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A global shortfall in magnesium (Mg) is linked to long Covid and a shortened lifespan. The mTOR

(mammalian or mechanistic target of rapamycin)/AMPK (AMP-activated protein kinase) ratio

increases with age and these kinases are inversely related. A balanced mTOR:AMPK ratio, promoted by

rapamycin (RAP), is linked to healthy aging. mTOR is anabolic and AMPK is catabolic. Mg and RAP are

synergistic collaborators in suppressing this ratio. Mg is bottom up, while RAP is top down. Any

inhibition of mTOR by RAP may upregulate kinases that activate mTOR via alternate pathways.

Whether this occurs with low-dose, intermittent RAP is unknown. But Mg is perfectly placed to block

this.

Efficacies may merge at the IFN-γ -> indoleamine dioxygenase (IDO) -> kynurenine -> aryl

hydrocarbon receptor (AhR) sequence. Persistence of any intracellular pathogen, e.g., SARS CoV2, can

prolong IFN-γ activation of IDO, e.g., LC. IDO metabolizes tryptophan (T) and upregulates the

kynurenine (K) pathway. Elevated K/T and mTOR/AMPK are linked to cancer, autoimmune disease,

cardiovascular disease, dementia, diabetes, and obesity. Furthermore, Mg-dependent vitamin D

immunomodulates IFN-γ.

Calcium (Ca) competes with Mg for the same transcellular receptor (calcium sensing receptor) for

physiologic balance. However, absorption, resorption, and diffusion to and from the vascular and

extracellular spaces is predominantly paracellular through tight junctions. RBC Mg sits at the nexus

between intracellular Mg and serum Mg. RBCs, like all mesenchymal cells, have no tight junctions but

do have cell membrane TRPM7 channels (chanzymes) that sense extracellular Mg and respond

appropriately. They also serve as a reservoir for Mg to maintain serum Mg within tight limits. This

enables convenient determination of serum Ca:Mg that reflects their intake ratio, their intracellular

ratios, and general health status, when converted from mg/dL to mmoles/L of iMg.
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While developed countries (and cities) ingest too much Ca, the Third World ingests too little.

Unfortunately the maximum recommended Ca:Mg intake (weight to weight) of 2:1 was based on total

body weight {m/1964-1989/}, but has encountered an American lifestyle. Mean American adult weight

has grown from 70 in the mid 60s to 85 in the 2020s. Soil depletion and the increase in dietary UPFs

have conspired to further compromise Mg intake. The ionized component of serum Mg has dropped

from about 72% to about 62% over the last several decades. This component can be easily determined

by comparing the reference range limits for serum Mg with their ionized counterparts.

The discussion is technical, and in the interest of clarity the article is partitioned into Part A (proposed

mechanism) and Part B (proposed therapeutics).

Correspondence: papers@team.qeios.com — Qeios will forward to the authors

Highlights

Part A

An elevated mTOR/AMPK may represent the most common endpoint shared by human disease and

aging

The IFN-γ:IDO:kynurenine:aryl hydrocarbon receptor sequence may represent the predominant final

common pathway to this endpoint

The Ca:Mg, Kynurenine/Tryptophan, altered tryptophan metabolism, and altered NAD+ metabolism

drive this sequence

RAP suppresses mTOR/AMPK, while Mg downregulates this sequence

Part B

Weight gain on an American type processed food diet over the past half century suggests that the

recommended Ca:Mg intake ratio weight to weight should be updated

Recommendation of 2:1 Ca:Mg weight to weight intake in 1964 and 1989 should updated to 3:2 in 2026

RBC Mg should reflect the status of serum Mg, intracellular Mg, and Mg intake by weight

If Ca:Mg is balanced, the benefits of intermittent, low dose RAP might outweigh possible side effects,

if any
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PART A: Proposed Mechanism

Introduction

Mg has long been recognized as critical to human health. Signs and symptoms of Mg deficiency (MgD)

reflect those of aging [1]. Furthermore, adequate Mg may offer health benefits that complement those of

rapamycin (RAP) via many disparate pathways outside those directly involving mTOR (mechanistic or

mammalian target of rapamycin). One of these may be RAP induced overactivation of the inflammatory

kinase MAPK, linked to inflammaging, and up regulation of mTOR by an RAP independent pathway [2].

This may detract from RAP efficacy in those with MgD.

Because some human studies of RAP demonstrate limited evidence of tangible clinical benefit, some

recommend against its use as an anti-aging drug, except under strict medical supervision. Unfortunately,

the alternative to the reversible (and avoidable) side effects of RAP are the irreversible (and inevitable)

effects of aging. For the vast majority of humans this includes cancer, stroke, dementia, and an early

demise. Most potential adverse effects of RAP are minor. However, potential major adverse effects, e.g.,

significant immunosuppression, are unlikely, given the low, intermittent dosage regimen and given

proven longevity benefits in yeast  [3], flies, mice  [4], and worms  [5]. Indeed some balanced

immunosuppression, aside that for organ transplants, may be beneficial [6]. Alzheimer's disease has no

cure, but RAP has shown some benefit [7]. Although reports of efficacy for long Covid are anecdotal, SARS

CoV2 is linked with overactivation of mTOR [8] and is one of many intracellular viral pathogens that do

this [8].

Although this review is supported by the relevant human physiology, it is nonetheless a hypothetical

approach. While time consuming randomized controlled trials are underway, the global epidemic of

obesity, diabetes, chronic fatigue diseases, and those age related remains unaddressed.

I. mTOR:AMPK in LC/Longevity

mTOR promotes cell growth, protein synthesis, and anabolism when nutrients are abundant. AMPK,

activated during low energy states (high AMP/ATP ratio) and low nutrient states, promotes catabolism.

mTOR suppresses AMPK indirectly when energy and nutrients are plentiful. AMPK suppresses mTOR

when energy and nutrients are low.
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However, outside these functions other conditions can overactivate mTOR with deleterious

consequences. These include manipulation of host-cell mTOR pathways by viruses to support viral

replication  [8][9], oxidative stress  [10], neuronal damage due to prolonged glutamatergic NMDA receptor

activity and associated excitotoxicity [11], and inflammatory pathways involving TNF-α [12].

An increased mTOR/AMPK is a biomarker for autoimmunity, cancer, obesity, aging [13], and dementia [14]

[15]. Overactivation of mTOR is also linked to T2DM  [16], hypertension, LC  [17], chronic fatigue

syndrome [18], and post acute infection syndrome [8]. Respiratory syncytial virus and coronaviruses up-

regulate mTOR  [19], as does the influenza virus  [20], hepatitis B virus  [21], Epstein-Barr virus  [22], Zika

virus  [23], cytomegalovirus  [24], herpes simplex  [25], human immune deficiency virus  [26], and probably

Lyme disease [27].

Mild MgD in immune cells tends to increase mTOR:AMPK, while more significant MgD should decrease

this ratio  [28]. Energy and nutrient stress upregulate AMPK. However, the anti-inflammatory immune

response of IFN-γ can oppose and ironically upregulate mTOR instead. Females generally produce more

IFN-γ than males [29], resulting in elevation of mTOR:AMPK. This can be aggravated by any MgD induced

increase in oxidative stress and inflammaging. Reproductive age females are particularly prone to MgD

(see figure 1)
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Figure 1. This figure from NHANES data demonstrates the low intake for Mg in females 9 to 50 years of age.

Premenopausal females may be more prone to long Covid and autoimmune disease, characterized by

elevated mTOR [8]. Long haulers have difficulty absorbing seven of the nine essential amino acids. This is

due to the dysfunction of ACE2 on enterocytes secondary to persistent SARS CoV2. These seven neutral

amino acids primarily depend on B0AT1, their designated amino acid transporter [30][31]. B0AT1 requires

ACE2, as a chaperone for tryptophan, methionine, and branched chain amino acid absorption  [32][33].

This impact of ACE2 depletion on nutrient stress should increase AMPK and suppress mTOR/AMPK

However, many viral pathogens are known to cause fatigue and cognitive decline, but SARS CoV2 seems

most adept. Increased IFN-γ, IDO, K/T, and AhR activity seem to be common features. Perhaps ACE2,

uniquely targeted by SARS Cov2, plays a role in its inordinate impact. The loss of ACE2 increases

angiotensin II signaling, oxidative stress, inflammation, and endothelial/mitochondrial dysfunction.

These all increase mTOR and appear to overwhelm any effect of significant SARS CoV2 induced nutrient

stress on AMPK.

II. RAP in LC/Longevity

RAP induces healthy aging via inhibition of mTOR [34].
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Intermittent chronic feeding of low-dose RAP increases autophagy  [35]. Such doses do not compromise

muscle mitochondrial content or endurance [36]. RAP has been touted for Covid-19 [37] and anecdotally for

long Covid. Its efficacy for chronic fatigue diseases has recently been reported [38].

Intracellular RAP allosterically inhibits mTORC1, but many of the subsequently generated interactions

and pathways are unknown or incompletely understood. Although RAP and rapalogs have been

predominantly beneficial as longevity and anticancer agents, recent research shows that mutations,

cross-talk pathways, and negative feedback loops can compromise their benefits. MAPK may be activated

as a consequence of mTORC1 inhibition at high doses in a mouse model [39]. MAPK may activate mTORC1

via other pathways and bypass RAP inhibition of mTORC1 [40][41][42]. Dysfunctional MAPK/ERK signaling

is tumorigenic and its suppression is touted in cancer therapy [43]. The extent to which RAP independent

activation of mTORC1 occurs, if at all, via MAPK/ERK signaling during low-dose intermittent RAP therapy

in humans is unknown. However, Mg can indirectly immunomodulate MAPK/ERK signaling by

suppressing oxidative stress, NF-kB signaling,  inflammatory cytokines, and excess Ca signaling. These

latter can both activate MAPK/ERK or be upregulated by the activation of MAPK/ERK, i.e., Mg has

upstream and downstream immunomodulating impact on MAPK/ERK and mTORC1 activation.

In addition to its down regulation of mTOR and upregulation of AMPK, RAP has antifungal

properties [44] and is toxic to Candida albicans [45]. Candida overgrowth is linked to LC [46]. This suggests

an under-appreciated pathway for the efficacy of RAP in long Covid.

Intestinal tryptophan produced by microbiota is also antifungal and helps maintain the balance between

bacteria and fungi [47]. So, RAP can directly suppress Candida albicans, linked to long Covid [48], and with

it production of an IDO like enzyme produced by Candida [47], preserving tryptophan, a known biomarker

for longevity [49].

III. Mg, Vitamin D, Benefiting Longevity Linked Molecules

The hallmarks of MgD induced aging include genomic instability, telomere attrition, epigenetic

alterations, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, disabled

autophagy, dysbiosis, and chronic inflammation  [1]. These aging hallmarks can be directly linked to

shortfalls in phosphorylation and methylation  [50], increased oxidative stress and mTOR activity, and

inflammaging - all hallmarks of MgD. MgD even adversely impacts the gut microbiome [51].
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Mg is required for more than 80% of all human metabolic functions [52]. These include all reactions that

require ATP/GTP, ADP/GDP, cAMP/cGTP, all CYP450 enzymes  [53]  and all GPCRs (require second

messenger - cAMP). Of all FDA approved drugs 34% involve GPCR ligands  [54]. Mg2+ itself can also

function as a second messenger  [55]. All redox reactions, including all anti-oxidant recycling, and

virtually all one carbon metabolic reactions require Mg. Mg is a required cofactor for most glycolytic

pathway and Krebs cycle enzymes. MgD is associated with insulin resistance involving both beta cells

and downstream receptors [56]. Vitamins B1,2,3,5,6 require Mg dependent phosphorylation for activation.

All antioxidants that scavenge ROS by quenching their anions (reduction) must themselves be reduced

for recycling. This requires FAD and NAD to facilitate electron transfer. Riboflavin (B2) and niacin (B3)

must be phosphorylated to produce FAD and NAD and this requires the ATP-Mg complex. The primary

function of B7 is ATP dependent carboxylation reactions. B9 and B12 require Mg dependent methylation

for activation. One carbon metabolism (methylation) is vital to DNA stability and optimal function of the

epigenome. Activation of vitamins A from beta carotene and K from gut bacterial K2 (menaquinone)

involve electron transfer; vitamin E, however, is obtained exclusively from dietary sources. So, activation

of almost all fat and water soluble vitamins is Mg dependent.

Mg-dependent vitamin D down regulates mTOR [57], and up regulates AMPK [58] and autophagy [59]. All

forms of vitamin D (D3, 25(OH)D, and 1,25(OH)2D) require Mg (see figure 2).
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Figure 2. The intake, storage, and active forms of vitamin D are yellow. DHC is dehydrocholesterol, VDBP is

vitamin D binding protein, FAD is flavin adenine dinucleotide, and NAD is nicotinamide adenine dinucleotide.

Mg dependent B2 and B3 are crucial to synthesis of FAD and NAD and redox reactions to produce the required

solar substrate.

Some tumor cells express VDRs that can be modulated by vitamin D, improving prognosis. These include

colorectal cancer, prostate cancer, breast cancer, acute myeloid leukemia, and melanoma [60].

Mg dependent NAD+ deserves special attention (see figure 3). NAD+ levels decrease as we age  [61],

although NAD+ metabolites simultaneously increase. As we age, mitochondria become less efficient,

inducing more oxidative stress. Inflammaging consumes more NAD+ and nicotinamide (NAM) is a

biomarker for greater NAD+ turnover (see figure 3). One study on this involving several dozen men and

women partitioned into three groups by age (20-40,40-60,60+) revealed no statistically significant

changes across age in serum levels of nicotinic acid (NA), nicotinamide mononucleotide (NMN), and

nicotinic acid mononucleotide (NAMN). These three metabolites that appear to be constant as we age are

governed by enzymes that require Mg as a cofactor. On the other hand, NAM increases (turnover), while

NAAD, NAD+, and NADP+ decrease with aging. These latter three are governed by ATP-Mg, which is much

more susceptible to Mg deficiency than that involving its action as a cofactor.
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Figure 3 demonstrates the three NAD+ synthetic pathways and the relationships between these

metabolites [62][63][64].

Figure 3. Figure demonstrates the synthetic and degradatory pathways of NAD+. Green enzymes indicate Mg

cofactor required. Red enzymes indicate ATP-Mg required. Glial cells are dependent upon the nicotinamide

riboside kinase (NRK) pathway to quell inflammation and boost mitochondrial function [65]. NAD is

nicotinamide dinucleotide, NAM is nicotinamide, NA is nicotinic acid, NMN is nicotinamide mononucleotide,

NAAD is nicotinic acid adenine dinucleotide, NAMN is nicotinic acid mononucleotide, NAMPT is

nicotinamide phosphoribosyltransferase, NAPRT is nicotinate phosphoribosyltransferase, NMNAT is

nicotinamide mononucleotide adenylyltransferase, ATM is altered tryptophan metabolism.

These Mg linked alterations in the extracellular plasma NAD+ metabolome are age related and underscore

the association between the hallmarks of aging and the symptoms of a shortfall in Mg [1]. Figure 3 also

reveals a mechanistic connection between neurodegenerative disease and Mg deficiency, altered

tryptophan, and altered NAD+ metabolism [65][66].

This decline in NAD+ levels is linked causally to numerous age-associated diseases, including cognitive

decline, cancer, metabolic disease, sarcopenia, frailty  [66], cardiovascular disease  [67], obesity, insulin
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resistance  [68], autoimmune disease, and inflammation  [69]. The predominant source of NAD+ outside

that from recycling (salvage pathway) is from tryptophan via the kynurenine pathway [70] (see figure 3).

A recent study on aging uncovered a prominent role for NAD+ in exercise induced longevity [71]. Exercise

is cautioned for long haulers, given the frequency of fatigue and post exercise malaise in LC. However,

significant efficacy of RAP in those with ME/CFS [38] holds promise for long haulers.

Other beneficiaries of adequate Mg include SIRT1, PGC-1α, Klotho, and urolithin A. SIRT1 enhances ATP

dependent mitochondrial biogenesis in adipocytes  [72]. PGC-1α, called the master regulator of energy

metabolism, also drives ATP dependent mitochondrial biogenesis [73]. Synthesis of Klotho requires redox

reactions and its intracellular signaling is also dependent on Mg dependent cAMP  [74]. Secondary bile

acids from gut microbiota also enhance longevity  [75], but microbiota rely on Mg dependent 7-alpha

dehydrogenase for their production of secondary bile acids [50]. Noteworthy antioxidants produced by gut

bacteria or directly by the host include urolithin A, indoles, glutathione, melatonin, vitamins A, C, E, and

selenium.

Vitamin C also increases lactose producing Bifidobacteria  [76]. Lactogenic bacteria feed butyrogenic

bacteria  [77]. Deficiency in gut butyrogenic bacteria is linked to CFS  [78]  and LC  [79]. Mg increases

production of butyrate by gut microbiota [80]. Butyrate activates AMPK [81], immunomodulates IFN-γ [82],

and downregulates IDO [83]. It also challenges obesity [84], which can raise estradiol and increase IFN-γ.

mTOR activation enhances T-cell activation and differentiation (especially Th1/CD8⁺) and increases IFN-γ

production [85].

IV. IFN-γ, IDO, Kynurenine, AhR, and Aging

This cytokine, enzyme, metabolite, and receptor form a group that sequentially defines a pathway that is

a significant determinant of aging. When they are chronically activated, lifespan is shortened. RAP is top

down (mTOR/AMPK) and Mg is bottom up (see figure 4). Mg modulates IFN-γ and its downstream effects

on lifespan like Mg regulates HMG-CoA reductase and its statin-like downstream effects on

cardiovascular disease [86].
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Figure 4. This figure demonstrates the biochemical pathways that link rapamycin (RAP) and Mg to healthy

aging. RAP is top down and Mg is bottom up. It also demonstrates the sequence involving IFN-γ, IDO,

kynurenine, and AhR. IFN is interferon, IDO is indoleamine dioxygenase, AhR is aryl hydrocarbon receptor.

A. IFN γ

Viral invasion initiates an innate immune response. Natural killer (NK) cells and CD8+ T cells produce the

predominance of IFN γ [87].

Mg immunomodulates these cells [88] and attenuates any over-response, i.e., prevents inflammaging [89].

In addition to production of IFN-γ by host NK cells and CD8+ T cells, some cancer cells, e.g., certain T cell

lymphomas and myeloid leukemias, can produce their own IFN-γ. For some cancers, including breast

cancer [90] and glioblastoma [91], IFN-γ is tumorigenic. MgD and loss of IFN-γ immunomodulation may

open the door for this. This anti-inflammatory cytokine is a potent stimulant of IDO. Inflammaging can

further stimulate IDO activity. IFN-γ and IDO then become central players in upregulating the

kynurenine pathway and “stealing tryptophan.” (see figure 5).
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Figure 5. This figure demonstrates the three pathways that tryptophan serves and how altered tryptophan

metabolism can “steal” this essential amino acid with dire consequences for longevity. Enzymes requiring

ATP-Mg (yellow box) are much more susceptible to Mg deficiency than those involving its action as a cofactor.

Green boxes promote longevity and red boxes suppress it. Pink boxes indicate crucial ratios that suppress

longevity. IFN is interferon, IDO is indoleamine dioxygenase, QPRT is quinolinate phosphoribosyl

transferase, CVD is cardiovascular disease, T2DM is type 2 diabetes mellitus

B. IDO

IDO activity driven by inflammaging [92] or persistent virus may represent states where inflammatory or

immune-growth signaling overrides the normal nutrient-stress driven suppression of mTOR and

upregulation of AMPK  [93]. Candida can produce an IDO like enzyme  [50], as do many cancer cells,

including carcinomas of kidney, lung, endometrium, urinary bladder, colorectum, cervix, ovary, and

melanoma [94]. In the tumor microenvironment this IDO can suppress NK cells and CD8+ T cells and their

production of IFN-γ, facilitating immunoevasion [95][96][97].
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C. Kynurenine

IDO converts tryptophan to kynurenine, stealing tryptophan that otherwise would have been available

for the more beneficial indole and serotonin pathways. Indeed elevated serum tryptophan is a biomarker

of longevity  [49]. Many of the kynurenine pathway metabolites are neurotoxic; K/T and longevity are

inversely related. Kynurenine may inhibit autophagy via pathways beyond inhibition by upregulated

mTOR  [98]. Impact of this on the efficacy of RAP is unknown. Kynurenine pathway metabolites are the

most prominent endogenous AhR activating ligands [99].

D. AhR

However, the AhR is a promiscuous receptor. Some indole derivatives and secondary bile acids are AhR

ligands that counteract the effects of kynurenine and exogenous toxins  [100][101][102]  and enhance

longevity. A healthy gut microbiome produces these longevity agents - secondary bile acids, indoles, and

short-chain fatty acids [103]. Each triggers the secretion of GLP-1 [104], which may assist in the beneficial

activation of AhR. GLP-1 agonists are also linked to longevity [105][106], primarily because they preserve

insulin sensitivity. This biomarker deteriorates with age, even in those with normal blood glucose and

body weight [107]. Insulin resistance is an early hallmark of cancer, type 2 diabetes (T2DM), and dementia

(T3DM)

Indole derivatives also modulate inflammaging and oxidative stress. But production of indoles and their

derivatives by intestinal microbiota requires Mg and tryptophan (see figure 5).

If kynurenine production remains high, negative AhR signaling may persist, even if mTOR is partially

suppressed by RAP. However, Mg sits upstream of many pathways relevant to long COVID, e.g., ATP

production and mitochondrial function, vitamin D activation, NAD+ production, and inflammatory

signaling. The impact of MgD on the synthesis of D3, 25(OH)D, and 1,25(OH)2D cannot be overlooked (see

figure 2).

In summary, chronic inflammatory systems often become partially “decoupled.” In this environment

tryptophan insufficiency due to increased IFN-γ, IDO, kynurenine, and AhR signaling can upregulate

mTOR, overriding its downregulation normally triggered by nutrient stress. In long Covid the nutrient

stress induced by loss of ACE2 receptors on enterocytes is subservient to the increase in mTOR activity

induced by the loss of ACE2 receptors and increase in angiotensin II that promotes hypertension and
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chronic inflammation  [108]. Elevated IFN-γ and mTOR/AMPK ratios are hallmarks of aging. Both are

intimately linked and reinforce each other.

mTOR activation ↔ more IFN-γ, more IFN-γ → more IDO, more IDO → more kynurenine pathway activity

→ more AhR signaling [109](see figure 4). Signaling pathways are complex, but the IFN-γ/IDO/K/AhR axis

may be a primary determinant of longevity.

Conclusion

Mg and RAP are both recognized longevity agents. Both have demonstrated efficacy in the treatment of

long Covid. Although they appear to have little in common, there may be some overlap. RAP operates in a

topdown manner, influencing and influenced by hormones, while Mg is an element, working in a bottom

up manner.

The long-term efficacy of RAP may fall short of expectations. Its allosteric inhibition of mTOR may

trigger an increase in MAPK/ERK that upregulates mTOR via an alternate pathway. It is unknown

whether low dose, intermittent RAP can trigger this. MAPK/ERK activates cytokine inflammagents. Mg

may divert this via its suppressive action at the IFN-γ-IDO-kynurenine-AhR interface (see figure 4 and

section IV).

Long Covid and many other diseases associated with intracellular pathogens, primarily viral, are linked

to elevation of mTOR/AMPK [8]. Inadequate levels of Mg and Mg dependent vitamin D reveal a threefold

increased risk for long Covid. The combination of Mg supplementation with intermittent low-dose RAP

seems attractive.

Although human clinical trials are ongoing, the efficacy of RAP, like the efficacy of vitamin D, may never

be fully realized in the absence of adjustment for the Ca:Mg ratio, tightly linked to health. Although

dosage is very low and once a week, fear of the extent of its immunosuppressive effects has dampened

interest and any such use of this prescriptive medication for longevity is off label.

Meanwhile the global epidemic of obesity, diabetes, chronic fatigue diseases, and those age related

remains unaddressed. Interestingly RAP is also an antifungal and is theoretically capable of suppressing

Candida overgrowth, linked to long Covid [46]. What has been proposed is theoretical and dependent on

several reasonable physiologic assumptions. Nonetheless, the general approach is hypothetical and must

be validated clinically.

qeios.com doi.org/10.32388/U5JTWN.3 14

https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


PART B: Proposed Therapeuticss

Introduction

Mg has long been recognized as critical to human health. Signs and symptoms of Mg deficiency (MgD)

reflect those of aging  [1]. RAP likewise has extended the lifespan in flies, worms, yeasts, and rodents.

Trials involving humans are underway. Because viral pathogens, including SARS CoV2, upregulate

mTOR [8], RAP should decrease risks for diseases of chronic fatigue. Because vitamin D and Mg deficiency

increase LC risk threefold  [110], Mg should do likewise. Furthermore, adequate Mg may offer health

benefits that complement those of rapamycin (RAP) via many disparate pathways outside those directly

involving mTOR (mechanistic or mammalian target of rapamycin). Mg is bottom up, while RAP is top

down.

Unfortunately, serum Mg is not considered representative of intracellular Mg and is not even offered on a

routine chem panel. Although RBC Mg is intracellular, the test has not been embraced as representative

of Mg within mesenchymal cells (bone and muscle), despite their shared TRPM7 channels and its role as

a reservoir for serum Mg. However, given steady state conditions and homeostatic equilibrium, knowing

both RBC Mg and serum Mg enables one to determine total blood Mg and to calculate Mg intake that

might produce these lab values. This assumes adequate vitamin D, which implies approximately

equivalent absorption rates for both Ca and Mg. When Ca:Mg is determined after converting mg/dL into

mmol/L for iMg at the reference range limits, the ratio range closely reflects recommended intake weight

to weight for general health. Ionization rates for both Ca and Mg can be determined by comparing

reference range upper and lower limits for iCa and iMg with their counterparts for serum Ca (tCa) and Mg

(tMg). iCa:iMg value at the upper limit duplicates that at the lower limit for both cations. These points are

discussed in detail and the implications for intake are explored.

Although this review is supported by the relevant human physiology, it is nonetheless a hypothetical

approach. While time consuming randomized controlled trials are underway, the global epidemic of

obesity, diabetes, chronic fatigue diseases, and those age related remains unaddressed.

I. Ca:Mg Balance

The Ca:Mg ratio is critical, as both divalent cations compete for the same transcellular receptor (CaSR)

and transient receptor potential melastatin (TRPM6,7) channels in intestinal absorption and renal
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resorption. CaSRs are Mg dependent G protein coupled receptors (GPCRs) and TRPMs are Mg dependent

kinases and transcellular channels (chanzymes). CaSRs are present on parathyroid, kidney, bone,

intestine, stomach, pancreas, brain, blood vessel and immune cells.

An American type diet is characterized by ultraprocessed food (UPFs), simple sugars, and trans/saturated

fats. All of these impact

the Ca:Mg intake ratio, which reflects parathyroid activity. According to the NHANES, this weight to

weight ratio, which should be no more than 2:1, has been significantly elevated for the past quarter

century (see figure 6).

Figure 6. This figure, based on NHANES data, demonstrates the past 23 year history of the Ca:Mg intake ratio

weight to weight in American males and females over 10 years of age.

Ionized Ca and to a lesser extent iMg dictate PTH secretion, regulating intestinal absorption and renal

resorption of both elements. The American type diet induces secondary hypoparathyroidism (right side

of bell in figure 7). An elevated Ca:Mg drives this, down regulating renal Mg resorption and production of

Mg dependent vitamin D. The abundant adipose tissue (elevated BMI) absorbs even more of onboard

vitamin D with additional negative impact on Mg absorption/resorption. If an elevated Ca intake is not

addressed first, additional Mg intake may further suppress PTH and vitamin D synthesis.
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Figure 7. This figure demonstrates optimal Ca:Mg weight to weight clinically determined (Chinese (left bell)

and American (right bell))[111]. An elevated intake of Ca suppresses PTH synthesis, 1,25(OH)2D production, and

Mg absorption/resorption, while a low intake of Ca upregulates PTH, 1,25(OH)2D, and Mg

absorption/resorption. Assuming steady state conditions and equal absorption rates, the alarming increase in

BMI, UPFs, and Ca in the American type diet may have shifted the equivalence between iCa:iMg in mmol/L

and Ca:Mg weight to weight from 2:1 to 3:2.

The Ca:Mg weight to weight intake range of 1.7-2.6 linked to better health  [111], depicted in figure 6,

conforms well to the iCa:iMg range derived from the reference ranges for serum Ca and Mg, depicted in

figure 8.
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Figure 8. This figure demonstrates that the largest range for a healthy Ca:Mg is defined by minimum Ca:Mg

(min Ca/max Mg) to maximum Ca:Mg (max Ca/min Mg). Converting this range from mg/dL to mmol/L and

then to unbound or ionized forms yields 1.7<Ca:Mg<2.5 (see upper right). Ionization rate for serum Mg in 1994

(70%) is used. If the ionization rate in 2023 (62%) is used, the range becomes 1.87-2.82, much worse.

The reference range limits for tMg, tCa, and iCa have changed very little over the last three decades.

Consequently, iCa:tCa has remained at ~51% throughout. On the other hand, the reference range limits for

iMg have changed significantly. In 1994 Burton et al (the next five authors were Nova technicians)

developed the prototype ion selective electrode and determined that the reference range for iMg was

0.53-0.67 mmol/L  [112]. Three decades later, using a very similar ion selective probe, Nova Biomedical’s

frequently used analyzer, determined 0.45-0.60 mmol/L to be the reference range for iMg [113]. Using the

present tMg range of 0.75-0.95 mmol/L, mean iMg:tMg has fallen from 72% in 1994  [112]  to 62% in
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2025 [113]. The continuing Ca driven secondary hypoparathyroidism might explain this drop in iMg over

the past three decades.

The risk of long Covid is three times more likely if vitamin D and Mg deficiencies are present [110]. The

majority of healthy adults worldwide are vitamin D deficient. This is especially true in females (57% v

44%) [114].

According to the 2013-16 NHANES, 48% of Americans of all ages ingest less than the estimated average

requirement (EAR) for Mg. Normal Mg serum values range from 0.75 to 0.95 mmoles Mg/L. Those from

0.75-0.80 are associated with a 50% greater risk for insulin resistance. Those between 0.80 and 0.85 are

associated with a 20% greater risk for insulin resistance. Both American [115][116] and Chinese [117] studies

have demonstrated this. Another study by Mansmann revealed the lower range of normal to be linked to

pre-menstrual syndrome and migraines (normal tMg but low RBC Mg)[53]. Therefore, the true incidence

of MgD in Americans is probably at least 50%.

Vitamin D immunomodulates the immune response primarily via Th1 lymphocytes. Adequate 25(OH)D to

fulfill this immune function (intracrine) appears to be much higher than 30 ng/mL, otherwise sufficient

for skeletal needs (endocrine). IFN-γ is the defining cytokine of Th1 cells [118]. Any shortfall in circulating

25(OH)D translates to less available within immune cells to fulfill intracrine needs. Subsequently less

immunomodulation of IFN-γ secretion may become problematic (see section IV). All adverse human

health consequences of vitamin D deficiency are associated with a low serum 25(OH)D level (intracrine)

and not with low 1,25(OH)2D (endocrine) [119].

II. Intracellular Mg Versus Intravascular Mg

Although Ca and Mg compete for the same CaSRs and dictate 80% of human metabolism [52], defining

the relationship between intake, intravascular concentration, and intracellular distribution has been

difficult, especially for Mg. CaSRs are not involved in intestinal absorption or renal resorption. In fact 80-

90% of the absorption/resorption for epithelial and endothelial cells is passive and paracellular via tight

junctions. This enables easy absorption and dissemination of Mg to and from the intravascular space and

into the extracellular space. RBC membranes, like those of skeletal muscle cells and almost all

mesenchymal cells (no tight junctions), contain TRPM7. TRPM7 is the only Mg transporter for cellular

influx that possesses an extracellular domain (extracellular pore vestibule) to sense extracellular Mg

concentration [120][121][122]. TRPM7 channels control influx of Mg and influx is inhibited by intracellular
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free Mg²⁺ and MgATP. Because erythrocytes and skeletal myocytes are exposed to the same extracellular

Mg environment, employ the same chanzyme, and maintain cell-specific intracellular Mg set points,

optimal RBC Mg concentration (6.0 mg/dL)  [123]  should reflect optimal skeletal myocyte Mg, despite a

larger intracellular Mg gradient in the latter.

However, RBC Mg also functions as a reservoir to maintain serum Mg within a tight range. RBC Mg sits at

the nexus between intake/serum Mg and intracellular Mg throughout the body and should reflect both.

RBC Mg is much more dynamic (range 4.2-6.8 mg/dL) than serum Mg (range 1.8-2.28 mg/dL). Knowing

both enables determination of total blood Mg (see figure 9). Assuming steady state and homeostatic

equilibrium over time (input equals output), total circulating Mg should approximate absorbed intake of

Mg and vice versa with steady state distribution from blood. Specific intake and recommended blood

minimums should reflect optimal intracellular efficiency. The recommended laboratory data in figure 9

suggests that the optimal weight to weight intake ratio of Ca:Mg should approach 3:2. This figure

demonstrates that:

1. If serum Mg = ~2.04 mg/dL (Rosanoff minimum)[111]  or ~21 mg/L, then, assuming hematocrit of

40%, in serum there are (21 mg/L)(3 liters) or ~62 mg Mg in plasma.

2. If RBC Mg = 6.0 mg/dL (Razzaque minimum) [123] or 60 mg/L, then, assuming hematocrit of 40%, in

RBCs there are (60 mg/L)(2 liters) = 120 mg Mg in erythrocytes or ~182 (62+120) mg Mg total in

circulation

3. If serum Ca = ~9.5 mg/dL (mean) or 95 mg/L, then, assuming hematocrit of 40%, in serum there are

(95 mg/L)(3 liters) = 285 mg Ca in circulation.

4. Based on recommended minima, this approximation of a laboratory-determined Ca:Mg ratio of 285

mg Ca/182 mg Mg = 1.57 (an upper limit) is close to 3:2.

Determining the intake ratio that might support this 3:2 ratio

is difficult. Vitamin D is critical to absorption of Ca and Mg, and Mg is critical to production of vitamin D.

Assuming at least 32 ng/mL of 25(OH)D, Ca and Mg absorptions should range between 30 and 40% [124]

[125][126]. These assumptions suggest that with adequate vitamin D:

1. A daily Ca intake of 285 mg/35% = ~814 mg Ca is needed per day, well below the 1000-1100 mg Ca

RDA for males and females.
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2. A daily Mg intake of 182 mg/.35 = ~520 mg Mg is needed per day (Ca:Mg, 812/520=1.57), well above

the 320 mg Mg RDA for females or 410 mg Mg RDA for males

In 1964 Seelig recommended an intake of 6 mg Mg/kg  [127]. In 1971 Seelig  [128]  updated her

recommendation to 6-10 mg Mg/kg. Durlach repeated the 6 mg Mg/kg recommendation in 1989  [129].

Mean weight for Americans in 1964 was ~70 kg (75 for males and 65 for females). Presently mean weights

in the US are 80 kg for females and 90 kg for males. Using Seelig's and Durlach’s minimum 6 mg Mg/kg

yields

3. A minimum daily Mg intake of (6 mg x 85) = 510 mg Mg is needed per day; absorption of

35% [126] => 179 mg intake for the average American, which conforms well to the 182 mg serum Mg

derived from the Rosanoff and Razzaque recommended minima (see figure 9) (Ca:Mg = 814/510 =1.6

Seelig and Durlach (intake derived) versus 1.57 Rosanoff and Razzaque (lab derived))

So, from both recommended minimum intakes by weight (mg Mg/kg) (Seelig and Durlach) and

recommended minimum lab values (mmol/L) (Rosanoff and Razzaque) Ca:Mg intake should be about 3:2

(see figure 9). Durlach’s 2:1 weight to weight intake recommendation was from 1989, when Mg ionization

was ~72% [112] (BMI/UPF was much lower). The Razzaque and Rosanoff recommendations were published

decades later. The Mg RDA has never been updated. Seelig’s 1964 minimum 6 mg Mg/kg x 70 kg = 420

may have contributed to the Mg RDA of 420 mg per day. The seemingly excessive RDA for Ca may be

based on lower absorption rates possibly due to the widespread shortfall in vitamin D.

qeios.com doi.org/10.32388/U5JTWN.3 21

https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


Figure 9. This figure approximates and interprets laboratory reference data determined by “healthy”

individuals. It assumes steady state homeostasis with hematocrit 40%, blood volume 5 liters, Ca ref range

8.5-10.5 mg/dL, Mg ref range 1.8-2.28 mg/dL (0.75-0.95 mmol/L), vitamin D greater than 32 ng/mL => Ca

absorption [124][125], and Mg absorption [126] to be ~35%. It suggests that a blood Ca:Mg (mmol/L to mmol/L)

and a Ca:Mg intake (weight to weight) of about 3:2 might be the optimal target. This is based on a minimum

serum Mg of 2.04 mg/dL or 0.85 mmol/L [1] and a minimum RBC Mg of 6 mg/dL [123]. Seelig’s 1964 [127],

Seelig’s 1971 [128] and Durlach’s 1989 [129] recommendations are included and support the 3:2 ratio.

Under steady state conditions absorption should approximate excretion. When the recommended serum

minimum of 2.04 mg Mg/dL [111] and the recommended serum minimum of 6.0 mg RBC Mg/dL [123] are

met, this homeostatic equilibrium suggests that either analyte might accurately reveal total body Mg

status, all else being equal. RBC Mg reflects both intracellular Mg and serum Mg. Therefore, serum Mg of

at least 2.04 mg/dL implies adequate RBC and adequate intracellular mesenchymal Mg.

UPF in an American type diet has increased significantly since Durlach’s 1989 2:1 weight to weight

recommendation. Less Mg is now ingested and absorbed. There’s now greater intake of Ca to compete

with Mg for CaSRs and UPFs make dietary Mg intake less available. Unlike Seelig’s and Durlach’s

recommendations, the RDAs do not adjust for weight (see figure 9). Individual serum Ca:Mg in mg/dL

converted to molar concentration (x 24/40) and per cent unbound (x 51%/62%) yields iCa:iMg (see above).

This is easily determined [108] and should be more accurate and less expensive than Mg depletion score,

Ca and Mg intakes by weight, or urine Mg after Mg load.

The percent of food that has been ultraprocessed in developed countries, especially those English

speaking, is close to 60% [130]. Not only does the milling and refining remove much of the Mg in our food
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but UPFs have also driven food choices from Mg rich foods/drinks to Mg poor substitutes. Soil depletion

and ultra processing continue to challenge efforts to achieve Ca:Mg balance.

It is important to note that in the Third World the picture is even more complex. For example, in the

Philippines the urbanite is more likely to be Mg deficient, while those in rural areas are more likely to be

Ca deficient. A traditional Asian diet is more Ca depleted than Mg depleted [131] and vitamin D deficiency

is even more prevalent in the Third World [114]. Other modifying factors not addressed include limited sun

exposure, clothing practices, air pollution, skin pigmentation, and dietary patterns (cultural and genetic,

e.g., lactose intolerance).

Durlach’s 1989 2:1 weight to weight recommendation for Ca:Mg intake [129] was framed as a maximum for

developed countries. Given the increase in BMI, UFs, and dietary Ca since 1989, perhaps 3:2 should be the

new target. The typical Asian diet lowers iCa:iMg and promotes secondary hyperparathyroidism (left side

of bell in figure 6).

Mg supplementation can be complicated. Mg has laxative properties, especially Mg citrate. Exceeding

bowel tolerance is counterproductive. Determination of the amount of elemental Mg ingested must be

adjusted for serving size and whether each serving is reported as elemental Mg (“magnesium as”) or the

entire conjugate itself, where elemental Mg usually comprises only about 10% of the total. The laxative

effect can be minimized by intermittent dosing, varying the forms, and combining absorption

facilitators, like fructo-oligosaccharides  [132], a prebiotic, and pyridoxal-5-phosphate, the active form of

vitamin B6. Mg bioavailability is increased by the concomitant intake of its active form. Pyridoxal

phosphate but not pyridoxine, appears to form a complex with Mg and may enhance absorption [133][134].

Several recent articles have challenged this beneficial effect of B6 on Mg absorption  [135][136], but both

employed Magne, which is 300 mg Mg and 30 mg pyridoxine. Mg chelated with an amino acid like

glycine or lysine is absorbed better than are inorganic Mg salts like Mg oxide. Glycine is the smallest

amino acid, enabling more passive paracellular absorption (80-90% of total absorption/resorption) and

passive distribution throughout the body to and from endothelial cells.

Many are resistant to the notion that MgD is linked to obesity and vice versa. Obese individuals tend to

have lower Mg intake  [137] and more Mg consuming chronic inflammation  [89]. MgD is associated with

inflammaging [1] and a higher Ca:Mg.

PTH and vitamin D are normally inversely related. However, synthesis and secretion of PTH require Mg

and the overweight and obese require more vitamin D. Increasing Mg when Ca:Mg is elevated may
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further suppress PTH and decrease vitamin D[138].

Accordingly, the Ca:Mg imbalance must be addressed first by lowering Ca intake.

Unfortunately the efficacy of RAP, like that of vitamin D, may never be fully appreciated, due to the failure

of randomized controlled trials or meta-analyses to adjust for an elevated Ca:Mg. Furthermore, the

statistical error in the derivation of the RDA for D3 of 600-800 IUs (off by nearly an order of magnitude

due to a statistical error uncovered in 2014) has remained unaddressed for a dozen years [139]. The highly

respected Mg intake recommendations of Seelig and Durlach based on mg/kg and amplified by others,

have languished for many decades, while the RDAs for Ca:Mg intake remain fixed (2.84), while the BMI in

developed countries and cities grows ever larger.

These recommendations are for those unaware of their serum Ca:Mg on an American type diet (relative

secondary hypoparathyroidism due to the low intake of Mg, high intake of Ca, high BMI, UPFs)

1. Determine RBC Mg (should be at least 6.0 mg/dL)

2. or determine serum Mg (should be at least 2.04 mg/dL or ~⅓ of RBC Mg)

3. Determine 25(OH)D level (should be over 40 ng/mL and perhaps 50)

4. Determine serum Ca and Mg (mg/dL to mg/dL)

5. Calculate serum iCa:iMg by converting to mmol/L (x 24/40) and then to that ionized (x 50%/62%) or

Ca:Mg x 0.484 = iCa:iMg (should be less than 2:1)

6. If Ca:Mg is imbalanced consider increasing Mg intake only after decreasing Ca intake (vitamin D

might drop otherwise)

7. Consider D3 supplementation and monitoring

8. Consider prebiotics and probiotics (synbiotics)

9. Consider butyrate (postbiotic)

10. Consider other supplements, if appropriate

11. Consider low dose, intermittent RAP, if 25(OH)D is at least 32 ng/mL, RBC Mg is at least 6.0 mg/dL,

and Ca:Mg is no more than 2:1

Conclusion

RBC Mg sits at the nexus between intracellular Mg and serum Mg and is representative of both. RBCs,

immune cells, and myocytes, the largest pool for intracellular soft tissue Mg, all possess membrane

TRPM7. Mg dependent TRPM7 (chanzyme) is the primary determinant of passage into mesenchymal
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cells. Other Mg transporters do not possess an extracellular pore vestibule to detect extracellular Mg.

ATP-Mg can enable transcellular passage against a 20:1 gradient. RBC Mg gradient is only 3:1 (6.0/2.04).

When its value is optimal at 6.0 mg/dL (minimum)  [123], intracellular concentrations of Mg elsewhere

should also be optimal. RBC Mg should be the first to register any Mg intake shortfall  [53]. An optimal

RBC Mg is linked to an optimal serum Mg, because RBC Mg also functions as a reservoir for serum

Mg [123].

Under steady state conditions and homeostatic equilibrium the recommended optimal intake of Ca:Mg

weight to weight should fulfill the physiologic needs for intracellular Ca:Mg throughout the body. Serum

iCa:iMg, easily determined from serum Ca:Mg, not only reflects Ca:Mg intake weight to weight but also

the Ca:Mg weight to weight clinically correlated with disease, both in America and China [111].

Seelig’s 1964  [127]  and Durlach’s 1989 minimum recommendation of 6 mg Mg/kg  [129]  and Seelig’s 1971

updated recommendation of 6-10 mg Mg/kg [128] were based on physiologic needs. If Seelig's mean of 8

mg Mg/kg and the American mean weight were used (8x85=680) (see figure 9), even the average RDA for

Ca of 1050 mg would yield 3:2 (1050/680) or 1.54. Durlach’s 1989 recommendation Ca:Mg of 2:1 weight to

weight, a minimum for developed countries [24], may be outdated.

BMI has steadily grown, vitamin D deficiency has increased globally  [114], and the popularity and

convenience of the American type UPF laden diet has assaulted Mg intake. Unfortunately ½ of Americans

are Mg deficient and attempts to rectify this are hindered by its laxative effect, an imbalanced Ca:Mg, and

lack of awareness of the actual content of elemental Mg in their supplements. The RDA for Mg has been

too low for decades, despite the explicit recommendations of Seelig (1964) and Durlach (1989). The RDA

for Mg dependent D3 is also too low, despite the revelation of a near 10 fold statistical error in 2014 [139].

Lowering BMI and improving iCa:iMg and vitamin D status might be a worthy goal for those on an

American type diet. Transitioning to a healthier one, slowly decreasing Ca intake and slowly increasing

Mg intake, might gradually improve Ca:Mg by weight. Absorption of Ca and Mg might become more

balanced, and a healthy BMI might make vitamin D more available.

What has been proposed is theoretical and dependent on several reasonable physiologic assumptions.

This proposal is not a structured methodical review but is based on disparate but seemingly related

recent research. Nonetheless, the general approach is hypothetical and must be validated clinically.

qeios.com doi.org/10.32388/U5JTWN.3 25

https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


References

1. a, b, c, d, e, fDominguez LJ, Veronese N, Barbagallo M (2024). "Magnesium and the Hallmarks of Aging." Nutr

ients. 16(4):496. doi:10.3390/nu16040496.

2. ^Cochemé HM, Gil J (2024). "mTOR Links Nutrients, Inflammaging and Lifespan." Nat Aging. 4(8):1034–103

5. doi:10.1038/s43587-024-00681-5.

3. ^Evans S, Burgess K, Gray J (2014). "Recovery from Rapamycin." J Biol Chem. 289:26554–26565. https://ww

w.jbc.org/article/S0021-9258(20)48482-0/fulltext.

4. ^Le Bras A (2022). "Effect of Short-Term Rapamycin Treatment in Flies and Mice." Lab Anim. 51(11):283–28

3. doi:10.1038/s41684-022-01083-z.

5. ^Robida-Stubbs S, Glover-Cutter K, Lamming DW, Mizunuma M, Narasimhan SD, Neumann-Haefelin E, Sa

batini DM, Blackwell TK (2012). "TOR Signaling and Rapamycin Influence Longevity by Regulating SKN-1/

Nrf and DAF-16/FoxO." Cell Metab. 15(5):713–724. doi:10.1016/j.cmet.2012.04.007.

6. ^Kishimoto TK, Fournier M, Michaud A, Rizzo G, Roy C, Capela T, Nukolova N, Li N, Doyle L, Fu FN, VanDyke

D, Traber PG, Spangler JB, Leung SS, Ilyinskii PO (2023). "Rapamycin Nanoparticles Increase the Therapeuti

c Window of Engineered Interleukin-2 and Drive Expansion of Antigen-Specific Regulatory T Cells for Prote

ction Against Autoimmune Disease." J Autoimmun. 140:103125. doi:10.1016/j.jaut.2023.103125.

7. ^Flemister A, Xing X, Overschmidt J, Cassani J, Green SJ, Beversdorf DQ, Woods C, Grinstead JW, Altes TA, Lin

AL, Govindarajan M (2024). "Short-term Sirolimus Treatment Restores Hippocampus and Caudate Volumes

and Global Cerebral Blood Flow in Asymptomatic APOE4 Carriers Compared with Non-carriers." Alzheime

rs Dement. 20(S9). doi:10.1002/alz.094114.

8. a, b, c, d, e, f, gBar-Tana J (2025). "mTORC1 Syndrome (TorS): Unifying Paradigm for PASC, ME/CFS and PAI

S." J Transl Med. 23(1). doi:10.1186/s12967-025-06220-z.

9. ^Kuss-Duerkop SK, Wang J, Mena I, White K, Metreveli G, Sakthivel R, Mata MA, Muñoz-Moreno R, Chen X,

Krammer F, Diamond MS, Chen ZJ, García-Sastre A, Fontoura BMA (2017). "Influenza Virus Differentially Ac

tivates mTORC1 and mTORC2 Signaling to Maximize Late Stage Replication." PLoS Pathog. 13(9):e1006635.

doi:10.1371/journal.ppat.1006635.

10. ^Glorieux C, Enriquez C, Buc Calderon P (2025). "The Complex Interplay Between Redox Dysregulation and

mTOR Signaling Pathway in Cancer: A Rationale for Cancer Treatment." Biochem Pharmacol. 232:116729. d

oi:10.1016/j.bcp.2024.116729.

qeios.com doi.org/10.32388/U5JTWN.3 26

https://doi.org/10.3390/nu16040496
https://doi.org/10.1038/s43587-024-00681-5
https://www.jbc.org/article/S0021-9258(20)48482-0/fulltext
https://www.jbc.org/article/S0021-9258(20)48482-0/fulltext
https://doi.org/10.1038/s41684-022-01083-z
https://doi.org/10.1016/j.cmet.2012.04.007
https://doi.org/10.1016/j.jaut.2023.103125
https://doi.org/10.1002/alz.094114
https://doi.org/10.1186/s12967-025-06220-z
https://doi.org/10.1371/journal.ppat.1006635
https://doi.org/10.1016/j.bcp.2024.116729
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


11. ^Gonçalves FM, Neis VB, Rieger DK, Peres TV, Lopes MW, Heinrich IA, Costa AP, Rodrigues LAS, Kaster MP, L

eal RB (2017). "Glutamatergic System and mTOR-Signaling Pathway Participate in the Antidepressant-Like

Effect of Inosine in the Tail Suspension Test." J Neural Transm. 124(10):1227–1237. doi:10.1007/s00702-017-17

53-4.

12. ^Bishop EL, Gudgeon N, Fulton-Ward T, Stavrou V, Roberts J, Boufersaoui A, Tennant DA, Hewison M, Raza

K, Dimeloe S (2024). "TNF-α Signals Through ITK-Akt-mTOR to Drive CD4+ T Cell Metabolic Reprogrammi

ng, Which Is Dysregulated in Rheumatoid Arthritis." Sci Signal. 17(833). doi:10.1126/scisignal.adg5678.

13. ^Perl A (2015). "mTOR Activation Is a Biomarker and a Central Pathway to Autoimmune Disorders, Cancer,

Obesity, and Aging." Ann N Y Acad Sci. 1346(1):33–44. doi:10.1111/nyas.12756.

14. ^Caccamo A, Magrì A, Medina DX, Wisely EV, López-Aranda MF, Silva AJ, Oddo S (2013). "mTOR Regulates T

au Phosphorylation and Degradation: Implications for Alzheimer's Disease and Other Tauopathies." Aging

Cell. 12(3):370–380. doi:10.1111/acel.12057.

15. ^Johnson SC, Rabinovitch PS, Kaeberlein M (2013). "mTOR Is a Key Modulator of Ageing and Age-Related D

isease." Nature. 493(7432):338–345. doi:10.1038/nature11861.

16. ^Guillén C, Benito M (2018). "mTORC1 Overactivation as a Key Aging Factor in the Progression to Type 2 Di

abetes Mellitus." Front Endocrinol (Lausanne). 9:621. doi:10.3389/fendo.2018.00621.

17. ^Mullen PJ, Garcia G, Purkayastha A, Matulionis N, Schmid EW, Momcilovic M, Sen C, Langerman J, Ramaia

h A, Shackelford DB, Damoiseaux R, French SW, Plath K, Gomperts BN, Arumugaswami V, Christofk HR (202

1). "SARS-CoV-2 Infection Rewires Host Cell Metabolism and Is Potentially Susceptible to mTORC1 Inhibitio

n." Nat Commun. 12(1). doi:10.1038/s41467-021-22166-4.

18. ^Missailidis D, Annesley SJ, Allan CY, Sanislav O, Lidbury BA, Lewis DP, Fisher PR (2020). "An Isolated Comp

lex V Inefficiency and Dysregulated Mitochondrial Function in Immortalized Lymphocytes from ME/CFS P

atients." Int J Mol Sci. 21(3):1074. doi:10.3390/ijms21031074.

19. ^Huynh H, Levitz R, Huang R, Kahn JS (2021). "mTOR Kinase Is a Therapeutic Target for Respiratory Syncyt

ial Virus and Coronaviruses." Sci Rep. 11(1). doi:10.1038/s41598-021-03814-7.

20. ^Kuss-Duerkop SK, Wang J, Mena I, White K, Metreveli G, Sakthivel R, Mata MA, Muñoz-Moreno R, Chen X,

Krammer F, Diamond MS, Chen ZJ, García-Sastre A, Fontoura BMA (2017). "Influenza Virus Differentially Ac

tivates mTORC1 and mTORC2 Signaling to Maximize Late Stage Replication." PLoS Pathog. 13(9):e1006635.

doi:10.1371/journal.ppat.1006635.

21. ^Wang X, Wei Z, Jiang Y, Meng Z, Lu M (2021). "mTOR Signaling: The Interface Linking Cellular Metabolism

and Hepatitis B Virus Replication." Virol Sin. 36(6):1303–1314. doi:10.1007/s12250-021-00450-3.

qeios.com doi.org/10.32388/U5JTWN.3 27

https://doi.org/10.1007/s00702-017-1753-4
https://doi.org/10.1007/s00702-017-1753-4
https://doi.org/10.1126/scisignal.adg5678
https://doi.org/10.1111/nyas.12756
https://doi.org/10.1111/acel.12057
https://doi.org/10.1038/nature11861
https://doi.org/10.3389/fendo.2018.00621
https://doi.org/10.1038/s41467-021-22166-4
https://doi.org/10.3390/ijms21031074
https://doi.org/10.1038/s41598-021-03814-7
https://doi.org/10.1371/journal.ppat.1006635
https://doi.org/10.1007/s12250-021-00450-3
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


22. ^Zhu N, Wang Q, Wu Z, Wang Y, Zeng MS, Yuan Y (2022). "Epstein-Barr Virus LMP1-Activated mTORC1 and

mTORC2 Coordinately Promote Nasopharyngeal Cancer Stem Cell Properties." J Virol. 96(5). doi:10.1128/jvi.

01941-21.

23. ^Sahoo BR, Pattnaik A, Annamalai AS, Franco R, Pattnaik AK (2020). "Mechanistic Target of Rapamycin Si

gnaling Activation Antagonizes Autophagy To Facilitate Zika Virus Replication." J Virol. 94(22). doi:10.1128/j

vi.01575-20.

24. a, bPoglitsch M, Weichhart T, Hecking M, Werzowa J, Katholnig K, Antlanger M, Krmpotic A, Jonjic S, Hörl W

H, Zlabinger GJ, Puchhammer E, Säemann MD (2012). "CMV Late Phase-Induced mTOR Activation Is Essent

ial for Efficient Virus Replication in Polarized Human Macrophages." Am J Transplant. 12(6):1458–1468. doi:

10.1111/j.1600-6143.2012.04002.x.

25. ^Vink EI, Smiley JR, Mohr I (2017). "Subversion of Host Responses to Energy Insufficiency by Us3 Supports H

erpes Simplex Virus 1 Replication during Stress." J Virol. 91(14). doi:10.1128/jvi.00295-17.

26. ^Kumar B, Arora S, Ahmed S, Banerjea AC (2017). "Hyperactivation of Mammalian Target of Rapamycin Co

mplex 1 by HIV-1 Is Necessary for Virion Production and Latent Viral Reactivation." FASEB J. 31(1):180–191. d

oi:10.1096/fj.201600813r.

27. ^Fronticelli Baldelli G, Buonsenso D (2025). "Proposed Mechanistic Axis of Infections and mTOR Hyperactiv

ation: A Multidisciplinary Review of Immune, Rheumatologic, and Psychiatric Links." Children. 12(12):1603.

doi:10.3390/children12121603.

28. ^Chambers PW (2026). "Magnesium and Gender in Long COVID." J Transl Med. 24(1). doi:10.1186/s12967-02

6-08517-z.

29. ^Gourdy P, Araujo LM, Zhu R, Garmy-Susini B, Diem S, Laurell H, Leite-de-Moraes M, Dy M, Arnal JF, Bayar

d F, Herbelin A (2005). "Relevance of Sexual Dimorphism to Regulatory T Cells: Estradiol Promotes IFN-γ Pr

oduction by Invariant Natural Killer T Cells." Blood. 105(6):2415–2420. doi:10.1182/blood-2004-07-2819.

30. ^Zhang Y, Yan R, Zhou Q (2022). "ACE2, B0AT1, and SARS-CoV-2 Spike Protein: Structural and Functional I

mplications." Curr Opin Struct Biol. 74:102388. doi:10.1016/j.sbi.2022.102388.

31. ^Li Y, Chen Y, Zhang Y, Shen Y, Xu K, Liu Y, Wang Z, Yan R (2023). "Structural Insight into the Substrate Recog

nition and Transport Mechanism of Amino Acid Transporter Complex ACE2-B0AT1 and ACE2-SIT1." Cell Di

scov. 9(1). doi:10.1038/s41421-023-00596-2.

32. ^Dodd KM, Tee AR (2012). "Leucine and mTORC1: A Complex Relationship." Am J Physiol Endocrinol Meta

b. 302(11):E1329–E1342. doi:10.1152/ajpendo.00525.2011.

qeios.com doi.org/10.32388/U5JTWN.3 28

https://doi.org/10.1128/jvi.01941-21
https://doi.org/10.1128/jvi.01941-21
https://doi.org/10.1128/jvi.01575-20
https://doi.org/10.1128/jvi.01575-20
https://doi.org/10.1111/j.1600-6143.2012.04002.x
https://doi.org/10.1128/jvi.00295-17
https://doi.org/10.1096/fj.201600813r
https://doi.org/10.3390/children12121603
https://doi.org/10.1186/s12967-026-08517-z
https://doi.org/10.1186/s12967-026-08517-z
https://doi.org/10.1182/blood-2004-07-2819
https://doi.org/10.1016/j.sbi.2022.102388
https://doi.org/10.1038/s41421-023-00596-2
https://doi.org/10.1152/ajpendo.00525.2011
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


33. ^Guntur VP, Nemkov T, de Boer E, Mohning MP, Baraghoshi D, Cendali FI, San-Millán I, Petrache I, D'Alessa

ndro A (2022). "Signatures of Mitochondrial Dysfunction and Impaired Fatty Acid Metabolism in Plasma of

Patients with Post-Acute Sequelae of COVID-19 (PASC)." Metabolites. 12(11):1026. doi:10.3390/metabo1211102

6.

34. ^Mannick JB, Lamming DW (2023). "Targeting the Biology of Aging with mTOR Inhibitors." Nat Aging. 3(6):

642–660. doi:10.1038/s43587-023-00416-y.

35. ^Baghdadi M, Nespital T, Monzó C, Deelen J, Grönke S, Partridge L (2024). "Intermittent Rapamycin Feedin

g Recapitulates Some Effects of Continuous Treatment While Maintaining Lifespan Extension." Mol Metab.

81:101902. doi:10.1016/j.molmet.2024.101902.

36. ^Ye L, Widlund AL, Sims CA, Lamming DW, Guan Y, Davis JG, Sabatini DM, Harrison DE, Vang O, Baur JA (20

13). "Rapamycin Doses Sufficient to Extend Lifespan Do Not Compromise Muscle Mitochondrial Content or

Endurance." Aging (Albany NY). 5(7):539–550. doi:10.18632/aging.100576.

37. ^Mohamed MA, Elkhateeb WA, Daba GM (2022). "Rapamycin Golden Jubilee and Still the Miraculous Drug:

A Potent Immunosuppressant, Antitumor, Rejuvenative Agent, and Potential Contributor in COVID-19 Treat

ment." Bioresour Bioprocess. 9(1):65. doi:10.1186/s40643-022-00554-y.

38. a, bRuan BT, Bulbule S, Gile B, Reyes A, Chheda B, Bateman L, Bell J, Yellman B, Grach SL, Berner J, Peterson

DL, Kaufman D, Roy A, Gottschalk CG (2025). "Low-Dose Rapamycin Alleviates Clinical Symptoms of Fatig

ue and PEM in ME/CFS Patients via Improvement of Autophagy: A Pilot Study." J Transl Med. 23(1):1148. do

i:10.1186/s12967-025-07213-8.

39. ^Carracedo A, Ma L, Teruya-Feldstein J, Rojo F, Salmena L, Alimonti A, Egia A, Sasaki AT, Thomas G, Kozma

SC, Papa Papa A, Nardella C, Cantley LC, Baselga J, Pandolfi PP (2008). "Inhibition of mTORC1 Leads to MA

PK Pathway Activation Through a PI3K-Dependent Feedback Loop in Human Cancer." J Clin Invest. 118(9):3

065–3074. doi:10.1172/jci34739.

40. ^Thoreen CC, Kang SA, Chang JW, Liu Q, Zhang J, Gao Y, Reichling LJ, Sim T, Sabatini DM, Gray NS (2009). "A

n ATP-Competitive Mammalian Target of Rapamycin Inhibitor Reveals Rapamycin-Resistant Functions of

mTORC1." J Biol Chem. 284(12):8023–8032. doi:10.1074/jbc.m900301200.

41. ^Qin X, Jiang B, Zhang Y (2016). "4E-BP1, a Multifactor Regulated Multifunctional Protein." Cell Cycle. 15(6):

781–786. doi:10.1080/15384101.2016.1151581.

42. ^Panwar V, Singh A, Bhatt M, Tonk RK, Azizov S, Raza AS, Sengupta S, Kumar D, Garg M (2023). "Multifacet

ed Role of mTOR (Mammalian Target of Rapamycin) Signaling Pathway in Human Health and Disease." Si

g Transduct Target Ther. 8(1):375. doi:10.1038/s41392-023-01608-z.

qeios.com doi.org/10.32388/U5JTWN.3 29

https://doi.org/10.3390/metabo12111026
https://doi.org/10.3390/metabo12111026
https://doi.org/10.1038/s43587-023-00416-y
https://doi.org/10.1016/j.molmet.2024.101902
https://doi.org/10.18632/aging.100576
https://doi.org/10.1186/s40643-022-00554-y
https://doi.org/10.1186/s12967-025-07213-8
https://doi.org/10.1172/jci34739
https://doi.org/10.1074/jbc.m900301200
https://doi.org/10.1080/15384101.2016.1151581
https://doi.org/10.1038/s41392-023-01608-z
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


43. ^Kadasah SF (2026). "Targeting the MAPK Pathway in Cancer." Int J Mol Sci. 27(1):214. doi:10.3390/ijms270

10214.

44. ^Xiao X, Dokudovskaya S (2026). "The Rapamycin sTORy: 50-Year Journey from Easter Island to the Fronti

ers of Biology and Medicine." Trends Biochem Sci. 51(4):320–341. doi:10.1016/j.tibs.2026.02.004.

45. ^Cruz MC, Goldstein AL, Blankenship J, Del Poeta M, Perfect JR, McCusker JH, Bennani YL, Cardenas ME, Hei

tman J (2001). "Rapamycin and Less Immunosuppressive Analogs Are Toxic to Candida albicans and Crypt

ococcus neoformans via FKBP12-Dependent Inhibition of TOR." Antimicrob Agents Chemother. 45(11):3162

–3170. doi:10.1128/aac.45.11.3162-3170.2001.

46. a, bChambers PW (2023). "The Candida Covid Connection: Preexisting Candida Overgrowth and Gut Dysbio

sis Drives Long Covid." Neuroscience and Neurological Surgery. 13(7):01–09. doi:10.31579/2578-8868/283.

47. a, bBozza S, Fallarino F, Pitzurra L, Zelante T, Montagnoli C, Bellocchio S, Mosci P, Vacca C, Puccetti P, Roma

ni L (2005). "A Crucial Role for Tryptophan Catabolism at the Host/Candida albicans Interface." J Immunol.

174(5):2910–2918. doi:10.4049/jimmunol.174.5.2910.

48. ^Chambers P (2024). "Candida and Long Covid: Mannan Not from Heaven." Qeios. 6(6). doi:10.32388/je31eo.

5.

49. a, bEvans D, Fiehn O, Schork N, Cummings S (2025). "Metabolomics of Human Aging and Longevity." Innov

ation in Aging. 9(Supplement_2). doi:10.1093/geroni/igaf122.2085.

50. a, b, cChambers P (2024). "Magnesium and Longevity." Qeios. 6(11). doi:10.32388/n1scbr.3.

51. ^Ferenc K, Sokal-Dembowska A, Helma K, Motyka E, Jarmakiewicz-Czaja S, Filip R (2024). "Modulation of t

he Gut Microbiota by Nutrition and Its Relationship to Epigenetics." Int J Mol Sci. 25(2):1228. doi:10.3390/ijm

s25021228.

52. a, bWorkinger JL, Doyle RP, Bortz J (2018). "Challenges in the Diagnosis of Magnesium Status." Nutrients. 10

(9):1202. doi:10.3390/nu10091202.

53. a, b, cMansmann HC (1994). "Consider Magnesium Homeostasis: III: Cytochrome P450 Enzymes and Drug T

oxicity*." Pediatric Asthma, Allergy & Immunology. 8(1):7–28. doi:10.1089/pai.1994.8.7.

54. ^Zhang M, Chen T, Lu X, Lan X, Chen Z, Lu S (2024). "G Protein-Coupled Receptors (GPCRs): Advances in Str

uctures, Mechanisms and Drug Discovery." Sig Transduct Target Ther. 9(1). doi:10.1038/s41392-024-01803-6.

55. ^Li FY, Chaigne-Delalande B, Kanellopoulou C, Davis JC, Matthews HF, Douek DC, Cohen JI, Uzel G, Su HC, L

enardo MJ (2011). "Second Messenger Role for Mg2+ Revealed by Human T-Cell Immunodeficiency." Natur

e. 475(7357):471–476. doi:10.1038/nature10246.

qeios.com doi.org/10.32388/U5JTWN.3 30

https://doi.org/10.3390/ijms27010214
https://doi.org/10.3390/ijms27010214
https://doi.org/10.1016/j.tibs.2026.02.004
https://doi.org/10.1128/aac.45.11.3162-3170.2001
https://doi.org/10.31579/2578-8868/283
https://doi.org/10.4049/jimmunol.174.5.2910
https://doi.org/10.32388/je31eo.5
https://doi.org/10.32388/je31eo.5
https://doi.org/10.1093/geroni/igaf122.2085
https://doi.org/10.32388/n1scbr.3
https://doi.org/10.3390/ijms25021228
https://doi.org/10.3390/ijms25021228
https://doi.org/10.3390/nu10091202
https://doi.org/10.1089/pai.1994.8.7
https://doi.org/10.1038/s41392-024-01803-6
https://doi.org/10.1038/nature10246
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


56. ^Akimbekov NS, Coban SO, Atfi A, Razzaque MS (2024). "The Role of Magnesium in Pancreatic Beta-Cell F

unction and Homeostasis." Front Nutr. 11. doi:10.3389/fnut.2024.1458700.

57. ^Stevens CM, Weeks K, Jain SK (2025). "Potential of Vitamin D and l-Cysteine Co-supplementation to Down

regulate Mammalian Target of Rapamycin: A Novel Therapeutic Approach to Diabetes." Metabolic Syndro

me and Related Disorders. doi:10.1089/met.2024.0146.

58. ^Sheeley MP, Andolino C, Kiesel VA, Teegarden D (2022). "Vitamin D Regulation of Energy Metabolism in C

ancer." British Journal of Pharmacology. 179(12):2890–2905. doi:10.1111/bph.15424.

59. ^Høyer-Hansen M, Nordbrandt SPS, Jäättelä M (2010). "Autophagy as a Basis for the Health-Promoting Effe

cts of Vitamin D." Trends in Molecular Medicine. 16(7):295–302. doi:10.1016/j.molmed.2010.04.005.

60. ^Liang M, Yin S, Dai Y, Xu F, Bowen C, Siniša V, Li X, Wu D, Li Z, Wang T (2026). "Vitamin D Receptor in Canc

er: Biological Functions, Mechanistic Insights, and Clinical Relevance." Cancer Management and Research.

Volume 18:1–15. doi:10.2147/cmar.s571200.

61. ^Clement J, Wong M, Poljak A, Sachdev P, Braidy N (2019). "The Plasma NAD+ Metabolome Is Dysregulated

in “Normal” Aging." Rejuvenation Research. 22(2):121–130. doi:10.1089/rej.2018.2077.

62. ^Bogan KL, Brenner C (2008). "Nicotinic Acid, Nicotinamide, and Nicotinamide Riboside: A Molecular Eval

uation of NAD+ Precursor Vitamins in Human Nutrition." Annual Review of Nutrition. 28(1):115–130. doi:10.

1146/annurev.nutr.28.061807.155443.

63. ^Katsyuba E, Romani M, Hofer D, Auwerx J (2020). "NAD+ Homeostasis in Health and Disease." Nat Metab.

2(1):9–31. doi:10.1038/s42255-019-0161-5.

64. ^Cowan JA (2002). "Structural and Catalytic Chemistry of Magnesium-Dependent Enzymes." Biometals. 15

(3):225–235. doi:10.1023/a:1016022730880.

65. a, bYangzom T, Chen A, Lundberg BC, Liang KX (2026). "Nicotinamide Riboside Reduces Glial Inflammation

and Boosts Mitochondrial Function." Int J Biol Sci. 22(11):6035–6063. doi:10.7150/ijbs.119262.

66. a, bCovarrubias AJ, Perrone R, Grozio A, Verdin E (2021). "NAD+ Metabolism and Its Roles in Cellular Process

es During Ageing." Nat Rev Mol Cell Biol. 22(2):119–141. doi:10.1038/s41580-020-00313-x.

67. ^Xu W, Li L, Zhang L (2020). "NAD+ Metabolism as an Emerging Therapeutic Target for Cardiovascular Dis

eases Associated With Sudden Cardiac Death." Front Physiol. 11:901. doi:10.3389/fphys.2020.00901.

68. ^Yamaguchi S, Yoshino J (2017). "Adipose Tissue NAD+ Biology in Obesity and Insulin Resistance: From Mec

hanism to Therapy." BioEssays. 39(5):1600227. doi:10.1002/bies.201600227.

69. ^Wu J, Han K, Sack MN (2024). "Targeting NAD+ Metabolism to Modulate Autoimmunity and Inflammatio

n." The Journal of Immunology. 212(7):1043–1050. doi:10.4049/jimmunol.2300693.

qeios.com doi.org/10.32388/U5JTWN.3 31

https://doi.org/10.3389/fnut.2024.1458700
https://doi.org/10.1089/met.2024.0146
https://doi.org/10.1111/bph.15424
https://doi.org/10.1016/j.molmed.2010.04.005
https://doi.org/10.2147/cmar.s571200
https://doi.org/10.1089/rej.2018.2077
https://doi.org/10.1146/annurev.nutr.28.061807.155443
https://doi.org/10.1146/annurev.nutr.28.061807.155443
https://doi.org/10.1038/s42255-019-0161-5
https://doi.org/10.1023/a:1016022730880
https://doi.org/10.7150/ijbs.119262
https://doi.org/10.1038/s41580-020-00313-x
https://doi.org/10.3389/fphys.2020.00901
https://doi.org/10.1002/bies.201600227
https://doi.org/10.4049/jimmunol.2300693
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


70. ^Nelson DL, Cox MM, Hoskins AA (2021). Lehninger Principles of Biochemistry. 8th ed. W. H. Freeman/Mac

millan.

71. ^Janssens GE, Trętowicz MM, Grevendonk L, Kotte M, Scantlebery A, Schomakers BV, van Weeghel M, Herm

ans J, Vervaart MAT, Wever EJM, Denis SW, Jongejan A, Salomons GS, Vaz FM, Schrauwen P, Hoeks J, Houtko

oper RH (2026). "Delayed Molecular Aging, Preservation of Energy Metabolism and Enhanced Exercise Res

ponse in Exercise-Trained Human Muscle." Nat Aging. 6(7):1482–1500. doi:10.1038/s43587-026-01150-x.

72. ^Majeed Y, Halabi N, Madani AY, Engelke R, Bhagwat AM, Abdesselem H, Agha MV, Vakayil M, Courjaret R,

Goswami N, Hamidane HB, Elrayess MA, Rafii A, Graumann J, Schmidt F, Mazloum NA (2021). "SIRT1 Prom

otes Lipid Metabolism and Mitochondrial Biogenesis in Adipocytes and Coordinates Adipogenesis by Targe

ting Key Enzymatic Pathways." Sci Rep. 11(1):8177. doi:10.1038/s41598-021-87759-x.

73. ^Cao L, Li Y, Smirnov A, Voshtani R, Wang T, Shao C, Candi E, Melino G, Shi Y, Fang J (2026). "PGC-1α: Key Re

gulator of Mitochondrial Biogenesis and Cellular Differentiation in Metabolic and Regenerative Tissues." C

ell Biosci. 16(1). doi:10.1186/s13578-025-01519-2.

74. ^Yang J, Matsukawa N, Rakugi H, Imai M, Kida I, Nagai M, et al. (2003). "Upregulation of cAMP Is a New Fu

nctional Signal Pathway of Klotho in Endothelial Cells." Biochemical and Biophysical Research Communic

ations. 301(2):424–429. doi:10.1016/S0006-291X(02)03056-5.

75. ^Jin L, Shi L, Huang W (2024). "The Role of Bile Acids in Human Aging." Medical Review. 4(2):154–157. doi:1

0.1515/mr-2024-0003.

76. ^Hazan S, Dave S, Papoutsis AJ, Deshpande N, Howell MC, Martin LM (2025). "Vitamin C Improves Gut Bifid

obacteria in Humans." Future Microbiology. 20(7-9):543–557. doi:10.2217/fmb-2022-0209.

77. ^Ağagündüz D, Yılmaz B, Şahin TÖ, Güneşliol BE, Ayten Ş, Russo P, Spano G, Rocha JM, Bartkiene E, Özogul

F (2021). "Dairy Lactic Acid Bacteria and Their Potential Function in Dietetics: The Food–Gut-Health Axis."

Foods. 10(12):3099. doi:10.3390/foods10123099.

78. ^Guo C, Che X, Briese T, Ranjan A, Allicock O, Yates RA, Cheng A, March D, Hornig M, Komaroff AL, Levine S,

Bateman L, Vernon SD, Klimas NG, Montoya JG, Peterson DL, Lipkin WI, Williams BL (2023). "Deficient Buty

rate-Producing Capacity in the Gut Microbiome Is Associated with Bacterial Network Disturbances and Fati

gue Symptoms in ME/CFS." Cell Host Microbe. 31(2):288–304.e8. doi:10.1016/j.chom.2023.01.004.

79. ^Zhang D, Zhou Y, Ma Y, Chen P, Tang J, Yang B, Li H, Liang M, Xue Y, Liu Y, Zhang J, Wang X (2023). "Gut Mic

robiota Dysbiosis Correlates With Long COVID-19 at One-Year After Discharge." J Korean Med Sci. 38(15):e12

0. doi:10.3346/jkms.2023.38.e120.

qeios.com doi.org/10.32388/U5JTWN.3 32

https://doi.org/10.1038/s43587-026-01150-x
https://doi.org/10.1038/s41598-021-87759-x
https://doi.org/10.1186/s13578-025-01519-2
https://doi.org/10.1016/S0006-291X(02)03056-5
https://doi.org/10.1515/mr-2024-0003
https://doi.org/10.1515/mr-2024-0003
https://doi.org/10.2217/fmb-2022-0209
https://doi.org/10.3390/foods10123099
https://doi.org/10.1016/j.chom.2023.01.004
https://doi.org/10.3346/jkms.2023.38.e120
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


80. ^Sasaki H, Hayashi K, Imamura M, Hirota Y, Hosoki H, Nitta L, Furutani A, Shibata S (2023). "Combined Resi

stant Dextrin and Low-Dose Mg Oxide Administration Increases Short-Chain Fatty Acid and Lactic Acid Pr

oduction by Gut Microbiota." The Journal of Nutritional Biochemistry. 120:109420. doi:10.1016/j.jnutbio.202

3.109420.

81. ^Fu Q, Li T, Zhang C, Ma X, Meng L, Liu L, Shao K, Wu G, Zhu X, Zhao X (2023). "Butyrate Mitigates Metaboli

c Dysfunctions via the ERα-AMPK Pathway in Muscle in OVX Mice with Diet-Induced Obesity." Cell Commu

n Signal. 21(1):95. doi:10.1186/s12964-023-01119-y.

82. ^Siddiqui MT, Cresci GAM (2021). "The Immunomodulatory Functions of Butyrate." Journal of Inflammatio

n Research. Volume 14:6025–6041. doi:10.2147/jir.s300989.

83. ^Martin-Gallausiaux C, Larraufie P, Jarry A, Béguet-Crespel F, Marinelli L, Ledue F, Reimann F, Blottière H

M, Lapaque N (2018). "Butyrate Produced by Commensal Bacteria Down-Regulates Indolamine 2,3-Dioxyg

enase 1 (IDO-1) Expression via a Dual Mechanism in Human Intestinal Epithelial Cells." Front Immunol. 9:2

838. doi:10.3389/fimmu.2018.02838.

84. ^Saban Güler M, Arslan S, Ağagündüz D, Cerqua I, Pagano E, Berni Canani R, Capasso R (2025). "Butyrate:

A Potential Mediator of Obesity and Microbiome via Different Mechanisms of Actions." Food Research Inter

national. 199:115420. doi:10.1016/j.foodres.2024.115420.

85. ^Chi H (2012). "Regulation and Function of mTOR Signalling in T Cell Fate Decisions." Nat Rev Immunol. 12

(5):325–338. doi:10.1038/nri3198.

86. ^Rosanoff A, Seelig MS (2004). "Comparison of Mechanism and Functional Effects of Magnesium and Stati

n Pharmaceuticals." Journal of the American College of Nutrition. 23(5):501S–505S. doi:10.1080/07315724.2

004.10719389.

87. ^Schoenborn JR, Wilson CB (2007). "Regulation of Interferon-γ During Innate and Adaptive Immune Respo

nses." Advances in Immunology. 96:41–101. doi:10.1016/s0065-2776(07)96002-2.

88. ^Chaigne-Delalande B, Li FY, O'Connor GM, Lukacs MJ, Jiang P, Zheng L, Shatzer A, Biancalana M, Pittaluga

S, Matthews HF, Jancel TJ, Bleesing JJ, Marsh RA, Kuijpers TW, Nichols KE, Lucas CL, Nagpal S, Mehmet H, S

u HC, Cohen JI, Uzel G, Lenardo MJ (2013). "Mg2+ Regulates Cytotoxic Functions of NK and CD8 T Cells in Ch

ronic EBV Infection Through NKG2D." Science. 341(6142):186–191. doi:10.1126/science.1240094.

89. a, bNielsen FH (2018). "Magnesium Deficiency and Increased Inflammation: Current Perspectives." Journal o

f Inflammation Research. Volume 11:25–34. doi:10.2147/jir.s136742.

90. ^Heimes AS, Härtner F, Almstedt K, Krajnak S, Lebrecht A, Battista MJ, Edlund K, Brenner W, Hasenburg A, S

ahin U, Gehrmann M, Hengstler JG, Schmidt M (2020). "Prognostic Significance of Interferon-gamma and It

qeios.com doi.org/10.32388/U5JTWN.3 33

https://doi.org/10.1016/j.jnutbio.2023.109420
https://doi.org/10.1016/j.jnutbio.2023.109420
https://doi.org/10.1186/s12964-023-01119-y
https://doi.org/10.2147/jir.s300989
https://doi.org/10.3389/fimmu.2018.02838
https://doi.org/10.1016/j.foodres.2024.115420
https://doi.org/10.1038/nri3198
https://doi.org/10.1080/07315724.2004.10719389
https://doi.org/10.1080/07315724.2004.10719389
https://doi.org/10.1016/s0065-2776(07)96002-2
https://doi.org/10.1126/science.1240094
https://doi.org/10.2147/jir.s136742
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


s Signaling Pathway in Early Breast Cancer Depends on the Molecular Subtypes." Int J Mol Sci. 21(19):7178. d

oi:10.3390/ijms21197178.

91. ^Liang T, Wang X, Wang Y, Ma W (2023). "IFN-γ Triggered IFITM2 Expression to Induce Malignant Phenoty

pe in Elderly GBM." J Mol Neurosci. 73(11-12):946–955. doi:10.1007/s12031-023-02156-5.

92. ^Kartika R, Wibowo H, Purnamasari D, Pradipta S, Larasati RA (2020). "Altered Indoleamine 2,3-Dioxygena

se Production and Its Association to Inflammatory Cytokines in Peripheral Blood Mononuclear Cells Cultur

e of Type 2 Diabetes Mellitus." International Journal of Tryptophan Research. 13. doi:10.1177/117864692097

8236.

93. ^Salminen A (2022). "Role of Indoleamine 2,3-Dioxygenase 1 (IDO1) and Kynurenine Pathway in the Regul

ation of the Aging Process." Ageing Research Reviews. 75:101573. doi:10.1016/j.arr.2022.101573.

94. ^Théate I, van Baren N, Pilotte L, Moulin P, Larrieu P, Renauld JC, Hervé C, Gutierrez-Roelens I, Marbaix E, S

empoux C, Van den Eynde BJ (2015). "Extensive Profiling of the Expression of the Indoleamine 2,3-Dioxygen

ase 1 Protein in Normal and Tumoral Human Tissues." Cancer Immunology Research. 3(2):161–172. doi:10.11

58/2326-6066.cir-14-0137.

95. ^Huang X, Zhang F, Wang X, Liu K (2022). "The Role of Indoleamine 2, 3-Dioxygenase 1 in Regulating Tum

or Microenvironment." Cancers. 14(11):2756. doi:10.3390/cancers14112756.

96. ^Zhai L, Bell A, Ladomersky E, Lauing KL, Bollu L, Nguyen B, Genet M, Kim M, Chen P, Mi X, Wu JD, Schipma

MJ, Wray B, Griffiths J, Unwin RD, Clark SJ, Acharya R, Bao R, Horbinski C, Lukas RV, Schiltz GE, Wainwright

DA (2021). "Tumor Cell IDO Enhances Immune Suppression and Decreases Survival Independent of Trypto

phan Metabolism in Glioblastoma." Clinical Cancer Research. 27(23):6514–6528. doi:10.1158/1078-0432.ccr-

21-1392.

97. ^Uyttenhove C, Pilotte L, Théate I, Stroobant V, Colau D, Parmentier N, Boon T, Van den Eynde BJ (2003). "Ev

idence for a Tumoral Immune Resistance Mechanism Based on Tryptophan Degradation by Indoleamine 2,

3-Dioxygenase." Nature Medicine. 9(10):1269–1274. doi:10.1038/nm934.

98. ^Kondrikov D, Elmansi A, Bragg RT, Mobley T, Barrett T, Eisa N, Kondrikova G, Schoeinlein P, Aguilar-Perez

A, Shi XM, Fulzele S, Lawrence MM, Hamrick M, Isales C, Hill W (2020). "Kynurenine Inhibits Autophagy an

d Promotes Senescence in Aged Bone Marrow Mesenchymal Stem Cells Through the Aryl Hydrocarbon Rec

eptor Pathway." Experimental Gerontology. 130:110805. doi:10.1016/j.exger.2019.110805.

99. ^Kaiser H, Parker E, Hamrick MW (2020). "Kynurenine Signaling Through the Aryl Hydrocarbon Receptor: I

mplications for Aging and Healthspan." Experimental Gerontology. 130:110797. doi:10.1016/j.exger.2019.1107

97.

qeios.com doi.org/10.32388/U5JTWN.3 34

https://doi.org/10.3390/ijms21197178
https://doi.org/10.1007/s12031-023-02156-5
https://doi.org/10.1177/1178646920978236
https://doi.org/10.1177/1178646920978236
https://doi.org/10.1016/j.arr.2022.101573
https://doi.org/10.1158/2326-6066.cir-14-0137
https://doi.org/10.1158/2326-6066.cir-14-0137
https://doi.org/10.3390/cancers14112756
https://doi.org/10.1158/1078-0432.ccr-21-1392
https://doi.org/10.1158/1078-0432.ccr-21-1392
https://doi.org/10.1038/nm934
https://doi.org/10.1016/j.exger.2019.110805
https://doi.org/10.1016/j.exger.2019.110797
https://doi.org/10.1016/j.exger.2019.110797
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


100. ^Zelante T, Iannitti RG, Cunha C, De Luca A, Giovannini G, Pieraccini G, Zecchi R, D’Angelo C, Massi-Benedet

ti C, Fallarino F, Carvalho A, Puccetti P, Romani L (2013). "Tryptophan Catabolites from Microbiota Engage

Aryl Hydrocarbon Receptor and Balance Mucosal Reactivity via Interleukin-22." Immunity. 39(2):372–385.

doi:10.1016/j.immuni.2013.08.003.

101. ^Coumoul X, Barouki R, Esser C, Haarmann-Stemmann T, Lawrence BP, Lehmann J, Moura-Alves P, Murray

IA, Opitz CA, Perdew GH, Bourguet W (2026). "The Aryl Hydrocarbon Receptor: Structure, Signaling, Physiol

ogy and Pathology." Sig Transduct Target Ther. 11(1):20. doi:10.1038/s41392-025-02500-8.

102. ^Jing Y, You X, Feng Y, Wu S, Wang K, Yuan H, Liu J (2026). "Aryl Hydrocarbon Receptor: A Multifaceted Envir

onmental Sensor in Liver Homeostasis and Disease." Front. Med. 13:1801871. doi:10.3389/fmed.2026.1801871.

103. ^Jin L, Shi L, Huang W (2024). "The Role of Bile Acids in Human Aging." Med Rev. 4(2):154–157. doi:10.1515/

mr-2024-0003.

104. ^Masse KE, Lu VB (2023). "Short-Chain Fatty Acids, Secondary Bile Acids and Indoles: Gut Microbial Metab

olites with Effects on Enteroendocrine Cell Function and Their Potential as Therapies for Metabolic Diseas

e." Front Endocrinol (Lausanne). 14:1169624. doi:10.3389/fendo.2023.1169624.

105. ^Chavda VP, Balar PC, Vaghela DA, Dodiya P (2024). "Unlocking Longevity with GLP-1: A Key to Turn Back

the Clock?" Maturitas. 186:108028. doi:10.1016/j.maturitas.2024.108028.

106. ^Peng W, Zhou R, Sun ZF, Long JW, Gong YQ (2022). "Novel Insights into the Roles and Mechanisms of GLP-1

Receptor Agonists against Aging-Related Diseases." Aging and disease. 13(2):468–490. doi:10.14336/AD.202

1.0928.

107. ^Huang LY, Liu CH, Chen FY, Kuo CH, Pitrone P, Liu JS (2023). "Aging Affects Insulin Resistance, Insulin Secre

tion, and Glucose Effectiveness in Subjects with Normal Blood Glucose and Body Weight." Diagnostics (Base

l). 13(13):2158. doi:10.3390/diagnostics13132158.

108. a, bChambers PW (2026). "Long COVID: The Roles of Magnesium and Angiotensin-Converting Enzyme 2."

Microbes & Immunity. 0(0):025500131. doi:10.36922/MI025500131.

109. ^Setoguchi R, Matsui Y, Mouri K (2015). "mTOR Signaling Promotes a Robust and Continuous Production of

IFN-γ by Human Memory CD8+ T Cells and Their Proliferation." Eur J Immunol. 45(3):893–902. doi:10.100

2/eji.201445086.

110. a, bGuerrero-Romero F, Gamboa-Gómez CI, Rodríguez-Morán M, Orrante M, Rosales-Galindo E, Cisneros-R

amírez I, Arce-Quiñones M, Orona-Díaz K, Simental-Mendia LE, Martínez-Aguilar G (2023). "Hypomagnese

mia and 25-Hydroxyvitamin D Deficiency in Patients with Long COVID." Magnes Res. 36(3):30–36. doi:10.16

84/mrh.2023.0519.

qeios.com doi.org/10.32388/U5JTWN.3 35

https://doi.org/10.1016/j.immuni.2013.08.003
https://doi.org/10.1038/s41392-025-02500-8
https://doi.org/10.3389/fmed.2026.1801871
https://doi.org/10.1515/mr-2024-0003
https://doi.org/10.1515/mr-2024-0003
https://doi.org/10.3389/fendo.2023.1169624
https://doi.org/10.1016/j.maturitas.2024.108028
https://doi.org/10.14336/AD.2021.0928
https://doi.org/10.14336/AD.2021.0928
https://doi.org/10.3390/diagnostics13132158
https://doi.org/10.36922/MI025500131
https://doi.org/10.1002/eji.201445086
https://doi.org/10.1002/eji.201445086
https://doi.org/10.1684/mrh.2023.0519
https://doi.org/10.1684/mrh.2023.0519
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


111. a, b, c, d, eRosanoff A, Dai Q, Shapses SA (2016). "Essential Nutrient Interactions: Does Low or Suboptimal Ma

gnesium Status Interact with Vitamin D and/or Calcium Status?" Advances in nutrition. 7(1):25–43. doi:10.3

945/an.115.008631.

112. a, b, cAltura BT, Shirey TL, Young CC, Dellorfano K, Hiti J, Welsh R, Yeh Q, Barbour RL, Altura BM (1994). "Cha

racterization of a New Ion Selective Electrode for Ionized Magnesium in Whole Blood, Plasma, Serum, and

Aqueous Samples." Scandinavian Journal of Clinical and Laboratory Investigation. 54(sup217):21–36. doi:10.

3109/00365519409095208.

113. a, bBouillon-Minois JB, Khaled L, Vitte F, Miraillet L, Eschalier R, Jabaudon M, et al (2023). "Ionized Magnesi

um: Interpretation and Interest in Atrial Fibrillation." Nutrients. 15(1):236. doi:10.3390/nu15010236.

114. a, b, cErgin BB, Ekuklu G (2026). "Prevalence of Vitamin D Deficiency in Healthy Adults: A Systematic Revie

w and Meta-Analysis." Bratisl. Med. J. 127:691–698. doi:10.1007/s44411-025-00411-2.

115. ^Gröber U, Schmidt J, Kisters K (2015). "Magnesium in Prevention and Therapy." Nutrients. 7(9):8199–8226.

doi:10.3390/nu7095388.

116. ^Tian Z, Qu S, Chen Y, Fang J, Song X, He K, Jiang K, Sun X, Shi J, Tao Y, Jin L (2024). "Associations of the Mag

nesium Depletion Score and Magnesium Intake with Diabetes Among US Adults: An Analysis of the NHANE

S 2011-2018." Epidemiol Health. 46:e2024020. doi:10.4178/epih.e2024020.

117. ^Li W, Jiao Y, Wang L, Wang S, Hao L, Wang Z, Wang H, Zhang B, Ding G, Jiang H (2022). "Association of Seru

m Magnesium with Insulin Resistance and Type 2 Diabetes among Adults in China." Nutrients. 14(9):1799. d

oi:10.3390/nu14091799.

118. ^Wei R, Christakos S (2015). "Mechanisms Underlying the Regulation of Innate and Adaptive Immunity by

Vitamin D." Nutrients. 7(10):8251–8260. doi:10.3390/nu7105392.

119. ^Chun RF, Shieh A, Gottlieb C, Yacoubian V, Wang J, Hewison M, Adams JS (2019). "Vitamin D Binding Protei

n and the Biological Activity of Vitamin D." Front. Endocrinol. 10:718. doi:10.3389/fendo.2019.00718.

120. ^Tashiro M, Inoue H, Konishi M (2014). "Physiological Pathway of Magnesium Influx in Rat Ventricular My

ocytes." Biophys J. 107(9):2049–2058. doi:10.1016/j.bpj.2014.09.015.

121. ^Duan J, Li Z, Li J, Hulse RE, Santa-Cruz A, Valinsky WC, et al (2018). "Structure of the Mammalian TRPM7, a

Magnesium Channel Required During Embryonic Development." Proc Natl Acad Sci U S A. 115(35):E8201–E

8210. doi:10.1073/pnas.1810719115.

122. ^Ryazanova LV, Rondon LJ, Zierler S, Hu Z, Galli J, Yamaguchi TP, Mazur A, Fleig A, Ryazanov AG (2010). "T

RPM7 is Essential for Mg2+ Homeostasis in Mammals." Nat Commun. 1(1):109. doi:10.1038/ncomms1108.

qeios.com doi.org/10.32388/U5JTWN.3 36

https://doi.org/10.3945/an.115.008631
https://doi.org/10.3945/an.115.008631
https://doi.org/10.3109/00365519409095208
https://doi.org/10.3109/00365519409095208
https://doi.org/10.3390/nu15010236
https://doi.org/10.1007/s44411-025-00411-2
https://doi.org/10.3390/nu7095388
https://doi.org/10.4178/epih.e2024020
https://doi.org/10.3390/nu14091799
https://doi.org/10.3390/nu7105392
https://doi.org/10.3389/fendo.2019.00718
https://doi.org/10.1016/j.bpj.2014.09.015
https://doi.org/10.1073/pnas.1810719115
https://doi.org/10.1038/ncomms1108
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


123. a, b, c, d, e, fRazzaque MS (2018). "Magnesium: Are We Consuming Enough?" Nutrients. 10(12):1863. doi:10.33

90/nu10121863.

124. a, bFleet JC, Schoch RD (2010). "Molecular Mechanisms for Regulation of Intestinal Calcium Absorption by V

itamin D and Other Factors." Crit Rev Clin Lab Sci. 47(4):181–195. doi:10.3109/10408363.2010.536429.

125. a, bKhazai N, Judd SE, Tangpricha V (2008). "Calcium and Vitamin D: Skeletal and Extraskeletal Health." Cu

rr Rheumatol Rep. 10(2):110–117. doi:10.1007/s11926-008-0020-y.

126. a, b, cNIH (2023). "NIH Mg Fact Sheet." NIH. https://ods.od.nih.gov/factsheets/magnesium-healthprofessiona

l/.

127. a, b, cSeelig MS (1964). "The Requirement of Magnesium by the Normal Adult." AJCN. 14(6):342–390. doi:10.1

093/ajcn/14.6.342.

128. a, b, cSeelig MS (1971). "Human Requirements of Magnesium; Factors That Increase Needs." In: Durlach J, edi

tor. Proc 1st Int'l Sympos on Magnesium Deficit. Vittel: Amiot Press. pp. 10–28. https://www.mgwater.com/h

uman.shtml.

129. a, b, c, dDurlach J (1989). "Recommended Dietary Amounts of Magnesium: Mg RDA." Magnes Res. 2(3):195–2

03. PMID 2701269.

130. ^Touvier M, da Costa Louzada ML, Mozaffarian D, Baker P, Juul F, Srour B, et al (2023). "Ultra-Processed Fo

ods and Cardiometabolic Health: Public Health Policies to Reduce Consumption Cannot Wait." BMJ. 383:e07

5294. doi:10.1136/bmj-2023-075294.

131. ^Costello RB, Rosanoff A, Dai Q, Saldanha LG, Potischman NA (2021). "Perspective: Characterization of Diet

ary Supplements Containing Calcium and Magnesium and Their Respective Ratio—Is a Rising Ratio a Cau

se for Concern?" Advances in Nutrition (Bethesda, Md.). 12(2):291–297. doi:10.1093/advances/nmaa160.

132. ^Schuchardt JP, Hahn A (2017). "Intestinal Absorption and Factors Influencing Bioavailability of Magnesiu

m-An Update." Curr Nutr Food Sci. 13(4):260–278. doi:10.2174/1573401313666170427162740.

133. ^Abraham GE, Schwartz UD, Lubran MM (1981). "Effect of Vitamin B-6 on Plasma and Red Blood Cell Mag

nesium Levels in Premenopausal Women." Ann Clin Lab Sci. 11(4):333–336. PMID 7271227.

134. ^Boylan LM, Spallholz JE (1990). "In Vitro Evidence for a Relationship Between Magnesium and Vitamin B-

6." Magnes Res. 3:79–85. S2CID 6808277.

135. ^Noah L, Pickering G, Dubray C, Mazur A, Hitier S, Pouteau E (2020). "Effect of Vitamin B6 Supplementatio

n, in Combination with Magnesium, on Severe Stress and Magnesium Status: Secondary Analysis from an

RCT." Proceedings of the Nutrition Society. 79(OCE2):E491. doi:10.1017/S0029665120004395.

qeios.com doi.org/10.32388/U5JTWN.3 37

https://doi.org/10.3390/nu10121863
https://doi.org/10.3390/nu10121863
https://doi.org/10.3109/10408363.2010.536429
https://doi.org/10.1007/s11926-008-0020-y
https://ods.od.nih.gov/factsheets/magnesium-healthprofessional/
https://ods.od.nih.gov/factsheets/magnesium-healthprofessional/
https://doi.org/10.1093/ajcn/14.6.342
https://doi.org/10.1093/ajcn/14.6.342
https://www.mgwater.com/human.shtml
https://www.mgwater.com/human.shtml
https://pubmed.ncbi.nlm.nih.gov/2701269
https://doi.org/10.1136/bmj-2023-075294
https://doi.org/10.1093/advances/nmaa160
https://doi.org/10.2174/1573401313666170427162740
https://pubmed.ncbi.nlm.nih.gov/7271227
https://api.semanticscholar.org/CorpusID:6808277
https://doi.org/10.1017/S0029665120004395
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3


136. ^Pouteau E, Kabir-Ahmadi M, Noah L, Mazur A, Dye L, Hellhammer J, Pickering G, Dubray C (2018). "Superi

ority of Magnesium and Vitamin B6 Over Magnesium Alone on Severe Stress in Healthy Adults with Low M

agnesemia: A Randomized, Single-Blind Clinical Trial." PLoS ONE. 13(12):e0208454. doi:10.1371/journal.pon

e.0208454.

137. ^Castellanos-Gutiérrez A, Sánchez-Pimienta TG, Carriquiry A, da Costa THM, Ariza AC (2018). "Higher Diet

ary Magnesium Intake is Associated with Lower Body Mass Index, Waist Circumference and Serum Glucose

in Mexican Adults." Nutr J. 17(1):114. doi:10.1186/s12937-018-0422-2.

138. ^Dai Q, Zhu X, Manson JE, Song Y, Li X, Franke AA, Costello RB, Rosanoff A, Nian H, Fan L, Murff H, Ness RM,

Seidner DL, Yu C, Shrubsole MJ (2018). "Magnesium Status and Supplementation Influence Vitamin D Statu

s and Metabolism: Results from a Randomized Trial." The American Journal of Clinical Nutrition. 108(6):12

49–1258. doi:10.1093/ajcn/nqy274.

139. a, bVeugelers PJ, Ekwaru JP (2014). "A Statistical Error in the Estimation of the Recommended Dietary Allow

ance for Vitamin D." Nutrients. 6(10):4472–4475. doi:10.3390/nu6104472.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/U5JTWN.3 38

https://doi.org/10.1371/journal.pone.0208454
https://doi.org/10.1371/journal.pone.0208454
https://doi.org/10.1186/s12937-018-0422-2
https://doi.org/10.1093/ajcn/nqy274
https://doi.org/10.3390/nu6104472
https://www.qeios.com/
https://doi.org/10.32388/U5JTWN.3

