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ABSTRACT  

BACKGROUND:  The association between dietary magne-
sium intake (DMI) and kidney stone (KS) disease is not 
clear.

AIM:  To determine the association between DMI and 
prevalent KS disease defined as self-report of any previ-
ous episode of KS.

METHODS:  We examined The National Health and Nu-
trition Examination Survey (NHANES) 2011–2018 and 
used logistic regression analyses adjusting for demograph-
ics, BMI, histories of hypertension, diabetes, thiazide 
use, cigarette smoking, alcohol drinking, relevant dietary 
and supplemental intakes to determine the independent  
association between DMI and prevalent KS disease.

RESULTS:  A total of 19,271 participants were eligible for 
the final analysis, including 1878 prevalent KS formers. 
Mean DMI among stone formers was 295.4 mg/day, as 
compared to 309.6 mg/day among non-stone formers 
(p=0.02). Higher DMI was strongly associated with low-
er odds of prevalent KS disease in univariate analysis re-
gardless of when DMI was analyzed as a continuous vari-
able (OR=0.94, 95% CI: 0.89–0.99, p=0.02) or when the 
extreme quartiles of DMI were compared (OR=0.74, 95% 
CI: 0.60–0.92, p=0.007). In the multivariable-adjusted re-
gression analysis, those in the highest quartile of DMI 
compared to the lowest quartile (≥379 mg vs. <205 mg) 
had significantly reduced odds of prevalent KS (OR=0.70, 
95% CI: 0.52–0.93, p=0.01). When DMI was analyzed as 
a continuous variable, there was a trend toward reduced 
odds of prevalent KS disease with higher DMI (OR=0.92 
per 100 mg, 95% CI: 0.84–1.01, p=0.07). 

CONCLUSIONS:  Our study suggests that higher DMI is 
associated with a reduced risk of KS disease. Future pro-
spective studies are needed to clarify the causal relation-
ship between DMI and KS disease.

KEYWORDS:  Dietary magnesium intake, renal stone, 
urolithiasis, nephrolithiasis    

INTRODUCTION

Kidney stone (KS) disease is highly prevalent worldwide, 
with roughly 1 in every 11 people afflicted in the United 
States.1 It carries significant morbidity and poses a huge eco-
nomic burden to the society.2,3 Calcium oxalate stone is by 
far the most common type, accounting for the vast majority 
of all stones identified.4

Magnesium (Mg) has long been thought to play a role in 
the formation of KS. In vitro studies have shown that Mg 
can inhibit each of the steps involved in formation of KS 
including supersaturation,5 nucleation of calcium oxalate 
crystals,6,7 aggregation,8 as well as crystal growth.6,9 Once 
formed, further growth of calcium oxalate monohydrate 
crystals occurs by adsorbing calcium and oxalate ions on 
its surface,10 which promotes adhesion to renal epithelial 
cells.11 Mg competitively gets adsorbed on calcium oxalate 
monohydrate crystals and has been shown to inhibit the 
adhesion of preformed calcium monohydrate crystals to 
renal cells.12 In animal studies, hypomagnesemia has been 
associated with development of calcium oxalate mono-
hydrate crystals.13 Dietary Mg supplementation resulted 
in increased urinary Mg14 and prevented the formation of  
calcium oxalate KS.15

It is well known from previous human studies that cal-
cium stone formers tend to excrete less Mg in the urine 
than their non-stone forming counterparts, suggesting an 
inhibitory role of Mg in KS formation.16-18 However, results 
from small interventional studies have been inconsistent 
in demonstrating reduction in urinary oxalate or reducing 
recurrence of KS disease.19-24 Thus far, it remains unclear 
whether DMI modifies KS risk in humans. 

Here, we used a large US population survey database, 
the National Health and Nutrition Examination Survey 
(NHANES) from 2011 to 2018, to examine the independent 
association between DMI with KS disease. 

METHODS

Study population
The NHANES is an ongoing series of cross-sectional assess-
ments of the health and nutritional status of adults and chil-
dren in the US. Since 1999, the program has been conducted 
continuously, with each two-year sample selected to repre-
sent the civilian non-institutionalized US population of all 
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ages.25 The survey collects demographic, socioeconomic, 
dietary, and health-related information, in addition to the 
examination and laboratory data obtained by highly trained 
medical personnel. A total of 39,156 participants were inter-
viewed for NHANES from 2011 to 2018. Of these, our anal-
ysis included 19,271 participants aged 18 years or older with 
complete data on dietary Mg, history of KS, and the covari-
ates of interest (Figure 1). 

Primary exposure and outcome
The primary exposure was daily DMI, excluding intake spe-
cifically from supplements or antacids. DMI in mg/day was 
calculated by matching foods and beverages listed on the 
24-hour dietary recall interview with the USDA’s Food and 
Nutrient Database for Dietary Studies. Of the two 24-hour 
recall periods, only data from day one was included in the 
present analysis.  

The primary outcome of interest, KS disease, was based 
on an affirmative response to the following question, “Have 
you ever had kidney stones?” Participants who refused to 
respond or did not know were excluded.

Covariates
Age, sex, race, history of diabetes, history of hypertension, 
thiazide use, and smoking status were obtained from ques-
tionnaires. Body mass index (BMI) was calculated from 
height and weight measured during the health examina-
tion. Information on alcohol and dietary intake of protein, 
sodium, calcium, vitamin D, zinc, and total calories were 

obtained from the same day one, 24-hour dietary recall inter-
view when DMI was measured. Supplemental calcium, vita-
min D, and zinc were measured by the corresponding day 
one, 24-hour supplement recall interview.  

Analysis
Statistical analysis was performed with Stata MP version 
18 (StataCorp, College Station, TX) using survey-specific 
procedures to accommodate the complex sampling design 
and estimate standard errors by Taylor linearization. Dietary 
intake day one sampling weights were divided by four 
to account for the combination of two-year survey cycles 
from 2011–2018. Logistic regression was applied to estimate 
crude and multivariable-adjusted odds ratios (OR) and 95% 
confidence intervals (CI) for DMI and prevalent KS disease. 
DMI was examined as both a continuous and a categorical 
predictor, with the latter variable created from quartiles of 
the DMI distribution. Deviations from a linear relationship 
between continuous DMI and KS disease were tested by 
including a quadratic term in the model, and interactions 
between DMI, sex, and age were evaluated by including prod-
uct terms in the models. The multivariable models included 
the following covariates: sex, age (years), race (non-Hispanic 
White, non-Hispanic Black, Hispanic/Latino, Asian, Other), 
BMI (<25, 25–<30, 30+ kg/m2), diabetes (no, borderline/
yes), hypertension, thiazide diuretic use, smoking (never, 
former, current), daily alcohol consumption (none, some 
[<70g], heavy [70+ g]), dietary calories (kcal), dietary protein 
(g), water (g), dietary sodium (mg), dietary and supplemen-
tal calcium (mg), dietary and supplemental zinc (mg), and 
dietary and supplemental vitamin D (μg). National Center 
for Health Statistics guidelines for reporting statistical reli-
ability of proportions were followed.26

RESULTS

A total of 19,271 participants were included in this analy-
sis. Of these, 1,878 (10.0%, weighted) reported a history of 
stones. Mean DMI was 295.4 mg/day among stone formers 
and was significantly different as compared to 309.6 mg/
day among non-stone formers. As shown in Table 1, stone 
formers tended to be older, male, non-Hispanic White, and 
had a higher BMI compared to non-stone formers. They were 
also more likely to have a history of diabetes, hypertension, 
and to use thiazide diuretics. Lastly, they were more likely 
to be smokers but less likely to drink alcohol. 

In the univariate analysis, higher DMI was strongly asso-
ciated with lower odds of prevalent KS disease when DMI 
was analyzed as a continuous variable (OR=0.94, 95% CI: 
0.89–0.99, p=0.02) or when the highest quartile of DMI 
was compared to the lowest (OR=0.74, 95% CI: 0.60–0.92, 
p=0.007). After adjustment for age, sex, race, BMI, histories 
of hypertension, diabetes, thiazide use, cigarette smoking, 
alcohol consumption, dietary intakes of calorie, protein, 

Figure 1. Selection of study population
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KS Former Non-KS Former p value

Total n, unweighted 1,878 17,393

Male sex 53.8 (1,008) 47.7 (8,343) 0.006

Age (y) 53.7 ± 0.46 47.1 ± 0.34 <0.001

Race <0.001

  Non-Hispanic White 74.9 (961) 63.6 (6,392)

  Non-Hispanic Black 6.2 (271) 11.9 (4,122)

  Hispanic/Latino 12.1 (450) 15.2 (4,119)

  Asian 2.8 (121) 5.9 (2,127)

  Other 4.1 (75) 3.4 (633)

BMI (kg/m2) <0.001

  <25.0 19.1 (357) 29.7 (5,106)

  25.0–<30.0 32.0 (617) 32.5 (5,571)

  30.0+ 48.8 (904) 37.8 (6,716)

History of diabetes 23.6 (507) 11.4 (2,645) <0.001

History of hypertension 47.7 (966) 32.3 (6,307) <0.001

Thiazide diuretic use 12.1 (231) 7.7 (1,570) <0.001

Smoking status <0.001

  Never 50.2 (930) 57.2 (10,070)

  Former 30.8 (571) 24.1 (3,964)

  Current 19.0 (377) 18.7 (3,359)

Alcohol consumption 0.02

  None (0 g/d) 78.6 (1,536) 74.3 (13,386)

  Some (>0–<70g/d) 19.0 (297) 21.4 (3,317)

  Heavy (70+ g/d) 2.5 (45) 4.4 (690)

Total calories (kcal) 2,116.6 ± 35.1 2,153.5 ± 9.3 0.31

Protein intake (g) 81.0 ± 1.7 83.1 ± 0.47 0.26

Water intake (g) 1,191.7 ± 36.8 1,244.5 ± 20.6 0.17

Dietary sodium (mg) 3,510.8 ± 68.0 3,555.8 ± 17.7 0.52

Dietary & supplemental 
calcium (mg)

1,079.6 ±23.2 1,110.8 ± 10.1 0.20

Dietary & supplemental 
zinc (mg)

15.9 ± 0.48 15.0 ± 0.14 0.08

Dietary & supplemental 
vitamin D (μg)

23.2 ± 2.6 19.2 ± 0.79 0.13

Dietary magnesium 
(mg)

295.4 ± 6.2 309.6 ± 2.2 0.02

  Quartiles 0.01

    0–204 27.8 (595) 25.2 (4,846)

    205–280 25.1 (481) 24.6 (4,308)

    281–378 26.1 (420) 24.6 (4,194)

    379–2,725 20.9 (382) 25.5 (4,045)

Table 1. Baseline characteristics of the study population

Values are expressed as weighted means ± SE or % (unweighted n).  
Abbreviations: BMI = body mass index, KS = kidney stone.

water, sodium, and both dietary and supplemental intakes 
of calcium, zinc, and vitamin D, higher DMI had a trend 
toward an association with reduced odds of prevalent KS 
disease (OR 0.92 per 100 mg increase, 95% CI: 0.84–1.01, 
p=0.07). No deviation from a linear relationship between 
DMI and odds of KS disease was observed. In addition, we 
evaluated KS risk associated with extreme categories of DMI. 
We divided DMI into quartiles. Among stone formers, there 
were 595 participants in quartile 1 (<204 mg/day), 481 par-
ticipants in quartile 2 (205–280 mg/day), 420 participants in 
quartile 3 (281–378 mg/day), and 382 participants in quartile 
4 (≥379 mg/day), whereas among non-stone formers, the cor-
responding numbers of participants were 4846, 4308, 4194 
and 4045 in each respective quartile. The multivariate-ad-
justed OR for stone formation was 0.70 (95% CI: 0.52–0.93, 
p = 0.01) in those who consumed ≥ 379 mg/day Mg compared 
to those with <205 mg/day of DMI (Table 2). There was no 
two-way interaction effect of age x DMI or of sex x DMI on 
KS formation. Also, no three-way interaction effect of age x 
sex x DMI on KS formation was noted. 

In our multivariate logistic regression analyses, the fol-
lowing variables were found to have significant associa-
tions with increased odds of prevalent KS disease (Table 3): 
age, male sex, BMI, diabetes, hypertension, and increasing 
caloric intake. In contrast, non-Hispanic White, heavy alco-
hol intake, and dietary calcium intake were associated with 
lower odds of prevalent KS disease. The estimated associa-
tions were similar when DMI was modeled as a continuous 
variable or in quartiles. 

Unadjusted Models Adjusted Models*

Dietary Magnesium Intake OR  
(95% CI)

p 
value 

OR  
(95% CI)

p 
value 

Continuous variable,  
per 100 mg

0.94  
(0.89–0.99)

0.02 0.92  
(0.84–1.01)

0.07

Categorial 
variable 

Quartile 1:  
0–204 mg

REF REF

Quartile 2:  
205–280 mg

0.93  
(0.79–1.09)

0.34 0.91  
(0.77–1.08)

0.27

Quartile 3:  
281–378 mg

0.96  
(0.82–1.13)

0.63 0.91  
(0.75–1.10)

0.34

Quartile 4:  
379–2,725 mg

0.74  
(0.60–0.92)

0.007 0.70  
(0.52–0.93)

0.01

Table 2. Odds ratios of prevalent kidney stones according to dietary 

magnesium intake in the multivariable regression model

Abbreviations: OR = odds ratio, CI = confidence interval.
*Multivariable model included age, sex, race, BMI, histories of hypertension, 
diabetes, thiazide use, cigarette smoking, alcohol consumption, dietary intakes 
of calorie, protein, water, sodium, and both dietary and supplemental intakes of 
calcium, zinc, and vitamin D.
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KS formation involves several key steps, including over 
secretion of stone forming minerals including calcium and 
oxalate, ultimately reaching a supersaturation point. It is 
followed by crystal nucleation, aggregation, and ultimately 
stone growth. Mg can affect KS formation in many different 
ways. When bound in the urinary space, magnesium oxalate 
is 100 times more soluble than calcium oxalate, therefore 
lowering the urinary saturation of calcium oxalate.27 Indeed, 
in an artificial urine environment at acidic pH, Mg has not 
only been shown to bind with oxalate reducing supersatura-
tion but also reduces time to supersaturation.5 Using a mixed 
suspension crystallizer and scanning electron microscopy, 
investigators showed that Mg decreased both nucleation 
and growth rates of calcium oxalate crystals in physiolog-
ical concentrations.6 These findings were confirmed by 
other in vitro studies.7,28-31 Once calcium oxalate crystals are 
formed, Mg can still slow down their growth.9 Furthermore, 
using radioactive C-14, Lieske et al showed that increasing 
concentrations of Mg prevented adhesion of calcium oxa-
late monohydrate crystals to cultured kidney cells12 which 
serves as the crystallization surface, and therefore blocking 
the final step of KS formation. In addition to its direct effect 
on stone formation, Mg can bind to oxalate in the gut and 
reduce its absorption,32,33 further reducing the crystallization 
potential of calcium oxalate.30

In humans, calcium stone formers tend to excrete less 
urinary Mg than their non-stone forming counterparts16,17,34 
and presence of low urine Mg has been associated with high 
oxalate concentration.35 Urinary Mg can be a surrogate of 
dietary Mg as supplementation leads to increased renal 
excretion in a state of normal total body Mg.36 This suggests 
a role of dietary Mg in KS formation. This was also clinically 
demonstrated in an interventional study by Kato et al where 
dietary Mg supplementation with Mg oxide tablet raised  
urinary Mg and reduced urinary oxalate.37 

However, despite favorable urinary biochemical changes 
associated with DMI, its effect on actual stone prevention 
remains unclear. Interventional trials have shown conflict-
ing results. In 1980, Johansson et al examined the role of 
Mg supplementation in 56 stone formers without signs of 
Mg deficiency. They found that 500mg of oral Mg dihydrox-
ide daily for 2–4 years led to a reduction in stone recurrence 
in 80–86% of patients as compared to controls who did not 
receive Mg supplement.21,22 Ettinger et al reported similar 
findings in 64 recurrent stone formers. They observed an 85% 
reduced risk of stone recurrence after daily supplementation 
of potassium Mg citrate for three years when compared to 
controls.24 However, results from other interventional stud-
ies contradict these findings. In a study of 75 KS formers, 
supplementation with 1300mg of Mg oxide did not reduce 
the rate of KS recurrence when compared with placebo.19 
Unfortunately, all these interventional studies were limited 
by small number of participants and the use of different Mg 
preparations with unpredictable bioavailability.38

Model with DMI quartiles

OR (95% CI) p value

Male sex 1.27 (1.03–1.56) 0.03

Age (y)* 1.02 (1.01–1.02) <0.001

Race

  Non-Hispanic White REF

  Non-Hispanic Black 0.41 (0.34–0.50) <0.001

  Hispanic/Latino 0.75 (0.63–0.89) 0.001

  Asian 0.50 (0.37–0.68) <0.001

  Other 1.00 (0.71–1.41) 0.99

BMI (kg/m2)

  <25.0 REF

  25.0–<30.0 1.27 (1.06–1.52) 0.009

  30.0+ 1.55 (1.29–1.87) <0.001

History of diabetes 1.67 (1.38–2.01) <0.001

History of hypertension 1.26 (1.07–1.49) 0.007

Thiazide diuretic use 1.03 (0.78–1.36) 0.82

Smoking status

  Never REF

  Former 1.08 (0.89–1.31) 0.43

  Current 1.18 (0.95–1.46) 0.14

Alcohol consumption

  None (0 g/d) REF

  Some (>0-<70g/d) 0.85 (0.69–1.06) 0.15

  Heavy (70+ g/d) 0.50 (0.30–0.82) 0.007

Total calories (kcal)* 1.00 (1.00–1.00) 0.04

Protein intake (g)* 0.99 (0.99–1.01) 0.89

Water intake (g)* 1.00 (1.00–1.00) 0.24

Dietary sodium (mg)* 0.99 (0.99–1.00) 0.72

Dietary & supplemental calcium (mg)* 0.99 (0.99–0.99) 0.02

Dietary & supplemental zinc (mg)* 1.00 (0.99–1.01) 0.23

Dietary & supplemental vitamin D (μg)* 1.00 (0.99–1.00) 0.66

Table 3. Multivariate-adjusted OR of covariates from the model with 

categorized DMI

Abbreviations: DMI = dietary magnesium intake, BMI = body mass index, OR = 
odds ratio, CI = confidence interval. *OR per unit increase for continuous vari-
ables. OR and CI bounds may be the same due to rounding.

DISCUSSION

Mg is involved in multiple cellular activities and is import-
ant for bone mineral metabolism. Its role in KS formation 
remains unclear. Here, we analyzed a large US population 
cohort and showed a strong association between DMI and 
the odds of prevalent KS. To the best of our knowledge, it is 
the largest population study examining the effect of DMI on 
risk of KS formation independent of other known confound-
ers for KS disease. 
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Our study has several limitations. First, we used DMI as a 
marker of body Mg store, assuming a steady state is reached. 
However, potential gastrointestinal malabsorption (espe-
cially among elderly) should be considered, as it may mis-
classify individuals into different categories of Mg intake. 
Second, this study is cross-sectional and involves preva-
lent KS cases, a causal or temporal relationship cannot be 
established. However, it is very unlikely that stone formers 
increase their Mg intake for secondary stone prevention as 
existing studies have conflicting results, and no clinical 
guidelines to date recommend Mg intake for stone preven-
tion. Third, the prevalent KS cases were self-reported, and 
some participants may have KS disease without self-aware-
ness or clinical diagnosis. This may have led to potential 
misclassification but should be non-selective with regard 
to Mg intake. Therefore, if this misclassification exists, 
the results should be biased toward null. Fourth, we were 
unable to evaluate the effects of higher DMI on urine stone 
risk profile since these urine studies were not performed in 
NHANES 2011-2018. Finally, we do not have information 
on stone composition, although the vast majority of kidney 
stones in the general population reflected by NHANES are 
calcium-based. 

CONCLUSION

Our study demonstrates that higher DMI is associated with 
a reduced prevalence of KS disease. Future prospective stud-
ies are needed to clarify the causal relationship and under- 
lying mechanism.
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