
The definitive guide to magnesium supplement forms

Liposomal magnesium — marketed as a breakthrough in mineral delivery — lacks the

independent clinical evidence to justify its premium price tag over well-absorbed

chelated forms. The strongest peer-reviewed crossover trial (Tinsley et al. 2022, n=25)

found no statistically significant absorption advantage for liposomal magnesium, even as

the same study confirmed clear benefits for liposomal iron.  Across the 11

major forms of magnesium supplements, the choice of form matters far less than marketing

suggests for general supplementation, but matters enormously for specific therapeutic

targets: threonate for brain health, orotate for heart failure, glycinate for sleep, and taurate

for cardiovascular protection. The organic-versus-inorganic divide is real but modest

 — absorption ranges from roughly 4% (oxide) to 50–67% (top organic

chelates)  — and individual factors like dose, gut health, and magnesium status

often outweigh form-based differences. 

The science of how magnesium gets absorbed

Magnesium enters the body through two intestinal pathways. Paracellular passive

transport accounts for 80–90% of uptake, driven by concentration gradients between the

gut lumen and blood.  This pathway operates primarily in the small intestine

 and increases linearly with luminal magnesium concentration — it never

saturates. Transcellular active transport handles the remaining 10–20%

 through TRPM6 and TRPM7 ion channels in intestinal epithelial cells. 

This pathway is saturable, dominates at low doses,  and is upregulated by

vitamin D. 

This dual-pathway architecture explains a critical principle: fractional absorption drops as

dose increases.  At 40 mg, roughly 65–70% gets absorbed. At 400 mg, this falls

to 25–35%. The form of magnesium influences how much free Mg²⁺ reaches the absorption

sites. Organic forms (citrate, glycinate, taurate) remain soluble across intestinal pH ranges,

keeping magnesium bioavailable throughout transit.  Inorganic forms

like oxide require stomach acid to dissolve and often reprecipitate as insoluble salts at

intestinal pH, leaving large amounts unabsorbed in the colon where they draw water

osmotically — producing the familiar laxative effect. 

Factors beyond form also shape absorption.  Proton pump inhibitors suppress

both stomach acid (reducing dissolution of inorganic salts) and TRPM6 expression.

 Phytates in grains can complex magnesium.  Vitamin D deficiency

impairs active transport. Magnesium-depleted individuals absorb more efficiently than
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replete ones. These variables explain why studies sometimes reach contradictory

conclusions about the same supplement form.

Liposomal magnesium: promising theory, thin evidence

Liposomal delivery encapsulates magnesium within phospholipid vesicles  (100–

400 nm) that theoretically fuse with intestinal cell membranes, bypass saturable transport

mechanisms, and enter the lymphatic system. The technology works impressively for

lipophilic compounds and certain nutrients — peer-reviewed RCTs show 21–55%

bioavailability improvements for liposomal vitamin C  and consistent

benefits for liposomal iron. For magnesium, a small charged ion that must reside in the

aqueous core of the liposome, the picture is far less clear. 

Three peer-reviewed human studies have tested liposomal or liposomal-type magnesium

delivery. Brilli et al. (2018) compared Sucrosomial® magnesium (MgO wrapped in

phospholipid-sucrester matrix) against standard MgO, citrate, and bisglycinate in 10

healthy subjects.  The liposomal-type form showed

statistically greater blood and urinary magnesium than MgO — the least bioavailable

comparator — with modest, inconsistent advantages over citrate and bisglycinate.

 The study was funded by the manufacturer, and its lead authors were

company employees. 

Tinsley et al. (2022) at Texas Tech University conducted the most rigorous independent

test: a randomized crossover trial in 25 adults comparing liposomal versus standard

multivitamins containing ~22 mg magnesium as glycinate. Magnesium showed

no differential absorption (iAUC p=0.30, Cmax p=0.41),  while iron in the

same liposomal formulation showed a 50% greater iAUC (p=0.02).  A 2023

replication by Kreider et al. (n=34) found a non-significant trend — liposomal magnesium

rose 30.8% versus 9.8% for standard at 6 hours, but p=0.242. 

The marketing claims of "5x" or "10x" better absorption trace to company-sponsored

studies published only on brand websites (ActiNovo, Infinite Labs), not in peer-reviewed

journals.  The comparator forms are poorly defined, methodology is sparse,

 and two companies cite different magnitude claims from what appears to be the

same study. No large-scale (>50 subjects) independent RCT exists specifically for

liposomal magnesium, and no study has compared clinical endpoints (sleep quality,

blood pressure, muscle cramps) between liposomal and non-liposomal forms.

The most credible advantage of liposomal magnesium is improved gastrointestinal

tolerance. By encapsulating magnesium, less free Mg²⁺ reaches the colon, reducing osmotic

laxative effects.  For individuals with IBS, Crohn's disease, or extreme GI

sensitivity, this may genuinely matter.  The phospholipid shell also
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theoretically protects against interference from phytates and competing minerals. At

$1.50–$2.30 per serving for premium liquid products (versus $0.10–$0.60 for standard

chelated forms), the cost-benefit calculation is unfavorable for most consumers.

Formulation quality also varies dramatically — a 2025 white paper from GMPriority

Pharma noted that crystallization and leakage of magnesium from liposomes is a

recognized manufacturing challenge,  and no standardized regulatory

definition of "liposomal" exists for supplements.

The chelated forms: glycinate, malate, threonate, taurate, orotate, and

aspartate

Magnesium glycinate (bisglycinate) — the sleep and anxiety workhorse

Magnesium chelated to two glycine molecules absorbs through dipeptide and amino acid

transport pathways  (including PepT1 transporters), bypassing the

saturable mineral channels.  A 1994 isotope-labeled crossover study found

glycinate absorbed comparably to MgO in healthy subjects but dramatically outperformed

it in patients with impaired absorption (23.5% vs. 11.8%, p<0.05), with peak absorption

arriving 3.2 hours sooner.  At ~14% elemental magnesium, it requires more

capsules than oxide but delivers magnesium with essentially zero laxative effect.

The glycine component itself provides independent therapeutic value. Glycine is an

inhibitory neurotransmitter,  a GABA-A receptor co-agonist, and has

demonstrated sleep-promoting effects by lowering core body temperature. A typical

bisglycinate dose delivering 250 mg elemental magnesium provides roughly 1,500 mg

glycine  — approaching the 3,000 mg doses studied independently for sleep.

A 2012 RCT in 46 elderly subjects found 500 mg magnesium (as oxide, notably) for 8 weeks

significantly improved sleep onset latency, sleep time, and melatonin levels while reducing

cortisol.  A 2025 RCT (n=155) specifically tested bisglycinate for sleep

 with results still being fully reported. Cost runs $15–30 per month, placing it

in the moderate-premium range.

Magnesium malate — energy production and fibromyalgia

Malic acid is a Krebs cycle intermediate  participating in six of eight

cycle steps, making magnesium malate a logical choice for energy-related applications.

Abraham and Flechas (1992) treated 15 fibromyalgia patients with magnesium malate for 8

weeks and found Tender Point Index scores dropped from 19.6 to 6.5  —

a striking improvement. A subsequent double-blind crossover (Russell et al. 1995) showed

no benefit at 4 weeks with low doses, but an open-label extension at higher doses for 6
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months produced 30–40% reductions in myalgia scores.  At ~12–15% elemental

magnesium and $10–20 per month, malate offers good value. Practitioners often

recommend morning dosing due to its mildly energizing properties, paired with glycinate

at night. 

Magnesium L-threonate (Magtein®) — the only form proven to raise brain magnesium

Threonate stands alone in the magnesium landscape. A landmark 2010 MIT study (Slutsky

et al., published in Neuron) demonstrated that magnesium L-threonate increased

cerebrospinal fluid magnesium  by 7–15% within 24 days in rodents, while

chloride, citrate, glycinate, and gluconate all failed to do so.  The L-threonate

ligand — a vitamin C metabolite — appears to utilize glucose transporters to cross the

blood-brain barrier.  MgT-treated animals showed increased synaptic density in

the hippocampus, upregulated NR2B-containing NMDA receptors, and enhanced long-

term potentiation. 

Human trials, while small and uniformly industry-funded, show consistent cognitive

benefits. Liu et al. (2016, n=44) found a 10% improvement in Trail Making Test-B speed,

 equivalent to reversing approximately 9 years of brain aging.

 A 2025 RCT (n=100, ages 18–45) replicated the ~9-year

cognitive improvement finding.  A 2024 sleep-focused trial (n=80)

demonstrated improved mood and alertness  with Oura Ring data

confirming reduced resting heart rate. 

The critical limitation is just ~8% elemental magnesium — the lowest of any common

form.  A therapeutic dose of 2,000 mg Magtein delivers only ~144

mg elemental magnesium, making it impractical as a sole magnesium supplement.

 At $30–60 per month, it is best used as a targeted cognitive add-on alongside

a general-purpose form for overall magnesium repletion.

Magnesium taurate — cardiovascular protection through synergy

Both magnesium and taurine independently reduce intracellular calcium — the common

mechanism underlying antihypertensive, anti-arrhythmic, anti-atherosclerotic, and

antithrombotic effects.  McCarty's 1996 theoretical framework

proposed that combining them produces complementary vascular protection, 

supported by WHO-CARDIAC study data showing lower cardiovascular risk in populations

with higher urinary magnesium and taurine excretion.  An animal study

(2018) confirmed that magnesium taurate restored blood pressure and myocardial

antioxidants in cadmium-induced hypertensive rats.  The Pardo et al. (2021)

systematic review identified magnesium taurate as potentially among the most

bioavailable magnesium salts.  The Ates et al. (2019) rat study found

magnesium acetyl taurate achieved notably high brain tissue levels. 
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At ~9% elemental magnesium  and $15–30 per month, taurate occupies a

similar niche to glycinate but with a cardiovascular rather than neurological emphasis. Its

main limitation: no large-scale human RCTs have directly tested magnesium taurate as a

compound for cardiovascular endpoints, and the taurine dose delivered (~500–600 mg per

typical serving) falls well below the 1,000–6,000 mg used in standalone taurine blood

pressure trials. 

Magnesium orotate — dramatic heart failure data from a single study

The MACH study (Stepura & Martynow, 2009) remains one of the most striking results in

magnesium research:  79 patients with severe (NYHA Class IV) heart failure

randomized to magnesium orotate versus placebo for one year showed survival rates of

75.7% versus 51.6% (p<0.05), with clinical improvement in 38.5% of the treatment group

versus deterioration in 56.3% of placebo patients.  Orotic acid

enhances cardiac energy metabolism by stimulating pyrimidine nucleotide synthesis

 — critical for ATP production in energy-starved heart muscle. 

These results are remarkable but unreplicated. At ~7% elemental magnesium and costs up

to 9 times higher than standard forms ($30–60+ per month), orotate is impractical for

general supplementation.  EFSA has flagged potential safety concerns

about high-dose orotic acid (tumor-promoting effects in animal studies at ≥100

mg/kg/day), though standard supplemental doses fall well below this threshold.

 Orotate remains a niche choice, best considered as adjuvant therapy in

heart failure under medical supervision. 

Magnesium L-aspartate — good absorption, theoretical concerns

Aspartate delivers solid bioavailability. Firoz and Graber (2001) found it equivalent to

chloride and lactate and far superior to oxide.  A German study measured

absorption at 41.7–44.5%.  EFSA has confirmed its bioavailability is

comparable to other organic salts.  However, L-aspartate is an excitatory amino

acid in the central nervous system, and some practitioners express concern about potential

excitotoxicity — though magnesium itself is a potent NMDA receptor antagonist that

counteracts this effect,  and no clinical evidence of neurotoxicity from

supplemental doses exists. At $10–20 per month, it offers good value but lacks the unique

therapeutic benefits that glycine (calming), taurine (cardiovascular), or malic acid (energy)

provide. It is most commonly found in European potassium-magnesium aspartate

preparations rather than as a standalone supplement.

The inorganic workhorses: oxide, citrate, chloride, and sulfate

Magnesium oxide — cheap, ubiquitous, poorly absorbed
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At ~60% elemental magnesium,  oxide packs more magnesium per gram

than any other form,  yet absorbs the least.  Firoz and

Graber's widely cited 4% fractional absorption figure  likely understates real-

world performance  (Ranade & Somberg estimated ~23%), but every

comparison study confirms oxide sits at the bottom of the bioavailability ranking.

 Lindberg et al. (1990) found it virtually insoluble in

water and 43% soluble even at peak stomach acid.  After

60 days of supplementation, Walker et al. (2003) found MgO showed no differences

compared to placebo in serum magnesium. 

Yet oxide persists as the dominant supplement form due to sheer economics 

($0.03–0.10 per day) and pill convenience. A contrarian finding from Shechter et al. (2012)

showed MgO significantly increased intracellular magnesium while citrate did not

 — though the MgO dose was 520 mg elemental versus 296 mg for citrate,

confounding the comparison. For constipation treatment, oxide's poor absorption is a

feature: unabsorbed magnesium draws water osmotically into the colon. 

 It also has direct clinical trial evidence for migraine prevention at 400–600 mg daily.

Magnesium citrate — the balanced all-rounder

Citrate offers the best combination of accessibility, absorption, evidence base, and cost for

general supplementation.  Lindberg demonstrated 37-fold greater urinary

magnesium versus oxide after a single dose.  Walker et al. confirmed citrate

produced the highest mean serum magnesium after both acute (p=0.026) and chronic

(p=0.006) supplementation.  The citrate anion itself provides additional

therapeutic value for kidney stone prevention: a 3-year RCT found potassium-magnesium

citrate reduced calcium oxalate stone recurrence by 85%.  At ~11–16% elemental

magnesium and $0.10–0.30 per day, citrate's main drawback is its dose-dependent laxative

effect, which limits tolerability above 400 mg elemental magnesium daily.

Magnesium chloride — versatile and underrated

Chloride matches organic forms for bioavailability despite being technically inorganic.

 Firoz and Graber found it equivalent to lactate and

aspartate and far superior to oxide.  Its high water solubility makes

it ideal for liquid supplementation.  An RCT found 300 mg daily as liquid MgCl₂

significantly improved fasting glucose and HbA1c in type 2 diabetics.  The

transdermal magnesium debate centers on chloride: Gröber et al. (2017) concluded that

topical magnesium delivery is "scientifically unsupported,"  though in vitro studies

show magnesium ions can penetrate skin via hair follicles. The honest consensus is that

Epsom salt baths and magnesium "oil" sprays likely provide modest local effects but should

not replace oral supplementation.
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Magnesium sulfate — a hospital drug, not a supplement

Oral magnesium sulfate is a potent osmotic laxative with poor systemic absorption.

 Its true domain is intravenous medicine, where it serves as the

gold standard treatment for eclamptic seizures (reducing recurrence by 52% versus

diazepam and 67% versus phenytoin),  a critical intervention for torsades de

pointes arrhythmia, and a rescue bronchodilator for severe asthma. The celebrated Epsom

salt bath rests on a single unpublished study by Waring at the University of Birmingham

(n=19, no control group, not peer-reviewed) showing modest plasma magnesium increases

after 7 days of daily soaking.  Some transdermal uptake likely occurs during

prolonged hot soaks, but large-scale evidence confirming clinically meaningful systemic

delivery does not exist. 

What the head-to-head evidence actually shows

Remarkably few studies directly compare magnesium forms, and those that exist reveal

smaller differences than marketing implies.  The Coudray et al. (2005)

landmark study tested 10 forms in magnesium-depleted rats using stable isotope tracers

and found absorption ranged from 50% to 67% — organic forms slightly better than

inorganic, with gluconate ranking highest.  A Canadian government

study (Bertinato et al. 2014) concluded that differences between eight magnesium

compounds were "small and physiologically irrelevant."  The Joris et al. (2022) trial

— the first to compare clinical outcomes rather than just bioavailability — found no

significant differences between citrate, oxide, and sulfate for arterial stiffness or blood

pressure. 

The critical exception is threonate's unique ability to raise brain magnesium levels,

 which represents a genuine pharmacological difference rather than merely a

bioavailability gradient.  For systemic magnesium repletion,

the Schuchardt and Hahn (2017) review noted that  dose, individual variation

in transporter expression, formulation type  (effervescent tablets show ~2×

the bioavailability of capsule MgO), and baseline magnesium status may matter as much as

salt form. 
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Form Elemental

Mg

Relative

bioavailability

GI

tolerance

Monthly

cost

Primary strength

Liposomal Varies Unproven

advantage

Excellent $30–70 GI tolerance;

theoretical

Glycinate 14% High Excellent $15–30 Sleep, anxiety,

tolerability

Malate 12–15% Good Good $10–20 Energy, fibromyalgia

Threonate 8% Moderate (high in

brain)

Good $30–60 Cognition (unique

BBB crossing)

Taurate 9% High Excellent $15–30 Cardiovascular

protection

Orotate 7% Moderate Good $30–60+ Heart failure (MACH

study)

L-

Aspartate

10–15% High Good $10–20 General repletion

Citrate 11–16% High Moderate $5–15 All-purpose, kidney

stones

Oxide 60% Low (4–23%) Poor $3–5 Cost, migraine,

constipation

Chloride 12% High Good $5–15 Liquid dosing,

diabetes

Sulfate 10% Very low (oral) Poor $2–5 IV clinical use only

Choosing the right form for specific conditions

For cognitive function and brain health, magnesium L-threonate is the only evidence-

backed choice,  supported by three positive RCTs and unique blood-brain barrier

penetration data.  Pair it with a second form for systemic

magnesium repletion.

Dr. Axe
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For cardiovascular protection, magnesium taurate offers the strongest theoretical

rationale through synergistic Mg-taurine effects on intracellular calcium, 

 while magnesium orotate has the most dramatic clinical outcome data (the

MACH survival study).  Neither has been tested in large independent trials.

For sleep and anxiety, magnesium glycinate combines excellent GI tolerance with the

inhibitory neurotransmitter effects of glycine.  Threonate also shows

emerging sleep evidence through its neural mechanisms. 

For energy and muscle recovery, magnesium malate leverages malic acid's role in the

Krebs cycle,  with positive (if small) fibromyalgia trials. No form has strong evidence

for exercise-related muscle cramps specifically — a meta-analysis concluded magnesium is

"unlikely to provide clinically meaningful treatment" for skeletal muscle cramps.

For constipation, magnesium oxide and citrate are therapeutic choices  where

poor absorption becomes a feature.  For bowel-sensitive individuals who need

magnesium without GI effects, glycinate and taurate are the gentlest options. 

Liposomal magnesium may offer advantages here for people who cannot tolerate any

standard form. 

For migraine prevention, MgO and magnesium dicitrate have the strongest clinical trial

support at 400–600 mg daily, earning an AHS/AAN Level B recommendation ("probably

effective").  A landmark trial found 600 mg trimagnesium dicitrate reduced

attack frequency by 41.6% versus 15.8% for placebo. 

Conclusion

The magnesium supplement landscape reveals a gap between marketing sophistication

and clinical evidence that is especially pronounced for liposomal formulations. The

independent peer-reviewed data does not support the absorption superiority claims

attached to liposomal magnesium — the most rigorous trial found no benefit, while

industry-sponsored studies remain small and unpublished in peer-reviewed journals.

 Liposomal magnesium's genuine advantage is GI tolerance, 

which justifies its premium only for individuals who truly cannot tolerate chelated forms.

For most people, the practical hierarchy is straightforward: citrate or glycinate for general

supplementation (excellent absorption at reasonable cost),  threonate as a

targeted cognitive add-on, taurate or orotate for cardiovascular applications, and malate for

energy-focused needs. The most important insight from the comparative research is that

adequate dose matters more than form for correcting deficiency — all organic forms
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effectively restore magnesium status in healthy people  — but

form matters greatly when leveraging the carrier molecule's independent therapeutic

properties:  glycine for sleep, taurine for the heart, malic acid for energy,

threonate for the brain. Choosing magnesium wisely means matching the carrier's

pharmacology to your therapeutic goal, not chasing absorption percentages.
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