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Minerals are dietary supplements that are essential for preserving healthy physiology and function. Mineral
elements such as iron (Fe), zinc (Zn), iodine (1), and selenium (Se) are highly valued in modern healthy diets as
they have special roles in cellular metabolism. In addition, the oxidative or antioxidant properties of certain metals
may affect cardiovascular health, and reduce the risk of anemia, cancer and so on. Therefore, adequate intake of

essential minerals through diet and/or supplements is recommended to promote health.

dietary minerals biomarkers

| 1. lodine Biomarker

lodine is a crucial trace element participated in the generation of the thyroid hormones triiodothyronine (T3) and
thyroxine (T4) [ According to the recommendations of WHO, most countries set the daily iodine intake for adult at
150 pg and increase it to 250 ug during pregnancy for its critical involvement in the growth of the embryo’s nervous
system 2Bl The frequency of iodine deficient disorders has decreased over the past three decades owing to
international efforts and initiatives including “salt” iodization 4. However, iodine deficiency is still common in some
few places, though. Regularly monitoring the population’s iodine status will be critical in maintaining appropriate
intakes and the absence of excessive intakes. The recommended biomarkers, based on the current evaluation
system, include urine iodine concentration (UIC), thyroid-stimulating hormone (TSH), thyroglobulin (Tg), T4 and T3,
and goiter. These biomarkers may directly reflect dietary iodine consumption or may be linked to thyroid hormones

metabolism, which can accurately reflect the body’s iodine levels &I,

In general, the population median of the UIC survey is based on a single spot sample, while causes an inaccurate
assessing of iodine status. According to Bertinato’s study, iodine intake distribution based on two UIC samples,
combined with an estimated mean requirement or tolerable higher intake level, cut-point method is developed and
proved to be a promising approach that could be employed in population iodine status monitoring €. Cui et al.
examined the effectiveness of serum iodine to assess iodine consumption in children, finding that serum iodine
level was favorably linked with daily iodine consumption . In Hlucny’s study, iodine levels were examined
following a 3-day iodine-titrated diet for 10 participants. Serum iodine, Tg, and 24-hour UIC levels were measured
after each diet. At baseline, a 24-hour UIC and an iodine-specific food frequency questionnaire (FFQ) were
completed. UIC elevated on average by 19.3 pg/L for every gram of iodized salt ingested. These findings imply that
serum iodine and 24 h UIC can represent a person’s iodine level and act as iodine status biomarkers &, Further

research and development of more sensitive and specific biomarkers to assess individual iodine status for routine
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patient care is highly needed. The WHO recommends that a median UIC of more than 100 ug/L to determinate
population iodine sufficiency, but some authorities suggest 60—-70 pg/L . The current opinion is that urine iodine
concentration (UIC) is a proven biomarker for determining the iodine status of the population and will facilitate the
ability to continuously monitor in nutrition programs B2, An overview of the iodine biomarkers and related

metabolism pathway are shown in Figure 1.
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Figure 1. An overview of the iodine biomarkers and related metabolism pathway. (Created with BioRender.com).

After ingestion, dietary iodine is digested by the gastrointestinal tract, and the majority of the iodine taken into the
body is dispersed in the blood as serum iodine. Some of the serum iodine is converted to breast milk in lactating
mothers. The other part of the iodine absorbed in the body is involved in the synthesis of thyroid hormones. After
entering the thyroid follicular cell, iodine incorporated into thyroglobulin to participate in the synthesis of thyroid
hormones. Then thyroid hormone is deiodination and degradation by peripheral tissues and converted back into
serum iodine. The portions of serum iodine that are not absorbed and utilized by the human body are transformed
into urine iodine and eliminated from the body via kidney metabolism. The remaining unabsorbed iodine is excreted
to the body as fecal iodine. Serum iodine, thyroid hormone, fecal iodine, and urinary iodine produced during these

metabolic processes are useful biomarkers for measuring iodine levels in the body.
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Application of lodine Biomarker

During pregnancy, dietary requirements for iodine increase by 50% to 250 pg/d due to the increased production of
thyroid hormones required by the mother and her fetus 29, low thyroid hormone levels may result in a variety of
negative effects, notably on brain growth and development, making it worth considering specific assessment for
pregnant women iodine status. Postulated pathways for how iodine shortage affects growth may involve decreased
levels of insulin-like growth factor 1 (IGF-1) and IGF binding protein 3 (IGFBP-3). Kanike et al. evaluated urine
iodine concentrations and thyroid function in 50 mothers and infants at birth, one week, one, two, three, and four
months, as well as close discharge. Their findings revealed that iodine deficit was prevalent in pregnancies and
neonates born at exceptionally low gestational age compared to full term, particularly in pregnant mothers at risk of
hypothyroidism. To minimize iodine shortage, iodine supplementation should be explored throughout pregnancy

and postpartum 111,

Placental concentrations may better represent the pregnancy’s long-term iodine status. Gestational diabetes
mellitus (GDM) is a disorder that causes glucose intolerance throughout pregnancy and subsequently subsides
after birth. Adult’s iodine deficiency has been associated with altered insulin and glucose homeostasis, primarily
through thyroid hormones. To investigate the correlation between placental iodine concentrations and diabetes risk
in pregnant women. A study evaluated the prevalence of gestational diabetes mellitus (GDM) in 471 mother-infant
pairs in a birth cohort of 24 to 28 weeks gestation. Neven et al. measured iodine concentrations in placenta, insulin
levels in maternal and cord blood, and the Homeostasis Model Assessment (HOMA) for insulin resistance (IR)
index and B-cell activity to investigate the association between placenta iodine concentration and GDM. Higher
placental iodine levels were shown to reduce the incidence of GDM. Plasma insulin concentrations in cord blood
were shown to be inversely linked to placental iodine concentration. Furthermore, changes in plasma insulin level,
HOMA-IR score, and B-cell activity were connected to reduced placental iodine load. These results support the
hypothesis that mild to moderate iodine deficiency in healthy pregnant women is related to subclinical and early-

onset alterations in normal insulin homeostasis 121,

| 2. Iron Biomarker

Iron is a crucial trace element for human health as it regulates a broad range of biological reactions. Many
metabolic processes, including energy generation, DNA synthesis, and oxygen transport, are depending on iron’s
ability to flip between ferric and ferrous forms. Red meat, green leafy vegetables, nuts, and fortified morning
cereals are among foods with a reasonably high iron content; however, the absorption of iron is quite varied. As the
most prevalent micronutrient deficit, iron deficiency affects around one-third of the population. Anemia brought on
by iron deficiency owing to malnutrition affects roughly 30% of non-pregnant women, 40% of pregnant women, and
children under the age of five 3. Plasma iron levels are regulated by the hepcidin/ferroportin system, and iron
enters the circulation via ferroproteins for transportation to the liver and bone marrow, respectively, for red blood
cell production and storage. Systemic iron levels are closely regulated since the body has no other way to eliminate

iron than through blood loss or cell turnover 241,
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As iron depletion progresses, declines in serum ferritin levels are correlated with drops in bodily iron storage. Since
the onset of iron-deficient erythropoiesis, body iron stores are no longer sufficient to produce the quantities of iron
necessary for the generation of hemoglobin and other functioning iron compounds. In the US National Health and
Nutrition Examination Survey, circulating hemoglobin concentrations and soluble transferrin receptor (sTfR)
concentrations were investigated as two physiological indicators of the beginning of iron-deficient erythropoiesis.
When iron-deficient erythropoiesis occurs in an otherwise healthy person, the amount of accessible iron is
inadequate to enable hemoglobin synthesis, resulting in a reduction in hemoglobin concentration. Independent of
hemoglobin concentration, sTfR concentration is a sign of iron-deficient erythropoiesis. When iron-deficient
erythropoiesis occurs, erythroid progenitors and other iron-requiring cells in the body increase the expression of
cellular transferrin receptor 1 to acquire more iron. An extracellular portion of the cellular transferrin receptor called
plasma sTfR, which is shed into the plasma and serves as a gauge for the mass of the cellular transferrin receptor.
The erythroid marrow is where around 80% of plasma sTfR is generated, and when there is no iron deficiency, the
concentrations are related to the volume of the erythroid marrow. Plasma sTfR concentrations are proportional to
cellular iron demand in the absence of erythroid hyperplasia and are a sensitive, quantitative biomarker of the early
stage of iron insufficiency: iron-deficient erythropoiesis. A physiological foundation for determining the onset of iron-
deficient erythropoiesis is the serum ferritin level at which hemoglobin level starts to fall and sTfR commences to
increase. Systemic iron metabolism and potential iron biomarkers are shown in Figure 2. Nutritional iron
biomarkers can be measured in circulating red blood cell mass, serum ferritin (SF), percentage transferrin
saturation (TSAT), RBC protoporphyrin and serum (soluble, plasma) transferrin receptor (sTfR), and hemoglobin.
Among these biomarkers, hemoglobin is the most widely utilized indicator for iron deficiency diagnosis, however it
is not sensitive or specific. Currently, SF is more often used as an indicator of iron storage and deficiency risk,
although some studies suggest excluding inflammation status (22!,
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Figure 2. Brief depiction of the systemic iron metabolism and potential iron biomarkers. (Created with

BioRender.com). BMP6: Bone morphogenetic protein 6; BMPR: Bone morphogenetic protein receptor; DMTL1:

Divalent metal transporter 1; Fe: Iron/Ferrum; FPN: Ferroportin; HJV: Hemojuvelin; RBC: Red blood cell; SIRPa:

Signal regulatory protein alpha; SMAD: Small-body-size mothers against decapentaplegic homolog 1; TSAT:
Percentage transferrin saturation.

The iron transporter DMT1 transfers dietary iron over the border membrane and into the enterocyte. After entering
the cell, the iron has two possible storage locations: the intracellular iron storage protein-ferritin or the iron export
protein-ferropotin, which allows the iron to leave the cell and enter the circulatory system. In the meantime,
macrophages recognize RBCs via SIRPa, recycle RBC iron, which may subsequently be transformed into heme
and exported by FPN. BMP6 will bind to the BMP receptor and its co-receptor HJV, activating SMAD signaling and
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promoting the transcription of hepcidin when the body’s iron stores are suitably loaded. The liver produces
hepcidin, which binds to FPN on macrophages and enterocytes and stimulates its degradation. This inhibits the
release of iron from macrophages and the intestines into the circulation. Fe, ferritin, and plasma TSAT can serve as

useful biomarkers for iron status by reflecting the body’s iron levels in numerous metabolic pathways.

Application of Iron Biomarker

Children and women are specific populations who require efficient biomarkers to monitor their iron states. There is
evidence showed that decreased serum ferritin concentrations resulted in a decrease in median hemoglobin
concentration, while sTfR concentration rose, with both changing in a curvilinear pattern in children and non-
pregnant women. The relationship between two independent iron-deficiency indicators, hemoglobin and sTfR,
provided a threshold for serum ferritin concentrations of around 20 ng/mL in children and 25 ng/mL in non-pregnant

women, which may be more clinically and epidemiologically relevant 18],

It's interesting to note that iron influences myocardial exercise tolerance and cardiac performance in addition to
anemia. lron also plays an important part in the metabolism of the heart and skeletal muscles through
mitochondrial activity. Chronic heart failure (HF) is frequently associated with iron deficiency, which can be
detected from blood test results. Ueda et al. investigated the impact of serum iron levels at discharge on the
prognosis of 615 patients admitted to the hospital with acute decompensated heart failure (ADHF). According to
their findings, the complication rate was much greater in the low iron group. Low serum iron levels could be an
independent predictor of the composite outcome after controlling for confounders such as hemoglobin and ferritin
concentrations, indicating that iron may play a role in the pathogenesis of ADHF through non-hematopoietic
activities (17, Gabriele et al. detected different definitions of iron deficiency, finding that patients with TSAT <20%

and serum iron <13 mmol/L resulting higher mortality which was independent of HF phenotype 18,

Since iron plays a crucial role in physiological activities, sports population are particularly susceptible to iron
disorder. Among adolescent female athletes, 52% is considered iron deficiency according to a related study. Zhang
et al. comprehensively interpret the iron status of Chinese athletes using a multi-index evaluation system and

proposed specific Chinese athlete thresholds of SF for 12 ng/mL in female and 30 ng/mL in male 121,

| 3. Zinc Biomarker

As a dietary essential trace element, zinc plays a key role in several metabolic processes as an intracellular metal
[20121] ' especially at the beginning of life. Zinc deficit is a serious health problem in many regions because of
inadequate dietary intake, particularly in young children. Lack of zinc can damage the immune system and
increase the prevalence of infectious disorders such as pneumonia, malaria, and diarrhea worldwide [22] |t also
results in a variety of non-specific general alterations in metabolism and function, such as delayed development, an

increase in infections, and appearance of skin lesions 23,
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It is challenging to identify whether there is an excess or deficiency of zinc since cellular, tissue, and whole-body
zinc homeostasis are tightly controlled to sustain metabolic processes across a wide range of intakes. The BOND
Zinc Expert Panel suggests three parameters for evaluating zinc levels: dietary zinc intake, plasma zinc
concentration (PZC), and height for age of growing babies and children 24, Free zinc is the exchangeable and
bioactive form of zinc found in serum. Multiple expert committees have approved plasma zinc concentrations
(PZCs) or serum zinc concentrations (SZCs) as reliable indicators of zinc status and are used to estimate the risk
of insufficient zinc in the population, even though zinc found in blood accounts for only one percent of total zinc in
the body. Studies found PZC fluctuate in response to changes in the overall body’s zinc balance as well as clinical
symptoms of zinc deficit, it also responded to severe dietary zinc restriction and zinc supplementation. In addition,
urinary zinc is also proposed to be a good biomarker of increases in zinc exposure, but not sensitive for dietary
zinc lacking unless acute lack of dietary zinc intake (<1 mg/day) [22. These biomarkers are related to zinc
homeostasis can well reflect zinc concentrations in human body, which can be applied in epidemiological studies
(Figure 3).
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Figure 3. Epidemiological application of biomarkers associated with zinc homeostasis. (Created with

BioRender.com).

Application of Zinc Biomarker

Nutritional anemia, a kind of anemia, is particularly prevalent in children and pregnant women since the synthesis

of hemoglobin is associated with not only but a range of micronutrients, including iron, folate and vitamin B12.
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However, zinc deficiency, which is a typical symptom in children, pregnant women and patients with chronic
diseases, may also lead to the development of anemia and therefore should be taken into consideration. It is
typical for children, older people and chronically ill individuals to have zinc deficiency. Atasoy et al. investigated 349
primary school students aged 6.5 to 14.8 years in a case-control study. Using the receiver operating curve, the
cutoff value of serum zinc level for the prediction of anemia was determined to be 71.5 ug/dL. Zinc levels were
strongly correlated with hemoglobin levels, which showed that low zinc levels were primarily responsible for the

observed anemia in youngsters 28],

Moreover, zinc is essential for both innate and adaptive antiviral immunity, and the antiviral response’s underlying
mechanisms have been revealed to be virus specific. A study by Marina et al. showed an association between
serum zinc levels and COVID-19 outcomes. Serum zinc concentrations below 50 pg/dL on admission were linked
to worse clinical outcomes and increased mortality, and low SZC was a risk factor for COVID-19 outcome.
Randomized clinical trials are therefore encouraged to investigate zinc supplementation as a potential method of
preventing and treating people at risk of zinc deficiency 2. Another study used a fluorescence micro-assay to
examine free zinc levels in serum samples from COVID-19 survivors and non-survivors. Parallel to the previously
observed total serum zinc deficit evaluated by total reflection X-ray fluorescence, free serum zinc in COVID-19
patients was much lower than in controls, while free zinc levels in survivors were significantly higher than in non-
survivors. Compared with female patients, free serum zinc levels were especially low in males. This is noteworthy
since being male have been identified as a risk factor for serious COVID-19. Overall, the findings indicate that
lower serum free zinc levels are correlated with an increased possibility of mortality from COVID-19, implying that

free zinc may be a novel prognostic biomarker for the serious and course of COVID-19 [28],

Furthermore, zinc plays crucial parts in the hepatic lipid metabolism as well as scavenging free radical oxygen
species in humans. For example, in the liver, zinc functions as a prominent activator of autophagy mediated
lipophagy, which lowers lipid accumulation and stimulates lipolysis. Kim et al. recruited 300 patients with
nonalcoholic fatty liver disease (NAFLD) for the investigation of the relationship between serum zinc level and the
NAFLD. The results showed that the mean serum zinc concentration was 139.8 + 29.9 pg/dL and the fibrosis-4
index increased substantially with decreasing serum zinc levels. On multivariate analysis, severe liver fibrosis in
NAFLD was linked to diabetes, male gender, and zinc levels <140 pg/dL. Low serum zinc levels are independent

risk factors for severe liver fibrosis in NAFLD [22],
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