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Editorial on the Research Topic

Endocrine imbalances of mineral ions and vitamins in chronic disease
pathogenesis
Chronic diseases represent a major global health burden, accounting for nearly two-thirds of

all deaths worldwide (1). In the United States, poor dietary habits and insufficient physical

activity, both strongly associated with obesity, are leading contributors to this burden (1). Among

the many factors implicated in the onset and progression of chronic diseases, disruptions in

mineral and vitamin homeostasis play a critical yet often underappreciated role. Essential mineral

ions such as calcium,magnesium, phosphate, zinc, selenium, and iron are fundamental to human

physiology. They participate in metabolic regulation, immune responses, neuromuscular

function, and bone health (2, 3). Both deficiency and excess of these micronutrients can lead

to significant health complications. For example, dysregulation of calcium and phosphate levels is

linked to osteoporosis, cardiovascular events, and neuromuscular dysfunction (2, 4, 5). Similarly,

chronic kidney disease (CKD) is influenced by imbalances in minerals, vitamins, and other

metabolites, with evidence supporting their potential therapeutic roles in modulating

inflammation and oxidative stress (5). Micronutrient deficiencies are also frequently observed

in metabolic disorders such as type 2 diabetes, obesity, cardiovascular disease, and metabolic

syndrome. Notably, patients with type 2 diabetes often exhibit reduced levels of zinc, magnesium,

and chromium, which may exacerbate insulin resistance and impair glucose metabolism (6–9).

Recent work also suggests that salivary phosphate levels could serve as early biomarkers for

obesity risk in children, linking oral biomarkers with systemic metabolic changes (10). Despite

these insights, the mechanistic relationships between micronutrient status and chronic disease

progression remain incompletely understood. Emerging evidence further highlights the

protective effects of a nutrient-rich diet, particularly in younger populations. Adolescents

consuming diets high in fruits, vegetables, legumes, and whole grains show significantly lower

risk of developing chronic diseases compared to those adhering toWestern dietary patterns (11).

These findings underscore the importance of early dietary interventions and the need to

investigate how micronutrient dynamics contribute to disease etiology, prevention, and

treatment across the lifespan.
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Key contributions to this Research
Topic

In this Research Topic, Sun et al. examined the relationship

between antioxidant vitamins and metabolic syndrome,

employing Mendelian randomization (MR) to explore potential

causal links. Their findings suggest that adequate intake of

antioxidant vitamins A, C, and carotenoids may contribute to a

reduced risk of developing metabolic syndrome. Additionally,

magnesium, an essential micronutrient involved in numerous

physiological processes, remains a critical component of metabolic

health. Complementing this, Akimbekov et al. explained the role of

magnesium in glucose homeostasis, with particular emphasis on

pancreatic b-cell function. They highlighted evidence linking

magnesium deficiency to impaired b-cell activity and heightened

insulin resistance in individuals with type 2 diabetes. The authors

underscore the essential role of magnesium in facilitating glucose

utilization and insulin signaling, emphasizing that adequate

magnesium status is vital for metabolic health and the prevention of

related disorders. Patel et al. elaborated the role of magnesium in

neurodegenerative diseases among the aging population. Their review

highlights the neuroprotective properties of magnesium and examines

how magnesium deficiency contributes to neuroinflammation. The

authors discuss the potential of magnesium as a therapeutic agent for

mitigating cognitive decline and delaying the progression of

neurodegenerative disorders. Xiao et al. examined the association

between magnesium deficiency and hyperuricemia, a chronic

metabolic disorder (12), using cross-sectional data from the 2007–

2018 National Health and Nutrition Examination Survey (NHANES).

They introduced the Magnesium Depletion Score (MDS) as a novel

marker of magnesium status and found that higher MDS was

significantly associated with increased prevalence of hyperuricemia,

suggesting a potential contributory role of magnesium deficiency. The

authors emphasize the need for prospective studies to confirm these

results. Moreover, they noted magnesium’s role in vitamin D

biosynthesis, an essential hormone for glucose metabolism and

insulin sensitivity.

Cui et al. analyzed data from 463 patients with type 2 diabetes in

China to examine the relationship between Asprosin, an adipokine

associated with insulin resistance (13), and vitamin D. Previous

studies have shown that Asprosin levels correlate positively with

insulin resistance (14). In this study, the authors found an inverse

relationship between serum Asprosin and 25-hydroxyvitamin D,

the primary circulating form of vitamin D. These findings

underscore the need for further research into vitamin D

metabolism and its broader implications for human health (6, 15,

16). Hakeem et al. examined the metabolism of vitamin D and the

various factors influencing its levels, with a particular focus on

validating a novel LC-MS/MS method for analyzing vitamin D and

its metabolites in mouse hair samples. The use of hair as a biomatrix

for assessing vitamin D status represents an innovative approach.

Their findings highlight the roles of dietary intake, light exposure,

and metabolic regulation in maintaining adequate vitamin D levels

in mice. The study supports the importance of sufficient vitamin D

and sunlight exposure for optimal vitamin D status. This
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complements existing research emphasizing the critical role of

vitamin D in bone health, particularly in calcium and phosphate

homeostasis (15, 17, 18).

Bone health was another major focus. Ning et al. examined the

relationship between vitamin D levels and the risk of slipped capital

femoral epiphysis (SCFE) in children and adolescents. Their

analysis revealed that higher vitamin D levels were associated

with a lower risk of SCFE, indicating a possible protective effect

of sufficient vitamin D intake. However, no link was found between

the severity of vitamin D deficiency and the occurrence of SCFE.

These findings lay the groundwork for future studies to further

investigate and clarify the role of vitamin D in preventing SCFE.

Hanusch et al. explored factors influencing bone health in adults

with phenylketonuria (PKU), a population known to have reduced

bone mineral density (BMD) (19). Their study focused on lifestyle

and dietary adherence but found no specific nutritional or lifestyle

factors associated with the observed decrease in BMD among PKU

patients. The authors emphasized the need for further research to

better understand the early onset of bone loss in this population and

to develop targeted interventions. They also proposed investigating

additional contributors, such as alterations in the gut microbiome,

low muscle mass, or chronic low-grade inflammation, which may

affect bone formation and resorption. Bone health remains

especially critical for postmenopausal women, who are at

increased risk of osteoporosis due to the natural decline in

estrogen, a hormone with protective effects on BMD (20).

Emerging evidence suggests that the gut microbiota can influence

bone metabolism by modulating the balance between osteoclast and

osteoblast activity (21–23). Wang et al. conducted a systematic

review and meta-analysis of randomized controlled trials, focused

on the effects of probiotic supplementation on bone health in

postmenopausal women. By analyzing data from randomized

controlled trials (RCTs), the study assessed changes in BMD and

bone turnover markers (BTMs). The findings revealed that

probiotic supplementation was associated with improved BMD in

the lumbar spine and hip, with stronger effects observed in women

with osteopenia compared to those with osteoporosis. These results

highlight the potential of probiotics as a supportive strategy for

maintaining bone health and underscore the value of bone

metabolism markers in early diagnosis and targeted intervention.

Kang et al. investigated the relationship between bone

metabolism markers and the progression of diabetic kidney disease

(DKD) in patients with type 2 diabetes mellitus. The study analyzed

various stages of DKD and assessed serum levels of key markers,

including Klotho, fibroblast growth factor 23 (FGF23), 25-

hydroxyvitamin D3 [25(OH)D3], intact parathyroid hormone

(iPTH), calcium, and phosphorus. Their findings revealed

significant alterations in these markers across DKD stages,

suggesting that changes in FGF23, 25(OH)D3, iPTH, and calcium

levels are associated with disease progression and may serve as

potential therapeutic targets. As DKD resulting from metabolic

disease poses a major global health challenge, further research is

needed to better understand its underlying mechanisms (24),

emphasizing consequences of abnormal regulation of FGF23,

vitamin D and phosphate metabolism in chronic diseases (25, 26).
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Lin and Yang investigated the association between serum Klotho

levels and the risk of CKD in middle-aged and older adults with

metabolic syndrome. Using cross-sectional data from NHANES, they

identified a non-linear, L-shaped relationship between Klotho levels

and CKD risk, with an inflection point at 9.88 pg/mL. Their findings

suggest that both abnormally low and high Klotho concentrations are

associated with increased CKD risk, underscoring the importance of

maintaining Klotho within an optimal range. The study highlights the

potential of Klotho as both a serum biomarker and a target for

preventive strategies in this high-risk population.

Song et al. examined the relationship between circulating alpha-

Klotho levels and all-cause mortality, addressing the current lack

of a defined normal reference range for this biomarker (27). Their

analysis revealed a U-shaped association, with an inflection point

at 2.89 pg/mL, indicating that both low and high alpha-Klotho

levels may be linked to increased mortality risk. However, further

research is needed to elucidate the underlying mechanisms driving

this relationship. Xie et al. reported a U-shaped association

between dietary niacin intake and CKD, with an inflection point

at 38.83 mg/day, indicating that both low and high dietary niacin

levels may be linked to disease burden of CKD. Drawing on cross-

sectional data from the 2003–2018 NHANES, the study investigated

the link between niacin, recognized for its renal protective effects,

and CKD in the elderly U.S. population. The findings underscore

the importance of early prevention and intervention strategies in

this at-risk group. However, due to the cross-sectional design,

causality cannot be established, emphasizing the need for

confirmation through large-scale prospective cohort studies. Liver

health is a critical concern due to the liver’s central role in

metabolism, detoxification, and biochemical synthesis (28).

Selenium, an essential micronutrient obtained through the diet,

has garnered attention for its potential impact on liver function,

given its key role in enzymatic activity and antioxidant defense

mechanisms (29). Liang et al. described the relationship between

selenium intake, blood selenium levels, and liver function to inform

future dietary guidelines and interventions. Their cross-sectional

study focused on a population with relatively high selenium intake

and blood concentrations, but without significant liver impairment.

The findings suggest that both dietary and circulating selenium

levels influence liver function parameters. The authors emphasize

the need for further research to clarify the interplay between

selenium status and liver health across diverse populations, to

improve preventive care strategies.

Finally, this Research Topic includes a study protocol by Brandi

et al., designed to address critical knowledge gaps in X-linked

hypophosphatemia (XLH), a rare genetic disorder. Through the

Advancing Patient Evidence in XLH (APEX) program, the study

will collect and analyze comprehensive data on the natural history,

treatment, and outcomes of individuals with XLH. By aggregating

data beyond individual or regional studies, APEX aims to generate

insights that can inform clinical practice and enhance patient care.

The findings are expected to advance understanding of XLH and

support the development of more effective management strategies.

Collectively, the articles in this Research Topic provide valuable

insights into the multifaceted roles of vitamins, minerals, and other
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micronutrients in chronic disease prevention, diagnosis, and

management. By examining their influence across metabolic, renal,

neurological, hepatic, and skeletal systems, these studies highlight both

emerging biomarkers and potential therapeutic targets thatmerit further

investigation. The diversity of methodologies, including observational

studies, meta-analyses, and protocol development, underscores the

complexity of micronutrient-disease interactions and the need for

integrative, interdisciplinary research approaches. Importantly, these

findings reinforce the significance of early nutritional interventions,

routine micronutrient monitoring in clinical practice, and global

collaboration to address gaps in knowledge, especially for underserved

populations and rare diseases. Moving forward, advancing our

understanding of micronutrient biology will be essential for

developing targeted strategies to reduce the global burden of chronic

diseases and improve long-term health outcomes.
Author contributions

MH: Writing – original draft, Writing – review & editing. HA:

Writing – review & editing. MR: Writing – review & editing.
Acknowledgments

Information has been collected from online sources, including

OpenAI GPT-3.5 and Google Scholar. MR is a visiting professor at

the University Kuala Lumpur Royal College of Medicine Perak,

Ipoh, Malaysia.
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.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Generative AI statement

The author(s) declare that Generative AI was used in the

creation of this manuscript. Some of the information has been

collected from online sources, including OpenAI GPT-3.5 and

Google Scholar. These tools were used to gather information, and

the authors are solely responsible for the article's content.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1409560
https://doi.org/10.3389/fendo.2025.1405003
https://doi.org/10.3389/fendo.2024.1438373
https://doi.org/10.3389/fnut.2024.1415288
https://doi.org/10.3389/fendo.2025.1471127
https://doi.org/10.3389/fendo.2025.1471127
https://doi.org/10.3389/fendo.2025.1667610
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hartman et al. 10.3389/fendo.2025.1667610
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Endocrinology 04
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.
References
1. Bauer UE, Briss PA, Goodman RA, Bowman BA. Prevention of chronic disease in
the 21st century: elimination of the leading preventable causes of premature death
and disability in the USA. Lancet. (2014) 384:45–52. doi: 10.1016/S0140-6736(14)
60648-6

2. Razzaque MS, Wimalawansa SJ. Minerals and human health: from deficiency to
toxicity. Nutrients. (2025) 17(3):454. doi: 10.3390/nu17030454

3. 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

4. Acquaviva J, Abdelhady HG, Razzaque MS. Phosphate dysregulation and
neurocognitive sequelae. Adv Exp Med Biol. (2022) 1362:151–60. doi: 10.1007/978-3-
030-91623-7_13

5. Rapa SF, Di Iorio BR, Campiglia P, Heidland A, Marzocco S. Inflammation and
oxidative stress in chronic kidney disease-potential therapeutic role of minerals,
vitamins and plant-derived metabolites. Int J Mol Sci. (2019) 21(1):263. doi: 10.3390/
ijms21010263

6. Gulseth HL, Gjelstad IM, Birkeland KI, Drevon CA. Vitamin D and the
metabolic syndrome. Curr Vasc Pharmacol. (2013) 11:968–84. doi: 10.2174/1570161
1113119990169

7. Hartman ML, Razzaque MS. Editorial: Endocrine regulation of mineral ions and
their relevance to metabolic diseases. Front Endocrinol (Lausanne). (2024) 15:1391096.
doi: 10.3389/fendo.2024.1391096

8. Peacock M. Calcium metabolism in health and disease. Clin J Am Soc Nephrol.
(2010) 5 Suppl 1:S23–30. doi: 10.2215/CJN.05910809

9. 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

10. 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

11. Ushula TW, Mamun A, Darssan D, WangWYS, Williams GM, Whiting SJ, et al.
Dietary patterns and the risks of metabolic syndrome and insulin resistance among
young adults: Evidence from a longitudinal study. Clin Nutr. (2022) 41:1523–31.
doi: 10.1016/j.clnu.2022.05.006

12. Helget LN, Mikuls TR. Environmental triggers of hyperuricemia and gout.
Rheum Dis Clin North Am. (2022) 48:891–906. doi: 10.1016/j.rdc.2022.06.009

13. Romere C, Duerrschmid C, Bournat J, Constable P, Jain M, Xia F, et al. Asprosin,
a fasting-Induced glucogenic protein hormone. Cell. (2016) 165:566–79. doi: 10.1016/
j.cell.2016.02.063

14. Wang Y, Qu H, Xiong X, Qiu Y, Liao Y, Chen Y, et al. Plasma asprosin
concentrations are increased in individuals with glucose dysregulation and correlated
with insulin resistance and first-Phase insulin secretion. Mediators Inflammation.
(2018), 2018, 9471583. doi: 10.1155/2018/9471583
15. Rebelos E, Tentolouris N, Jude E. The role of vitamin D in health and disease: A
narrative review on the mechanisms linking vitamin D with disease and the effects of
supplementation. Drugs. (2023) 83:665–85. doi: 10.1007/s40265-023-01875-8

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

17. Bouillon R, Manousaki D, Rosen C, Trajanoska K, Rivadeneira F, Richards JB.
The health effects of vitamin D supplementation: evidence from human studies. Nat
Rev Endocrinol. (2022) 18:96–110. doi: 10.1038/s41574-021-00593-z

18. Akimbekov NS, Digel I, Sherelkhan DK, Razzaque MS. Vitamin D and
phosphate interactions in health and disease. Adv Exp Med Biol. (2022) 1362:37–46.
doi: 10.1007/978-3-030-91623-7_5

19. Demirdas S, Coakley KE, Bisschop PH, Hollak CE, Bosch AM, Singh RH. Bone
health in phenylketonuria: a systematic review and meta-analysis. Orphanet J Rare Dis.
(2015) 10:17. doi: 10.1186/s13023-015-0232-y

20. Finkelstein JS, Brockwell SE, Mehta V, Greendale GA, Sowers MR, Ettinger B,
et al. Bone mineral density changes during the menopause transition in a multiethnic
cohort of women. J Clin Endocrinol Metab. (2008) 93:861–8. doi: 10.1210/jc.2007-1876

21. He J, Xu S, Zhang B, Xiao C, Chen Z, Si F, et al. Gut microbiota and metabolite
alterations associated with reduced bone mineral density or bone metabolic indexes in
postmenopausal osteoporosis. Aging (Albany NY). (2020) 12:8583–604. doi: 10.18632/
aging.103168

22. Yang X, Chang T, Yuan Q, Wei W, Wang P, Song X, et al. Changes in the
composition of gut and vaginal microbiota in patients with postmenopausal
osteoporosis. Front Immunol. (2022) 13:930244. doi: 10.3389/fimmu.2022.930244

23. Akimbekov NS, Digel I, Sherelkhan DK, Lutfor AB, Razzaque MS. Vitamin D
and the host-Gut microbiome: A brief overview. Acta Histochem Cytochem. (2020)
53:33–42. doi: 10.1267/ahc.20011

24. Zhang X, Lerman LO. The metabolic syndrome and chronic kidney disease.
Transl Res. (2017) 183:14–25. doi: 10.1016/j.trsl.2016.12.004

25. Razzaque MS, Mohammadi M. Can targeting the FGF23-alphaKlotho signaling
system delay phosphate-driven organ damage? Expert Opin Ther Targets. (2025) 29:93–100.
doi: 10.1080/14728222.2025.2482552

26. Razzaque MS. Interactions between FGF23 and vitamin D. Endocr Connect.
(2022) 11(10):e220239. doi: 10.1530/EC-22-0239

27. Yamazaki Y, Imura A, Urakawa I, Shimada T, Murakami J, Aono Y, et al.
Establishment of sandwich ELISA for soluble alpha-Klotho measurement: Age-
dependent change of soluble alpha-Klotho levels in healthy subjects. Biochem
Biophys Res Commun. (2010) 398:513–8. doi: 10.1016/j.bbrc.2010.06.110

28. Trefts E, Gannon M, Wasserman DH. The liver. Curr Biol. (2017) 27:R1147–51.
doi: 10.1016/j.cub.2017.09.019

29. Shen Y, Huang H, Wang Y, Yang R, Ke X. Antioxidant effects of Se-glutathione
peroxidase in alcoholic liver disease. J Trace Elem Med Biol. (2022) 74:127048.
doi: 10.1016/j.jtemb.2022.127048
frontiersin.org

https://doi.org/10.1016/S0140-6736(14)60648-6
https://doi.org/10.1016/S0140-6736(14)60648-6
https://doi.org/10.3390/nu17030454
https://doi.org/10.1016/j.jsbmb.2019.105400
https://doi.org/10.1016/j.jsbmb.2019.105400
https://doi.org/10.1007/978-3-030-91623-7_13
https://doi.org/10.1007/978-3-030-91623-7_13
https://doi.org/10.3390/ijms21010263
https://doi.org/10.3390/ijms21010263
https://doi.org/10.2174/15701611113119990169
https://doi.org/10.2174/15701611113119990169
https://doi.org/10.3389/fendo.2024.1391096
https://doi.org/10.2215/CJN.05910809
https://doi.org/10.1016/j.jtemb.2016.10.005
https://doi.org/10.1159/000346793
https://doi.org/10.1016/j.clnu.2022.05.006
https://doi.org/10.1016/j.rdc.2022.06.009
https://doi.org/10.1016/j.cell.2016.02.063
https://doi.org/10.1016/j.cell.2016.02.063
https://doi.org/10.1155/2018/9471583
https://doi.org/10.1007/s40265-023-01875-8
https://doi.org/10.1155/2012/634195
https://doi.org/10.1038/s41574-021-00593-z
https://doi.org/10.1007/978-3-030-91623-7_5
https://doi.org/10.1186/s13023-015-0232-y
https://doi.org/10.1210/jc.2007-1876
https://doi.org/10.18632/aging.103168
https://doi.org/10.18632/aging.103168
https://doi.org/10.3389/fimmu.2022.930244
https://doi.org/10.1267/ahc.20011
https://doi.org/10.1016/j.trsl.2016.12.004
https://doi.org/10.1080/14728222.2025.2482552
https://doi.org/10.1530/EC-22-0239
https://doi.org/10.1016/j.bbrc.2010.06.110
https://doi.org/10.1016/j.cub.2017.09.019
https://doi.org/10.1016/j.jtemb.2022.127048
https://doi.org/10.3389/fendo.2025.1667610
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Endocrine imbalances of mineral ions and vitamins in chronic disease pathogenesis
	2Key contributions to this Research Topic
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	4Publisher’s note
	References


