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ABSTRACT
This review examines the evolving understanding of micronutrients in disease prevention and management from 2015 to 2025. Significant
advances in nutritional science have elucidated crucial roles for vitamins, minerals, and trace elements in modulating disease risk and
progression. Emphasis is placed on recent developments in precision nutrition, nutrigenomics, and micronutrient interactions with the gut
microbiome. This review highlights research developments across cardiovascular disease, cancer, neurodegenerative disorders, immune
function, and metabolic conditions while addressing emerging clinical applications and public health implications. The past decade has
established micronutrients as essential factors in disease pathophysiology, offering promising avenues for intervention beyond simply

preventing deficiency disorders.
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Introduction

The period from 2015 to 2025 has witnessed a transformation in our
understanding of micronutrients and their relationship to human
health and disease. Moving beyond the traditional paradigm of
deficiency prevention, research has increasingly focused on the
complex roles micronutrients play in disease pathophysiology,
from modulating inflammatory pathways to influencing gene
expression and cellular signaling networks [1].

This review aims to synthesize major developments in micronutrient
research over the past decade, highlighting significant discoveries
that have expanded our understanding of how these essential
compounds influence disease processes. The integration of
advanced research methodologies—including metabolomics,
genomics, and sophisticated clinical trial designs—has provided
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unprecedented insight into micronutrient functions at molecular
and physiological levels [2].

Methodological Advances in Micronutrient Research
Biomarker Development and Validation

The past decade has seen substantial improvements in assessment
techniques, moving beyond simple serum concentrations to more
sophisticated biomarkers of micronutrient status. Functional
biomarkers that reflect the biological activity of micronutrients,
rather than merely their presence in circulation, have enabled more
nuanced understanding of their role in health and disease [3].

Integration of -Omics Technologies

The application of metabolomics, proteomics, and transcriptomics
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has revolutionized micronutrient research by allowing
simultaneous examination of thousands of biological molecules,
providing comprehensive insight into how micronutrients affect
metabolic pathways and molecular networks [4,5]. Fergusson and
colleagues [6] demonstrated how metabolomic profiling could
identify novel biomarkers of vitamin B12 status that correlate with
functional outcomes better than traditional serum measures.

Precision Nutrition Approaches

Advances in nutrigenomics and nutrigenetics have revealed how
genetic variations influence individual responses to micronutrients,
explaining heterogeneity in clinical outcomes and opening
possibilities for personalized nutritional recommendations based
on genetic profiles [7]. A landmark study by Chen et al. identified
specific polymorphisms affecting vitamin D metabolism that
predict response to supplementation.

Micronutrients in Cardiovascular Disease
Antioxidant Vitamins and Endothelial Function

Research from 2015-2025 has clarified the relationship between
antioxidant vitamins (particularly C and E) and endothelial
function. Rather than showing uniform benefits, studies have
demonstrated context-dependent effects, with benefits primarily
observed in specific populations with pre-existing deficiencies
or elevated oxidative stress [8]. The ASCEND trial [9] found no
overall benefit of vitamin E supplementation for cardiovascular
outcomes in diabetic patients, but post-hoc analyses identified a
subgroup with elevated oxidative stress biomarkers who did show
improvement.

Vitamin D Beyond Bone Health

The decade witnessed extensive research on vitamin D’s role in
cardiovascular health. Meta-analyses published between 2018-
2023 have established associations between vitamin D deficiency
and increased risk of hypertension, heart failure, and coronary
artery disease, though intervention studies have shown mixed
results, suggesting complex underlying mechanisms. The VITAL
trial [10] found no overall effect of vitamin D supplementation
on major cardiovascular events, but subsequent analyses revealed
benefits in specific subgroups, particularly those with baseline
deficiency [11].

Minerals and Blood Pressure Regulation

Potassium, magnesium, and calcium have emerged as critical
minerals in blood pressure management. The DASH-Sodium
trial follow-up studies confirmed the long-term benefits of these
minerals in hypertension prevention [12], while mechanistic
research has elucidated their effects on vascular tone, endothelial
function, and renin-angiotensin-aldosterone system regulation
[13]. A meta-analysis by DiNicolantonio et al. (2022) found that
magnesium supplementation reduced systolic blood pressure by
an average of 3-4 mmHg, with greater effects in individuals with
hypertension.

Volume 5 Issue 1

WWwWw.asrjs.com

Micronutrients in Cancer Biology
Folate and DNA Methylation

Research during this period resolved the “folate paradox,” whereby
this B vitamin can both prevent and potentially promote cancer
development depending on timing and dosage. Studies have
clarified how folate status influences DNA methylation patterns,
with implications for cancer initiation and progression [14,15].
Moll and colleagues demonstrated that folate supplementation
in individuals with early colorectal neoplasia could normalize
aberrant DNA methylation patterns, while Wang et al. found that
excessive supplementation in the presence of established neoplasia
might accelerate tumor progression through enhanced DNA
synthesis.

Vitamin D and Cancer Progression

Large-scale trials, including the VITAL study and follow-
up analyses, have provided evidence for vitamin D’ role in
modulating cancer progression and mortality, particularly for
colorectal cancer, though effects on cancer incidence have been less
consistent [10,16]. A prospective cohort analysis by Giovannucci et
al. [17] found that maintaining 25(OH)D levels above 75 nmol/L
was associated with a 22% reduction in cancer-specific mortality
over 10 years of follow-up.

Selenium and Cancer Prevention

The decade has seen a reevaluation of selenium’s role in cancer
prevention, with studies revealing gene-nutrient interactions that
explain the heterogeneity of outcomes in previous trials, particularly
regarding prostate cancer risk [18,19]. Research by Rayman et al.
identified specific selenoprotein genotypes that determine whether
selenium supplementation reduces or potentially increases prostate
cancer risk.

Micronutrients in Neurodegenerative Disorders

B Vitamins and Cognitive Decline

Long-term studies have demonstrated associations between B
vitamin status (particularly B12, B6, and folate) and cognitive
outcomes. Intervention studies targeting homocysteine reduction
have shown modest benefits in slowing cognitive decline in
specific subgroups, especially when initiated in early disease
stages [20]. The OPTIMA trial follow-up found that B vitamin
supplementation slowed brain atrophy and cognitive decline
specifically in individuals with high omega-3 fatty acid status,
highlighting important nutrient-nutrient interactions.

Antioxidants and Neuroinflammation

Research has clarified how antioxidant micronutrients modulate
neuroinflammatory processes central to neurodegenerative
disease progression. Combinations of antioxidants have shown
greater promise than single nutrients in affecting disease markers
and symptoms [21]. Lee and colleagues [22] demonstrated that a
combination of vitamins C, E, and carotenoids reduced markers
of neuroinflammation in patients with mild cognitive impairment,
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correlating with improved cognitive performance.

Emerging Role of Minerals in Brain Health

Zinc, copper, and magnesium have gained attention for their roles
in synaptic function and neuronal health. Dysregulation of these
minerals has been implicated in Alzheimer’s disease pathology,
with potential for targeted supplementation strategies in high-risk
populations. The MIND-AD Study [23] found that maintaining
optimal magnesium status was associated with preserved
hippocampal volume over five years of follow-up in elderly adults
with subjective memory complaints.

Micronutrients and Immune Function
Vitamin D and Immune Regulation

The COVID-19 pandemic accelerated research into vitamin
D’s immunomodulatory effects, with studies demonstrating its
role in regulating both innate and adaptive immune responses.
Population studies have linked vitamin D status to susceptibility to
respiratory infections, while mechanistic research has elucidated
its effects on cytokine production and T-cell function [24,25].
A systematic review by Jolliffe et al. [26] found that vitamin D
supplementation reduced the risk of acute respiratory infections
by 30% in individuals with baseline deficiency.

Zinc and Antiviral Defense

Zinc’s role in antiviral immunity has been extensively studied,
with clearer understanding of its mechanisms in restricting viral
replication and modulating inflammatory responses. Clinical trials
have provided evidence for zinc supplementation in reducing
duration and severity of certain viral infections. Hunter and
colleagues [27] demonstrated that zinc supplementation enhanced
the expression of interferon-stimulated genes in response to viral
challenge, providing a mechanistic explanation for its clinical
effects.

Selenium and Immune Senescence

Research has identified selenium as a key micronutrient in
maintaining immune function during aging, with implications
for vaccine responses and infection risk in older adults [28]. A
longitudinal study by Brown et al. [29] found that maintaining
optimal selenium status preserved thymic function and naive
T-cell production in aging adults, correlating with improved
vaccine responses.

Micronutrients in Metabolic Disorders
Chromium and Insulin Sensitivity

The controversy surrounding chromium supplementation in
diabetes management has been partially resolved, with studies
identifying specific phenotypes that may benefit from targeted
supplementation [30,31]. A randomized controlled trial by
Sharma et al. found that chromium supplementation improved
insulin sensitivity only in individuals with specific genetic variants
affecting glucose transport proteins.
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Magnesium and Glucose Metabolism

Magnesium has emerged as a critical mineral in glucose
metabolism, with prospective studies demonstrating inverse
associations between magnesium intake and type 2 diabetes risk.
Mechanistic research has clarified its role in insulin signaling and
B-cell function [32]. The Magnesium and Insulin Resistance Study
(MIRS) [33] demonstrated that magnesium supplementation
improved insulin sensitivity and 3-cell function in individuals with
prediabetes who had low dietary magnesium intake.

Vitamins and Metabolic Inflammation

Research has established connections between vitamin status
(particularly A, D, and E) and chronic low-grade inflammation
characteristic of metabolic disorders, offering potential targets
for nutritional intervention [34]. Longitudinal analysis by Yoon et
al. found that combined optimization of vitamins D and E status
reduced inflammatory biomarkers and improved insulin sensitivity
in overweight individuals with metabolic syndrome.

Micronutrient Interactions with the Gut Microbiome
Prebiotics and Micronutrient Absorption

Studies have demonstrated how prebiotic fibers can enhance
absorption of minerals such as calcium, magnesium, and iron
through modulation of gut microbiota composition and activity
[35]. Research by Scholz-Ahrens et al. showed that specific
oligosaccharides increased mineral absorption by promoting the
growth of bacterial species that produce short-chain fatty acids,
reducing intestinal pH, and enhancing mineral solubility.

Microbial Synthesis of B Vitamins

Research has clarified the contribution of gut microbiota to host B
vitamin status, with implications for understanding how dysbiosis
may impact micronutrient availability [36]. A metagenomic
analysis by Das et al. [37] quantified the contribution of different
bacterial taxa to B vitamin synthesis, demonstrating that antibiotic-
induced dysbiosis significantly reduced host B vitamin status.

Micronutrients as Modulators of Microbial Ecology
Certain micronutrients, particularly zinc and iron, have been shown
to shape gut microbial community structure, with downstream
effects on host metabolism and immunity. Experimental studies
by Constante et al. [38] demonstrated that iron supplementation
altered gut microbiota composition and metabolic activity, with
consequences for intestinal inflammation and barrier function.

Clinical Applications and Public Health Implications
Targeted Supplementation Strategies

The past decade has seen a shift from universal supplementation
approaches to more targeted strategies based on individual risk
factors, genetic profiles, and baseline nutritional status [4,39].
Implementation studies by Phillips et al. demonstrated superior
cost-effectiveness of targeted versus universal supplementation
approaches for micronutrients including vitamin D, folate, and iron.
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Food Fortification Programs

Evaluation of national fortification programs has provided
evidence for population-level benefits while highlighting the need
for monitoring potential unintended consequences of increased
micronutrient exposure [40]. A comprehensive analysis by Keats
et al. [41] of fortification programs across 142 countries found
significant reductions in neural tube defects following mandatory
folate fortification and improved iron status with iron fortification
of staple foods.

Micronutrients in Precision Medicine

Integration of micronutrient status assessment into precision
medicine frameworks has begun, with potential for nutrition to
become a key component of personalized healthcare strategies
[42]. The Personalized Nutrition Project demonstrated how
integrating micronutrient status with genetic and microbial data
could predict individual responses to dietary interventions with
remarkable accuracy.

Challenges and Future Directions
Addressing Research Methodology Limitations

Despite methodological advances, challenges remain in accurately
assessing micronutrient status and establishing causal relationships
with disease outcomes. Future research must address these
limitations through improved study designs and assessment
techniques [43]. The Biomarkers of Nutrition for Development
(BOND) program has established consensus frameworks for
micronutrient assessment that will standardize future research
approaches.

Integration of Systems Biology Approaches

Moving beyond reductionist approaches, future research will
benefit from systems biology perspectives that consider the complex
interactions among multiple micronutrients and their integration
with broader metabolic networks [2,44]. The Micronutrient
Genomics Project has created comprehensive interaction networks
revealing how micronutrient effects propagate through biological
systems.

Translating Research to Clinical Practice

Bridging the gap between research findings and clinical applications
remains a challenge, requiring development of practical tools for
assessing micronutrient status and implementing evidence-based
recommendations in healthcare settings [45,46]. The Nutrition
in Clinical Care Initiative [47] has developed frameworks for
integrating nutritional assessment, including micronutrient status,
into routine clinical workflows.

Conclusion

The decade from 2015 to 2025 has transformed our understanding
of micronutrients from simple essential nutrients to complex
biological response modifiers with diverse roles in health and
disease. Advances in research methodologies have elucidated
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molecular mechanisms underlying their effects, while clinical
studies have provided evidence for targeted interventions. As we
move forward, integrating micronutrient science into precision
medicine approaches holds promise for more effective disease
prevention and management strategies, ultimately improving
public health outcomes [39].
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