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Editorial on the Research Topic
Endocrine regulation of mineral ions and their relevance to metabolic diseases

One of the significant global challenges over the last couple of decades has been the
emergence of the metabolic syndrome, a major global health concern (1). Extensive
research is being conducted to understand and address this issue, with a particular focus
on the role of minerals in metabolic diseases. Essential nutrients and minerals such as
phosphate, calcium, magnesium, zinc, selenium, and iron, along with vitamins, play a vital
role in maintaining the body’s metabolic balance. There is a growing body of research
aimed at better comprehending the significance of minerals and their levels in the body,
especially concerning metabolic syndrome (2-5). Previous study by Hartman et al. have
indicated that salivary phosphate levels can potentially predict the onset of obesity in
children (6). Despite advancements in understanding the underlying mechanisms of
metabolic diseases, there are still gaps in knowledge regarding how imbalances in
various minerals and nutrients contribute to the development and progression of
metabolic disorders.

It is well-documented that minerals and trace elements are essential micronutrients
with well-defined biochemical and biological functions. Inadequacy in these micronutrients
is associated with widespread human health issues. For instance, some diabetic patients
may have deficiencies in zinc, chromium, and magnesium, highlighting the importance of
these minerals in health and disease (7).

Magnesium is an essential nutrient that plays a crucial role in various physiological
functions in the body (8, 9). It has been associated with a protective role in metabolic
disorders, particularly in relation to the activation of vitamin D and its impact on immune
function (10, 11). The paper by Eskander and Razzaque provided evidence that magnesium
may help reduce the severity of asthma symptoms, reduce the intensity of COVID-19
symptoms, and inflammation. Additionally, there is evidence suggesting that magnesium is
involved in improving glucose and insulin metabolism, making it relevant to conditions
such as obesity, metabolic syndrome, and type 2 diabetes (12, 13). However, while the
findings offer valuable insights, further research, including randomized controlled trials, is
needed to validate these associations and determine causality with potential impact on
vaccination and related adverse events (14). The significance of vitamin D and its impact on
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healthy glucose metabolism is an ongoing area of research,
particularly in relation to magnesium. Zittermann et al. described
the potential role of magnesium in the synthesis of vitamin D (15).
Gong et al. concluded that the level of vitamin D is independently
correlated with the HOMA-B index and pancreatic B-cell
dysfunction, and that magnesium intake enhances this
association. However, the cross-sectional nature of the study
prevents the determination of causality. Liu et al. found an
independent association between the level of vitamin D and
insulin resistance, which was modified by different levels of
magnesium intake. The research suggests that optimal
magnesium status may be important for optimizing vitamin D
status (16, 17), and that the interaction between magnesium and
vitamin D has significant implications for metabolic health.

Liu et al. conducted a study to examine the association between
different levels of vitamin D and metabolic health indicators. The
research focused on the relationship between triglycerides/high-
density lipoprotein (TG/HDL) ratio with vitamin D levels and
insulin resistance, impaired glucose tolerance, and diabetes
mellitus. Using a cross-sectional analysis of the American
National Health and Nutrition Examination Survey (NHANES)
database, the authors found that both too-low and too-high levels of
vitamin D3 can support the association of TG/HDL as a risk factor
for Insulin resistance, impaired glucose tolerance, and diabetes
mellitus. They concluded that maintaining vitamin D levels
within an optimal range is essential to delay the progression of
metabolic health issues such as insulin resistance, impaired glucose
tolerance, and type 2 diabetes. The research has also indicated a
connection between obesity and vitamin D deficiency, as well as low
calcium levels (18). Yang et al. suggested that exposure to famine
may be a factor contributing to changes in circulating calcium
concentrations. They proposed that establishing a normal range of
serum calcium and considering famine exposure history, especially
in females, could help identify individuals with abnormal calcium
levels and related diseases early. On the other hand, Li et al.
proposed that low serum calcium could contribute to retinopathy
in non-diabetic individuals. They suggested that maintaining a
higher serum calcium level may be recommended to reduce the
development of retinopathy.

The association between high phosphate levels and glucose
impairment has been a subject of research (4, 19). This line of
investigation originated from the observation of elevated phosphate
levels in the saliva of obese children in Kuwait (6, 20). This led to the
exploration of the potential link between obesity and phosphorus,
and why high phosphate levels are found in obese children.
Alhareky et al. conducted a study examining the beverage
consumption of children in Kuwait, which revealed that those
with high soda consumption had a significantly higher prevalence
of obesity. While high obesity prevalence was also observed with
high milk consumption, it was not as significant, and no such
association was found with high juice consumption. The
investigators discussed the possibility that the phosphate from
soda drinks, in combination with sugar, may contribute to the
development of obesity. The study sheds light on the potential
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impact of beverage choices on obesity and the need for additional
studies to validate these findings. Using the same Kuwaiti cohort, a
study published in 2016 found a significant association between
dental decay and calorie-adjusted sugar intake. Interestingly, the
study also revealed a significantly high percentage of dental decay in
children who consumed a diet low in sugar but high in phosphate,
compared to those who consumed a diet low in both sugar and
phosphate (21). This result highlights the potential impact of both
high sugar and high phosphate consumption on dental health (21,
22). Hetz et al. took a distinct approach to investigating the effects of
excessive phosphate on subcellular cell signaling. They utilized
quantitative proteomics and phosphoproteomics to explore the
role of inorganic phosphate in protein expression and
phosphorylation modification. The researchers also conducted
bioinformatic analyses and literature reviews, revealing that
elevated inorganic phosphate levels can rewire cell signaling
through extensive cross talk. Additionally, their use of western
blot analysis confirmed significant changes in the regulators
responsible for pre-mRNA alternative splicing. The study sheds
light on the potential impact of high phosphate intake on cellular
processes and the need for further research to fully understand its
consequences (23, 24).

The studies have elucidated the complex mechanisms involved
in regulating phosphate homeostasis and its associated cytotoxicity.
The kidney plays a critical role in maintaining the balance of
mineral ions, such as calcium, phosphate, zinc, and magnesium,
in the body, through processes like renal excretion, tubular
reabsorption, and fine adjustments of urinary excretion to
maintain the balance related to net intake. Imbalances in these
ions can lead to unwanted clinical complications, and the kidney’s
role in regulating their balance is of great physiologic importance
(25-28).

The article by Michigami et al. provides an overview of the role
of osteocytes in phosphate metabolism, focusing on their function
as dendritic cells in mineralized bone. The paper discusses how
osteocytes control bone mass by producing sclerostin, an inhibitor
of bone formation, and receptor activator of nuclear factor x B
ligand, an inducer of osteoblastic bone resorption. Additionally, it
highlights the role of osteocytes in governing phosphate
homeostasis through the production of fibroblast growth factor 23
(29). The article also delves into the molecular mechanisms through
which osteocytes regulate phosphate metabolism, shedding light on
their critical role in growth-related alterations and phosphate
sensing in the body.

The study by Mohammadifard et al. provides a systematic
review of randomized clinical trials, summarizing the impact of
consuming whole soy, soy products, and its isolated components on
metabolic syndrome features in adults. The research revealed that
the inclusion of soy products in the diet of patients with metabolic
syndrome effectively improved lipid profile and glycemic
parameters, independent of its impact on anthropometric
measures (30). In a separate study, Yan et al. aimed to determine
the role of soy intake in the risk of type 2 diabetes. The findings
indicated that soy intake from tofu was inversely associated with the
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risk of diabetes among women, with the inverse association being
more pronounced among overweight and postmenopausal women,
but not among men.

These studies underscore the potential benefits of soy and its
products in improving metabolic parameters and reducing the risk
of type 2 diabetes, particularly among specific demographic groups.
A study by Wang et al. sought to investigate the link between
minerals and obesity in children, using data from the NHANES
database from 2007-2014. This cross-sectional study aimed to
enhance understanding of the role of minerals in preventing and
managing obesity in children at high risk (31).

The existing research and reviews underscore the critical role
of minerals in metabolic health and the need for comprehensive
studies to further understand their impact on metabolic
diseases, including obesity, metabolic syndrome, and diabetes.
The findings emphasize the importance of monitoring mineral
intake, addressing potential imbalances, and conducting further
research to advance our understanding of mineral metabolism in
the context of metabolic disorders (32, 33).

The study by Zhang et al. investigated the impact of iron
overload on the development of non-alcoholic fatty liver disease
(NAFLD). The research suggested that introducing iron to male
Sprague Dawley rats fed a high-fat diet could synergistically
exacerbate lipid metabolism disorders, liver injury, and oxidative
damage. Additionally, treating the rats with deferoxamine (DFO)
indicated potential support in reducing lipid metabolism
dysfunction and the progression of NAFLD. The role of iron in
chronic liver disease has been a subject of interest, as iron
accumulation has been observed in various liver conditions,
including hereditary hemochromatosis, alcoholic liver disease,
nonalcoholic fatty liver disease, and hepatitis C viral infection.
Higher iron levels are present not only in patients with hereditary
hemochromatosis but also in those with acquired metabolic
disorders and viral infections. Iron regulation may be disrupted
in patients with chronic liver disease, as the liver’s synthetic
functions, including the production of hepcidin, are decreased
(34). Iron overload can lead to hepatic inflammation and alter
lipid metabolism, contributing to the pathophysiology of chronic
liver disease. The accumulation of iron in the liver is a common
occurrence in conditions such as hereditary hemochromatosis,
alcoholic liver disease, and nonalcoholic fatty liver disease. Ding
et al. conducted a systematic review and meta-analysis of
observational studies to investigate the associations of dietary
iron, copper, and selenium levels with metabolic syndrome. The
results of the study suggested a positive association between
dietary iron levels and metabolic syndrome, while a negative
association was found between dietary copper and selenium
levels and metabolic syndrome.

Zaborova et al. conducted a study to investigate the levels of
macro- and microelements, including potassium, rubidium,
magnesium, calcium, and cesium, in the bodies of young adult
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athletes. The researchers aimed to understand the mineral levels in
athletes during physical activity. The study found that wrestlers
had higher levels of several macro- and microelements, including
some toxic ones. The research highlights the significance of
monitoring mineral levels in athletes to support their overall
health and performance.

The articles published in this Research Topic emphasize the
significance of minerals, their levels, their interrelationships, and
their role in maintaining metabolic homeostasis. Experimental
and clinical studies have revealed a connection between mineral
intake, concentration in the body, and the incidence of metabolic
disorders. The involvement of minerals in muscle contraction,
heart rhythm, nerve impulse conduction, oxygen transport,
enzyme activation, immune functions, antioxidant activity, and
bone health underscores their essential role in the human body.

The articles in this Research Topic also serve to raise
awareness and enhance the knowledge of healthcare providers
regarding the importance of maintaining appropriate mineral
levels to support metabolic homeostasis and prevent or delay
the onset of diseases. Collectively, this body of research
underscores the necessity for dialogue within the healthcare
community to further explore the role of minerals in the
prevention and management of metabolic diseases. Additionally,
it emphasizes the importance of implementing effective
screening and monitoring of mineral levels during routine
physical examinations to increase awareness and encourage the
consumption of healthier foods that are rich in essential
minerals (35).

Author contributions

M-LH: Writing - original draft, Writing - review & editing.
MR: Writing - original draft, Writing - review & editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2022.961892
https://doi.org/10.3389/fnut.2021.810494
https://doi.org/10.3389/fnut.2021.810494
https://doi.org/10.3389/fendo.2022.985297
https://doi.org/10.3389/fendo.2024.1391096
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hartman and Razzaque

References

1. Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hypertens
Rep. (2018) 20:12. doi: 10.1007/s11906-018-0812-z

2. Peacock M. Calcium metabolism in health and disease. Clin ] Am Soc Nephrol.
(2010) 5 Suppl 1:523-30. doi: 10.2215/CJN.05910809

3. Robberecht H, Bruyne T, Hermans N. Biomarkers of the metabolic syndrome:
Influence of minerals, oligo- and trace elements. J Trace Elem Med Biol. (2017) 43:23-8.
doi: 10.1016/j.jtemb.2016.10.005

4. Mironov N, Haque M, Atfi A, Razzaque MS. Phosphate dysregulation and
metabolic syndrome. Nutrients. (2022) 14(21):4477. doi: 10.3390/nu14214477

5. Gulseth HL, Gjelstad IM, Birkeland KI, Drevon CA. Vitamin D and the metabolic
syndrome. Curr Vasc Pharmacol. (2013) 11:968-84. doi: 10.2174/15701611113119990169

6. Hartman ML, Groppo F, Ohnishi M, Goodson JM, Hasturk H, Tavares M, et al.
Can salivary phosphate levels be an early biomarker to monitor the evolvement of
obesity? Contrib Nephrol. (2013) 180:138-48. doi: 10.1159/000346793

7. Lin CC, Huang YL. Chromium, zinc and magnesium status in type 1 diabetes. Curr
Opin Clin Nutr Metab Care. (2015) 18:588-92. doi: 10.1097/MCO.0000000000000225

8. Maruotti N, Cantatore FP. Vitamin D and the immune system. ] Rheumatol.
(2010) 37:491-5. doi: 10.3899/jrheum.090797

9. Uwitonze AM, Rahman S, Ojeh N, Grant WB, Kaur H, Haq A, et al. Oral
manifestations of magnesium and vitamin D inadequacy. J Steroid Biochem Mol Biol.
(2020) 200:105636. doi: 10.1016/j.jsbmb.2020.105636

10. Ao T, Kikuta J, Ishii M. The effects of vitamin D on immune system and
inflammatory diseases. Biomolecules. (2021) 11(11):1624. doi: 10.3390/biom11111624

11. Sung CC, Liao MT, Lu KC, Wu CC. Role of vitamin D in insulin resistance.
] BioMed Biotechnol. (2012) 2012:634195. doi: 10.1155/2012/634195

12. Kisters S, Kisters K, Werner T, Westhoff T, Predel HG, Reuter H. Magnesium
supplementation reduces interleukin-6 levels in metabolic syndrome. Magnes Res.
(2023) 36:22. doi: 10.1684/mrh.2023.0511

13. Lopez-Baltanas R, Rodriguez-Ortiz ME, Diaz-Tocados JM, Martinez-Moreno
JM, Membrives C, Rodelo-Haad C, et al. Dietary mg supplementation decreases
oxidative stress, inflammation, and vascular dysfunction in an experimental model of
metabolic syndrome with renal failure. Antioxidants (Basel). (2023) 12(2):283.
doi: 10.3390/antiox12020283

14. Razzaque MS. Can adverse cardiac events of the COVID-19 vaccine exacerbate
preexisting diseases? Expert Rev Anti Infect Ther. (2024). doi: 10.1080/14787210.2024.2311837

15. Zittermann A. Magnesium deficit? overlooked cause of low vitamin D status?
BMC Med. (2013) 11:229. doi: 10.1186/1741-7015-11-229

16. Erem S, Atfi A, Razzaque MS. Anabolic effects of vitamin D and magnesium in aging
bone. J Steroid Biochem Mol Biol. (2019) 193:105400. doi: 10.1016/j.,jsbmb.2019.105400

17. Razzaque MS. Magnesium: are we consuming enough? Nutrients. (2018) 10
(12):1863. doi: 10.3390/nul0121863

18. Harahap IA, Landrier JF, Suliburska J. Interrelationship between vitamin D and
calcium in obesity and its comorbid conditions. Nutrients. (2022) 14(15):3187.
doi: 10.3390/nu14153187

Frontiers in Endocrinology

04

10.3389/fendo.2024.1391096

19. Mironov N, Atfi A, Razzaque MS. Phosphate burden and organ dysfunction.
Front Aging. (2022) 3:890985. doi: 10.3389/fragi.2022.890985

20. Razzaque MS. Salivary phosphate as a biomarker for human diseases. FASEB
Bioadv. (2022) 4:102-8. doi: 10.1096/fba.2021-00104

21. Goodson JM, Shi P, Mumena CH, Haq A, Razzaque MS. Dietary phosphorus
burden increases cariogenesis independent of vitamin D uptake. ] Steroid Biochem Mol
Biol. (2017) 167:33-8. doi: 10.1016/j.jsbmb.2016.10.006

22. Razzaque MS. Overconsumption of sugar-sweetened beverages: Why is it
difficult to control? J Popul Ther Clin Pharmacol. (2020) 27:e¢51-7. doi: 10.15586/
jptcp.v27i2.678

23. He P, Mann-Collura O, Fling ], Edara N, Hetz R, Razzaque MS. High phosphate
actively induces cytotoxicity by rewiring pro-survival and pro-apoptotic signaling
networks in HEK293 and Hela cells. FASEB J. (2021) 35:€20997. doi: 10.1096/
£j.202000799RR

24. Alexander R, Debiec N, Razzaque MS, He P. Inorganic phosphate-induced
cytotoxicity. IUBMB Life. (2022) 74:117-24. doi: 10.1002/iub.2561

25. Amos A, Razzaque MS. Zinc and its role in vitamin D function. Curr Res Physiol.
(2022) 5:203-7. doi: 10.1016/j.crphys.2022.04.001

26. Razzaque MS. Interactions between FGF23 and vitamin D. Endocr Connect.
(2022) 11(10):€220239. doi: 10.1530/EC-22-0239

27. Razzaque MS. Phosphate metabolism: from physiology to toxicity. Adv Exp Med
Biol. (2022) 1362:1-6. doi: 10.1007/978-3-030-91623-7

28. Razzaque MS. Bone-kidney axis in systemic phosphate turnover. Arch Biochem
Biophys. (2014) 561:154-8. doi: 10.1016/j.abb.2014.06.031

29. Razzaque MS. The FGF23-Klotho axis: endocrine regulation of phosphate
homeostasis. Nat Rev Endocrinol. (2009) 5:611-9. doi: 10.1038/nrend0.2009.196

30. Mohammadifard N, Sajjadi F, Haghighatdoost F. Effects of soy consumption on
metabolic parameters in patients with metabolic syndrome: A systematic review and
meta-analysis. Excli J. (2021) 20:665-85. doi: 10.17179/excli2021-3348

31. Wang L, Liu W, Bi S, Zhou L, Li L. Association between minerals intake and
childhood obesity: A cross-sectional study of the NHANES database in 2007-2014. PloS
One. (2023) 18:¢0295765. doi: 10.1371/journal.pone.0295765

32. Park Y, Han J. Mineral balance and metabolic syndrome in adolescents: focus on
calcium and phosphorus intake. Healthcare (Basel). (2021) 9(11):1525. doi: 10.3390/
healthcare9111525

33. Cui Z, Zhou H, Liu K, Wu M, Li S, Meng S, et al. Dietary copper and selenium
intakes and the risk of type 2 diabetes mellitus: findings from the China health and
nutrition survey. Nutrients. (2022) 14(10):2055. doi: 10.3390/nu14102055

34. Milic S, Mikolasevic I, Orlic L, Devcic E, Starcevic-Cizmarevic N, Stimac D, et al.

The role of iron and iron overload in chronic liver disease. Med Sci Monit. (2016)
22:2144-51. doi: 10.12659/MSM.896494

35. Alexander R, Khaja A, Debiec N, Fazioli A, Torrance M, Razzaque MS. Health-
promoting benefits of lentils: Anti-inflammatory and anti-microbial effects. Curr Res
Physiol. (2024) 7:100124. doi: 10.1016/j.crphys.2024.100124

frontiersin.org


https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.2215/CJN.05910809
https://doi.org/10.1016/j.jtemb.2016.10.005
https://doi.org/10.3390/nu14214477
https://doi.org/10.2174/15701611113119990169
https://doi.org/10.1159/000346793
https://doi.org/10.1097/MCO.0000000000000225
https://doi.org/10.3899/jrheum.090797
https://doi.org/10.1016/j.jsbmb.2020.105636
https://doi.org/10.3390/biom11111624
https://doi.org/10.1155/2012/634195
https://doi.org/10.1684/mrh.2023.0511
https://doi.org/10.3390/antiox12020283
https://doi.org/10.1080/14787210.2024.2311837
https://doi.org/10.1186/1741-7015-11-229
https://doi.org/10.1016/j.jsbmb.2019.105400
https://doi.org/10.3390/nu10121863
https://doi.org/10.3390/nu14153187
https://doi.org/10.3389/fragi.2022.890985
https://doi.org/10.1096/fba.2021-00104
https://doi.org/10.1016/j.jsbmb.2016.10.006
https://doi.org/10.15586/jptcp.v27i2.678
https://doi.org/10.15586/jptcp.v27i2.678
https://doi.org/10.1096/fj.202000799RR
https://doi.org/10.1096/fj.202000799RR
https://doi.org/10.1002/iub.2561
https://doi.org/10.1016/j.crphys.2022.04.001
https://doi.org/10.1530/EC-22-0239
https://doi.org/10.1007/978-3-030-91623-7
https://doi.org/10.1016/j.abb.2014.06.031
https://doi.org/10.1038/nrendo.2009.196
https://doi.org/10.17179/excli2021-3348
https://doi.org/10.1371/journal.pone.0295765
https://doi.org/10.3390/healthcare9111525
https://doi.org/10.3390/healthcare9111525
https://doi.org/10.3390/nu14102055
https://doi.org/10.12659/MSM.896494
https://doi.org/10.1016/j.crphys.2024.100124
https://doi.org/10.3389/fendo.2024.1391096
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Endocrine regulation of mineral ions and their relevance to metabolic diseases
	Author contributions
	Conflict of interest
	Publisher’s note
	References


