
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal canadien de la santé et de la maladie rénale

https://doi.org/10.1177/20543581231154183

Canadian Journal of Kidney Health 
and Disease 
Volume 10: 1 –13
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20543581231154183
journals.sagepub.com/home/cjk

Narrative Review

1154183 CJKXXX10.1177/20543581231154183Canadian Journal of Kidney Health and DiseaseCowan et al
review-article20232023

Magnesium and Fracture Risk in the 
General Population and Patients 
Receiving Dialysis: A Narrative Review

Andrea C. Cowan1 , Kristin K. Clemens2, Jessica M. Sontrop3 ,  
Stephanie N. Dixon3,4 , Lauren Killin5, Sierra Anderson5, Rey R. Acedillo6, 
Amit Bagga7, Clara Bohm8,9, Pierre Antoine Brown10 , Brenden Cote11, 
Varun Dev12, Claire Harris13, Swapnil Hiremath14 , Mercedeh Kiaii15, 
Eduardo Lacson Jr16, Amber O. Molnar17 , Matthew J. Oliver18,  
Malvinder S. Parmar19 , Jennifer M. McRae20, Bharat Nathoo21,  
Kathleen Quinn22, Nikhil Shah23, Samuel A. Silver24 , Daniel J. Tascona25, 
Stephanie Thompson26 , Robert H. Ting27, Marcello Tonelli28,  
Hans Vorster29, Davinder B. Wadehra30, Ron Wald31, Myles Wolf32,  
and Amit X. Garg1 ; and On Behalf of the DialMag Investigators

Abstract
Purpose of Review: Magnesium is an essential mineral for bone metabolism, but little is known about how magnesium intake 
alters fracture risk. We conducted a narrative review to better understand how magnesium intake, through supplementation, 
diet, or altering the concentration of dialysate magnesium, affects mineral bone disease and the risk of fracture in individuals 
across the spectrum of kidney disease.
Sources of Information: Peer-reviewed clinical trials and observational studies.
Methods: We searched for relevant articles in MEDLINE and EMBASE databases. The methodologic quality of clinical trials 
was assessed using a modified version of the Downs and Black criteria checklist.
Key Findings: The role of magnesium intake in fracture prevention is unclear in both the general population and in patients 
receiving maintenance dialysis. In those with normal kidney function, 2 meta-analyses showed higher bone mineral density in 
those with higher dietary magnesium, whereas 1 systematic review showed no effect on fracture risk. In patients receiving 
maintenance hemodialysis or peritoneal dialysis, a higher concentration of dialysate magnesium is associated with a lower 
concentration of parathyroid hormone, but little is known about other bone-related outcomes. In 2 observational studies of 
patients receiving hemodialysis, a higher concentration of serum magnesium was associated with a lower risk of hip fracture.
Limitations: This narrative review included only articles written in English. Observed effects of magnesium intake in the 
general population may not be applicable to those with chronic kidney disease particularly in those receiving dialysis.

Abrégé
Justification: Le magnésium est un minéral essentiel pour le métabolisme osseux, mais on en sait peu sur la façon dont un apport 
en magnésium modifie le risque de fracture. Nous avons procédé à un examen narratif afin de mieux comprendre comment les 
maladies liées à la densité minérale osseuse et le risque de fracture sont affectés par un apport en magnésium (supplémentation, 
régime alimentaire ou modification de la concentration de dialysat de magnésium) chez les personnes atteintes d’insuffisance rénale.
Sources: Essais cliniques et études observationnelles examinés par des pairs.
Méthodologie: Nous avons répertorié les articles pertinents dans les bases de données MEDLINE et EMBASE. Une version 
modifiée des critères de contrôle de la qualité des études de Downs et Black a servi à évaluer la qualité méthodologique des 
essais cliniques retenus.
Principaux résultats: Le rôle d’un apport en magnésium dans la prévention des fractures n’est pas clair, tant dans la 
population générale que chez les patients sous dialyse d’entretien. Chez les personnes ayant une fonction rénale normale, 
deux méta-analyses ont montré que les personnes dont le régime alimentaire est riche en magnésium présentent une densité 
minérale osseuse plus élevée; alors qu’une revue systématique n’a montré aucun effet sur le risque de fracture. Chez les 
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patients sous hémodialyse d’entretien ou dialyse péritonéale, une concentration plus élevée de dialysat de magnésium est 
associée à une plus faible concentration d’hormone parathyroïdienne, mais on en sait peu sur les autres effets liés aux os. 
Dans deux études observationnelles portant sur des patients sous hémodialyse, une concentration plus élevée de magnésium 
sérique a été associée à un risque plus faible de fracture de la hanche.
Limites: Cet examen narratif ne comprend que des articles rédigés en anglais. Il est possible que les effets d’un apport 
en magnésium observés dans la population générale ne puissent s’appliquer aux personnes atteintes d’une néphropathie 
chronique, en particulier aux personnes sous dialyse.
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Introduction

Patients receiving maintenance dialysis are 5 times more 
likely to suffer a skeletal fracture than people in the general 
population.1 This corresponds to an overall fracture rate of 
10 to 25 per 1000 patient-years, with those who are older, 
female, or with a prior fracture being at higher risk.2-5 For 
example, 1 in 10 women aged 65 years and older will experi-
ence a fracture within 3 years of starting dialysis.2 Patients 

receiving maintenance dialysis who fracture are also twice as 
likely to die compared with those who do not, with 50% of 
those dying within the 1 year of experiencing a fracture.4,6,7

The reasons for the higher fracture risk in patients receiv-
ing dialysis are multifactorial. Beyond age-related osteopo-
rotic changes, there are an array of metabolic effects of 
kidney disease on bone (commonly referred to as mineral 
bone disorder) which lead to changes in bone turnover and 
mineralization, resulting in lower bone quality.1,8 These 
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changes are often exacerbated by comorbidities common in 
patients receiving dialysis such as diabetes and frailty, 
which independently increase the risk of falls and fracture 
(Figure 1).9-12 There has been no significant decrease in the 
incidence of fracture in patients receiving dialysis in the 
United States in recent years, despite a clinical emphasis on 
improved control of bone disease through dietary changes 
and medications that alter concentrations of serum parathy-
roid hormone (PTH), calcium, and phosphate.13,14

Magnesium is the fourth most abundant cation in the body 
and is primarily stored in bone where it incorporates directly 
into the hydroxyapatite crystal and contributes to the regula-
tion of bone turnover and homeostasis.15 In the general popu-
lation, higher magnesium intake may associate with higher 
bone density.16,17 As patients approach kidney failure, there 
is less magnesium excretion by the kidney, resulting in higher 
bone magnesium concentrations.18-22 Once patients start dial-
ysis, serum and bone magnesium concentrations can be 
affected by the concentration of dialysate magnesium, pre-
senting the potential to modify fracture risk through altera-
tions in dialysate composition.23,24 Little is known about how 
these changes affect bone health and fracture risk, but in one 
large observational study of patients receiving hemodialysis, 
a higher concentration of serum magnesium was associated 
with a lower risk of hip fracture.25

In 2022, we launched a large-scale, pragmatic, cluster-
randomized clinical trial to assess the effect of a higher ver-
sus lower concentration of hemodialysate magnesium on 
mortality, cardiovascular health, and patient-reported mus-
cle cramps (Dial-Mag Canada, clinicaltrials.gov/ct2/show/
NCT04079582). This trial also provides the opportunity to 
examine the effects of different concentrations of dialysate 
magnesium on the risk of skeletal fracture and serum mark-
ers of mineral and bone disorder in patients receiving 

in-center hemodialysis. We undertook this narrative review 
to inform the planning and design of a trial substudy inves-
tigating the effect of dialysate magnesium concentration on 
bone health. The primary objective of this review is to sum-
marize what is known about the effects of magnesium intake 
on fracture risk across the spectrum of kidney function with 
a focus on the dialysis population. We also summarized 
what is known about the effects of different dialysate mag-
nesium concentrations on bone health. This review will 
focus on 5 areas:

1. Magnesium homeostasis and its role in bone 
formation.

2. The role of magnesium in bone health in adults with-
out chronic kidney disease (CKD).

3. The effect of magnesium on fracture risk in adults 
without CKD.

4. The role of magnesium in bone health in adults 
receiving dialysis.

5. The effect of magnesium on fracture risk in adults 
receiving dialysis.

Methods

A study author (ACC) searched the MEDLINE and EMBASE 
databases (search strategies are provided in Supplemental 
Appendix 1). Additional articles were found by searching the 
reference lists of relevant articles and by using the cited-by 
search function in Google Scholar. Only English language 
sources were included.

The methodological quality of clinical trials was assessed 
by a study author (ACC) using a modified version of the 
Downs and Black criteria checklist (summarized in 
Supplemental Appendix 2).26 This checklist contains 27 cri-
teria to evaluate both randomized and nonrandomized trials. 
This scale assesses the completeness and clarity of study 
reporting, internal validity (eg, bias and confounding), exter-
nal validity, and statistical power. The tool was modified 
slightly for use in our review. Specifically, the scoring for 
question 27 dealing with statistical power was simplified to a 
choice of awarding either 1 or 0 points depending on whether 
there was sufficient power to detect a clinically important 
effect. On the modified scale, we gave all included studies a 
score from 0 to 28, and grouped into the following 4 quality 
levels: excellent (26-28), good (20-25), fair (15-19), and 
poor (≤14). Results of the methodologic assessment can be 
seen in Supplemental Appendix 3.

Review

Magnesium Homeostasis, Measurement, and 
Supplementation

Total body magnesium is determined by the balance between 
intake and excretion, with dietary magnesium being found in 
foods such as leafy greens, legumes, seeds, and nuts. The 
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Figure 1. Multifactorial etiology of increased fracture risk in 
individuals with CKD.
Note. CKD = chronic kidney disease.
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recommended daily allowance of dietary magnesium in 
Canadian men and women is 420 and 320 mg, respectively; 
however, up to 50% of the general North American popula-
tion consumes less than this.27-30

Magnesium supplementation is commonly oral, although 
its use is limited by poor intestinal absorption of large doses, 
as well as diarrhea which may prompt clinicians to use intra-
venous formulations.31 Approximately 30%-50% of ingested 
magnesium is absorbed, primarily in the small bowel.22,30,31 
While the amount absorbed can range from 20% to 80% in the 
context of magnesium excess or deficiency, respectively, mag-
nesium balance is predominantly regulated by the kidney. In 
the setting of normal kidney function, 70%-80% of magne-
sium (approximately 2 g/d) is filtered through the glomerulus, 
and 95% is reabsorbed, predominantly in the loop of Henle.22,32

Beyond intake and renal function, medications may also 
affect magnesium balance. Metformin, a commonly pre-
scribed medication in patients with diabetes, may contrib-
ute to magnesium deficiency, and diuretics can also 
potentiate urinary magnesium loss.33,34 Similarly, proton 
pump inhibitors are associated with a 3-fold higher rate of 
hypomagnesemia.22,35

The best way to ascertain magnesium status remains 
unknown. Magnesium is stored primarily intracellularly, 
with less than 1% of the body’s stores contained in serum, 
casting doubt on serum magnesium as a reliable marker for 
total body magnesium status.36 Although a higher serum con-
centration of magnesium associates with higher bone magne-
sium content, there is little correlation between serum 
magnesium and its concentration in other intracellular com-
partments, which house a large proportion of total body mag-
nesium, such as erythrocytes, lymphocytes, and muscle.37,38 
Measurements of intracellular magnesium, such as the con-
centration of erythrocyte magnesium, are described in the 
literature as an alternative assessment of total body magne-
sium; however, these methods lack robust validation and 
have not been adopted into general practice.36

Magnesium and Bone Health

Within bone, magnesium is found in 2 distinct areas: cortical 
and trabecular bone. Cortical magnesium is found on the sur-
face of hydroxyapatite crystals where it is readily exchanged 
with serum in response to changes in extracellular magne-
sium18,20 explaining the strong correlation between the con-
centration of magnesium in serum and bone.18,20

Magnesium affects bone in 2 ways: directly through incor-
poration into bone microstructure, and indirectly through PTH 
and 1,25-OH vitamin D. Both magnesium deficiency and 
excess can be deleterious to bone health, yet the optimal 
amount of magnesium in bone is unknown. Current Canadian 
and European osteoporosis guidelines do not discuss magne-
sium supplementation, and American guidelines only recom-
mend supplementation in only in those who have risk factors 
for magnesium deficiency.39-41

Direct effects of magnesium on bone. Magnesium is incorpo-
rated into hydroxyapatite crystals through the displacement of 
calcium. This alters the size and shape of the crystals and 
results in imperfections, which can paradoxically lead to stron-
ger bone.21,42 Patients with magnesium deficiency and less 
magnesium incorporation have larger, more perfect hydroxy-
apatite crystals on bone biopsy, which results in more fragile 
and brittle bone.21,42 Magnesium deficiency also leads to 
increased osteoclast and decreased osteoblast activity, resulting 
in increased bone reabsorption and lower bone density.42

Conversely, in situations where there is an excessive 
amount of magnesium in bone, hydroxyapatite crystals are 
smaller and more imperfect, but there is also a higher volume 
of unmineralized tissue resulting in lower quality bone. Of 
note, bone biopsies in patients with excess bone magnesium 
are typically taken from patients with advanced CKD, so the 
exact contribution of magnesium excess compared with 
other metabolic derangements of CKD is unclear.19,21,43 In 
vitro, a high magnesium environment also appears to 
decrease osteoblast activity.44

Indirect effects on bone. Magnesium plays an indirect role in 
bone metabolism by regulating PTH and vitamin D synthesis 
and response. In the general population, hypomagnesemia is 
a well-established risk factor for hypocalcemia through PTH 
resistance and decreased PTH secretion. PTH resistance is 
due to decreased levels of cyclic adenosine 3,5 monophos-
phate, which is required for PTH signaling.45,46 While well 
described, the mechanism for decreased PTH secretion is not 
clear.38,46

Magnesium deficiency may also lead to lower levels of 
activated vitamin D, through both PTH resistance and 
because magnesium is a cofactor for multiple proteins in the 
vitamin D activation pathway.29,47 However, supplementing 
magnesium in patients who are deficient has not reliably 
been shown to increase 1,25 dihydroxy vitamin D levels.29

A high concentration of serum magnesium has been 
shown to suppress PTH levels, on occasion more potently 
than calcium; however, the reason for this has not been as 
well explained.48-52 The effect of magnesium excess on vita-
min D activation has not been well studied.

The Role of Magnesium in Bone Health in Adults 
Without Kidney Disease

In our review of the literature, we found no interventional 
studies assessing the effects of magnesium intake on frac-
tures in the general population. We reviewed interventional 
studies of magnesium supplementation on surrogate out-
comes of fracture, and observational studies with fracture as 
an outcome. We found 8 interventional studies meeting our 
criteria, 3 of which were graded as poor quality, 3 of which 
were fair, and 2 of which were good quality. We found no 
difference in findings between higher and lower quality 
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studies. The results of these studies are summarized in Table 
1 and full details of the studies can be found in Supplemental 
Appendix 3.

The effect of magnesium on bone biochemistry and 
histomorphometry

Magnesium supplementation and bone biochemistry. Five 
small studies (sample size ranging from 14 to 67 patients) 
reported conflicting results on the short-term effect of magne-
sium supplementation on bone turnover markers.38,65-68 A non-
randomized, controlled study of postmenopausal women found 
that short-term magnesium supplementation decreased the 
concentration of serum PTH and urinary deoxypyridinoline, 
and increased the concentration of serum osteocalcin, suggest-
ing there was overall lower bone turnover.65 Another nonran-
domized, controlled study of supplementation in young healthy 
men also demonstrated a decrease in serum PTH but showed a 
decrease in serum osteocalcin levels compared with controls.66

In contrast, a placebo-controlled trial of magnesium-bicar-
bonate supplemented spring water in postmenopausal women 
found no changes in markers of bone turnover, including con-
centrations of serum osteocalcin, urinary hydroxyproline, or 
N-telopeptide.67 Another randomized, placebo-controlled 
study of young females also found that magnesium supple-
mentation had no effect on concentrations of PTH or osteo-
calcin, or on urinary pyridinoline or deoxypyridinoline.68

Finally, one cohort studying magnesium supplementation 
in patients with gluten-sensitive enteropathy and a low level 
of erythrocyte magnesium found magnesium supplementa-
tion resulted in a 25% increase in serum PTH values with no 
change in the serum concentration of osteocalcin. This find-
ing contradicts similar studies done in patients receiving 
dialysis (discussed below) and suggests that the effect of 
magnesium on bone turnover may depend on baseline mag-
nesium status.38 Of these 5 studies, 2 mentioned an increased 
incidence of diarrhea in those taking supplementation, while 
3 did not discuss side effects at all.35,47-50

Magnesium supplementation and bone density. Three stud-
ies showed magnesium supplementation increased bone 
mineral density, although the methodological quality of all 
studies was poor (see Supplemental Appendix 3 for quality 
assessment). In a nonrandomized trial of 54 postmenopausal 
women, those supplemented with 100 to 300 mg of elemen-
tal magnesium in the form of magnesium hydroxide had an 
increase in bone mineral density over 2 years compared with 
those who did not receive supplementation. However, the 2 
groups differed significantly on baseline characteristics, and 
68% of participants were lost to follow-up.69

Two small studies examined the effect of combination 
oral nutritional supplements containing magnesium on bone 
density. A nonrandomized study of 26 postmenopausal 
women receiving an oral supplement of 600 mg of elemental 
magnesium and 50% of the RDA (recommended dietary 

allowance) of calcium, showed supplementation was associ-
ated with a 10% increase in bone density over 6 to 12 months 
compared with dietary advice alone.70 Similarly, a retrospec-
tive cohort of 77 predominantly postmenopausal women 
examined a nutritional supplement containing 25 mg of ele-
mental magnesium in addition to vitamin D, strontium, vita-
min K, and docosahexaenoic acid. The result was a modest 
increase in bone density after 1 year of treatment.71 However, 
it is difficult to ascertain the independent effect of magne-
sium supplementation on bone density with the multiple 
supplements provided.

The effect of magnesium on fracture risk in adults without CKD

Dietary magnesium and fracture risk. Seven observational 
cohort studies examined the association between magnesium 
intake and fracture risk. The magnitude and direction of the 
observed effects are inconsistent, imprecise, and limited by 
confounding.

Three large cohort studies found a possible association 
between increased dietary magnesium intake and decreased 
fracture risk, although in 2 studies, this did not persist after 
adjustment.72-74 In a retrospective cohort from Norway, men 
and women with the highest (vs lowest) tertile concentration 
of magnesium in drinking water had a 20% and 10% relative 
risk reduction in hip fracture, respectively.72 This association 
was maintained after adjustment for demographic factors as 
well as water pH and calcium content; however, the contri-
bution of drinking water to total dietary magnesium intake 
was very small (0.2% in men and 0.3% in women).72 Another 
prospective cohort of 3765 Italian patients with osteoarthritis 
found the highest (vs lowest) quintile of dietary magnesium 
intake (as measured by a food frequency questionnaire) was 
potentially protective against osteoporotic fracture (hazard 
ratio [HR]: 0.47, 95% confidence interval [CI]: 0.21-1.00 in 
men, HR: 0.38, 95% CI: 0.17-0.82 in women). However, 
these results were not robust as no association was seen when 
magnesium intake was modeled as a continuous variable (as 
opposed to the quintile categories).73 Finally, a Japanese eco-
logical study comparing regional dietary patterns and hip 
fracture also found that the association between higher mag-
nesium intake and lower rates of fracture did not persist after 
adjustment for other regional dietary factors including cal-
cium, vitamin D, and vitamin K.74

In contrast, 2 other cohort studies found no effect of 
dietary magnesium on fracture risk.75,76 In a prospective 
cohort study of Finnish men followed over 25 years, dietary 
magnesium intake did not associate with fracture risk; how-
ever, the lowest (vs highest) quartile of serum magnesium 
concentration was associated with a higher risk of fracture 
after adjustment for demographic variables (HR: 1.80, 95% 
CI: 1.10-2.94).75 Similarly, another European cohort study 
found no association between magnesium intake and frac-
ture, but a higher serum magnesium concentration was found 
to be potentially protective against fracture in men. In this 
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study, however, there was no association between dietary 
magnesium intake and the serum concentration of magne-
sium, illustrating the limitation of equating dietary intake 
with serum concentration.76

The Women’s Health Initiative noted a possible associa-
tion between higher magnesium intake and increased frac-
ture.77 More than 70 000 women were prospectively followed 
over an average of 7.6 years and the highest (vs lowest) quar-
tile of dietary magnesium intake was associated with an 
increase in bone mineral density. However, patients in the 
highest quartile of dietary magnesium intake had a higher 
rate of arm and wrist fracture, which the authors speculated 
was related to the increased rate of falls also observed in this 
group.77

Finally, a case-control study of patients with a history of 
hip fracture also found those in the highest quartile of dietary 
magnesium intake had almost a 3-fold higher risk of hip frac-
ture compared with those in the lowest quartile. However, 
this analysis adjusted for only a few demographic variables 
and did not adjust for other differences in dietary intake, 
which may have confounded the results.78

In a systematic review and meta-analysis (12 studies 
including some mentioned above), there was no overall 
association between magnesium intake and risk of frac-
ture, and the between-study heterogeneity was large (I2 > 
70%).17 There was a weak trend toward higher dietary 

magnesium being associated with higher bone density in 
the hip, lumbar spine, and forearm; however, these results 
were limited by small study sizes and not statistically sig-
nificant.17 A second recent meta-analysis showed that a 
higher magnesium intake was associated with an increase 
in hip bone mineral density (beta coefficient: 0.03, 95% 
CI: 0.01-0.06), but there was inadequate information to 
assess the association with bone mineral density at other 
sites or with fracture risk.16

Supplemental magnesium and fracture risk. The associa-
tion between supplemental magnesium intake and fracture 
rates is difficult to evaluate as magnesium supplements are 
often purchased over-the-counter and difficult to retrospec-
tively quantify. In a recently published observational cohort 
study of >50 000 older adults in Taiwan, those prescribed 
magnesium oxide (as either an antacid or a laxative) had a 
higher risk of hip fracture than controls matched on age, sex, 
comorbidities, and medication use: adjusted HR: 1.66, 95% 
CI: 1.55-1.81.79 This association persisted when analyzed 
based on indication (laxative or antacid).79

Two case reports suggest that excessive magnesium sup-
plementation may result in osteomalacia and fracture. In both 
cases, patients were taking more than 4 to 7 g of elemental 
magnesium per day and developed multiple femoral stress 
fractures that healed with cessation of the supplements.80,81

Table 1. Summary of the Evidence of the Effect of Magnesium on Parameters of Bone Health.

Magnesium Result Studies found

Patients receiving dialysis

 Higher (vs lower) 
concentration of dialysate 
magnesium

Lower concentration of serum PTH Three small prospective cohorts
Two randomized controlled trials37,58-61

No change in BMD One small quasi-experimental study84

 Oral magnesium 
supplementation

No change in the concentration of serum PTH Two small prospective cohorts63,64

Lower concentration of serum PTH Two small randomized controlled trials and 
one meta-analysis62,85,86

No change in bone mineral density or 
histomorphometric parameters on bone biopsy

Two small prospective cohorts63,64

 Higher (vs lower) 
concentration of serum 
magnesium

Lower fracture risk Two observational cohorts one retro25,91

Lower concentration of serum PTH Five cross-sectional cohorts48-52

Lower bone density or bone mineral content Two small cohorts89,90

General population

 Oral magnesium 
supplementation

Higher bone mineral density Three studies69-71

Lower concentration of serum PTH Two small cohorts65,66

No change in the concentration of serum PTH Two small cohorts67,68

Higher concentration of serum PTH One cohort38

 Higher (vs lower) amount 
of dietary magnesium

No change in fracture risk Systematic review of 12 observational 
studies17

Increase in hip bone mineral density Two meta-analyses of 12 and 11 
observational studies16,17

Note. PTH = parathyroid hormone; BMD = bone mineral density.
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Conclusions based on evidence in adults without CKD. In the 
general population, there is a lack of high-quality evidence 
on the effect of magnesium intake on bone health. The effect 
of magnesium on bone turnover may vary with baseline mag-
nesium status. Supplementation may potentially increase 
bone mineral density; however, more research is needed to 
understand its impact on fracture outcomes.

Magnesium Homeostasis in Adults With Kidney 
Disease

In patients with CKD, the fractional excretion of magnesium 
is increased to compensate for a decrease in the glomerular 
filtration rate (GFR). Although individuals with a GFR 
below 30 mL/min are predisposed to hypermagnesemia, ele-
vated serum magnesium concentration is rare in those with a 
GFR greater than 10 mL/min, in the setting of normal mag-
nesium intake.22,32

Patients with CKD, however, are also at risk of magnesium 
deficiency for several reasons. Dietary restriction of potassium 
and phosphate-rich foods such as fruits, vegetables, and unpro-
cessed cereals inadvertently limits magnesium intake.22,76,53-55 
One study of patients receiving dialysis in the Canary Islands 
found that only 2% met the RDA of magnesium.55

In addition to diuretics and proton pump inhibitors dis-
cussed earlier, other commonly prescribed medications such 
as calcium-based phosphate binders and the novel potassium 
binder patiromer can result in magnesium deficiency through 
decreased intestinal absorption.22,29,35,33,56,82

In patients receiving hemodialysis or peritoneal dialysis, a 
low concentration of dialysate magnesium can result in net 
magnesium loss. For example, a dialysate magnesium con-
centration of 0.5 mmol/L has been shown to lower total body 
magnesium over time.23 Furthermore, the number of patients 
who develop hypermagnesemia (defined by a serum magne-
sium level greater than the lab upper limit of normal; typically 
a value of ~1.0 mmol/L) is strongly correlated with the con-
centration of dialysate magnesium.24 In Canada, the dialysate 
magnesium concentration used in routine practice ranges 
from 0.375 to 0.75 mmol/L. Rates of hypermagnesemia 
ranged around 50% to 75% in patients receiving peritoneal or 
hemodialysis with a dialysate magnesium concentration of 
0.75 to 1.0 mmol/L. Serum magnesium concentrations typi-
cally remain below 2.0 mmol/L and we did not find any 
reported cases of symptomatic hypermagnesemia.25,48,50 It is 
important to note that the optimal concentration of serum 
magnesium in patients receiving maintenance dialysis has not 
been well established, and moderate hypermagnesemia (vs 
normal serum magnesium) was associated with a lower risk 
of mortality and fractures in several studies.25,51,57

Elevated bone magnesium levels have been widely observed 
in bone biopsies of patients with advanced CKD both receiving 
and not receiving dialysis. When compared with patients with-
out kidney disease, patients with CKD had a 66% increase in 

the magnesium content of both cortical and trabecular  
bone.18-21 The clinical effect on fracture risk is unknown, given 
the complexity of bone disease in patients with CKD.

The Role of Magnesium in Bone Health in Adults 
Receiving Hemodialysis

The effect of magnesium in individuals with CKD is primar-
ily limited to small studies looking at its effect on surrogate 
markers of fracture risk in patients receiving dialysis. While 
some bone biopsy studies included uremic patients who may 
not be receiving dialysis, we did not find any evidence spe-
cifically patients with predialysis CKD. We found 12 inter-
ventional studies, 4 of which were considered poor quality, 3 
of which were fair, and 5 of which were good quality. We 
found no difference in findings between higher and lower 
quality studies. Results are summarized in Table 1 and full 
details are available in Appendix 3.

Magnesium on bone biochemistry and histomorphometry

Dialysate magnesium. Interventional data on the effect of 
the concentration of dialysate magnesium on bone health 
are limited to small studies focused on surrogate markers of 
fracture risk including PTH and bone biopsy results. Study 
results are summarized in Table 1 and full details are avail-
able in Supplemental Appendix 3.

We found 5 studies examining the effect of the concentra-
tion of dialysate magnesium on serum PTH, all of which 
showed that increasing dialysate magnesium led to reductions 
in PTH.37,58-61 A randomized trial of 22 patients receiving 
hemodialysis found that increasing the dialysate magnesium 
concentration from 0.2 to 0.75 mmol/L led to a 20% reduction 
in the concentration of serum PTH.37 Similar reductions in 
PTH concentration with higher hemodialysate magnesium 
were found in a randomized trial of 59 patients comparing con-
centrations of 0.5 and 1.0 mmol/L.61 A post hoc analysis of this 
trial also showed an increase in bone-specific alkaline phos-
phatase and a decrease in tartrate-resistant acid-phosphate 5b 
concentrations in the higher dialysate magnesium concentra-
tion group, suggestive of decreased bone resorption and 
increased bone formation.83 In a nonrandomized crossover trial 
of 26 hemodialysis patients, increasing the dialysate magne-
sium concentration from 0.25 to 1.25 mmol/L resulted in a 35% 
to 40% reduction in the concentration of serum PTH, along 
with small reductions in the serum concentration of calcium 
and phosphate (4% and 10%, respectively).60

Similarly, another observational cohort study also found 
that lowering the concentration of dialysate magnesium from 
0.5 to 0.25 mmol/L was associated with a rise in the concen-
tration of serum PTH, with a larger increase seen in those 
with a lower baseline PTH.59 Finally, a cohort study of 20 
patients receiving hemodialysis found increasing the concen-
tration of dialysate magnesium from 0.75 to 1.5 mmol/L was 
associated with a 23% decline in the concentration of serum 
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PTH.58 One small nonrandomized study of 40 patients sug-
gested that a dialysate magnesium concentration of 0.875 
mmol/L could be associated with a lower serum PTH com-
pared with a dialysate magnesium concentration of 0.35 
mmol/L but this was not statistically significant.84 There was 
also no change in bone mineral density.84

Although studies have consistently suggested that increas-
ing the concentration of dialysate magnesium is associated 
with a reduction in the concentration of serum PTH, it is 
unclear whether this association translates into lower frac-
ture risk (or potentiates low turnover bone disease). In fact, a 
small study of 6 patients using serial bone biopsy suggested 
that lowering the concentration of dialysate magnesium from 
0.5 to 0.25 mmol/L for 1 year resulted in a drop in bone mag-
nesium content, and resulted in less osteomalacia and fewer 
mineralization defects on bone biopsy.43

The above studies suggest that altering dialysate magne-
sium is an effective way to alter serum and total body mag-
nesium and may affect bone turnover. However, the ideal 
dialysate, serum, or bone magnesium concentration for the 
prevention of fracture remains unknown.

Magnesium supplementation in dialysis. We found 4 stud-
ies examining the effect of magnesium supplementation on 
markers of bone health in patients receiving dialysis. In 2 
studies, oral magnesium salts used as phosphate binders 
showed little effect on the concentration of serum PTH or 
other markers of bone health. A pilot study of 7 patients used 
magnesium/calcium carbonate as a phosphate binder over 
18 months (700 mg of elemental magnesium daily) and a 
dialysate magnesium concentration of 0.375 mmol/L. While 
phosphate concentrations remained on target, there was no 
change in the concentration of serum PTH or vertebral bone 
mineral density over time.63 Another study switched patients 
from aluminum hydroxide to magnesium hydroxide as phos-
phate binders (average 1086 mg of elemental magnesium per 
day) while concurrently decreasing the concentration of dial-
ysate magnesium from 0.75 to 0.375 mmol/L. This resulted 
in a 50% increase in the concentration of serum magnesium 
(0.96-1.56 mmol/L) but no change in the concentration of 
serum PTH or change in histomorphometric parameters on 
bone biopsy.64

Two randomized clinical trials examined oral magnesium 
explicitly used as supplementation in patients receiving 
maintenance hemodialysis with a dialysate magnesium con-
centration of 0.5 mmol/L. In the first, 47 patients were ran-
domized 3:1 to receive either magnesium citrate (98 mg of 
elemental magnesium every other day) or calcium acetate. A 
45% reduction in serum PTH after 2 months was observed in 
the magnesium citrate group; however, the final PTH con-
centration was not statistically different from those receiving 
calcium acetate.62 In the second trial, patients were random-
ized to receive magnesium oxide (250 mg of elemental mag-
nesium) 3 times weekly or placebo. A 22% decrease in the 
concentration of serum PTH after 6 months (P = .02) was 

observed in the magnesium group, whereas no change was 
observed in the placebo group.85 A meta-analysis of these 2 
trials showed a weighted mean decrement in the concentra-
tion of PTH 25 pmol/L with magnesium supplementation, 
which was statistically significant with low heterogeneity.86 
In these trials, 3% to 4% of individuals discontinued their 
supplementation due to significant diarrhea.62,85

Serum magnesium. We found several observational stud-
ies evaluating the association between serum magnesium 
concentration and serum markers of CKD-mineral bone 
disease in patients receiving dialysis. These results must 
be interpreted with caution, as the concentration of serum 
magnesium is a poor marker of total body magnesium and is 
heavily influenced by other factors that affect fracture risk, 
including nutritional and inflammatory status.36,87,88

Five cross-sectional studies of patients receiving dialysis 
have shown that a higher concentration of serum magnesium 
(vs lower) associates with lower concentration of serum 
PTH. Two small studies (41 and 110 patients receiving 
hemodialysis) showed a moderate-to-strong inverse correla-
tion between the concentration of serum magnesium and 
serum PTH (r = −.61 and r = −0.48, respectively) despite a 
large proportion (59% and 73%) of the patients being hyper-
magnesemic (>1.0 or 1.03 mmol/L, respectively).49,50 
Similarly, in a large cross-sectional study of more than 
140 000 patients receiving maintenance hemodialysis in 
Japan, those with the lowest serum magnesium concentration 
(<1.11 mmol/L) had a higher concentration of serum PTH 
than those with intermediate or higher concentrations of 
serum magnesium (>1.28 mmol/L).51

The inverse association between the serum concentrations 
of magnesium and serum PTH has also been shown in 
patients undergoing continuous ambulatory peritoneal dialy-
sis (CAPD). A cross-sectional study of patients receiving a 
dialysate magnesium concentration of 0.25 mmol/L had a 
26% prevalence of hypermagnesemia (>1.1 mmol/L). 
Serum magnesium was weakly inversely associated with 
serum PTH, but only in a subgroup of those with a relatively 
suppressed baseline PTH concentration of less than 32 
pmol/L.52 A similar study of 51 patients receiving CAPD 
using a higher concentration of dialysate magnesium (0.75 
mmol/L) observed a 59% incidence of hypermagnesemia 
(>1.01 mmol/L) and found that a higher concentration of 
serum magnesium was moderately associated with a lower 
concentration of serum PTH (r = −0.70), regardless of the 
degree of baseline PTH elevation.48

Bone magnesium content. One study examining bone 
biopsies of 153 patients receiving hemodialysis or peritoneal 
dialysis found that patients with higher bone magnesium con-
tent had lower microhardness and mineralization on biopsy 
than those with lower bone magnesium content.19 In contrast 
to the above studies assessing serum magnesium and PTH 
concentrations, there was a weak but statistically significant 
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positive correlation between higher bone magnesium and a 
higher concentration of serum PTH (a coefficient of deter-
mination: R2 = .0724; P = .001), but serum magnesium was 
not assessed.19

Serum magnesium and bone density in patients receiving  
dialysis. Two studies have shown that a higher concentration 
of serum magnesium associates with lower bone density. A 
cross-sectional study of 25 men receiving chronic dialysis 
found that low femoral bone density was independently 
associated with hypermagnesemia, along with hypoalbumin-
emia, a higher concentration of serum alkaline phosphatase 
and serum aluminum.89 Another study of serial bone mineral 
content measurements in a cohort of 93 patients receiving 
maintenance dialysis similarly found low bone mineral con-
tent was associated with a high concentration of serum mag-
nesium. Serum magnesium did not appear to affect the rate 
of bone mineral content loss.90

Effect of magnesium on fracture risk in adults with CKD. We 
did not find any interventional or observational studies 
examining the effect of magnesium intake on fracture risk 
in adults with CKD including those using dialysis. One 
retrospective cohort of more than 100 000 patients receiv-
ing dialysis in Japan found that a lower (vs higher) con-
centration of serum magnesium was associated with a 
higher 2-year risk of hip fracture. In this study, the highest 
quartile of magnesium concentration was above the labo-
ratory upper limit of normal.25 After adjusting for relevant 
confounders, the risk ratio of hip fracture in the lowest 
quartile of participants (serum magnesium ≤0.95 mmol/L) 
compared with the highest quartile (serum magnesium 
≥1.19 mmol/L) was 1.23 (95% CI: 1.06-1.44).25 The pop-
ulation attributable risk of hip fracture from low magne-
sium for the lowest 3 magnesium quartiles (ie, serum 
magnesium <1.19 mmol/L) was 14% suggesting a role 
for mild hypermagnesemia in protecting against hip frac-
ture.25 Similarly, a smaller retrospective cohort of 358 
hemodialysis patients found a serum magnesium <1.03 
mmol/L was associated with a 2.3-fold higher risk of frac-
ture (95% CI: 1.03-5.17) compared with those with a 
serum magnesium ≥1.03.91

Conclusions Based on Evidence From 
Studies in Adults With Kidney Disease

In individuals with CKD, renal magnesium excretion is 
decreased, however they also have many risk factors for 
magnesium deficiency. The effect of magnesium intake or 
supplementation on fracture risk in patients receiving dialy-
sis has mixed evidence (effects summarized in Table 1). A 
higher concentration of dialysate and serum magnesium con-
sistently associates with a lower concentration of serum PTH 
in small, short-term studies. However, it is unknown whether 

this translates into a lower risk of fracture or potentiates low-
turnover bone disease. There is also mixed evidence around 
the effect of magnesium supplementation on markers of bone 
turnover and bone density. In future research, it will be 
important to examine the effect of magnesium on fracture 
risk, as well as consequences of hyperparathyroidism such as 
cinacalcet or parathyroidectomy rates.

Limitations

We limited our search to English language articles. We were 
unable to find any applicable studies in those with advanced 
kidney disease not yet receiving dialysis. Given the differ-
ences in physiology, conclusions in the general population 
may not be applicable to those receiving dialysis.

Conclusion

Overall, there is limited high-quality evidence regarding 
the role of magnesium in fracture prevention. In the gen-
eral population, magnesium supplementation may increase 
bone density; however, there is no evidence that this alters 
fracture risk. In those with dialysis-dependent CKD, 
increased magnesium intake may decrease bone turnover 
and lower PTH but the effect on fracture risk remains 
unknown. Mildly elevated serum magnesium has also 
been associated with a lower risk of fracture than those 
with normal serum magnesium but this relationship may 
be affected by other factors such as nutritional intake and 
inflammatory status. With the current evidence, limited by 
surrogate outcomes and sometimes poor quality, there is 
no clear guidance for magnesium supplementation across 
the CKD spectrum. Given that individuals with kidney 
disease have an increased risk of fracture and risk factors 
predisposing to hypomagnesemia, adjusting the dialysate 
magnesium concentration is an attractive method of alter-
ing total body magnesium while avoiding side effects 
associated with supplementation or the concomitant 
potassium and phosphate loads associated with increased 
dietary intake. This review informs a substudy of a larger 
trial of dialysate magnesium which will focus specifically 
on the effect of dialysate magnesium concentration on 
fracture risk and consequences of hyperparathyroidism.
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