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ABSTRACT

In the current years, it has now become necessary to establish standards for micronutrient
intake based on scientific evidence. This review discusses issues related to the development
of the 2020 Dietary Reference Intakes for Koreans (KDRI) for magnesium (Mg), zinc (Zn),
and copper (Cu), and future research directions. Following issues were encountered when
establishing the KDRI for these minerals. First, characteristics of Korean subjects need

to be applied to estimate nutrient requirements. When calculating the estimated average
requirement (EAR), the KDRI used the results of balance studies for Mg absorption and
factorial analysis for Zn, which is defined as the minimum amount to offset endogenous
losses for Zn and Mg. For Cu, a combination of indicators, such as depletion/repletion
studies, were applied, wherein all reference values were based on data obtained from other
countries. Second, there was a limitation in that it was difficult to determine whether
reference values of Mg, Zn, and Cu intakes in the 2020 KDRI were achievable. This might

be due to the lack of representative previous studies on intakes of these nutrients, and an
insufficient database for Mg, Zn, and Cu contents in foods. This lack of database for mineral
content in food poses a problem when evaluating the appropriateness of intake. Third,

data was insufficient to assess the adequacy of Mg, Zn, and Cu intakes from supplements
when calculating reference values, considering the rise in both demand and intake of
mineral supplements. Mg is more likely to be consumed as a multi-nutrient supplement in
combination with other minerals than as a single supplement. Moreover, Zn-Cu interactions
in the body need to be considered when determining the reference intake values of Zn and
Cu. It is recommended to discuss these issues present in the 2020 KDRI development for Mg,
Zn, and Cu intakes in a systematic way, and to find relevant solutions.
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Table 1. 2020 KDRIs for Mg, Zn, and Cu

INTRODUCTION

The Recommended Dietary Allowances (RDA) for South Koreans was first established in
1962, and subsequently been updated and revised continuously. In 2005, it was renamed as
the Dietary Reference Intakes for Koreans (KDRIs). Since the first publication, the number
of nutrients has gradually increased from 10 nutrients in 1962 to 15 nutrients in 1995 through
2000, 34 nutrients in 2005, and 36 nutrients in 2015 [1]. In particular, the growing interest
in the health benefits of micronutrients has resulted in an increasingly recognized need to
establish guidelines for micronutrient consumption, resulting in expanding the range of
micronutrients for which reference intakes for Koreans are established. Accordingly, among
minerals, the reference values for zinc (Zn) intake have been established and revised since
1995, and for magnesium (Mg) and copper (Cu) intake since 2005 [1]. In the current review,
the issues and limitations for Mg, Zn, and Cu reference values in the 2020 KDRIs have been
addressed (Table 1), followed by suggestions for future KDRIs of Mg, Zn, and Cu.

Due to the intrinsic physiological functions of the 3 minerals discussed in this review,
their intakes are of increasing interest in terms of promoting health. Therefore, accurate
assessment of nutrient intakes and reviews of the scientific evidence associating the
intakes and health benefits are necessary. However, it is difficult to precisely evaluate the
intake amounts due to the lack of databases on the contents of Mg, Zn, and Cu in foods or
Korean diets and supplements. Moreover, important additions to scientific literature that
are useful in establishing DRIs for health are still lacking. This review discusses the issues
and limitations in setting the 2020 KDRIs for Mg, Zn, and Cu, and offers suggestions for
establishment of future KDRIs.

Subject Age Mg (mg/d) Zinc (mg/d) Copper (ug/d)
EAR RNI Al uLy EAR RNI Al uL EAR RNI Al UL
Infants 0-5mon 25 2 240
6-11 mon 55 2 3 330
Children 1-2yrs 60 70 60 2 3 6 220 290 1,700
3-5yrs 90 110 90 3 4 9 270 350 2,600
Males 6-8yrs 130 150 130 5 5 13 360 470 3,700
9-11yrs 190 220 190 7 8 19 470 600 5,500
12-14yrs 260 320 270 7 8 27 600 800 7,500
15-18yrs 340 410 350 8 10 33 700 900 9,500
19-29yrs 300 360 350 9 10 35 650 850 10,000
30-49yrs 310 370 350 8 10 35 650 850 10,000
50-64 yrs 310 370 350 8 10 35 650 850 10,000
65-74 yrs 310 370 350 8 9 35 600 800 10,000
>75yrs 310 370 350 7 9 35 600 800 10,000
Females 6-8yrs 130 150 130 4 5] 13 310 400 3,700
9-11yrs 180 220 190 7 8 19 420 550 5,500
12-14yrs 240 290 270 6 8 27 500 650 7,500
15-18yrs 290 340 350 7 9 88 550 700 9,500
19-29yrs 230 280 350 7 8 35 500 650 10,000
30-49yrs 240 280 350 7 8 35 500 650 10,000
50-64 yrs 240 280 350 6 8 815 500 650 10,000
65-74yrs 240 280 350 6 7 35 460 600 10,000
>75yrs 240 280 350 6 7 35 460 600 10,000
Pregnancy +30 +40 350 +2.0 +2.5 35 +100 +130 10,000
Lactation +0 +0 350 +4.0 +5.0 35 +370 +480 10,000

KDRIs, Dietary Reference Intakes for Koreans; Mg, magnesium; Zn, zinc; Cu, copper; EAR, Estimated Average Requirement; RNI, Recommended Nutrient Intake;
Al, Adequate Intake; UL, Tolerable Upper Intake Level.

Y0only for non-food magnesium sources.
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MAGNESIUM

Outline for 2020 Mg KDRIs

Reference intakes for Mg, comprising the Estimated Average Requirement (EAR),
Recommended Nutrient Intake (RNI), and Tolerable Upper Intake Level (UL), were
reestablished in the 2020 KDRIs. In the revision process of KDRIs for Mg, we reviewed
several indicators to set reference values for health, and we evaluated 33 out of 1,315 article
abstracts (extracted using search engines such as PubMed and ScienceDirect) to discover
recent relevant and useful information [1] (Fig. 1). Our evaluation revealed that in Korea,
there were no updated studies applicable to the revision of the EAR for Mg established in
2015. In addition, assessment of the strength of evidence (SoE) for the relationship between
Mg and various health outcomes showed limited strength, and thus, it was not specifically
applied to the 2020 DRIs.

The EAR and RNI of Mg in the 2020 KDRIs were established based on the Mg equilibrium
experiment. Accordingly, similar to 2015, the Mg intake per body weight for the 2020 KDRIs
was calculated based on studies reported in foreign countries by life cycle. In 2020, this

was applied to the standard physical characteristics of Koreans to calculate the average

Mg requirement [2,3]. Adverse effects from excessive intake of Mg through food have not
been reported. Therefore, the UL of Mg was established considering only sources such as
supplements, other than food [1].

Citations identified through
database searching
Mg (n = 1,315)
Zn (n =1,415)
Cu (n = 907)

Citations excluded by abstract
Mg (n =1,182)
Zn (n =1,305)
Cu (n = 716)

A,

Full-text articles assessed
for eligibility
Mg (n =133)
Zn (n =110)
Cu (n=191)

Full-text articles excluded
by non-suitable criteria
Mg (n = 100)

Zn (n = 68)

Cu (n=183)

A,

Studies included in scoping
KDRIs establishment
Mg (n = 33)
Zn (n = 42)
Cu (n=8)

Fig. 1. Literature review process for the 2020 KDRIs, for Mg, Zn, and Cu.

Citations identified in PubMed and ScienceDirect search for Mg and Zn, and in PubMed, Web of Science, RISS and
DBpia databases for Cu, for studies published between 2014 and April 2019. The literature reviews up to 2013 has
already been updated for the 2015 KDRIs, and studies after 2013 were cited and updated for the 2020 KDRIs.
KDRIs, Dietary Reference Intakes for Koreans; Mg, magnesium; Zn, zinc; Cu, copper.
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Issues and topics for 2020 Mg KDRIs

Mg intake from Korean diet

Mg is abundant in green leafy vegetables, nuts, legumes, and grains, and is also found in
dairy products, meat, fish and shellfish, eggs, and fruits [4]. Therefore, sufficient intake

of various food groups and plant-based foods could generally avoid concerns about Mg
deficiency. Traditional Korean meals consist of rice and soup/stew as staple foods, a
protein-based main dish, and vegetable side dishes that are rich in minerals and vitamins.

In South Korea, numerous Mg-rich vegetables (such as leafy, stem, and tubal vegetables)

are consumed using various recipes such as seasoning raw vegetables, seasoning cooked
vegetables, stir-frying, and blanching [5]. However, the consumption of high-energy foods,
high-fat animal-based foods, and high-sugar foods has increased due to recent Westernized
and global dietary lifestyle comprising busy work and life schedules, while the consumption
of plant-based foods has relatively decreased [6,7]. Due to the recent downward trend of
plant-based food intake, the adequacy of Mg intake needs to be assessed. Previously, few
studies have evaluated Mg intake in healthy Korean adults. In a previous study of healthy
adults, Mg intake for subjects aged 19-64 yrs was about 250-270 mg per day, and the
percentage of subjects consuming Mg below the EAR was 50-55% [8]. In a recent study
conducted on healthy adults aged 21-69 yrs (n = 80), Mg intake was determined to be 319
mg/day for males and 277 mg/day for females [9]. The percentage of subjects consuming Mg
below the EAR was 50% for males and 67.5% for females, indicating a severe deficiency of Mg
intake [9]. If more intake evaluations are performed applying the 2020 KDRIs, accumulation
of the intake evaluation data over the years and changing trends in Mg intake might be
examined in a more comprehensive way.

To date, there has been no report on any representative study investigating Mg intake using
the 2020 KDRIs. This may to be due to the lack of database on the Mg content in foods. The
insufficient Mg database in foods has been problematic for determining the adequacy of Mg
intake and examining the health benefits of Mg. Therefore, establishment of an ongoing
database on the Mg contents in natural and commercial foods in Korea is necessary. This will
facilitate a representative assessment of Mg intake, similar to other micronutrients such as
calcium (Ca), phosphorus (P), sodium (Na), potassium (K) and iron (Fe), which are currently
evaluated in representative Korean population groups.

Mg intake from supplements for health and functional purpose

Among the many roles attributed to this mineral, Mg maintains the bone integrity as a
component of bone and teeth, stabilizes cell membranes, acts as a coenzyme of diverse
enzymes within our body, delivers neural stimulation, and takes part in the synthesis of fat,
protein, and nucleic acid [3,10-12]. Based on these physiological functions, numerous studies
have shown that Mg is related to non-communicable diseases such as hypertension [13],
dyslipidemia [14], diabetes [15], and metabolic syndrome [16], in addition to maintaining the
skeletal health. However, most previous studies [13-26] examining the relationship between Mg
intake and chronic diseases have been conducted outside Korea. Studies applying KDRIs, or
national studies that can be used as scientific evidence for establishing KDRIs, are very limited.

With increasing consumer interest in the relationship between food intake and health status,
consumption of dietary supplements is popular worldwide, and their use has been steadily
increasing. The use of dietary supplements has been reported in 52% adults in the USA

[27], 45.1% females and 25.2% males in the UK [28], and 49% adults in Italy [29]. In South
Korea, use of dietary supplements among adults was 57.3% using the 2019 Korea National
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Health and Nutrition Examination Survey (KNHANES) data [30]. With increasing intake of
dietary supplements, there is a corresponding increase in the intake of vitamin and mineral
supplements, which are difficult to be sufficiently obtained through food consumption [31].
Growing numbers of healthy people are taking dietary supplements, although there is little
evidence supporting that they provide protection against non-communicable diseases [32].
Mg is also consumed as a dietary supplement since various health functions of Mg have been
reported [10-26]. However, there is insufficient evidence for the necessity or a guideline of
Mg intake for health functionalities.

Considering that no harmful effects of excessive intake through foods have been reported,
the UL in the 2020 KDRIs was set through sources other than foods, including dietary
supplements [1]. However, in South Korea, there has been no study on Mg intake through
dietary supplement sources other than foods, neither is there any reference value for
adequate intake. Since the health function of Mg must be verified not only through dietary
Mg intake but also through intake of dietary supplement sources other than foods, a study

to evaluate Mg intake through dietary supplements needs to be conducted. In the future,
accumulation of these scientific evidences will help in establishing the reference values of Mg
for UL and/or prevention of chronic diseases.

Suggestions for future Mg KDRIs

Research subjects required for the next revision of Mg KDRIs are as follows: 1) Although

the equilibrium experiment is used as scientific evidence for EAR of Mg, most evidence is
obtained from studies conducted in foreign countries long time ago. Therefore, Mg equilibrium
experiment by life cycle targeting Korean people needs to be conducted; 2) The UL of Mg
intake is determined from dietary supplement sources other than food. To estimate the Mg
intake from dietary supplements as non-food sources, it is necessary to establish the Mg
content database of dietary supplements. Studies that evaluate the Mg intake from dietary
supplements by life cycle are also required; 3) Studies that examine the relationship between
Mg intake and chronic disease-related health indicators for the Korean population are needed,
since the association between Mg intake and chronic health problems (such as cardiovascular
diseases, hypertension, type 2 diabetes, skeletal growth retardation, and osteoporosis) has
been continuously reported. However, most studies reporting the relationship were conducted
outside South Korea, while studies conducted in Korea are very limited.

ZINC

Outline for 2020 Zn KDRIs

For determining Zn intakes for the 2020 KDRIs, factorial analysis considering various factors
for Zn requirement was performed first. For adequate Zn intake, we need to consider 1)
physiological Zn absorption, metabolism and excretion, 2) clinical effects of inadequate Zn
intake, and 3) selection of various Zn indicators for estimating the Zn requirement. These
include factors such as Zn concentration in human milk for infants, requirements for growth,
endogenous zinc loss, intestinal and urinary loss, fractional absorption of dietary Zn, and
semen and menstrual losses. To develop the SoE for Zn studies, published Zn studies were
retrieved and reviewed using the PubMed and ScienceDirect searching engine database for
the period 2014-2019, which updated and covered sufficient material for Zn studies since the
2015 KDRIs revision. Randomized controlled trials (RCTs) were originally included and, also
observation studies were additionally included, due to the limited RCT reports. In all, 1,415
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articles were screened, from which 110 articles were reviewed entirely, and finally 42 articles
were attributed to having adequate strength of evidence for establishing the DRI [1] (Fig. 1).

The Zn EAR was calculated to be 8 and 7 mg/day for male and female adults, respectively.
The RNI was determined to be 10 and 8 mg/day for male and female adults, respectively. The
UL for adults was established at 35 mg/day. The values in the 2020 Zn KDRIs were similar to
those obtained in the 2015 Zn KDRIs; however, RNI levels for male children (5 mg for 6-8
years, -1 mg compared to the previous 2015 KDRIs) and for older male and female subjects
(10 and 8 mg, respectively, for 50-64 years, +1 mg compared to the 2015 KDRIs) were
modified by considering the 2020 body weight KDRIs. EAR for Zn was also reestablished in
the three age groups as follows, based on calculations for the increased body weight: 9 mg/
day for the 19-29 years male group, 8 mg/day for the 65-74 years male group, and 7 mg for
the 9-11 years female group [1]. The 2020 KDRIs included not only the major food sources
of Zn for Koreans, but also Zn contents per serving size of foods. This information helps to
determine the daily Zn intake from major food sources [33].

Issues and topics for 2020 Zn KDRIs

Zn intakes from foods and supplements, and establishment of the UL

The 2020 KDRIs provide the major food sources of Zn and Zn contents per serving size

from Zn rich foods. However, since reports and study results on real Zn intakes of Koreans
are limited, the available data are insufficient to accurately determine the DRI levels for Zn.
Moreover, the Zn intakes from supplements are yet to be analyzed. Also, the KNHANES does
not provide Zn intake levels in South Korea [34,35]. The mean and median Zn intakes from
foods and supplements would be useful for estimating Zn intakes more accurately. In the
USA, Zn RDA values for male and female adults are 11 and 8 mg/day, respectively, while the
median Zn intakes from only foods are 14 and 10 mg/day, respectively, which considered to
lower UL level as lowest level of 23 mg/day on considering Zn supplements. Zn UL for KDRIs
is established as 35 mg/day [36,37]. The primary reason that Zn UL for South Koreans are
higher than the USA levels is because Zn intake from foods and Zn supplements is lower in
South Koreans as compared to Americans, which results in obtaining higher Zn UL (35 mg/
day). Currently, the UL for Zn needs to be reconsidered since insoluble mineral toxicity is of
concern for public health. Particularly, Zn intake from supplements needs to be cautiously
considered for children and the elderly due to potential sensitivity to extra high Zn intake.
Also, the pattern of food consumption in South Korea has transformed from plant- and
grain-oriented foods to animal-oriented foods rich in Zn [6,34]. Therefore, future KDRIs for
Zn need to be prepared based on actual food consumption and Zn supplement data.

Limitations for Zn human studies

The most difficult aspects for estimating the Zn KDRIs are limited human and clinical

Zn studies in South Korea and globally. In the past decade, while knowledge about the
biochemical and molecular function of Zn has developed and expanded worldwide, reports
on large-scale human Zn studies remain limited since the late 1990s [38].

Major clinical outcomes of Zn deficiency include growth retardation, immune dysfunction,
the altered cognition ability, altered host defense properties, defects in carbohydrate
utilization, etc. This implies the necessity of human studies to elucidate Zn functions and
intake levels, in addition to animal studies [39-41]. Any indications of Zn deficiency and
outcomes of Zn balance studies on human subjects are ‘factors’ that need to be considered
when estimating the Zn requirement. Without sufficient data and study results, there are
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limitations for determining accurate Zn requirement. Particularly, dietary Zn human studies
for Koreans are very limited and hence insufficient for the accurate determination of Zn
intake levels. There are two comprehensive Zn expert working groups for Zn requirements:
the Zn group in European Micronutrient Recommendations Aligned (EURRECA) network
[42,43], and the Zn group of the Biomarkers of Nutrition for Development (BOND) project
[44]. Reports from both groups provide best practice guidelines for assessing dietary Zn
intake and Zn status. Moreover, both groups provide valuable data for establishing the dietary
Zn recommendation, including its factorial approach and physiological requirements [45].
However, there are only a few studies capable of compiling Zn intake for a global large-scale
human subject study [46,47].

Suggestions for future Zn KDRIs

Considering all the issues and limitations described above, 2 aspects are suggested for
future Zn KDRI determination. First, the database for Zn contents in foods and mean Zn
intake studies are needed for establishing accurate Zn requirement in South Koreans. These
studies would be more reliable when they are included in national-level studies such as the
KNHANES. Secondly, reasonable and large-scale human studies on Zn are needed, both
globally and in Korea. Randomized control human clinical and balance studies on Zn would
be useful for the accurate determination of Zn requirement.

COPPER

Outline for 2020 Cu KDRIs

Literature search was conducted in the PubMed, Web of Science, RISS and DBpia databases
to identify eligible studies published from January 2014 to August 2019. The following
keywords were used: dietary Cu intake, human studies, clinical studies, observational
studies, double-blinded studies, cross-sectional studies, case-control studies and
randomized controlled studies. Totally, 907 articles were retrieved and screened for
abstracts; subsequently, 191 articles were selected, and full-text review was performed, and
8 articles were finally selected for the SoE analysis (Fig. 1). However, all 8 articles failed to
meet inclusion criteria in the study. As a result, scientific evidence is lacking to justify the
modification of KDRIs for Cu.

Therefore, as in the 2015 KDRISs, results from the USA/Canada studies have been used to
determine Cu requirement for the 2020 KDRIs [48]. The criteria used for determining the
EAR include plasma Cu and ceruloplasmin concentrations, erythrocyte superoxide dismutase
activity (SOD), and platelet Cu concentration in humans [49-51]. The Cu EAR for adult males
is set at 700 pg/day in the USA and Canada. For Korea, the USA EAR was extrapolated based
on average body weight. In the 2020 KDRIs, EAR for Korean adult male was established at
650 pg/day.

In the USA, the same EAR value has been applied to females and people aged 65 years and
over, due to lack of scientific data that would indicate differences in Cu metabolism among
gender and age groups. Previous KDRIs were also established using the same principle.
However, in 2020, EARs for females and older age groups have been extrapolated from the
adult male EAR, based on their body weights.
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Issues and topics for 2020 Cu KDRIs

Reliability of Korean Cu intake assessment

A limited number of studies have assessed the amount of Cu intake by Koreans. The
KNHANES, a national survey that evaluates the nutritional status of Koreans, has only
evaluated intakes of Ca, P, Na, K, and Fe among minerals. This is because of the paucity
of information and incomplete database of Cu content for frequently consumed foods.
Currently, the national food composition table of Korea provides Cu information for only
1,639 (54.6%) of the 3,000 food items consumed [33]. Also, this database has adopted
information from foreign databases, which might be different in Cu content due to
geographical variations in soil and water [52].

Most studies using available Cu database in Korea have reported excess intake over RNI [52-
55]. In a study using data from the 2007-2008 KNHANES, Cu intakes for males and females
over the age of 19 years were found to be 1.4 mg/day and 1.1 mg/day, respectively [53]. In a
study on Cu consumption by age groups, Cu intakes of Korean males were 1.17, 1.10, 1.33,
1.33, and 1.34 mg/day for the age groups 19-29, 30-39, 40-49, 50-59, and 60 years and over,
respectively [55]. In the same study, Cu intakes by Korean females were determined to be
1.07,1.06, 1.20, 1.29, and 1.36 mg/day for the age groups 19-29, 30-39, 40-49, 50-59, and
60 years and over, respectively, exceeding the recommended intake for both genders [55].
However, since the Cu database covered only 59.2% of food items investigated by Lee et al.
[55], it is highly likely that Cu was underestimated due to incomplete data. Considering that
most studies report Cu consumption above the RNI, it can be speculated that Cu insufficiency
is scarce in Korea.

Cu intake from supplements

Cu intake through food and/or supplement is suggested to be associated with prevalence of
certain diseases such as cardiovascular disease and diabetes [56,57]. However, data on the
actual consumption in Korea, through sources other than food, are very limited. Although
the risk of excessive Cu intake from diet is very low, it is currently premature to exclude the
possibility of excessive Cu intake from supplements. Therefore, establishment of a complete
database of Cu in commonly consumed foods and various dietary supplements is needed for
a reliable evaluation of Cu intake in Korea, and investigating the relationship between Cu
intake and the risk of various chronic diseases.

Suggestions for future Cu KDRIs

Reliable biomarkers for Cu status assessment are necessary

To date, KDRIs have mainly relied on insufficient and outdated scientific evidence from
1980’s [58]. In the absence of ‘gold standard’ biomarkers to assess marginal or short-term
Cu deficiency, it has been challenging to determine the Cu status. In order to accurately
determine adequate Cu consumption and intestinal absorption, there is an immediate
requirement of intensive practical and clinical Cu-depletion and/or Cu-repletion studies.
Since sensitive clinical biomarkers to determine marginal Cu deficiency or excess Cu have
yet to be identified [59], clinical and pre-clinical trials are required to find reliable markers
for the Cu status. Several biological markers (ceruloplasmin activity, erythrocyte SOD1,

Cu chaperone for SOD1 [CCS] in red blood cells, and peptidylglycine alpha-amidating
monooxygenase [PAM]) might be useful for determining moderate to severe Cu deficiency
[60,61]. In the future, we may determine the biological sensitivity of Cu assessing markers to
determine the marginal and excess Cu status.
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Associated biological relationships between Cu and other divalent metals

In the future, significant scientific effort is required not only to discover robust biological
markers for dietary Cu status, but also to understand the physiological interactions between
dietary or supplemental Cu and other divalent metals. To date, Cu homeostasis is known

to be closely associated with other divalent metal ions such as Zn and Fe. High levels of Zn
exposure result in decreased Cu absorption and perturb the whole-body Cu homeostasis
[62,63]. Excess Zn in enterocyte induces metallothionein expression, which inherently
possesses higher affinity for Cu than Zn. Therefore, bioavailability of Cu may be significantly
suppressed due to metallothionein-mediated Cu being entrapped in enterocytes.

Fe is another divalent metal that strongly interacts with dietary Cu. In Fe deficiency, Cu
absorption and utilization are remarkably increased due to elevated intestinal Cu transport
and hepatic ceruloplasmin synthesis [59], both clinically [64] and pre-clinically [65,66].
Conversely, excess Fe exposure suppresses the Cu homeostasis in infants [64,67,68] and
rapidly growing rodents [65,66,69,70]. Due to competitive interactions among divalent
minerals in their intestinal absorption, distribution, and metabolism, the dietary Cu
absorption and distribution might be enhanced or reduced by other divalent metal
consumptions. Due to limited literature, current Cu KDRIs solely relied on the extrapolation
from a sole clinical report [71]. Therefore, to determine the optimal potential Cu DRI, there
is a requirement to update Cu repletion/depletion studies by considering interactions with
other minerals.

CONCLUSION

In conclusion, based on issues and limitations for Mg, Zn, and Cu reference values in the
2020 KDRIs, we suggest three aspects for future KDRIs of these three minerals. First,

human studies, particularly in Koreans, are needed for more accurate estimation of EAR.
Second, more comprehensive and reliable databases on Mg, Cu, and Zn contents in foods

are needed to estimate their intakes. Without assessment data of real intakes from foods and
supplements for these minerals, it is difficult to establish an accurate EAR. Third, mineral
intakes from supplements and foods should be considered for the estimation of UL, since any
potential mineral toxicity needs to be considered in the prevailing scenario.

REFERENCES

1. The Korean Nutrition Society. 2020 Dietary Reference Intakes for Koreans. Sejong: Ministry of Health
and Welfare; 2020.

2. Lakshmanan FL, Rao RB, Kim WW, Kelsay JL. Magnesium intakes, balances, and blood levels of adults
consuming self-selected diets. Am J Clin Nutr 1984;40 Suppl:1380-9.
PUBMED | CROSSREF

3. National Academy of Medicine. Dietary Reference Intakes for Calcium, Phosphorus, Magnesium, Vitamin
D, and Fluoride. Washington, D.C.: National Academy Press; 1997. p.190-249.

4. BaeY]J, Kim MH, Choi MK. Analysis of magnesium contents in commonly consumed foods and
evaluation of its daily intake in Korean independent-living subjects. Biol Trace Elem Res 2010;135:182-99.
PUBMED | CROSSREF

5. Kang MH, Kim MH, Bae YJ, Choi MK. Vegetable and fruit intake and its relevance with serum osteocalcin
and urinary deoxypyridinoline in Korean adults. Nutr Res Pract 2010;4:421-7.

PUBMED | CROSSREF

https://e-nrp.org https://doi.org/10.4162/nrp.2022.16.51.5113 $121


http://www.ncbi.nlm.nih.gov/pubmed/6507359
https://doi.org/10.1093/ajcn/40.6.1380
http://www.ncbi.nlm.nih.gov/pubmed/19756403
https://doi.org/10.1007/s12011-009-8511-x
http://www.ncbi.nlm.nih.gov/pubmed/21103089
https://doi.org/10.4162/nrp.2010.4.5.421

Issues pertaining to Mg, Zn and Cu in the 2020 KDRIs

Nutrition
[ ) Research and
Practice

https://e-nrp.org

6. Yun S, Kim HJ, Oh K. Trends in energy intake among Korean adults, 1998-2015: results from the Korea
National Health and Nutrition Examination Survey. Nutr Res Pract 2017;11:147-54.
PUBMED | CROSSREF
7. Kim SY, Freeland-Graves JH, Kim HJ. Twenty-year trends in vegetable consumption by preparation
method and eating location for Korean population from 1998 to 2017. BrJ Nutr 2021;126:747-56.
PUBMED | CROSSREF
8. BaeYJ, Choi MK. Magnesium intake and its relevance with antioxidant capacity in Korean adults. Biol
Trace Elem Res 2011;143:213-25.
PUBMED | CROSSREF
9. Choi MK, Weaver CM. Daily Intake of magnesium and its relation to urinary excretion in Korean healthy
adults consuming self-selected diets. Biol Trace Elem Res 2017;176:105-13.
PUBMED | CROSSREF
10. Rude RK. Magnesium. In: Coates PM, Betz JM, Blackman MR, Cragg GM, Levine M, Moss J, White JD,
editors. Encyclopedia of Dietary Supplements. Boca Raton (FL): CRC Press; 2010. p.527-37.
11. Rude RK. Magnesium. In: Ross AC, Caballero BH, Cousins RJ, Tucker KL, Ziegler TR, editors. Modern
Nutrition in Health and Disease. Baltimore (MD): Lippincott Williams & Wilkins; 2012. p.159-75.
12. Aikawa JK. Magnesium: Its Biological Significance. Boca Raton (FL): CRC Press; 1991. p.21-38.
13.  McCarron DA. Calcium and magnesium nutrition in human hypertension. Ann Intern Med 1983;98:800-5.
PUBMED | CROSSREF
14. Singh RB, Rastogi SS, Mani UV, Seth J, Devi L. Does dietary magnesium modulate blood lipids? Biol Trace
Elem Res 1991;30:59-64.
PUBMED | CROSSREF
15. Barbagallo M, Dominguez LJ, Galioto A, Ferlisi A, Cani C, Malfa L, Pineo A, Busardo’ A, Paolisso G.
Role of magnesium in insulin action, diabetes and cardio-metabolic syndrome X. Mol Aspects Med
2003;24:39-52.
PUBMED | CROSSREF
16. Ford ES, Li C, McGuire LC, Mokdad AH, Liu S. Intake of dietary magnesium and the prevalence of the
metabolic syndrome among U.S. adults. Obesity (Silver Spring) 2007;15:1139-46.
PUBMED | CROSSREF
17.  Cosaro E, Bonafini S, Montagnana M, Danese E, Trettene MS, Minuz P, Delva P, Fava C. Effects of
magnesium supplements on blood pressure, endothelial function and metabolic parameters in healthy
young men with a family history of metabolic syndrome. Nutr Metab Cardiovasc Dis 2014;24:1213-20.
PUBMED | CROSSREF
18. Navarrete-Cortes A, Ble-Castillo JL, Guerrero-Romero F, Cordova-Uscanga R, Juarez-Rojop IE, Aguilar-
Mariscal H, Tovilla-Zarate CA, Lopez-Guevara MR. No effect of magnesium supplementation on
metabolic control and insulin sensitivity in type 2 diabetic patients with normomagnesemia. Magnes Res
2014;27:48-56.
PUBMED | CROSSREF
19. Rodriguez-Moran M, Guerrero-Romero F. Oral magnesium supplementation improves the metabolic
profile of metabolically obese, normal-weight individuals: a randomized double-blind placebo-controlled
trial. Arch Med Res 2014;45:388-93.
PUBMED | CROSSREF
20. Adebamowo SN, Spiegelman D, Willett WC, Rexrode KM. Association between intakes of magnesium,
potassium, and calcium and risk of stroke: 2 cohorts of US women and updated meta-analyses. Am J Clin
Nutr 2015;101:1269-77.
PUBMED | CROSSREF
21. Huang YC, Wahlqvist ML, Kao MD, Wang JL, Lee MS. Optimal dietary and plasma magnesium statuses
depend on dietary quality for a reduction in the risk of all-cause mortality in older adults. Nutrients
2015;7:5664-83.
PUBMED | CROSSREF
22. Guasch-Ferré M, Bull6 M, Estruch R, Corella D, Martinez-Gonzélez MA, Ros E, Covas M, Ards F, Gomez-
Gracia E, Fiol M, et al. Dietary magnesium intake is inversely associated with mortality in adults at high
cardiovascular disease risk. ] Nutr 2014;144:55-60.
PUBMED | CROSSREF
23. Bain LK, Myint PK, Jennings A, Lentjes MA, Luben RN, Khaw KT, Wareham NJ, Welch AA. The
relationship between dietary magnesium intake, stroke and its major risk factors, blood pressure and
cholesterol, in the EPIC-Norfolk cohort. Int J Cardiol 2015;196:108-14.
PUBMED | CROSSREF
https://doi.org/10.4162/nrp.2022.16.51.5113 S122


http://www.ncbi.nlm.nih.gov/pubmed/28386388
https://doi.org/10.4162/nrp.2017.11.2.147
http://www.ncbi.nlm.nih.gov/pubmed/33198828
https://doi.org/10.1017/S0007114520004511
http://www.ncbi.nlm.nih.gov/pubmed/20978866
https://doi.org/10.1007/s12011-010-8883-y
http://www.ncbi.nlm.nih.gov/pubmed/27543063
https://doi.org/10.1007/s12011-016-0822-0
http://www.ncbi.nlm.nih.gov/pubmed/6847018
https://doi.org/10.7326/0003-4819-98-5-800
http://www.ncbi.nlm.nih.gov/pubmed/1718369
https://doi.org/10.1007/BF02990342
http://www.ncbi.nlm.nih.gov/pubmed/12537988
https://doi.org/10.1016/S0098-2997(02)00090-0
http://www.ncbi.nlm.nih.gov/pubmed/17495189
https://doi.org/10.1038/oby.2007.628
http://www.ncbi.nlm.nih.gov/pubmed/24984823
https://doi.org/10.1016/j.numecd.2014.05.010
http://www.ncbi.nlm.nih.gov/pubmed/25204013
https://doi.org/10.1684/mrh.2014.0361
http://www.ncbi.nlm.nih.gov/pubmed/24830937
https://doi.org/10.1016/j.arcmed.2014.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25948665
https://doi.org/10.3945/ajcn.114.100354
http://www.ncbi.nlm.nih.gov/pubmed/26184299
https://doi.org/10.3390/nu7075244
http://www.ncbi.nlm.nih.gov/pubmed/24259558
https://doi.org/10.3945/jn.113.183012
http://www.ncbi.nlm.nih.gov/pubmed/26082204
https://doi.org/10.1016/j.ijcard.2015.05.166

Issues pertaining to Mg, Zn and Cu in the 2020 KDRIs

Nutrition
[ ) Research and
Practice

https://e-nrp.org

24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kunutsor SK, Whitehouse MR, Blom AW, Laukkanen JA. Low serum magnesium levels are associated
with increased risk of fractures: a long-term prospective cohort study. Eur ] Epidemiol 2017;32:593-603.
PUBMED | CROSSREF

Konishi K, Wada K, Tamura T, Tsuji M, Kawachi T, Nagata C. Dietary magnesium intake and the risk of
diabetes in the Japanese community: results from the Takayama study. Eur J Nutr 2017;56:767-74.
PUBMED | CROSSREF

Kokubo Y, Saito I, Iso H, Yamagishi K, Yatsuya H, Ishihara J, Maruyama K, Inoue M, Sawada N, Tsugane
S, et al. Dietary magnesium intake and risk of incident coronary heart disease in men: a prospective
cohort study. Clin Nutr 2018;37:1602-8.

PUBMED | CROSSREF

Cowan AE, Jun S, Tooze JA, Dodd KW, Gahche J], Eicher-Miller HA, Guenther PM, Dwyer JT, Moshfegh
AJ, Rhodes DG, et al. Comparison of 4 methods to assess the prevalence of use and estimates of nutrient
intakes from dietary supplements among US adults. J Nutr 2020;150:884-93.

PUBMED | CROSSREF

McNaughton SA, Mishra GD, Paul AA, Prynne CJ, Wadsworth ME. Supplement use is associated with
health status and health-related behaviors in the 1946 British birth cohort. ] Nutr 2005;135:1782-9.
PUBMED | CROSSREF

Giammarioli S, Boniglia C, Carratu B, Ciarrocchi M, Chiarotti F, Mosca M, Sanzini E. Use of food
supplements and determinants of usage in a sample Italian adult population. Public Health Nutr
2013;16:1768-81.

PUBMED | CROSSREF

Ministry of Health and Welfare, Korea Disease Control and Prevention Agency. Korea Health Statistics
2019: Korea National Health and Nutrition Examination Survey (KNHANES VIII-1). Cheongju: Korea
Disease Control and Prevention Agency; 2020.

Rock CL. Multivitamin-multimineral supplements: who uses them? Am J Clin Nutr 2007;85:277S-9S.
PUBMED | CROSSREF

Zhang FF, Barr SI, McNulty H, Li D, Blumberg JB. Health effects of vitamin and mineral supplements.
BMJ 2020;369:m2511.

PUBMED | CROSSREF

National Institute of Agricultural Sciences. Korean food composition database 9.2. [Internet]. Wanju:
National Institute of Agricultural Sciences; 2016 [cited 2020 July 7]. Available from: http://koreanfood.
rda.go.kr/kfi/fct/fetIntro/list?menuld=PS03562#.

Korea Centers for Disease Control and Prevention. The Report for Korean National Health and Nutrition
Examination Survey (KNAHANES). Cheongju: Korea Centers for Disease Control and Prevention; 2019.
Sandstrom B, Lonnerdal B. Promoters and antagonists of zinc absorption. In: Mills CF, ed. Zinc in
Human Biology. New York (NY): Springer-Verlag; 1989. p.57-78.

National Institutes of Health, Office of Dietary Supplements. Zinc: Health professional fact sheet (nih.
gov) [Internet]. Bethesda (MD): Office of Dietary Supplements; 2021 [cited 2021 September 26]. Available
from: https://ods.od.nih.gov/factsheets/Zinc-HealthProfessional/#h2.

The National Academies. Zn. In: Dietary Reference Intakes. Washing, D.C.: The National Academy Press;
2001. p.442-501.

Hambidge KM. Mild zinc deficiency in human subjects. In: Mills CF, editor. Zinc in Human Biology. New
York (NY): Springer-Verlag; 1989. p. 281-96.

Beattie JH, Malavolta M, Korichneva L. Zinc. In: Malavolta M, Mocchegiani E, editors. Trace Elements and
Minerals in Health and Longevity. Cham: Springer; 2018. p.99-132.

Cousins RJ. Zinc. In: Ziegler EE, Filer L], editors. Present Knowledge in Nutrition. 7th ed. Washington,
D.C.: ISLI Press; 1996. p.293-300.

Holt RR, Uriu-Adams JY, Keen CL. Zinc. Present Knowledge in Nutrition. 10th ed. Ames (IA):
International Life Sciences Institute Wiley-Blackwell; 2012. p.521-540.

Lowe NM, Dykes FC, Skinner AL, Patel S, Warthon-Medina M, Decsi T, Fekete K, Souverein OW,
Dullemeijer C, Cavelaars AE, et al. EURRECA-Estimating zinc requirements for deriving dietary reference
values. Crit Rev Food Sci Nutr 2013;53:1110-23.

PUBMED | CROSSREF

Bel-Serrat S, Stammers AL, Warthon-Medina M, Moran VH, Iglesia-Altaba I, Hermoso M, Moreno LA,
Lowe NMEURRECA Network. Factors that affect zinc bioavailability and losses in adult and elderly
populations. Nutr Rev 2014;72:334-52.

PUBMED | CROSSREF

https://doi.org/10.4162/nrp.2022.16.51.5113 $123


http://www.ncbi.nlm.nih.gov/pubmed/28405867
https://doi.org/10.1007/s10654-017-0242-2
http://www.ncbi.nlm.nih.gov/pubmed/26689794
https://doi.org/10.1007/s00394-015-1122-8
http://www.ncbi.nlm.nih.gov/pubmed/28843443
https://doi.org/10.1016/j.clnu.2017.08.006
http://www.ncbi.nlm.nih.gov/pubmed/31851315
https://doi.org/10.1093/jn/nxz306
http://www.ncbi.nlm.nih.gov/pubmed/15987865
https://doi.org/10.1093/jn/135.7.1782
http://www.ncbi.nlm.nih.gov/pubmed/23021313
https://doi.org/10.1017/S1368980012004314
http://www.ncbi.nlm.nih.gov/pubmed/17209209
https://doi.org/10.1093/ajcn/85.1.277S
http://www.ncbi.nlm.nih.gov/pubmed/32601065
https://doi.org/10.1136/bmj.m2511
http://www.ncbi.nlm.nih.gov/pubmed/23952091
https://doi.org/10.1080/10408398.2012.742863
http://www.ncbi.nlm.nih.gov/pubmed/24739133
https://doi.org/10.1111/nure.12105

Issues pertaining to Mg, Zn and Cu in the 2020 KDRIs

Nutrition
[ ) Research and
Practice

https://e-nrp.org

44. King]JC, Brown KH, Gibson RS, Krebs NF, Lowe NM, Siekmann JH, Raiten DJ. Biomarkers of nutrition
for development (BOND)-Zinc review. ] Nutr 2016;146:858S-85S.
PUBMED | CROSSREF

45. Gibson RS, KingJC, Lowe N. A review of dietary zinc recommendations. Food Nutr Bull 2016;37:443-60.
PUBMED | CROSSREF

46. Gupta S, Brazier AK, Lowe NM. Zinc deficiency in low- and middle-income countries: prevalence and
approaches for mitigation. ] Hum Nutr Diet 2020;33:624-43.
PUBMED | CROSSREF

47. Fernandez-Cao JC, Warthon-Medina M, H Moran V, Arija V, Doepking C, Serra-Majem L, Lowe NM. Zinc
intake and status and risk of type 2 diabetes mellitus: a systematic review and meta-analysis. Nutrients
2019;11:1027.
PUBMED | CROSSREF

48. Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, lIodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington, D.C.:
National Academies Press; 2001. p.224-257.

49. TurnlundJR, Keen CL, Smith RG. Copper status and urinary and salivary copper in young men at three
levels of dietary copper. Am J Clin Nutr 1990;51:658-64.
PUBMED | CROSSREF

50. Milne DB, Nielsen FH. Effects of a diet low in copper on copper-status indicators in postmenopausal
women. Am J Clin Nutr 1996;63:358-64.
PUBMED | CROSSREF

51. TurnlundJR, Scott KC, Peiffer GL, Jang AM, Keyes WR, Keen CL, Sakanashi TM. Copper status of young
men consuming a low-copper diet. Am J Clin Nutr 1997;65:72-8.
PUBMED | CROSSREF

52. Kim MH, Choi MK. Copper status in healthy Korean young men and its relation to their bone status.
Trace Elem Electrolytes 2021;38:68-76.
CROSSREF

53. Choi MK, Bae Y]J. Relationship between dietary magnesium, manganese, and copper and metabolic
syndrome risk in Korean adults: the Korea National Health and Nutrition Examination Survey (2007
2008). Biol Trace Elem Res 2013;156:56-66.
PUBMED | CROSSREF

54. Kim MH, Choi MK. Seven dietary minerals (Ca, P, Mg, Fe, Zn, Cu, and Mn) and their relationship with blood
pressure and blood lipids in healthy adults with self-selected diet. Biol Trace Elem Res 2013;153:69-75.
PUBMED | CROSSREF

55. Lee YK, Lyu ES, Oh SY, Park HR, Ro HK, Heo YR, Hyun T, Choi MK. Daily copper and manganese intakes
and their relation to blood pressure in normotensive adults. Clin Nutr Res 2015;4:259-66.
PUBMED | CROSSREF

56. Biigel S, Harper A, Rock E, O’Connor JM, Bonham MP, Strain JJ. Effect of copper supplementation on
indices of copper status and certain CVD risk markers in young healthy women. Br ] Nutr 2005;94:231-6.
PUBMED | CROSSREF

57. Bjg¢rklund G, Dadar M, Pivina L, Dosa MD, Semenova Y, Aaseth J. The role of zinc and copper in insulin
resistance and diabetes mellitus. Curr Med Chem 2020;27:6643-57.
PUBMED | CROSSREF

58. Pratt WB, OmdahlJL, Sorenson JR. Lack of effects of copper gluconate supplementation. Am J Clin Nutr
1985;42:681-2.
PUBMED | CROSSREF

59. Doguer C, Ha JH, Collins JF. Intersection of iron and copper metabolism in the mammalian intestine and
liver. Compr Physiol 2018;8:1433-61.
PUBMED | CROSSREF

60. Danzeisen R, Araya M, Harrison B, Keen C, Solioz M, Thiele D, McArdle HJ. How reliable and robust are
current biomarkers for copper status? Br ] Nutr 2007;98:676-83.
PUBMED | CROSSREF

61. West EC, Prohaska JR. Cu,Zn-superoxide dismutase is lower and copper chaperone CCS is higher in
erythrocytes of copper-deficient rats and mice. Exp Biol Med (Maywood) 2004;229:756-64.
PUBMED | CROSSREF

62. Afrin LB. Fatal copper deficiency from excessive use of zinc-based denture adhesive. Am ] Med Sci
20105;340:164-8.
PUBMED | CROSSREF

63. Shils ME, Olson JA, Shike M. Modern Nutrition in Health and Disease. 8th ed. Philadelphia (PA): Lea &
Febiger Publishing; 1994. p.1369.

https://doi.org/10.4162/nrp.2022.16.51.5113 S124


http://www.ncbi.nlm.nih.gov/pubmed/26962190
https://doi.org/10.3945/jn.115.220079
http://www.ncbi.nlm.nih.gov/pubmed/27312357
https://doi.org/10.1177/0379572116652252
http://www.ncbi.nlm.nih.gov/pubmed/32627912
https://doi.org/10.1111/jhn.12791
http://www.ncbi.nlm.nih.gov/pubmed/31071930
https://doi.org/10.3390/nu11051027
http://www.ncbi.nlm.nih.gov/pubmed/2321573
https://doi.org/10.1093/ajcn/51.4.658
http://www.ncbi.nlm.nih.gov/pubmed/8602593
https://doi.org/10.1093/ajcn/63.3.358
http://www.ncbi.nlm.nih.gov/pubmed/8988916
https://doi.org/10.1093/ajcn/65.1.72
https://doi.org/10.5414/TEX01658
http://www.ncbi.nlm.nih.gov/pubmed/24218228
https://doi.org/10.1007/s12011-013-9852-z
http://www.ncbi.nlm.nih.gov/pubmed/23568713
https://doi.org/10.1007/s12011-013-9656-1
http://www.ncbi.nlm.nih.gov/pubmed/26566521
https://doi.org/10.7762/cnr.2015.4.4.259
http://www.ncbi.nlm.nih.gov/pubmed/16115357
https://doi.org/10.1079/BJN20051470
http://www.ncbi.nlm.nih.gov/pubmed/31475889
https://doi.org/10.2174/0929867326666190902122155
http://www.ncbi.nlm.nih.gov/pubmed/2931973
https://doi.org/10.1093/ajcn/42.4.681
http://www.ncbi.nlm.nih.gov/pubmed/30215866
https://doi.org/10.1002/cphy.c170045
http://www.ncbi.nlm.nih.gov/pubmed/17666147
https://doi.org/10.1017/S0007114507798951
http://www.ncbi.nlm.nih.gov/pubmed/15337829
https://doi.org/10.1177/153537020422900807
http://www.ncbi.nlm.nih.gov/pubmed/20555248
https://doi.org/10.1097/MAJ.0b013e3181e3648c

Issues pertaining to Mg, Zn and Cu in the 2020 KDRIs

Nutrition
[ ) Research and
Practice

https://e-nrp.org

64. Haschke F, Ziegler EE, Edwards BB, Fomon §J. Effect of iron fortification of infant formula on trace
mineral absorption. J Pediatr Gastroenterol Nutr 1986;5:768-73.
PUBMED | CROSSREF

65. HaJH, Doguer C, Wang X, Flores SR, Collins JF. High-iron consumption impairs growth and causes
copper-deficiency anemia in weanling Sprague-Dawley rats. PLoS One 2016;11:e0161033.
PUBMED | CROSSREF

66. HaJH, Doguer C, Collins JF. Consumption of a high-iron diet disrupts homeostatic regulation of intestinal
copper absorption in adolescent mice. Am J Physiol Gastrointest Liver Physiol 2017;313:G535-360.
PUBMED | CROSSREF

67. Lonnerdal B, Hernell O. Iron, zinc, copper and selenium status of breast-fed infants and infants fed trace
element fortified milk-based infant formula. Acta Paediatr 1994;83:367-73.
PUBMED | CROSSREF

68. Morais MB, Fisberg M, Suzuki HU, Amancio OM, Machado NL. Effects of oral iron therapy on serum
copper and serum ceruloplasmin in children. ] Trop Pediatr 1994;40:51-2.
PUBMED | CROSSREF

69. Lee]K, HaJH, Collins JF. Dietary iron intake in excess of requirements impairs intestinal copper
absorption in Sprague Dawley rat dams, causing copper deficiency in suckling pups. Biomedicines
2021;9:338.
PUBMED | CROSSREF

70. HaJH, Doguer C, Flores SR, Wang T, Collins JF. Progressive increases in dietary iron are associated with
the emergence of pathologic disturbances of copper homeostasis in growing rats. ] Nutr 2018;148:373-8.
PUBMED | CROSSREF

71. Amirabdollahian F, Ash R. Is the zinc intake of young people in the UK adequate? Eur J Clin Nutr
2009;63:699-700.
PUBMED | CROSSREF

https://doi.org/10.4162/nrp.2022.16.51.5113 S125


http://www.ncbi.nlm.nih.gov/pubmed/3761108
https://doi.org/10.1097/00005176-198609000-00018
http://www.ncbi.nlm.nih.gov/pubmed/27537180
https://doi.org/10.1371/journal.pone.0161033
http://www.ncbi.nlm.nih.gov/pubmed/28619730
https://doi.org/10.1152/ajpgi.00169.2017
http://www.ncbi.nlm.nih.gov/pubmed/8025391
https://doi.org/10.1111/j.1651-2227.1994.tb18121.x
http://www.ncbi.nlm.nih.gov/pubmed/8182785
https://doi.org/10.1093/tropej/40.1.51
http://www.ncbi.nlm.nih.gov/pubmed/33801587
https://doi.org/10.3390/biomedicines9040338
http://www.ncbi.nlm.nih.gov/pubmed/29546308
https://doi.org/10.1093/jn/nxx070
http://www.ncbi.nlm.nih.gov/pubmed/18322456
https://doi.org/10.1038/ejcn.2008.23

