 55% in
Korea [10].

In particular, among multiple DS users, MVMs were the most
frequently consumed DS in our analyses, often combined with
single-vitamin and mineral supplements. This prevalent use of
multiple DSs, primarily involving MVMs, may reflect a prefer-
ence in seeking convenient, comprehensive solutions address-
ing broader nutritional needs for general health maintenance.
Similar high MVM consumption has been observed in many
regions, including the US (63%) [2], Australia (17.5%) [9],
Greece (42%) [37], and prior other Korean studies (15%-39%)
[3, 14]. These findings indicate diverse DS use behaviors and
significant reliance on DS as a major contributor to nutrient
intake among Korean adults.

Additionally, manufacturers often formulate DS products with
high nutrient levels [38, 39]. A US study analyzing 1,246 DS
products found that median nutrient levels in the product
ranged from 1.25 to 5 times the daily reference values for 11 out
of 13 nutrients, with the 90th percentile reaching up to 10 times
the median [39]. Similarly, 12%-15% of vitamin and mineral DS
products in the UK exceeded 100% of RNI [38]. This Korean
nationwide study also found that DS products contain nutrients
near or above the RNI levels, mirroring a global high-dose
formulation trend. Taken together, such widespread use of
multiple high-dose DS raises concerns about exceeding safe
intake despite benefits in reducing deficiencies questioning for
optimal usage strategies.

However, the risks and benefits of DS usage remain unclear. To
date, only a US NHANES study of 10,698 adults conducted
nutrient assessment according to MVM frequencies [23]. It
found that frequent MVM use up to >21 days/month signifi-
cantly increases intake, from a 1.31-fold for calcium to 7.35-fold
for vitamin B6, while substantially reducing nutrient
inadequacy. The proportion below the EAR dropped from 95.6%
among non-users to 3.86% among the most frequent users for
vitamin D, 86.9% to 0.50% for vitamin E, 54.6% to 19.3% for
magnesium, and 40.5% to 18.8% for calcium. However, it also
led to more individuals exceeding Uls—calcium rising from
0.47% to 4.13%, iron from 0.01% to 2.90%, zinc from 0% to 3.59%,
and folate from 0% to 4.05%. Similarly, we also found a dual-
edged nature of frequent DS use. DS use up to five tablets
per day nearly doubled its contribution to total intake, signifi-
cantly reducing deficiency risk, but increasing the excessive
intake risk, particularly for vitamin C.

Moreover, when MAR was examined to understand overall
nutritional balance of multiple nutrients, we found that MAR
improvement gradually declined and plateaued at three or more
tablets per day, which suggests limited additional benefits and
reinforces U-shape dose-related evidence questioning the clin-
ical efficacy of such frequent practices [20, 21, 40]. Our earlier
KNHANES study similarly showed that the significant inverse
association between vitamins and mineral supplements and
non-alcoholic fatty liver disease becoming non-significant
beyond two or more supplements per day [40]. Likewise, Nur-
ses' Health Study and the Health Professionals Follow-up Study
found reduced all-cause or colorectal cancer-specific mortality
at 3-5 MVM tablets per week, but no benefits at 6-9 tablets
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per week, and a 1.58 fold increase in colorectal cancer-specific
mortality at > 10 tablets per week [21]. A meta-analysis of 53

wn
:2; E% 9 @ randomized controlled trials also found that vitamin E and
£ =5 beta-carotene supplementation above, but not below, the rec-
g - ommended dietary allowance level may increase all-cause
5% mortality risk [20].
s =
gl Al - . . . .
32|38 § @ Overall, our findings and prior evidence caution against over-
5 SQ Y % reliance of DS beyond addressing nutrient gaps. DS effects can
%’n 3 é © = vary by nutrient status, with supplementation in well-nourished
k= = Q5 - populations potentially negating benefits or even increasing
n i disease risk. For instance, folate's role in preventing neural tube
defects was evident during the pre-fortification era in the US,
i but less so in post-fortification [41]. Similarly, while vitamin D's
E E © benefit on mortality risk [42] was not observed among non-
N N deficient individuals [43]. Diabetes risk increased from 1.04
§ = (0.60-1.80) in individuals with plasma selenium < 113.4 ng/mL
Il to 2.50 (1.32-4.77) in those with > 113.4 ng/mL [44]. Further-
Z ~a more, nutrients from food sources often reported to provide
"E S| Y =W greater benefit than supplements [43, 45]. Accordingly, the US
s ;g ml 8 ﬁ Preventive Task Force concluded insufficient evidence to sup-
%’ g Z o port DS use for primary prevention of major chronic diseases
a g n such as cardiovascular disease or cancer [22].

Several biological mechanisms may explain the observed pla-
teau in MAR improvement. While vitamins and minerals sup-
port immune, metabolic, and antioxidant functions, nutrient
absorption and utilization often plateau once dietary require-

%/RNI
or AI°

Abbreviations: —, not applicable or no reference value; Al, adequate intake; KDRI, Korean Dietary Reference Intake; KNHANES, Korea National Health and Nutrition Examination Survey; MM, multi mineral; MV, multi vitamin; MVM,

—~
3 ments are met due to homeostatic regulation, with excess ex-
I creted or redirected from their primary function [11]. Excessive
5 = intake can disrupt physiological balance and impair nutrient
% g% absorption and metabolism. High antioxidants may induce
p= 7'§ Z | ] oxidative stress, disrupt redox signaling, and impair immune
S 8 surveillance. High-dose supplementation of vitamin C [46],
c vitamin E [20], beta-carotene [20], and selenium levels [47, 48],
alone or combined, was associated with increased risk of dia-
3 betes [48], cancers [47], age-related cataract [46] and mortality
E “.’2 " o 5 [20]. High magnesium may cause neuromuscular dysfunction,
SN S Z cardiovascular irregularities, and impaired calcium metabolism
~ . . . .
e ® ° E [49], while excessive calcium intake can promote vascular cal-
T; T cification and kidney stones, increasing cardiovascular [18] and
z é renal complications [50].
N
X = T 3
g § ﬁ E E = » § This study has several strengths. It is the first nationally rep-
H ) 5 b5 < = . . .
s & SEN % = 3 g resentative Korean analysis to quantify DS use patterns and
p= ﬁ - a £ f gL their dose-response effects on nutrient adequacy and excess
2 g = . . e .
i 5§ ¢S '%;n E intake. Assessing both individual nutrient adequacy and overall
2 8 @ .3 balance leverages the strengths of both metrics, offering a
o < 3 § =z g comprehensive view of nutritional status. These nationally
) 8l o o g o B g b generalizable findings provide the most up-to-date dose-
a —l £ hil é ESE éﬂ response evaluation of DS impact on nutritional status across 19
E e % 8 § é § g e micronutrients and new insights into optimal DS use.
—wm”FE>335
= ZS8pelo”g
= o 85 > .. . .
§ o g S g g %‘)ﬁ gg However, several limitations should be noted. The use of a single
< 2oL 1 3 . .
= o 5 2 Z 55 °5 3 g 24-h recall to estimate food intake may not accurately reflect
S % EELEEZE :’é;% 2 usual diet and introduce random error, potentially arising from
Wl & S 2 SEEEES “ E day-to-day variability intake or seasonal fluctuation. Nonetheless,
) EEEEy i i
" § g i £ FEEES ; T a year-round rolling survey design of KNHANES 2019-2020 may
= Tl Efzggzziss help mitigate, at least, seasonal bias at the population level. Self-
= & § o ERCEEEEEE . . S . -
g 2 > E =z 228838 g = reported DS use is subject to recall bias, including omission and
B i ERSSEEIEE dose misreporting, particularly for non-prescription products.
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Furthermore, limiting records to four DS products and missing
data from discontinued or uninformative products overestimate
nutrient inadequacy or underestimate nutrient excess. Using RNI
or AI cut-off values in MAR, which are designed to meet the
requirements of 97%-98% individuals, might also underestimate
population-level nutrient adequacy. Nonetheless, concurrently
analyzing the prevalence of intakes below the EAR and above the
UL complements the MAR results, balancing evidence on risks of
both nutrient inadequacy and excess. Finally, generalizing these
results beyond Korean adults with varied dietary and supplement
use patterns needs caution.

In conclusion, our study reveals frequent, high-dose, mul-
tiple DS use among Korean adults, which effectively
reduced nutrient deficiencies. But it increased the risk of
excessive intake, yielding only diminished gains for overall
nutritional adequacy. These findings support conservative
dietary guidelines advocating moderate DS use to comple-
ment a diet [12]. Further studies are warranted to develop
evidence-based strategies for safe and moderate DS use and
to investigate clinical outcomes associated with DS usage
patterns.
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