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Low magnesium intake is associated with increased knee pain in
subjects with radiographic knee osteoarthritis: data from the
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Objective: As magnesium mediates bone and muscle metabolism, inﬂammation, and pain signaling, we
aimed to evaluate whether magnesium intake is associated with knee pain and function in radiographic
knee osteoarthritis (OA).
Methods: We investigated the associations between knee pain/function metrics and magnesium intake
from food and supplements in 2548 Osteoarthritis Initiative cohort participants with prevalent radiographic knee OA (KellgreneLawrence score 2). Magnesium intake was assessed by Food Frequency
Questionnaire (FFQ) at baseline. WOMAC and Knee Injury and Osteoarthritis Outcome Score (KOOS)
scores were reported annually with total follow up of 48 months. Analyses used linear mixed models.
Results: Among participants with baseline radiographic knee OA the mean total magnesium intake was
309.9 mg/day (SD 132.6) for men, and 287.9 mg/day (SD 118.1) for women, with 68% of men and 44% of
women below the estimated average requirement. Subjects with lower magnesium intake had worse
knee OA pain and function scores, throughout the 48 months (P < 0.001). After adjustment for age, sex,
race, body mass index (BMI), calorie intake, ﬁber intake, pain medication use, physical activity, renal
insufﬁciency, smoking, and alcohol use, lower magnesium intake remained associated with worse pain
and function outcomes (1.4 points higher WOMAC and 1.5 points lower KOOS scores for every 50 mg of
daily magnesium intake, P < 0.05). Fiber intake was an effect modiﬁer (P for interaction <0.05). The
association between magnesium intake and knee pain and function scores was strongest among subjects
with low ﬁber intake.
Conclusion: Lower magnesium intake was associated with worse pain and function in knee OA, especially among individuals with low ﬁber intake.
© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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At least 10% of the United States population aged 60 years or
older have symptomatic knee osteoarthritis (OA)1. In a study from
the United Kingdom, 15% of subjects in the general population aged
over 55 years have had restricted activity because of knee pain
occurring on most days in 1 month during the preceding year2.
Magnesium is the second most abundant intracellular cation,
and is a critical cofactor for any reaction powered by ATP. It also acts
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as a calcium channel antagonist and thus plays an important role in
activities regulated by intracellular calcium concentration ﬂuxes
such as muscle contraction and insulin release3. Additionally,
magnesium likely plays a role as a pain mediator, and has been
shown to alter the levels of inﬂammatory cytokines and neurotransmitters in human and animal models4,5. Magnesium intake
comes primarily from ingested food and water sources. Approximately half of the US population has been shown to consume less
than the daily requirement of magnesium from foods6. This is likely
related to the increased consumption of processed foods, intensiﬁcation of farming practices, and increased intake of ﬁltered water
vs ground water, all of which have, or result in, decreased magnesium content and intake. The prevalence of magnesium deﬁciency
in arthritis patients is not known, however we recently found low
serum magnesium concentrations in 76 of 200 patients (38%) in a
Rheumatology outpatient clinic7.
The etiology of OA is complex and likely multi-factorial. There is
some evidence to support a link between low magnesium intake
and the likelihood of knee OA, but previous studies have been
limited by a cross-sectional or case-control design. In a crosssectional analysis in a population-based cohort, a modest inverse
threshold association was found between dietary magnesium
intake and knee OA in Caucasians, but not African Americans8. In a
case-control twin study to assess the relationship between radiographic knee OA and both bone turnover and calcium regulation,
the discordant twin pair analysis revealed a signiﬁcant reduction in
the odds of having radiographic OA with a higher magnesium
level9. In a cross-sectional study of 2855 subjects, there was a signiﬁcant association between serum magnesium concentration and
radiographic knee OA after adjustment for age, sex, and body mass
index (BMI)10.
Based on the data suggesting a possible association between
magnesium and knee osteoarthritis, as well as a potential role for
magnesium in OA pain, we investigated the association between
magnesium intake and knee pain scores in a large prospective
cohort of patients with prevalent radiographic knee OA. Our primary objective was to evaluate the associations of magnesium
intake from diet and supplements with measures of knee pain and
function over 4 years of follow up. Our secondary objective was to
estimate the prevalence of insufﬁcient magnesium intake in this
knee OA cohort.
Methods
Study design
A prospective cohort study.
Participants
We used existing data from the Osteoarthritis Initiative, an
ongoing multi-center cohort study of knee OA in the United States.
4796 subjects with or at risk for knee OA were recruited between
2006 and 2010 and followed annually with detailed clinical assessments and questionnaires. For this analysis, subjects with
radiographic knee OA in at least one knee at baseline (Kellgren and
Lawrence score 2) were selected (N ¼ 2548). Subjects with knee
replacements at baseline were excluded (N ¼ 58).
Variables
Dietary information was obtained by Block Brief 2000
food frequency questionnaire (FFQ) at baseline. This questionnaire
collects usual intake information on 72 common food items, as
well as questions about regularly used vitamin supplements

(multivitamins, individual vitamin supplements, and antacid
combinations (Tums)). Magnesium intake from self-reported dietary components and supplements (exposure) was calculated
separately for OAI by NutritionQuest, the makers of the Block Brief
2000 FFQ. Cumulative magnesium intake from diet and supplements was analyzed in calorie-adjusted sex speciﬁc quintiles
(Fig. 1), and as a continuous calorie-adjusted variable (milligrams
per 1000 calories). Magnesium intake from supplements was also
analyzed separately, without calorie adjustment. Total ﬁber intake
from foods was also estimated in grams per 1000 calories. Outcomes included self-reported annual Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), and its pain
and function subscales, as well as Knee Injury and Osteoarthritis
Outcome Score (KOOS), measured at baseline and every year, up to
4 years of follow up. WOMAC total score characterizes average knee
pain, stiffness, and functional limitations in the past 7 days, and was
assessed on a 0e96 point scale, with higher scores indicative of
worse pain and lower function. WOMAC pain and function/
disability subscale scores ranged from 0 to 20 points and 0 to 68
points respectively. The KOOS pain questionnaire is a brief assessment tool that evaluates knee pain with twisting, bending, and
straightening the knee in the past 7 days, scores range from 0 to 100
with lower scores indicative of worse pain. While there is a high
agreement between WOMAC and KOOS, KOOS may be more sensitive in younger and more active subjects11,12, hence we reported
both measures. If the subject had one knee with radiographic OA,
pain and function outcomes in the affected knee were followed for
the entire study period. If both knees had radiographic OA, the knee
with worse pain and function scores was picked at each time point.
Addressing bias
Potential confounders were selected based on previously reported risk factors for increased OA pain (age, sex, race, BMI, OA
radiographic severity, pain medication use on the day of assessment, physical activity metrics), and factors associated with altered
magnesium excretion (history of renal insufﬁciency, alcohol use,
and smoking status). We additionally adjusted for total calorie and
ﬁber intake, as dietary markers of overall healthy diet13,14, that
could potentially confound magnesium effects. Age, sex, and race
were self-reported by subjects at baseline. BMI was measured at
each annual clinical visit. OA radiographic severity was assessed by
Kellgren and Lawrence scores from ﬂexed knee radiographs at
baseline. Pain medication use was ascertained at each annual study
visit. Subjects were asked whether they took any pain medication
on the day of visit, including both prescription and over-thecounter pain medication for any type of pain. Self-reported
alcohol use, smoking status, history of renal insufﬁciency, and
physical activity (by Physical Activity Scale for the Elderly)15 were
available from standardized annual questionnaires.
Statistical methods
After pre-processing, data for unadjusted analyses were available on 2548 subjects. Full dietary assessment, outcomes and
covariates data during the entire follow up period were available on
2253 subjects. The rest contributed shorter follow up. ANOVA,
repeated measures ANOVA, and Chi-square tests were used for
descriptive statistics. Linear mixed effects models with limited and
multivariable adjustment were used for longitudinal analyses.
Time-varying covariates at each annual visit included BMI, pain
medication use, and physical activity. Appropriateness of linear
mixed effects models was conﬁrmed by analysis of residuals. A 95%
conﬁdence level was set for all tests of signiﬁcance. All statistical
analyses were performed in SAS 9.4 (SAS Institute, Inc., Cary, NC).
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Fig. 1. Study diagram with magnesium intake quintiles. OA e osteoarthritis. KL e Kellgren and Lawrence score. Q1eQ5 e sex speciﬁc, calorie-adjusted quintiles of total magnesium
intake from diet and supplements, based on the FFQ at baseline. WOMAC e Western Ontario and McMaster Universities Osteoarthritis Index. KOOS e Knee Injury and Osteoarthritis
Outcome Score. PASE e Physical Activity Scale for the Elderly.

Results
The majority of the 2548 Osteoarthritis Initiative subjects with
baseline radiographic knee OA (analytical cohort) were between 45
and 69 years old (72.7%), female (57.8%), Caucasian (77.2%) and
overweight (mean BMI 29.6). The top sources of dietary magnesium
in the OAI were vegetables (carrots, green beans, broccoli), beans,
milk, cold and cooked cereals, and white potatoes. 61% of subjects
reported magnesium intake from dietary supplements. 46%
100 mg/day, 15% between 30 and 70 mg/day. Mean total magnesium intake from diet and supplements in the cohort was 297.2
([standard deviation] 124.9) mg/day and the mean total reported
daily calorie intake was 1422 (631) calories. Both magnesium and
total calorie intake differed by sex. Mean magnesium intake for
women was 287.9 (118.1) mg/day, and for men 309.9 (132.6) mg/
day (P < 0.001). Mean calorie intake for women was 1292 (555.6)
calories/day and for men 1598 (683.9) calories/day (P < 0.001).
Women reported higher magnesium intake per 1000 calories than
men, and quintile cutoffs were also higher for women than for men
(Fig. 1). A large proportion of subjects with radiographic knee OA

reported below recommended magnesium intake. 44.5% of women
with OA and 68.1% of men with OA consumed less than the estimated average requirement of magnesium; 64.2% of women with
OA and 82.7% of men with OA consumed less than the recommended dietary allowance of magnesium for their age and sex.
There were differences in demographic and behavioral characteristics across caloric-adjusted sex speciﬁc quintiles of magnesium
intake (Table I). Subjects in the lowest magnesium intake quintile
were more likely to be younger (P < 0.001) and African American
(P < 0.001), had higher BMI (P < 0.001), and lower total ﬁber intake
(P < 0.001). They were also more likely to drink eight or more
servings of alcohol per week than those in higher magnesium
intake quintiles (P ¼ 0.01). There were no signiﬁcant differences
among magnesium intake quintiles in baseline radiographic OA
severity (P ¼ 0.9), pain medication use on the day of pain assessment (P ¼ 0.3), smoking status (P ¼ 0.4), history of renal insufﬁciency (P ¼ 0.6), and physical activity scores (P ¼ 0.9).
The mean baseline WOMAC scores for the entire sample were
3.9 (median 3.0) for WOMAC pain subscale, 12.4 (median 8.5) for
WOMAC function subscale, and 18.4 (median 13.4) for total
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Table I
Baseline characteristics of Osteoarthritis Initiative participants with baseline radiographic knee osteoarthritis (KL  2) in at least one knee (N ¼ 2548)

Age, %:
45e59
60e69
70 and older
Race, %:
White
Black
Asian/Other
BMI, Mean (SD)
OA radiographic severity, %:
KL ¼ 2
KL ¼ 3
KL ¼ 4
Alcohol use, %:
<1 drink/week
1e7 drinks/week
8 or more drinks/week
Smoking status, %:
Never
Former
Current
Total ﬁber intake, g/1000 cal, Mean (SD)
History of renal insufﬁciency, %
Pain medication use, %
PASE score, Mean (SD)
WOMAC pain score:
Mean (SD)
WOMAC function score:
Mean (SD)
WOMAC total score:
Mean (SD)
KOOS pain score:
Mean (SD)

Total sample
N ¼ 2548

Sex speciﬁc magnesium intake quintiles
Q1
N ¼ 508

Q2
N ¼ 510

Q3
N ¼ 510

Q4
N ¼ 510

Q5
N ¼ 510

P value

1002 (39.3)
851 (33.4)
695 (27.3)

53.2
27.7
19.1

46.5
30.2
23.3

38.2
35.7
26.1

31.2
36.7
32.2

27.5
36.7
35.9

<0.001

1972 (77.4)
514 (20.2)
61 (2.4)
29.6 (4.8)

68.4
30.5
1.2
31.2 (5.2)

73.9
23.3
2.8
30.2 (4.8)

80.8
17.1
2.2
29.5 (4.7)

84.3
12.6
3.1
28.8 (4.3)

79.8
17.5
2.8
28.3 (4.4)

<0.001

1352 (53.5)
884 (35.0)
292 (11.6)

54.5
33.5
11.8

50.6
37.3
11.8

53.3
34.5
11.0

54.3
33.5
11.0

52.6
34.7
11.8

0.9

1485 (58.4)
710 (27.9)
349 (13.7)

60.0
25.0
15.0

54.9
29.4
15.7

56.8
28.5
14.7

55.6
30.5
14.0

64.6
26.1
9.2

0.01

2014 (79.4)
446 (17.6)
77 (3.0)
10.9 (4.2)
37 (1.5)
334 (13.1)
156.2 (81.2)

80.8
15.6
3.6
7.6 (2.1)
2.2
12.4
153.9 (79.9)

80.5
16.5
3.0
9.8 (2.9)
1.0
11.0
157.7 (82.5)

79.4
18.9
1.8
10.7 (3.3)
1.4
12.8
156.4 (81.2)

77.8
18.0
4.1
11.8 (3.7)
1.4
14.7
157.3 (82.6)

78.5
18.8
2.8
14.6 (4.7)
1.4
14.9
154.7 (78.7)

0.4

<0.001
0.6
0.3
0.9

3.9 (3.9)

4.8 (4.5)

4.0 (3.8)

3.7 (3.9)

3.6 (3.7)

3.3 (3.6)

<0.001

12.4 (12.7)

15.6 (14.5)

12.8 (12.2)

11.9 (12.9)

11.8 (12.1)

10.2 (11.1)

<0.001

18.4 (17.6)

22.8 (19.9)

19.2 (16.9)

17.3 (16.9)

17.3 (16.9)

15.3 (15.5)

<0.001

76.0 (20.2)

71.5 (22.1)

74.8 (19.8)

76.9 (20.1)

77.4 (19.6)

79.3 (18.5)

<0.001

<0.001

Q1eQ5 e sex speciﬁc, calorie-adjusted quintiles of total magnesium intake from diet and supplements, based on the FFQ at baseline. Quintile ranges for women (mg of
magnesium per day per 1000 calories): Q1 < 164.7, Q2 164.7e208.6, Q3 208.7e248.1, Q4 248.2e293.7, Q5 > 293.7. Quintile ranges for men Q1 < 145.9, Q2 145.9e177.2, Q3
177.3e210.5, Q4 210.6e253.5, Q5 > 253.5. SD e standard deviation. OA e osteoarthritis. KL e Kellgren and Lawrence score. PASE e Physical Activity Scale for the Elderly.
WOMAC e Western Ontario and McMaster Universities Osteoarthritis Index. KOOS e Knee Injury and Osteoarthritis Outcome Score. P-values presented for Chi-square tests for
categorical variables and ANOVA for continuous variables.

WOMAC (Table I). The mean KOOS pain score was 76 (median 80.0).
These scores correspond to mild knee pain and functional impairment on average. WOMAC and KOOS scores were strongly correlated (Pearson coefﬁcient e 0.92, P < 0.001). Subjects in the lowest
magnesium intake quintile had worse WOMAC and KOOS scores
than those in the higher quintiles (P < 0.001 for all metrics). This
trend persisted throughout the 4-year observation period in a dosedependent fashion (Fig. 2). While overall mean WOMAC and KOOS
scores stayed stable to slightly improved over time, they remained
consistently worse in lower magnesium intake quintiles over 4
years (repeated measures ANOVA P-value < 0.001 for all outcomes).
The association between baseline magnesium intake and knee
pain/function outcomes over 4 years of follow up was also observed
in linear mixed effects models using calorie-adjusted magnesium
intake as a continuous variable (Table II). Over 48 months 173
subjects (6.8%) were lost to follow up, outcomes and covariates data
during the entire follow up period were available on 2253 subjects.
After adjustment for age, sex, race, BMI, total calorie intake, total
ﬁber intake, pain medication use, physical activity, renal insufﬁciency, smoking, and alcohol use, magnesium intake remained
signiﬁcantly associated with pain and function outcomes (Table II).
The estimated difference attributed to magnesium intake in fully
adjusted models was 0.3 points per 50 mg of magnesium on the
WOMAC pain subscale, 1.0 points per 50 mg of magnesium on the
WOMAC function subscale, and 1.4 points on the total WOMAC
scale. Hence a minimal clinically important difference in WOMAC

(20% from the sample mean) corresponded to about 130 mg of
magnesium intake per 1000 calories. The difference for KOOS pain
score was 1.5 points per 50 mg of magnesium, however the minimal clinically important difference for KOOS is not deﬁned. Full
adjusted model estimates are available in Appendix 1.
In fully adjusted models, ﬁber intake was an effect modiﬁer for
the relationship between magnesium intake and knee pain and
function outcomes, as illustrated in Fig. 3 (P for interaction ¼ 0.01
for WOMAC Pain, 0.03 for WOMAC Function, 0.02 for Total WOMAC,
and 0.03 for KOOS Pain score). The association between magnesium
intake and knee pain and function scores was strongest among
subjects who had a low ﬁber intake, and became less robust in
individuals with a higher ﬁber intake.
Dietary magnesium intake and dietary ﬁber intake were highly
correlated (Pearson correlation coefﬁcient 0.82, P < 0.001), while
magnesium intake from supplements and dietary ﬁber intake were
not (Pearson correlation coefﬁcient 0.11, P < 0.001). We performed
additional analyses to evaluate the associations between magnesium intake from supplements only and pain and function outcomes, without adjustment for ﬁber intake. We found similar
inverse associations between magnesium intake from supplements
and WOMAC and KOOS outcomes (Appendix 2).
In summary, insufﬁcient magnesium intake was highly prevalent among subjects with radiographic knee OA, and was more
common in men than in women. Subjects with low magnesium
intake had worse knee OA pain and function scores, throughout the
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Fig. 2. Mean knee pain and function scores over 4 years of follow up in Osteoarthritis Initiative participants with baseline radiographic knee osteoarthritis (KL 2) across quintiles of
magnesium intake. Q1eQ5 e sex speciﬁc, calorie-adjusted quintiles of total magnesium intake from diet and supplements, based on the FFQ at baseline. Circles indicate mean pain and
function scores reported at annual clinical assessments; color of circle corresponds to quintile of baseline magnesium intake. Vertical bars correspond to standard deviation.

Table II
Magnesium intake-attributed differences in pain and function scores in OA knees over 4 years of follow up among Osteoarthritis Initiative participants with baseline
radiographic knee osteoarthritis (KL  2)

WOMAC pain score (SE)
WOMAC function score (SE)
WOMAC total score (SE)
KOOS pain score (SE)

Unadjusted estimate

Minimally adjusted estimatey

Fully adjusted estimatez

0.3 (0.0)***
1.0 (0.1)***
1.5 (0.2)***
1.7 (0.2)***

0.2 (0.1)***
0.9 (0.2)***
1.2 (0.2)***
1.2 (0.2)***

0.3 (0.1)**
1.0 (0.3)**
1.4 (0.5)**
1.5 (0.5)**

Estimates represent a mean difference in knee pain and function scores for every additional 50 mg/1000 cal of magnesium intake. SE e standard error.
*P < 0.05 **P < 0.01 ***P < 0.001.
y
Adjusted for age, sex, race, total calorie intake.
z
Adjusted for age, sex, race, BMI, total calorie intake, pain medication use, physical activity, renal insufﬁciency, smoking, alcohol use, and ﬁber intake (including an
interaction with ﬁber intake). Full estimates for all covariates are supplemented in Appendix 1.

48 month follow up period, even when adjusted for age, sex, race,
BMI, total calorie intake, total ﬁber intake, pain medication use,
physical activity, renal insufﬁciency, smoking, and alcohol use. Fiber intake was an effect modiﬁer. Magnesium effect on knee OA
pain and function scores was strongest in subjects with low ﬁber
intake.

Discussion
In a cohort of adults with prevalent knee osteoarthritis, we
found that low magnesium intake at baseline was associated with
worse pain and function in the affected knee over 48 months of
follow-up. These results add to previous ﬁndings of an association
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Fig. 3. Fiber intake modiﬁes the effect of magnesium intake on knee pain in Osteoarthritis Initiative participants with baseline radiographic knee osteoarthritis (KL 2). The
association between magnesium intake and the total WOMAC/KOOS Pain scores is modeled at three levels of ﬁber intake within the range of the Osteoarthritis Initiative dietary
intake data: 5 g of ﬁber/1000 calories, 10 g of ﬁber/1000 calories, and 15 g of ﬁber 1000/calories. Each color represents a regression line for the corresponding ﬁber intake group with
its 95% conﬁdence limits. The association between magnesium intake and knee pain and function scores was strongest among subjects who had a low ﬁber intake, and became less
robust in individuals with a higher ﬁber intake.

between low magnesium intake and serum levels with prevalent
radiographic knee osteoarthritis8e10.
There are several mechanisms by which low magnesium intake
may contribute to OA pain, including proinﬂammatory effects of
magnesium deﬁciency, and its role in pain sensitization. Although
OA has traditionally been thought of as a degenerative process
primarily affecting hyaline articular cartilage through aberrant
mechanical loading, there is evidence that inﬂammation plays an
important role as well16,17. Low magnesium intake has been associated with elevated serum levels of C-reactive protein (CRP).
Adults who consumed less than the RDA of magnesium were
1.48e1.75 times more likely to have an elevated CRP than those
with normal magnesium intake, after controlling for demographic
and cardiovascular risk factors18. Conversely, oral magnesium
supplementation decreased hsCRP levels in healthy subjects with
prediabetes and hypomagnesemia4. In subjects with metabolic
syndrome, severe hypomagnesemia was associated with elevated
levels of both CRP and TNF-a19.
Hyperalgesia seen in early OA may be related to inﬂammation as
well, likely caused by sensitization of joint afferents by inﬂammatory mediators. In a rat OA model of hyperalgesia, the inﬂammatory
cytokines TNF and IL-6 were elevated at early stages20. In more
advanced stages of OA, patients show evidence of more widespread
pain, suggesting the possibility of central sensitization. The mechanism of central sensitization in OA is not fully understood, but in
OA animal models, the spinal content of substance P and calcitonin
gene-related peptide (CGRP) is enhanced21. These neuropeptides
facilitate the generation of spinal hyperexcitability22. There is
increasing evidence that CGRP plays an important role not only in
central nociceptive transmission and neurogenic inﬂammation, but
also in peripheral mechanisms of OA pain. Knee structures are
innervated by CGRP-expressing sensory neurons23,24. Synovial
CGRP-immunoreactive nerve ﬁber density is greater in OA patients
with pain compared to symptomatic controls25. A recent study
demonstrated that CGRP plays an important role in maintaining
peripheral sensitization in experimentally induced OA26.
The mechanism linking hypomagnesemia and OA pain likely
involves altered levels of neurotransmitters and N-methyl-Daspartate (NMDA) receptor function. Weglicki has shown that
serum levels of the neuropeptides substance P and CGRP were
signiﬁcantly elevated within 3 days after initiating a low magnesium diet in a rodent model5. The source of the acute elevation of
the neurotransmitters may be C-ﬁbers in the dorsal root ganglia27.

These neurotransmitters may then depolarize postsynaptic neurons to activate quiescent NMDA receptors, leading to hyperalgesia28. Magnesium is an NMDA receptor antagonist that acts by
blocking the receptor channel complex in a voltage-dependent
manner29. Hypomagnesemia may accentuate pain by unblocking
the NMDA receptor and increasing NMDA receptor expression30.
We also found that the average magnesium intake from diet and
supplements in the Osteoarthritis Initiative cohort was below recommended amounts. The rates of insufﬁcient magnesium intake
appear similar to those reported by the USDA in the National
population from the same time period, although direct comparison
is not feasible due to differences in diet assessment methods (the
Block Brief 2000 FFQ method used here tends to underestimate
total nutrient intakes). About half the US population consumes less
than the daily requirement (RDA) of magnesium from foods31, and
the dietary intake of magnesium in the Western world appears to
be declining32. Multiple factors may contribute to a decreasing
intake of magnesium from dietary sources. Drinking water accounts for about 10% of daily magnesium intake33. Increased consumption of ﬁltered water, which has a lower concentration of
magnesium than ground/well water, may be a contributing factor.
Studies have shown that serum magnesium was signiﬁcantly lower
in the population consuming ﬁltered water compared to those
drinking non-ﬁltered water34. Food processing procedures, such as
reﬁning of grains, remove nutrient rich germ and bran, and result in
lower magnesium content35,36.
Additionally, we gained insight into the relationship between
magnesium intake and ﬁber intake. The association between
magnesium intake and knee pain and function scores was strongest
among subjects who had a low ﬁber intake, and became less robust
in individuals with a higher ﬁber intake in our study. Fiber intake
typically correlates with unmeasured indicators of a healthy
diet13,14, and hence adjustment for ﬁber intake is important to
isolate the effect of a speciﬁc nutrient. Low magnesium intake and
low ﬁber intake have both been associated with radiographic
osteoarthritis8e10,37. While many foods high in magnesium are also
high in ﬁber, there are many foods with high magnesium and low
ﬁber content as well. Some of the top sources of dietary magnesium
reported in Americans, for example, were milk, meat, coffee, and
beer32. Hence an interaction between magnesium and ﬁber intake
is biologically plausible. Other nutrition studies that did not test for
interaction and simply treated ﬁber intake as a confounder in
predictive models were unable to separate the effect of magnesium
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from the effect of ﬁber intake38,39. The presence of an interaction
with ﬁber rather than confounding in our study indicates a role for
dietary magnesium in osteoarthritis pain, that is outside the general healthy diet phenotype.
Other nutrients, foods, and diets have been studied in relationship to OA pain, including vitamin C, vitamin D, milk, and the
Mediterranean diet. Vitamin C was not signiﬁcantly associated with
knee symptoms in OA, and the results for vitamin D were inconclusive40. Mediterranean diet was associated with lower WOMAC
scores and better quality of life41, and higher milk consumption was
linked to reduced radiographic OA progression in women42. Interestingly, milk-based dietary supplements have also been shown to
reduce OA pain symptoms in two randomized clinical trials43,44. As
milk and components of the Mediterranean diet are high in magnesium, it is plausible that magnesium intake is the common
mechanism of their effect on pain and function. This argument is
further strengthened by our ﬁnding that magnesium intake from
supplements is associated with better OA pain and function outcomes. At the same time, as dietary components are closely
correlated, it is possible that this effect is due to an unmeasured
nutrient, and not magnesium. Hence, our ﬁndings should be
interpreted with caution, and further evaluated in clinical trials.
Our study's strengths include data from a large, well-established
osteoarthritis cohort with standardized assessments of radiographic knee OA and knee pain/function scores. Evaluating pain
outcomes in relationship to magnesium is likely more relevant to
patients and clinicians than radiographic outcomes, and can aid in
determining the expected effect size for clinical trials of magnesium
supplementation in treatment of knee OA. The limitations include
inaccuracies in dietary assessment by FFQ, reporter bias for multiple self-reported parameters, and collider bias due to studying
prevalent rather than incident knee OA. Based on calorie counts,
the overall dietary intake was likely underestimated45. Hence calorie adjustment was used for analyses. Our study did not use an
objective measure of magnesium deﬁciency, such as serum magnesium levels or overall magnesium balance, however, in long-term
magnesium balance studies dietary intake correlated closely with
serum magnesium and blood cell magnesium29. It should also be
noted that there was little change in mean pain and function scores
over 4 years of follow up among subjects in different quintiles of
magnesium intake, hence results were largely determined by the
baseline value (Fig. 2). Further studies in different populations are
required to evaluate the effects of magnesium intake on change in
pain and function over time. Additionally, as the Osteoarthritis
Initiative primarily included white educated US adults, caution
should be used when generalizing results to other populations.
In conclusion, the reported magnesium intake among adults with
prevalent radiographic knee OA was low, though likely similar to the
general US population. Low magnesium intake was associated with
worse pain and function scores in radiographically affected knees at
baseline and over 4 years of follow up, after adjustment for multiple
confounders. A similar association was observed between magnesium intake from supplements and pain/disability outcomes.
Further prospective experimental studies are needed to address the
effects of magnesium on changes in OA pain over time, and to reliably isolate magnesium effects from other nutritional factors.
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