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Abstract

Objectives: This cross-sectional study aimed to examine associations between serum
magnesium (Mg) concentration with the prevalence of metabolic syndrome (MetS),
diabetes (DM), hypertension (HP) and hyperuricemia (HU) in radiographic knee
osteoarthritis (OA) patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods: The present study was conducted at the Health Management Center of
Xiangya Hospital. Radiographic OA was evaluated in patients aged over than 40 years

with basic characteristics and blood biochemical assessment.

Results: A total of 962 radiographic knee OA patients were included. The
multivariable-adjusted OR (95% CI) showed a significant lower prevalence of MetS
in the second (OR=0.58, 0.36-0.94, P=0.026) and highest quintile (OR=0.56, 95C1%
0.34-0.93, P=0.024) compared with the reference quintile of serum Mg. Meanwhile, a
significant lower prevalence of DM was observed in the second (OR=0.38, 0.22-0.67,
P=0.001), third (OR=0.35, 0.19-0.64, P=0.001), fourth (OR=0.27, 0.14-0.53, P<0.001)
and highest quintile (OR=0.21, 95CI% 0.10-0.41, P<0.001). A significant lower
prevalence of HU was observed in the third (OR=0.36, 0.20-0.63, P<0.001), fourth
(OR=0.54, 0.31-0.93, P=0.026) and highest quintile (OR=0.39, 95CI% 0.22-0.68,
P=0.001). However, there was no significant association between serum Mg and HP

in OA patients.

Conclusions: The present study indicated that the serum Mg concentration was
inversely associated with the prevalence of MetS, DM and HU in radiographic knee
OA patients. Thus, elevating serum Mg level is more likely to be associated with the

decreasing prevalence of MetS, DM and HU among subjects with knee OA.

Level of Evidence: Level I, cross-sectional study.
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Strengths and limitations of this study

1.

This is the first study examining the associations between serum magnesium (Mg)
and the prevalence of metabolic syndrome, diabetes mellitus, hypertension and

hyperuricemia in radiographic knee osteoarthritis patients.

The multivariable logistical regression models in this study were adjusted by a
considerable number of potential confounding factors, which greatly improved the

reliability of the results.

Kidney is the key organ in maintaining Mg homeostasis. This study conducted a
sensitivity analysis by adding estimated glomerular filtration rate into
multivariable logistic regression models, and the reverse associations remained

significant.

This study adopted cross-sectional design which precluded causal correlations.

Serum Mg concentration was adopted as the indicator of body Mg content in this

study which was not the best indicator of body status.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 35



Page 5 of 35

oNOYTULT D WN =

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

BMJ Open

Introduction

The association between metabolic diseases, especially metabolic syndrome (MetS)' 2
and diabetes mellitus (DM),3 5 with osteoarthritis (OA) has drawn increasing attention
in the past few years, and OA has also been classified into three specific phenotypes
including metabolic OA, age-related OA and injure-related OA°’ A large number of
researches have indicated that the prevalence of MetS,”” DM'*'® and hypertension
(HP)" ** 1929 are either higher in OA patients or associated with OA. In addition,
some other studies reported that MetS,21 22 pM** and HP?'?? are the risk factors of
OA progression. Thus, it appears necessary to pay more attention to the high
prevalence of metabolic diseases in OA patients and even take measures to reduce

their prevalence, which also seems to be beneficial in delaying OA progression.

Serum magnesium (Mg), one of the most important micronutrients for human health,
has been reported to be negatively associated with MetS, >’ DM**?® and HP** ! by
lots of studies. Furthermore, our previous study showed an inverse association
between serum Mg with hyperuricemia (HU).** However, to our best knowledge,
there is not yet a study examined the association between the serum Mg concentration
with the aforementioned metabolic diseases (MetS, DM, HP and HU) in OA patients.
In addition, another study of ours indicated that the serum Mg concentration may be
inversely associated with radiographic knee OA.® Therefore, it is reasonably
speculated that the prevalence of MetS, DM, HP and HU in OA patients may be
reduced by elevating the level of serum Mg, which can in turn delay OA progression.
Thus, the objective of the present study was to examine the associations between the
serum Mg concentration with the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods
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Study population

The present study was conducted at the Health Management Center of Xiangya
Hospital between October 2013 and November 2014. The study design has been
published previously.***® The protocol of this study was reviewed and approved by
the local Ethics and Research Committee, and the methods were carried out in
“accordance” with the approved guidelines. Also the study population gave informed
consent. Registered nurses interviewed all participants during the examination using a
standard questionnaire, with the purpose to collect information on demographic
characteristics and health-related habits. Participants were selected according to the
following inclusion criteria: 1) 40 years old or above; 2) undergoing weight-bearing
bilateral anteroposterior radiography of the knee, and diagnosed with knee OA
according to Kellgren-Lawrence (K-L) radiographic atlas (knee joint was graded K-L
2 or above); 3) availability of all basic characteristics, including age, gender, body
mass index (BMI) and blood pressure; 4) availability of biochemical test results,
including serum Mg concentration; 5) availability of information related to the living
habits, including education background, activity level, smoking, drinking and
medication status. Initially, this cross-sectional study included 1820 radiographic knee
OA patients aged over than 40 years with sound basic characteristics and needed
blood biochemical assessment (including serum Mg concentration). Among them, 962
patients offered demographic characteristics and health-related habits and they were

finally included in this study.

Blood biochemistry

All blood samples were drawn after a 12-hour overnight fast and were kept at 4°C
until analysis. All blood test were undertaken using a Beckman Coulter AU 5800
(Beckman Coulter Inc., Brea, CA, USA). The inter- and intra-assay coefficients of

variation were tested by low concentrations (2.5 mmol/L for glucose, 118 pmol/L for
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1

2

z 146  uric acid and 0.60 mmol/L for serum Mg) and high concentrations (6.7 mmol/L for
5 147  glucose, 472 pmol/L for uric acid and 1.00 mmol/L for serum Mg) of standard human
6

7 148  samples. The intra-assay coefficients of variation were 0.98% (2.5 mmol/L) and 1.72%
8

9 149 (6.7 mmol/L) for glucose, 1.39% (118 umol/L) and 0.41% (472 pmol/L) for uric acid,
10

11 150 and 1.86% (0.60 mmol/L) and 1.65% (1.00 mmol/L) for serum Mg. The inter-assay
g 151  coefficients of variation were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L) for
1‘5‘ 152 glucose, 1.40% (118 pmol/L) and 1.23% (472 pmol/L) for uric acid, and 1.87% (0.60
16 153  mmol/L) and 1.70% (1.00 mmol/L) for serum Mg.

17

18

19 154

20

;; 155  Assessment of other exposures

23

24 156  Blood pressure was measured by an electronic sphygmomanometer. The weight and
25

26 157  height of each subjects was measured respectively to calculate the BMI. Participants
27

28 158  were asked about their average frequency of physical activity (never, one to two times
;g 159  per week, three to four times per week, five times and above per week) and average
;; 160  duration of physical activity (within half an hour, half an hour to one hour, one to two
33 161  hours, more than two hours). The smoking, alcohol drinking and medication status
34

35 162  were asked face to face.

36

37

38 163

39

2(1) 164  Assessment of MetS, DM, HP and HU

42 47-49
43 165 MetS was diagnosed according to the Chinese Diabetes Society (CDS) criteria.”"”
44

45 166  CDS criteria for metabolic syndrome requires 3 items or all the four items: (1) BMI
j? 167  >25 kg/m2; (2) Fasting plasma glucose (FPG) >6.1 mmol/L, or diagnosed DM; (3)
jg 168  Systolic blood pressure (BP)>140 mmHg or diastolic BP>90 mmHg, or treatment of
50 169  previously diagnosed HP; (4) Triglycerides >1.7 mmol/L and/or HDL-cholesterol
51

52 170 <0.9 mmol/L in male or <1.0 mmol/L in female, or treatment for this lipid
53

54 171 abnormality. Subjects with the fasting glucose >7.0 mmol/L or currently undergoing
55

56 /

57

58
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drug treatment for blood glucose control were regarded as DM patients, and subjects
with the systolic blood pressure >140 mm Hg or diastolic blood pressure > 90 mm Hg
or currently using antihypertensive medication were regarded as HP patients. HU was
defined as uric acid >416 pmol/L for male and >360 pmol/L for female or currently

undergoing drug treatment for uric acid control.

Statistical analysis

The continuous data are expressed as mean (standard deviation), and the category data
are expressed in percentage. Differences in continuous data were evaluated by
one-way classification ANOVA (normally distributed data) or Kruskal-Wallis H test
(non-normally distributed data), while differences in category data were assessed by
the y2 test. The serum Mg was classified into five categories based on the quintile
distribution: <0.85, 0.86-0.89, 0.90-0.92, 0.93-0.96 and >0.97 mmol/L. Logistic
regression was conducted in two models in order to calculate the adjusted ORs with
95% ClIs for the associations of serum Mg with MetS, DM, HP and HU. Three models
were adjusted for the association. Model 1 were adjusted for age and sex. Then,
model 2, a multivariable model was adopted. Covariates were chosen based on
previous similar studies.”” ****>! Model 2 for the association between serum Mg and
MetS was adjusted by age (continuous data), gender (male, female), educational level
(high school or above, lower than high school), smoking status (yes, no), activity level
(continuous data) and alcohol drinking status (yes, no). Model 2 for the association
between serum Mg and diabetes was adjusted by age (continuous data), BMI (>25
kg/m2, <25 kg/m2), gender (male, female), educational level (high school or above,
lower than high school), smoking status (yes, no), activity level (continuous data),
alcohol drinking status (yes, no), HP (yes, no), and dyslipidemia (yes, no).
Dyslipidemia was defined by triglycerides >1.7 mmol/L and/or HDL-cholesterol <0.9

mmol/L in male or <1.0 mmol/L in female, or treatment for this lipid abnormality.
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Model 2 for the association between serum Mg and hypertension was adjusted by age
(continuous data), BMI (=25 kg/m2, <25 kg/m2), gender (male, female), educational
level (high school or above, lower than high school), smoking status (yes, no), activity
level (continuous data), alcohol drinking status (yes, no), diabetes (yes, no), and
dyslipidemia (yes, no). Model 2 for the association between serum Mg and HU was
adjusted by age (continuous data), BMI (=25 kg/m2, <25 kg/m2), gender (male,
female), educational level (high school or above, lower than high school), smoking
status (yes, no), activity level (continuous data), alcohol drinking status (yes, no), HP
(yes, no), DM (yes, no) and dyslipidemia (yes, no). Model 3 for all associations were
adjusted based on model 2, with additional factor of estimated glomerular filtration
rate (eGFR). eGFR was calculated by serum creatinine (Scr), sex, and patients’ age.
The calculation formula was: 186 x SCr—1.154x age—0.203x 1.210 (if black) x 0.742
(if female).” Tests for linear trends were conducted based on logistic regression using
a median variable of Mg concentration in each category. All data analyses were
performed using SPSS 17.0; P<0.05 was considered to be statistically significant. All

test were two tailed.

Results

A total of 962 subjects were included in the present cross-sectional study. The
characteristics of the study population according to quintiles of serum Mg were
illustrated in Table 1. The mean age of the subjects was 54.9+7.6 years old, and there
were 377 females (39.2%). The overall prevalence of MetS, DM, HP and HU in OA
patients were 21.4%, 12.0%, 38.5% and 18.3% respectively. Significant differences
were observed across quintiles of serum Mg for fasting glucose, the prevalence of DM

and HU.

Outcomes of multivariable adjusted associations between MetS and serum Mg

concentration were shown in Table 2. The age-sex adjusted OR values (Model 1)

9
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suggested a significant lower prevalence of MetS in the second (OR=0.61, 95CI%
0.38-0.97, P=0.038) and highest quintile (OR=0.59, 95CI% 0.36-0.96, P=0.035)
compared with the reference quintile of serum Mg in OA patients, and the P for trend
was 0.090. The multivariable adjusted OR values (Model 2) showed similar outcomes
(OR=0.60, 95CI% 0.37-0.96, P=0.035 in the second quintile; OR=0.61, 95CI%
0.37-0.99, P=0.047 in the fifth quintile), and the P for trend was 0.120. The sensitivity
analysis, by adding eGFR into model 2, also reached similar outcomes - a significant
lower prevalence of MetS in the second (OR=0.58, 0.36-0.94, P=0.026) and highest
quintile (OR=0.56, 95CI% 0.34-0.93, P=0.024) compared with the reference quintile

of serum Mg, and the P for trend was 0.066.

Table 3 indicated the multivariable adjusted relations of serum Mg and DM in OA
patients. Both age-sex adjusted OR values (Model 1) and multivariable adjusted OR
values (Model 2) suggested a strong inverse association between serum Mg and
diabetes. The age-sex adjusted ORs for the prevalence of diabetes were 0.38 (95CI%
0.22-0.66, P=0.001), 0.34 (95CI% 0.19-0.61, P<0.001), 0.29 (95CI% 0.15-0.55,
P<0.001), and 0.20 (95CI% 0.10-0.40, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was smaller than 0.0001. The
multivariable adjusted ORs for the prevalence of diabetes were 0.38 (95CI%
0.22-0.66, P=0.001), 0.34 (95CI% 0.19-0.62, P<0.001), 0.27 (95CI% 0.14-0.52,
P<0.001), and 0.20 (95CI% 0.10-0.40, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was smaller than 0.0001. The
sensitivity analysis, by adding eGFR into model 2, showed similar outcomes - a
significant lower prevalence of DM in the second (OR=0.38, 0.22-0.67, P=0.001),
third (OR=0.35, 0.19-0.64, P=0.001), fourth (OR=0.27, 0.14-0.53, P<0.001), and
highest quintile (OR=0.21, 95CI% 0.10-0.41, P<0.001) compared with the reference

quintile of serum Mg, and the P for trend was <0.001.

The multivariable-adjusted relations between serum Mg and HP in OA patients were

listed in Table 4. According to the age-sex adjusted ORs (Model 1) and multivariable
10
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adjusted ORs (Model 2), there was no significant association between serum Mg and
hypertension, and the P for trend was 0.929 and 0.423, respectively. The sensitivity

analysis, by adding eGFR into model 2, showed the same results.

The multivariable-adjusted relations of serum Mg and HU in OA patients were
illustrated in Table 5. Both the age-sex adjusted OR values (Model 1) and the
multivariable adjusted OR values (Model 2) suggested significant decreased
prevalence of HU in the third quintile (age-sex adjusted OR=0.44, 95CI1% 0.26-0.75,
P=0.002; multivariable adjusted OR=0.42, 95CI% 0.24-0.73, P=0.002) and fifth
quintile (age-sex adjusted OR=0.51, 95CI% 0.30-0.85, P=0.010; multivariable
adjusted OR=0.50, 95CI1% 0.29-0.86, P=0.012) compared with the lowest quintile of
serum Mg, and the P for trend was 0.008 and 0.007, respectively. The sensitivity
analysis, by adding eGFR into model 2, showed similar outcomes - a significant lower
prevalence of HU in the third (OR=0.36, 0.20-0.63, P<0.001), fourth (OR=0.54,
0.31-0.93, P=0.026), and highest quintile (OR=0.39, 95CI% 0.22-0.68, P=0.001)

compared with the reference quintile of serum Mg, and the P for trend was <0.001.

Discussion

The results of this study suggested that the serum Mg concentration was negatively
associated with the prevalence of MetS, DM and HU in subjects with radiographic
knee OA. In order to control potential confounders, several covariates such as
characteristics, living habits and underlying diseases were selected, and even the
eGFR was added into the multivariable logistic regression models to eliminate the
influence of renal function on Mg excretion. The reverse associations mentioned
above remained significant after adjustments of confounders. However, such negative
association between serum Mg and the prevalence of HP was not observed in

radiographic knee OA patients.

11
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Mg, the fourth most abundant cation in human body and the second most profuse
intracellular cation, is a metallic cofactor for over 300 enzymatic reactions. It appears
to play an important role in glucose metabolism and insulin homeostasis, which are
highly correlated with metabolic diseases, especially MetS and DM. The mechanisms
involved in the Mg deficiency with MetS, DM and HU are probably multifactorial.
The most important one may be insulin resistance, as Mg is essential for insulin action
and is a critical cofactor for several enzymes in carbohydrate metabolism, which is
important for phosphorylation reactions of tyrosine-kinase in the insulin receptor.31
2337 Incidentally, our previous prospective study involving 62897 person-years of
follow-up showed that hematocrit was independently associated with the incidence of
HU through, with a high possibility, the insulin resistance mechanism.”® Other
potential mechanisms included cellular calcium homeostasis,”*  glucose
transportation,”® oxidative stress’® and inflammatory cytokines.” ' Of course, it is
necessary to highlight the fact that insulin can also induce Mg excretion® and produce

a significant decline of plasma Mg through ion exchange.®® Thus, there seems to be a

vicious circle between Mg deficiency and insulin resistance.

MetS*' # and DM* ** ** were reported to be the risk factors of OA progression. It
seems that OA progression may be delayed by elevating the serum Mg level through
decreasing the prevalence of MetS and DM. Some other studies proved that the serum
Mg level was significantly associated with the high-sensitive C-reactive protein (CRP)

s 27 64-66
concentration,

and higher CRP might serve as a prediction factor for OA
plrogression.67 % Thus, OA progression may also be delayed by elevating the serum
Mg level through decreasing the level of CRP. Above all, the present study indicated
that elevating serum Mg level has the potential to reduce the prevalence of MetS, DM
and HU in knee OA patients and may delay the progression of knee OA (Figure 1).

However, the specific mechanism needs to be further explored.

The present study has several strengths. Firstly, this is the first study examining the

associations between serum Mg and the prevalence of MetS, DM, HP and HU in
12
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radiographic knee OA patients. The results of this study will provide a new insight
into the treatment of knee OA. Secondly, the multivariable logistical regression
models were adjusted by a considerable number of potential confounding factors,
which greatly improved the reliability of the results. Thirdly, kidney is the key organ
in maintaining Mg homeostasis. This study conducted a sensitivity analysis by adding
eGFR into multivariable logistic regression models, and the reverse associations

remained significant.

Limitations of the present study should also be admitted. The cross-sectional design
precludes causal correlations, so further prospective studies and intervention trials
should be undertaken to establish a causal association between serum Mg with the
prevalence of MetS, DM, HP and HU in radiographic knee OA patients. Since no
previous research investigated such associations in knee OA patients, the value of this
study should not be blotted out by the cross-sectional nature. Another limitation of
this study lies in the relatively small sample size, and thus, extensive high-quality
researches based on a larger sample are needed. Last but not the least, it is important
to highlight that Mg is an intracellular ion; therefore, the serum Mg concentration
must be considered as a poor indicator of body magnesium content,” even though this
parameter has been used in many studies. However, blood magnesium level is the

second best indicator of body status.””

Conclusions

The present study indicated that the serum Mg concentration was inversely associated
with the prevalence of MetS, DM and HU in radiographic knee OA patients. Thus,
elevating serum Mg level is more likely to be associated with the decreasing

prevalence of MetS, DM and HU among subjects with knee OA.
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Table 1 Basic characteristics of included subjects according to quintiles of serum Mg (n=962)

Quintiles of serum Mg P
Q1 (lowest) Q2 Q3 Q4 Q5 (highest)

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Age (years) 53.8 (7.3) 54.6 (7.6) 55.2(7.9) 553 (7.1) 56.1 (8.0) 0.062
BMI (kg/m®) 252 (3.2) 249 (3.2) 25.0(3.7) 252 (3.4) 24.6 (3.2) 0.464
Female (%) 375 423 36.8 423 37.0 0.627
Smoking (%) 27.5 274 21.6 244 21.7 0.457
Alcohol drinking (%) 34.5 36.3 40.5 411 38.1 0.645
High school diploma (%) 45.0 474 453 56.5 48.1 0.184
Activity level (h/w) 2.0(3.5) 2.0@3.3) 2.3@3.5) 2.1(3.1) 24 (3.5) 0.457
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Fasting glucose (mmol/1) 6.6 (3.0) 5.701.7) 57014 5.5(0.9) 5.5(1.6) 0.009
Systolic pressure (mm Hg) 129.2 (16.9) 128.3 (17.9) 1304 (16.2) 128.8 (16.3) 129.6 (17.7) 0.837
Diastolic pressure (mm Hg) 81.2 (11.8) 79.8 (12.1) 80.7 (11.0) 80.7 (10.7) 80.3 (10.5) 0.654
HDL-cholesterol (mmol/1) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.5(0.3) 1.5(0.4) 0.374
Triglyceride (mmol/l) 2.1(1.9) 1.8 (1.5) 2.0@2.1) 1.8 (1.0) 2.3(2.9) 0.620
Uric acid (umol/l) 337.3 (101.7) 329.0 (80.7) 321.3 (86.3) 331.5(78.0) 329.4 (81.7) 0.590
eGFR (ml/min/1.73m?) 80.2 (14.4) 77.7 (10.7) 76.0 (10.6) 75.8 (10.7) 74.3 (12.0) <0.001
MetS (%) 26.5 17.7 25.8 19.6 17.5 0.059
DM (%) 235 10.7 10.0 8.3 6.3 <0.001
HP (%) 40.0 335 374 423 40.2 0432
HU (%) 25.5 19.1 13.2 18.5 14.8 0.018

Data are mean (Standard Deviation), unless otherwise indicated; Mg, magnesium; OA, osteoarthritis; BMI, body mass index; HDL, high density lipoprotein; eGFR,

estimated glomerular filtration rate; MetS, metabolic syndrome; DM, diabetes mellitus; HP, hypertension; HU, hyperuricemia.
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# P values are for test of difference across all quintiles of serum Mg.
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Table 2 Multivariable-adjusted relations of serum Mg and MetS in OA patients (n = 962)

Page 24 of 35

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -

MS (%) 26.5 17.7 25.8 19.6 17.5 -
Model 1* 1.00 (reference) 0.61 (0.38, 0.97) 0.97 (0.61, 1.52) 0.69 (0.42, 1.14) 0.59 (0.36, 0.96) 0.090

P value - 0.038 0.881 0.150 0.035 -
Model 2* 1.00 (reference) 0.60 (0.37, 0.96) 1.00 (0.63, 1.57) 0.70 (0.42, 1.15) 0.61 (0.37,0.99) 0.120

P value - 0.035 0.99 0.160 0.047 -
Model 3* 1.00 (reference) 0.58 (0.36, 0.94) 0.95 (0.60, 1.50) 0.66 (0.40, 1.10) 0.56 (0.34, 0.93) 0.066

P value - 0.026 0.818 0.109 0.024
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Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; MetS, metabolic syndrome.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), gender (male, female), educational level
(high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no); Model 3 was adjusted

based on model 2, with additional factor of eGFR (continuous data).
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Table 3 Multivariable-adjusted relations of serum Mg and diabetes in OA patients (n = 962)

Page 26 of 35

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Diabetes (%) 235 10.7 10.0 8.3 6.3 -
Model 1* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.61) 0.29 (0.15, 0.55) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 2* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.62) 0.27 (0.14, 0.52) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 3* 1.00 (reference) 0.38 (0.22, 0.67) 0.35 (0.19, 0.64) 0.27 (0.14, 0.53) 0.21 (0.10,0.41) <0.001
P value - 0.001 0.001 <0.001 <0.001 -
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Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/mz, <25 kg/mz), gender
(male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

(yes, no), hypertension (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 4 Multivariable-adjusted relations of serum Mg and hypertension in OA patients (n = 962)

Page 28 of 35

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Hypertension (%) 40.0 335 374 423 40.2 -
Model 1* 1.00 (reference) 0.71 (0.47, 1.06) 0.83 (0.54, 1.25) 1.00 (0.66, 1.54) 0.89 (0.59, 1.35) 0.929
P value - 0.095 0.368 0.987 0.582 -
Model 2* 1.00 (reference) 0.78 (0.51, 1.18) 0.92 (0.60, 1.41) 1.16 (0.75, 1.80) 1.03 (0.67, 1.58) 0.423
P value - 0.242 0.708 0.502 0.896 -
Model 3* 1.00 (reference) 0.77 (0.51, 1.17) 0.90 (0.59, 1.38) 1.13(0.73, 1.76) 0.99 (0.64, 1.53) 0.524
P value - 0.218 0.629 0.577 0.978 -
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Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/mz, <25 kg/mz), gender
(male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

(yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 5 Multivariable-adjusted relations of serum Mg and HU in OA patients (n = 962)

Page 30 of 35

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HU (%) 25.5 19.1 13.2 18.5 14.8 -
Model 1* 1.00 (reference) 0.71 (0.44, 1.14) 0.44 (0.26, 0.75) 0.68 (041, 1.14) 0.51 (0.30, 0.85) 0.008
P value - 0.157 0.002 0.144 0.010 -
Model 2* 1.00 (reference) 0.73 (0.45, 1.19) 0.42 (0.24, 0.73) 0.62 (0.37, 1.06) 0.50 (0.29, 0.86) 0.007
P value - 0.205 0.002 0.082 0.012 -
Model 3* 1.00 (reference) 0.67 (041, 1.11) 0.36 (0.20, 0.63) 0.54 (0.31,0.93) 0.39 (0.22, 0.68) <0.001
P value - 0.119 <0.001 0.026 0.001 -
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? 0 423  * Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/mz, <25 kg/mz), gender
:; 424 (male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

13 425 (yes, no), hypertension (yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous

15 426 data).
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Fig 1 Possible clinical significance of the present study. The present study indicates that elevating serum Mg level is more likely to be associated with decreasing
prevalence of MetS, DM and HU among persons with knee OA. In addition to reduce the high-sensitive C-reactive protein level possibly, elevating serum Mg level
may delay the progression of knee OA. It seems like elevating the serum Mg can cut off the connection between the prevalence of MetS, DM and HU with knee OA

and delay the progression of OA. MetS, metabolic syndrome; DM, diabetes mellitus; HU, hyperuricemia; OA, osteoarthritis; Mg, magnesium.
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No Recommendation Page No
Title and 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract abstract
(b) Provide in the abstract an informative and balanced summary of what was 1-2
done and what was found
Introduction
Background/rati 2 Explain the scientific background and rationale for the investigation being 3
onale reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rationale for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 5-7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 5-6
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: Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 4
6 potentially eligible, examined for eligibility, confirmed eligible, included in the

7 study, completing follow-up, and analysed

8 (b) Give reasons for non-participation at each stage 4
9 (c) Consider use of a flow diagram -
1(1) Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 7
12 and information on exposures and potential confounders

13 (b) Indicate number of participants with missing data for each variable of -
14 interest

15 (c) Cohort study—Summarise follow-up time (eg, average and total amount) -
1? Outcome data 15% Cohort study—Report numbers of outcome events or summary measures over -
18 time

19 Case-control study—Report numbers in each exposure category, or summary -
20 measures of exposure

21 Cross-sectional study—Report numbers of outcome events or summary 7-9
;g measures

24 Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 7-9
25 and their precision (eg, 95% confidence interval). Make clear which

26 confounders were adjusted for and why they were included

27 (b) Report category boundaries when continuous variables were categorized 7-9
;2 (¢) If relevant, consider translating estimates of relative risk into absolute risk -
30 for a meaningful time period

31 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 7-9
32 sensitivity analyses

gi Discussion

35 Key results 18 Summarise key results with reference to study objectives 9
36 Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 10
37 imprecision. Discuss both direction and magnitude of any potential bias

38 Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9-10
39 limitations, multiplicity of analyses, results from similar studies, and other

2(1) relevant evidence

42 Generalisability 21 Discuss the generalisability (external validity) of the study results 10-11
43 Other information

Zg Funding 22 Give the source of funding and the role of the funders for the present study and, 11
46 if applicable, for the original study on which the present article is based

47

48 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

49 unexposed groups in cohort and cross-sectional studies.

50

g; Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
53 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
54 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

55 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
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Abstract

Objectives: To examine the associations between serum magnesium (Mg)
concentration with the prevalence of metabolic syndrome (MetS), diabetes mellitus
(DM), hypertension (HP) and hyperuricemia (HU) in radiographic knee osteoarthritis
(OA) patients.

Methods: The present study was conducted at the Health Management Center of
Xiangya Hospital. Radiographic OA was evaluated for patients aged over 40 years
with basic characteristics and blood biochemical assessment. Serum Mg concentration
was measured using the chemiluminescence method. MetS, DM, HP and HU were
diagnosed based on standard protocols. The associations between serum Mg
concentration with MetS, DM, HP and HU were evaluated by conducting
multivariable adjusted logistic regression.

Results: A total of 962 radiographic knee OA patients were included. Compared with
the lowest quintile, the multivariable-adjusted odds ratios (ORs) and related 95%
confidence intervals (95%CI) of DM were 0.38 (95%CI 0.22-0.67, P=0.001), 0.35
(95%CI 0.19-0.64, P=0.001), 0.27 (95%CI 0.14-0.53, P<0.001) and 0.21 (95%CI
0.10-0.41, P<0.001) in the second, third, fourth and highest quintiles of serum Mg,
respectively (P for trend <0.001); the multivariable-adjusted ORs of HU were 0.36
(95%CI 0.20-0.63, P<0.001), 0.54 (95%CI 0.31-0.93, P=0.026) and 0.39 (95%CI
0.22-0.68, P=0.001) in the third, fourth and highest quintiles of serum Mg
respectively (P for trend <0.001); and the multivariable-adjusted ORs of MetS were
0.58 (95%CI 0.36-0.94, P=0.026) in the second and 0.56 (95%CI 0.34-0.93, P=0.024)
in the highest quintiles of serum Mg (P for trend =0.066). There was no significant
association between serum Mg and HP in OA patients.

Conclusions: The serum Mg concentration was inversely associated with the
prevalence of MetS, DM and HU in radiographic knee OA patients.

Level of Evidence: Level IlI, cross-sectional study.

Key words: osteoarthritis, magnesium, metabolic syndrome, diabetes, hypertension,

hyperuricemia
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Strengths and limitations of this study

1.

This is the first study examining the associations between serum magnesium (Mg)
and the prevalence of metabolic syndrome, diabetes mellitus, hypertension and
hyperuricemia in radiographic knee osteoarthritis patients.

The multivariable logistical regression models in this study were adjusted for a
considerable number of potential confounding factors, which greatly improved the
reliability of the results.

The kidney is the key organ in maintaining Mg homeostasis. This study conducted
a sensitivity analysis by adding estimated glomerular filtration rate into the
multivariable logistic regression models, and the reverse associations remained
significant.

This study adopted cross-sectional design which precluded causal correlations.
Serum Mg concentration was adopted as the indicator of body Mg content in this

study which may not be the best indicator of body status.
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Introduction

The association between osteoarthritis (OA) and metabolic diseases, especially
metabolic syndrome (MetS)' > and diabetes mellitus (DM),” has drawn increasing
attention in the past few years. OA includes three specific phenotypes: metabolic OA,
age-related OA and injury-related OAf A large number of studies have indicated that

the prevalence of MetS,”” DM'*"'® and hypertension (HP)” > '*2°

is either higher in
OA patients or associated with OA. In addition, some other studies reported that
MetS,*' > DM* ** and HP*' # are risk factors of OA progression. Thus, it appears
necessary to pay more attention and adopt appropriate measures to reduce the high
prevalence of metabolic diseases in OA patients, which also seems to be beneficial in
delaying OA progression.

Serum magnesium (Mg), one of the most important micronutrients for human
health, has been reported to be negatively associated with MetS,”* DM**>* and HP*°
3941 by lots of studies. Meanwhile, our previous study showed an inverse association
between serum Mg and hyperuricemia (HU).* However, to the best knowledge of the
authors, there is not yet a study examining the association between the serum Mg
concentration and the aforementioned metabolic diseases (MetS, DM, HP and HU) in
OA patients. On the other hand, we have previously shown that the serum Mg
concentration may be inversely associated with radiographic knee OA.*” Therefore,
we speculate that the prevalence of MetS, DM, HP and HU in OA patients may be
reduced by elevating the level of serum Mg, which can in turn delay OA progression.
Thus, the objective of the present study was to examine the associations between the
serum Mg concentration with the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods
Study population
The present study was conducted at the Health Management Center of Xiangya

Hospital between October 2013 and November 2014. The study design has been
1
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1

2

z 95  published previously.**® The protocol has been reviewed and approved by the Ethics
5 96 Committee of Xiangya Hospital, Central South University (reference numbers:
? 97  201312459), and the methods were developed in “accordance” with the approved
g 98  guidelines. Informed consent has been obtained from all participants. Registered
1(1) 99 nurses were engaged to interview all participants during the examination using a
g 100  standard questionnaire, with the purpose to collect information on demographic
1‘5‘ 101  characteristics and health-related habits. Participants were selected based on the
16 102  following inclusion criteria: 1) 40 years old or above; 2) undergoing weight-bearing
1573 103  bilateral anteroposterior radiography of the knee, and diagnosed with knee OA
;g 104  according to the Kellgren-Lawrence (K-L) radiographic atlas (knee joint was graded
;; 105  K-L 2 or above); 3) availability of all basic characteristics, including age, gender,
;i 106  body mass index (BMI) and blood pressure; 4) availability of biochemical test results,
;2 107  including serum Mg concentration; 5) availability of information related to the living
27 108  habits, including education background, activity level, smoking, drinking and
52 109  medication status. Initially, the present cross-sectional study retrieved 1820
2(1) 110  radiographic knee OA patients aged over 40 years who exhibited sound basic
gg 111 characteristics and required blood biochemical assessment (including serum Mg
;;" 112 concentration). Among them, 962 patients offered demographic characteristics and
;? 113 health-related habits and were finally included in this study.

38 114

39

40 115  Blood biochemistry

2; 116  All blood samples were drawn after a 12-hour overnight fast and were kept at 4°C
22 117  until analysis. Blood tests were undertaken using the Beckman Coulter AU 5800
22 118  (Beckman Coulter Inc., Brea, CA, USA). The inter- and intra-assay coefficients of
2; 119  variation were tested at both low concentrations (2.5 mmol/L for glucose, 118 umol/L
49 120  for uric acid and 0.60 mmol/L for serum Mg) and high concentrations (6.7 mmol/L for
g? 121 glucose, 472 umol/L for uric acid and 1.00 mmol/L for serum Mg) of standard human
gg 122 samples. The intra-assay coefficients of variation were 0.98% (2.5 mmol/L) and 1.72%
gg 123 (6.7 mmol/L) for glucose, 1.39% (118 umol/L) and 0.41% (472 umol/L) for uric acid,
g? 124  and 1.86% (0.60 mmol/L) and 1.65% (1.0;) mmol/L) for serum Mg respectively. The
58
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inter-assay coefficients of variation were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L)
for glucose, 1.40% (118 pmol/L) and 1.23% (472 pmol/L) for uric acid, and 1.87%
(0.60 mmol/L) and 1.70% (1.00 mmol/L) for serum Mg respectively.

Assessment of other exposures

Blood pressure was measured by an electronic sphygmomanometer. The weight and
height of each subjects was measured respectively to calculate the BMI. Information
on the average frequency of physical activity (never, one to two times per week, three
to four times per week, five times and above per week) and average duration of
physical activity (less than half an hour, half an hour to one hour, one to two hours,
more than two hours) was collected through survey questionnaire. The smoking,
alcohol drinking and medication status were collected during the face-to-face

interview.

Assessment of MetS, DM, HP and HU

MetS was diagnosed based on the Chinese Diabetes Society (CDS) criteria,’”** which
requires meeting at least 3 of the following 4 items: (1) BMI >25 kg/m?; (2) Fasting
plasma glucose (FPG) >6.1 mmol/L, or diagnosed DM; (3) Systolic blood pressure
(BP) >140 mmHg or diastolic BP>90 mmHg, or treatment of previously diagnosed
HP; (4) Triglycerides >1.7 mmol/L and/or HDL-cholesterol <0.9 mmol/L in male or
<1.0 mmol/L in female, or treatment for this lipid abnormality. Subjects with the
fasting glucose >7.0 mmol/L or currently undergoing drug treatment for blood glucose
control were regarded as DM patients, and subjects with the systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg or currently undertaking
antihypertensive medication were regarded as HP patients. HU was defined as uric
acid >416 umol/L for male and >360 umol/L for female or currently undergoing drug

treatment for uric acid control.

Statistical analysis

The continuous data are expressed as mean (standard deviation), and the category data
6
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are expressed in percentage. Differences in continuous data were evaluated by
one-way classification ANOVA (normally distributed data) or Kruskal-Wallis H test
(non-normally distributed data), while differences in category data were assessed by
the y2 test. The serum Mg was classified into five categories based on the quintile
distribution: <0.85, 0.86-0.89, 0.90-0.92, 0.93-0.96 and >0.97 mmol/L. Logistic
regression was conducted in two models in order to calculate the adjusted odds ratios
(ORs) with 95% confidence intervals (95%CI) for the associations of serum Mg with
MetS, DM, HP and HU. Three models were adjusted for the association. Model 1
were adjusted for age and sex. Then, model 2, a multivariable model was adopted.
Covariates were chosen based on previous similar studies.”’ > ** ' Model 2 for the
association between serum Mg and MetS was adjusted for age (continuous data),
gender (male, female), educational level (high school or above, lower than high
school), smoking status (yes, no), activity level (continuous data) and alcohol drinking
status (yes, no). Model 2 for the association between serum Mg and DM was adjusted
for age (continuous data), BMI (>25 kg/mz, <25 kg/mz), gender (male, female),
educational level (high school or above, lower than high school), smoking status (yes,
no), activity level (continuous data), alcohol drinking status (yes, no), HP (yes, no),
and dyslipidemia (yes, no). Dyslipidemia was defined by triglycerides >1.7 mmol/L
and/or HDL-cholesterol <0.9 mmol/L in male or <1.0 mmol/L in female, or treatment
for this lipid abnormality. Model 2 for the association between serum Mg and HP was
adjusted for age (continuous data), BMI (>25 kg/m’, <25 kg/m?), gender (male,
female), educational level (high school or above, lower than high school), smoking
status (yes, no), activity level (continuous data), alcohol drinking status (yes, no), DM
(yes, no), and dyslipidemia (yes, no). Model 2 for the association between serum Mg
and HU was adjusted for age (continuous data), BMI (>25 kg/m?, <25 kg/m?), gender
(male, female), educational level (high school or above, lower than high school),
smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes,
no), HP (yes, no), DM (yes, no) and dyslipidemia (yes, no). Model 3 for all
associations were adjusted based on model 2, with additional factor of estimated

glomerular filtration rate (eGFR). eGFR was calculated by serum creatinine (Scr), sex,
7
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and patients’ age. The Modification of Diet in Renal Disease (MDRD) of eGFR
calculation formula was: 186xScr—1.154xage—0.203x1.210 (if black)x0.742 (if
female).”® Tests for linear trends were conducted based on logistic regression using a
median variable of Mg concentration in each category. All data analyses were
performed using SPSS 17.0; P <0.05 was considered to be statistically significant. All

tests were two tailed.

Results
A total of 962 subjects (377 females, accounting for 39.2%) were included in the
present cross-sectional study. The characteristics of the study population according to
quintiles of serum Mg were presented in Table 1. The mean age of the subjects was
54.947.6 years old. The overall prevalence of MetS, DM, HP and HU in OA patients
were 21.4%, 12.0%, 38.5% and 18.3% respectively. Significant differences were
observed across the quintiles of serum Mg for fasting glucose, as well as the
prevalence of DM and HU.

The outcomes of multivariable adjusted associations between MetS and serum
Mg concentration were shown in Table 2. Compared with the lowest quintile, the
age-sex adjusted ORs (Model 1) suggested significant decreased prevalence of MetS
in the second (OR=0.61, 95%CI 0.38-0.97, P=0.038) and the highest (OR=0.59,
95%CI 0.36-0.96, P=0.035) quintiles of serum Mg (P for trend =0.090); the
multivariable adjusted ORs (Model 2) also suggested significant decreased prevalence
of MetS in the second (OR=0.60, 95%CI 0.37-0.96, P=0.035) and the highest
(OR=0.61, 95%CI 0.37-0.99, P=0.047) quintiles, and the P for trend was 0.120. The
sensitivity analysis, by adding eGFR into model 2, also reached similar results -
significant lower prevalence of MetS in the second (OR=0.58, 95%CI 0.36-0.94,
P=0.026) and the highest quintiles (OR=0.56, 95%CI 0.34-0.93, P=0.024) compared
with the reference quintile of serum Mg, and the P for trend was 0.066.

Table 3 illustrated the multivariable adjusted relations between serum Mg and
DM in OA patients. Both the age-sex adjusted OR values (Model 1) and the

multivariable adjusted OR values (Model 2) suggested a strong inverse association
8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 25



Page 9 of 25

oNOYTULT D WN =

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

BMJ Open

between serum Mg and DM. The age-sex adjusted ORs for the prevalence of DM
were 0.38 (95%CI 0.22-0.66, P=0.001), 0.34 (95%CI 0.19-0.61, P<0.001), 0.29
(95%CI 0.15-0.55, P<0.001), and 0.20 (95%CI 0.10-0.40, P<0.001) in the second,
third, fourth and fifth quintiles of serum Mg respectively, and the P for trend was
<0.001. The multivariable adjusted ORs for the prevalence of DM were 0.38 (95%CI
0.22-0.66, P=0.001), 0.34 (95%CI 0.19-0.62, P<0.001), 0.27 (95%CI 0.14-0.52,
P<0.001), and 0.20 (95%CI 0.10-0.40, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was <0.001. The sensitivity
analysis, by adding eGFR into model 2, showed similar results - significant lower
prevalence of DM in the second (OR=0.38, 95%CI 0.22-0.67, P=0.001), third
(OR=0.35, 95%CI 0.19-0.64, P=0.001), fourth (OR=0.27, 95%CI 0.14-0.53, P<0.001),
and highest quintiles (OR=0.21, 95%CI 0.10-0.41, P<0.001) compared with the
reference quintile of serum Mg, and the P for trend was <0.001.

The multivariable-adjusted relations between serum Mg and HP in OA patients
were illustrated in Table 4. According to both the age-sex adjusted ORs (Model 1) and
the multivariable adjusted ORs (Model 2), there was no significant association
between serum Mg and HP, and the P for trend were 0.929 and 0.423, respectively.
The sensitivity analysis, by adding eGFR into model 2, reached the same results.

The multivariable-adjusted relations between serum Mg and HU in OA patients
were illustrated in Table 5. Both the age-sex adjusted OR values (Model 1) and the
multivariable adjusted OR values (Model 2) suggested significant decreased
prevalence of HU in the third quintile (age-sex adjusted OR=0.44, 95%CI 0.26-0.75,
P=0.002; multivariable adjusted OR=0.42, 95%CI 0.24-0.73, P=0.002) and fifth
quintile (age-sex adjusted OR=0.51, 95%CI 0.30-0.85, P=0.010; multivariable
adjusted OR=0.50, 95%CI 0.29-0.86, P=0.012) compared with the lowest quintile of
serum Mg, and the P for trend were 0.008 and 0.007, respectively. The sensitivity
analysis, by adding eGFR into model 2, showed similar outcomes - significant lower
prevalence of HU in the third (OR=0.36, 0.20-0.63, P<0.001), fourth (OR=0.54,
95%CI 0.31-0.93, P=0.026), and highest quintiles (OR=0.39, 95%CI 0.22-0.68,

P=0.001) compared with the reference quintile of serum Mg, and the P for trend was
9

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

BMJ Open

<0.001.

Discussion

The results of this study suggested that the serum Mg concentration was negatively
associated with the prevalence of MetS, DM and HU in subjects with radiographic
knee OA. In order to control potential confounders, several covariates including
characteristics, living habits and underlying diseases were selected, and even the
eGFR was added into the multivariable logistic regression models to eliminate the
influence of renal function on Mg excretion. The reverse associations mentioned
above remained significant after adjustments of these confounders. However, the
negative association between serum Mg and the prevalence of HP was not observed in
radiographic knee OA patients. Moreover, the linear associations were only observed
between serum Mg with DM and HU, but not between serum Mg and MetS.

Mg, the fourth most abundant cation in human body and the second most profuse
intracellular cation, is a metallic cofactor for over 300 enzymatic reactions. It appears
to play an important role in glucose metabolism and insulin homeostasis, which are
both highly correlated with metabolic diseases, especially MetS and DM. The
mechanisms involved in Mg deficiency in patients with MetS, DM and HU are
probably multifactorial. The most important factor may be insulin resistance, as Mg is
essential for insulin action and is a critical cofactor for several enzymes in
carbohydrate metabolism, which is important for the phosphorylation reactions of
tyrosine-kinase in the insulin receptor.31 337 Of course, it is necessary to highlight the
fact that insulin can also induce Mg excretion® and produce a significant decline of
plasma Mg through ion exchange.” Thus, there seems to be a vicious circle between
Mg deficiency and insulin resistance.

Other potential mechanisms include glucose transportation,”® oxidative stress™

60-62 . .54 .
and cellular calcium homeostasis.”™ Mg is an

and inflammatory cytokines,
essential cofactor of the high-energy phosphate-bound enzymatic pathways involved
in the modulation of glucose transport across cell membranes.”® It also plays a role in

the mechanisms of cellular antioxidant defense.® The oxidative stress, defined as a
10
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persistent imbalance between the excessive production of reactive oxygen species
and/or defects in antioxidant defense, has been implicated in the pathogenesis of
diabetic complications.® Moreover, low serum Mg levels are strongly related to
elevated serum concentrations of both tumor necrosis factor alpha and C-reactive
protein (CRP),64 suggesting that Mg deficiency may contribute to the development of
low-grade chronic inflammation syndrome and the development of glucose metabolic
disorders through the former pathway. In addition, lower Mg concentration can
enhance calcium-mediated vasoconstriction, blunt cardiac and smooth muscle
relaxation, and thus contribute to BP elevation.”* However, the decreased serum
calcium concentration in radiographic knee OA patients may weaken the association
between Mg and HP.*

MetS*' > and DM** ** were reported to be the risk factors of OA progression.
Moreover, serum Mg level has been proved to be significantly associated with the

CRP concentration,”’ %8

and higher CRP might serve as a prediction factor for OA
progression.”” 7 Thus, OA progression may be delayed by elevating the serum Mg
level through reducing the prevalence of MetS and DM and decreasing the level of
CRP. Above all, the present study indicated that the elevation of serum Mg level has
the potential to reduce the prevalence of MetS, DM and HU in knee OA patients and
thereby may delay the progression of knee OA. However, the specific mechanism
needs to be further explored.

The present study has several strengths. Firstly, this is the first study examining
the associations between serum Mg and the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. The results of this study will provide a new insight
into the treatment of knee OA. Secondly, the multivariable logistical regression
models were adjusted for a considerable number of potential confounding factors,
which greatly improved the reliability of the results. Thirdly, the kidney is the key
organ in maintaining Mg homeostasis. This study conducted a sensitivity analysis by
adding eGFR into multivariable logistic regression models which showed that the

reverse associations remained significant.

Limitations of the present study should also be admitted. The cross-sectional
11
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design precludes causal correlations, so further prospective studies and intervention
trials should be undertaken to establish a causal association between serum Mg with
the prevalence of MetS, DM, HP and HU in radiographic knee OA patients. Since no
previous research investigated such associations in knee OA patients, the value of this
study should not be blotted out by the cross-sectional nature. Another limitation of
this study lies in the relatively small sample size, and thus, extensive high-quality
researches based on a larger sample are needed. Moreover, the dietary intake of Mg in
relation to the prevalence of MetS, DM, HP and HU were not assessed in the present
study. Last but not the least, it is important to highlight that Mg is an intracellular ion;
therefore, the serum Mg concentration must be considered as a poor indicator of body
Mg content,”" even though it has been used in many studies. However, blood Mg level

is the second best indicator of body status.”

Conclusions
The present study concluded that the serum Mg concentration was inversely
associated with the prevalence of MetS, DM and HU in radiographic knee OA

patients.
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Table 1 Basic characteristics of included subjects according to quintiles of serum Mg (n=962)

Quintiles of serum Mg P
QI (lowest) Q2 Q3 Q4 QS5 (highest)

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Age (years) 53.8(7.3) 54.6 (7.6) 55.2(7.9) 553(7.1) 56.1 (8.0) 0.062
BMI (kg/m®) 252 (3.2) 249 (3.2) 25.0 (3.7) 252 (3.4) 24.6(3.2) 0.464
Female (%) 37.5 423 36.8 423 37.0 0.627
Smoking (%) 27.5 274 21.6 24.4 21.7 0.457
Alcohol drinking (%) 34.5 36.3 40.5 41.1 38.1 0.645
High school diploma (%) 45.0 474 453 56.5 48.1 0.184
Activity level (h/w) 2.0(3.5) 2.0(3.3) 23(3.5) 2.1(3.1) 24(3.5) 0.457
Fasting glucose (mmol/l) 6.6 (3.0) 5.7(1.7) 5.7(1.4) 5.5(0.9) 5.5(1.6) 0.009
Systolic pressure (mm Hg) 129.2 (16.9) 128.3 (17.9) 130.4 (16.2) 128.8 (16.3) 129.6 (17.7) 0.837
Diastolic pressure (mm Hg) 81.2 (11.8) 79.8 (12.1) 80.7 (11.0) 80.7 (10.7) 80.3 (10.5) 0.654
HDL-cholesterol (mmol/1) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.5(0.3) 1.5(0.4) 0.374
Triglyceride (mmol/l) 2.1(1.9) 1.8(1.5) 2.0(2.1) 1.8 (1.0) 23(2.9) 0.620
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Uric acid (umol/1)

eGFR (ml/min/1.73m’)

MetS (%)
DM (%)
HP (%)

HU (%)

3373 (101.7)
80.2 (14.4)
26.5

235

40.0

255

329.0 (80.7)
77.7 (10.7)
17.7

10.7

335

19.1

BMJ Open

321.3 (86.3)
76.0 (10.6)
258

10.0

374

13.2

331.5 (78.0)
75.8 (10.7)
19.6

8.3

423

18.5

329.4 (81.7)
743 (12.0)
17.5

6.3

40.2

14.8

0.590

<0.001

0.059

<0.001

0.432

0.018

Data are mean (Standard Deviation), unless otherwise indicated; Mg, magnesium; OA, osteoarthritis; BMI, body mass index; HDL, high density lipoprotein; eGFR,

estimated glomerular filtration rate; MetS, metabolic syndrome; DM, diabetes mellitus; HP, hypertension; HU, hyperuricemia.

# P values are for test of difference across all quintiles of serum Mg.
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Table 2 Multivariable-adjusted relations of serum Mg and MetS in OA patients (n = 962)

Page 20 of 25

Quintiles of serum Mg

QI (lowest) Q2 Q3 Q4 QS5 (highest) P for trend

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
MetS (%) 26.5 17.7 25.8 19.6 17.5 -
Model 1* 1.00 (reference) 0.61 (0.38,0.97) 0.97 (0.61, 1.52) 0.69(0.42,1.14) 0.59 (0.36, 0.96) 0.090

P value - 0.038 0.881 0.150 0.035 -
Model 2* 1.00 (reference) 0.60 (0.37, 0.96) 1.00 (0.63, 1.57) 0.70 (0.42, 1.15) 0.61(0.37,0.99) 0.120

P value - 0.035 0.99 0.160 0.047 -
Model 3* 1.00 (reference) 0.58 (0.36, 0.94) 0.95 (0.60, 1.50) 0.66 (0.40, 1.10) 0.56 (0.34, 0.93) 0.066

P value - 0.026 0.818 0.109 0.024

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; MetS, metabolic syndrome.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), gender (male, female), educational level

(high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no); Model 3 was adjusted

based on model 2, with additional factor of eGFR (continuous data).
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Table 3 Multivariable-adjusted relations of serum Mg and DM in OA patients (n = 962)

Quintiles of serum Mg

QI (lowest) Q2 Q3 Q4 QS5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
DM (%) 235 10.7 10.0 8.3 6.3 -
Model 1* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.61) 0.29(0.15, 0.55) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 2* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.62) 0.27 (0.14, 0.52) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 3* 1.00 (reference) 0.38 (0.22, 0.67) 0.35(0.19, 0.64) 0.27 (0.14, 0.53) 0.21(0.10, 0.41) <0.001
P value - 0.001 0.001 <0.001 <0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; DM, diabetes mellitus.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/m’, <25 kg/m?), gender

(male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

(yes, no), hypertension (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 4 Multivariable-adjusted relations of serum Mg and HP in OA patients (n = 962)

Page 22 of 25

Quintiles of serum Mg

QI (lowest) Q2 Q3 Q4 QS5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HP (%) 40.0 335 374 42.3 40.2 -
Model 1* 1.00 (reference) 0.71 (0.47, 1.06) 0.83 (0.54, 1.25) 1.00 (0.66, 1.54) 0.89(0.59, 1.35) 0.929
P value - 0.095 0.368 0.987 0.582 -
Model 2* 1.00 (reference) 0.78 (0.51, 1.18) 0.92 (0.60, 1.41) 1.16 (0.75, 1.80) 1.03 (0.67, 1.58) 0.423
P value - 0.242 0.708 0.502 0.896 -
Model 3* 1.00 (reference) 0.77 (0.51,1.17) 0.90 (0.59, 1.38) 1.13(0.73, 1.76) 0.99 (0.64, 1.53) 0.524
P value - 0.218 0.629 0.577 0.978 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HP, hypertension.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/m’, <25 kg/m’), gender

(male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

(yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 5 Multivariable-adjusted relations of serum Mg and HU in OA patients (n = 962)

Quintiles of serum Mg

QI (lowest) Q2 Q3 Q4 QS5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HU (%) 25.5 19.1 13.2 18.5 14.8 -
Model 1* 1.00 (reference) 0.71 (0.44, 1.14) 0.44 (0.26, 0.75) 0.68(0.41, 1.14) 0.51(0.30, 0.85) 0.008
P value - 0.157 0.002 0.144 0.010 -
Model 2* 1.00 (reference) 0.73 (0.45,1.19) 0.42 (0.24,0.73) 0.62 (0.37, 1.06) 0.50(0.29, 0.86) 0.007
P value - 0.205 0.002 0.082 0.012 -
Model 3* 1.00 (reference) 0.67 (0.41,1.11) 0.36 (0.20, 0.63) 0.54 (0.31, 0.93) 0.39(0.22, 0.68) <0.001
P value - 0.119 <0.001 0.026 0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HU, hyperuricemia.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (>25 kg/m’, <25 kg/m’), gender

(male, female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status

(yes, no), hypertension (yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous

data).
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Item Reported on
No Recommendation Page No
Title and 1 (a) Indicate the study’s design with a commonly used term in the title or the 2
abstract abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rati 2 Explain the scientific background and rationale for the investigation being 4
onale reported
Obijectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4-5
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rationale for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 5-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 5-6

Continued on next page
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Results
Participants 13* () Report numbers of individuals at each stage of study—eg numbers 4
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 4
(c) Consider use of a flow diagram -
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 8
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of -
interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount) -
Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over -
time
Case-control study—Report numbers in each exposure category, or summary -
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary 8-9
measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8-9

and their precision (eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized 8-9

(c) If relevant, consider translating estimates of relative risk into absolute risk -
for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 8-9
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9-10

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11-12
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9-10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 11-12

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, 13
if applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.
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Abstract

Objectives: To examine the associations between serum magnesium (Mg)
concentration with the prevalence of metabolic syndrome (MetS), diabetes mellitus
(DM), hypertension (HP) and hyperuricemia (HU) in radiographic knee osteoarthritis
(OA) patients.

Methods: The present study was conducted at the Health Management Center of
Xiangya Hospital. Radiographic OA was evaluated for patients aged over 40 years
with basic characteristics and blood biochemical assessment. Serum Mg concentration
was measured using the chemiluminescence method. MetS, DM, HP and HU were
diagnosed based on standard protocols. The associations between serum Mg
concentration with MetS, DM, HP and HU were evaluated by conducting
multivariable adjusted logistic regression.

Results: A total of 962 radiographic knee OA patients were included. Compared with
the lowest quintile, the multivariable-adjusted odds ratios (ORs) and related 95%
confidence intervals (95%CI) of DM were 0.40 (95%CI 0.23-0.70, P=0.001), 0.33
(95%CI 0.18-0.60, P<0.001), 0.27 (95%CI 0.14-0.52, P<0.001) and 0.22 (95%CI
0.11-0.44, P<0.001) in the second, third, fourth and highest quintiles of serum Mg,
respectively (P for trend <0.001); the multivariable-adjusted ORs of HU were 0.33
(95%CI 0.19-0.59, P<0.001), 0.52 (95%CI 0.30-0.91, P=0.022) and 0.39 (95%CI
0.22-0.70, P=0.001) in the third, fourth and highest quintiles of serum Mg
respectively (P for trend <0.001); and the multivariable-adjusted ORs of MetS were
0.59 (95%CI 0.36-0.94, P=0.027) in the second and 0.56 (95%CI 0.34-0.93, P=0.024)
in the highest quintiles of serum Mg (P for trend =0.067). There was no significant
association between serum Mg and HP in OA patients.

Conclusions: The serum Mg concentration was inversely associated with the
prevalence of MetS, DM and HU in radiographic knee OA patients.

Level of Evidence: Level IlI, cross-sectional study.

Key words: osteoarthritis, magnesium, metabolic syndrome, diabetes, hypertension,

hyperuricemia
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Strengths and limitations of this study

1.

This is the first study examining the associations between serum magnesium (Mg)
and the prevalence of metabolic syndrome, diabetes mellitus, hypertension and
hyperuricemia in radiographic knee osteoarthritis patients.

The multivariable logistical regression models in this study were adjusted for a
considerable number of potential confounding factors, which greatly improved the
reliability of the results.

The kidney is the key organ in maintaining Mg homeostasis. This study conducted
a sensitivity analysis by adding estimated glomerular filtration rate into the
multivariable logistic regression models, and the reverse associations remained
significant.

This study adopted cross-sectional design which precluded causal correlations.
Serum Mg concentration was adopted as the indicator of body Mg content in this

study which may not be the best indicator of body status.
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Introduction

The association between osteoarthritis (OA) and metabolic diseases, especially
metabolic syndrome (MetS)' > and diabetes mellitus (DM),” has drawn increasing
attention in the past few years. OA includes three specific phenotypes: metabolic OA,
age-related OA and injury-related OAf A large number of studies have indicated that

the prevalence of MetS,”” DM'*"'® and hypertension (HP)” > '*2°

is either higher in
OA patients or associated with OA. In addition, some other studies reported that
MetS,*' > DM* ** and HP*' # are risk factors of OA progression. Thus, it appears
necessary to pay more attention and adopt appropriate measures to reduce the high
prevalence of metabolic diseases in OA patients, which also seems to be beneficial in
delaying OA progression.

Serum magnesium (Mg), one of the most important micronutrients for human
health, has been reported to be negatively associated with MetS,”* DM**>* and HP**
3941 by lots of studies. Meanwhile, our previous study showed an inverse association
between serum Mg and hyperuricemia (HU).* However, to the best knowledge of the
authors, there is not yet a study examining the association between the serum Mg
concentration and the aforementioned metabolic diseases (MetS, DM, HP and HU) in
OA patients. On the other hand, we have previously shown that the serum Mg
concentration may be inversely associated with radiographic knee OA.*” Therefore,
we speculate that the prevalence of MetS, DM, HP and HU in OA patients may be
reduced by elevating the level of serum Mg, which can in turn delay OA progression.
Thus, the objective of the present study was to examine the associations between the
serum Mg concentration with the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods
Study population
The present study was conducted at the Health Management Center of Xiangya

Hospital between October 2013 and November 2014. The study design has been
1
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1

2

z 93  published previously.**® The protocol has been reviewed and approved by the Ethics
5 94 Committee of Xiangya Hospital, Central South University (reference numbers:
? 95 201312459), and the methods were developed in “accordance” with the approved
g 96 guidelines. Informed consent has been obtained from all participants. Registered
1(1) 97 nurses were engaged to interview all participants during the examination using a
g 98 standard questionnaire, with the purpose to collect information on demographic
1‘5‘ 99  characteristics and health-related habits. Participants were selected based on the
16 100  following inclusion criteria: 1) 40 years old or above; 2) undergoing weight-bearing
1573 101  bilateral anteroposterior radiography of the knee, and diagnosed with knee OA
;g 102  according to the Kellgren-Lawrence (K-L) radiographic atlas (knee joint was graded
;; 103 K-L 2 or above); 3) availability of all basic characteristics, including age, gender,
;i 104  body mass index (BMI) and blood pressure; 4) availability of biochemical test results,
;2 105 including serum Mg concentration; 5) availability of information related to the living
27 106  habits, including education background, activity level, smoking, drinking and
52 107  medication status. Initially, the present cross-sectional study retrieved 1820
2(1) 108  radiographic knee OA patients aged over 40 years who exhibited sound basic
gg 109  characteristics and required blood biochemical assessment (including serum Mg
;;" 110  concentration). Among them, 962 patients offered demographic characteristics and
;? 111 health-related habits and were finally included in this study.

38 112

39

40 113 Blood biochemistry

2; 114  All blood samples were drawn after a 12-hour overnight fast and were kept at 4°C
22 115  until analysis. Blood tests were undertaken using the Beckman Coulter AU 5800
22 116  (Beckman Coulter Inc., Brea, CA, USA). The inter- and intra-assay coefficients of
2; 117  variation were tested at both low concentrations (2.5 mmol/L for glucose, 118 umol/L
49 118  for uric acid and 0.60 mmol/L for serum Mg) and high concentrations (6.7 mmol/L for
g? 119  glucose, 472 umol/L for uric acid and 1.00 mmol/L for serum Mg) of standard human
gg 120  samples. The intra-assay coefficients of variation were 0.98% (2.5 mmol/L) and 1.72%
gg 121 (6.7 mmol/L) for glucose, 1.39% (118 umol/L) and 0.41% (472 umol/L) for uric acid,
g? 122 and 1.86% (0.60 mmol/L) and 1.65% (1.0;) mmol/L) for serum Mg respectively. The
58

59
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inter-assay coefficients of variation were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L)
for glucose, 1.40% (118 pmol/L) and 1.23% (472 pmol/L) for uric acid, and 1.87%
(0.60 mmol/L) and 1.70% (1.00 mmol/L) for serum Mg respectively.

Assessment of other exposures

Blood pressure was measured by an electronic sphygmomanometer. The weight and
height of each subjects was measured respectively to calculate the BMI. Information
on the average frequency of physical activity (never, one to two times per week, three
to four times per week, five times and above per week) and average duration of
physical activity (less than half an hour, half an hour to one hour, one to two hours,
more than two hours) was collected through survey questionnaire. The smoking,
alcohol drinking and medication status were collected during the face-to-face

interview.

Assessment of MetS, DM, HP and HU

MetS was diagnosed based on the Chinese Diabetes Society (CDS) criteria,’”** which
requires meeting at least 3 of the following 4 items: (1) BMI >25 kg/m?; (2) Fasting
plasma glucose (FPG) >6.1 mmol/L, or diagnosed DM; (3) Systolic blood pressure
(BP) >140 mmHg or diastolic BP>90 mmHg, or treatment of previously diagnosed
HP; (4) Triglycerides >1.7 mmol/L and/or HDL-cholesterol <0.9 mmol/L in male or
<1.0 mmol/L in female, or treatment for this lipid abnormality. Subjects with the
fasting glucose >7.0 mmol/L or currently undergoing drug treatment for blood glucose
control were regarded as DM patients, and subjects with the systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg or currently undertaking
antihypertensive medication were regarded as HP patients. HU was defined as uric
acid >416 umol/L for male and >360 umol/L for female or currently undergoing drug

treatment for uric acid control.

Statistical analysis

The continuous data are expressed as mean with standard deviation, and the category
6
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data are expressed in percentage. Differences in continuous data were evaluated by
one-way classification ANOVA (normally distributed data) or Kruskal-Wallis H test
(non-normally distributed data), while differences in category data were assessed by
the y2 test. The serum Mg was classified into five categories based on the quintile
distribution: <0.85, 0.86-0.89, 0.90-0.92, 0.93-0.96 and >0.97 mmol/L. The
prevalence of MetS, DM, HP and HU in each quintile of serum Mg in OA patients
were assessed by scatter plots.

Logistic regression was conducted to calculate the odds ratios (ORs) with 95%
confidence intervals (95%CI) for the associations between serum Mg and MetS, DM,
HP and HU. Specifically, model 1 was adjusted by covariates of age (continuous data)
and gender (male, female). Then, model 2 was adjusted by additional covariates of
BMI (continuous data), educational level (high school or above, lower than high
school), smoking status (yes, no), activity level (continuous data), alcohol drinking
status (yes, no), HP (yes, no), DM (yes, no), and dyslipidemia (yes, no) on the basis of
model 1. Dyslipidemia was defined as triglycerides = 1.7 mmol/L and/or
HDL-cholesterol <0.9 mmol/L in male or <1.0 mmol/L in female, or treatment for this
lipid abnormality. Notably, the selection of covariates in model 2 varied slightly for
examining different associations (between serum Mg and MetS, DM, HP or HU). For
example, BMI, HP and dyslipidemia were adjusted for the association between serum
Mg and DM, but not for the association between serum Mg and MetS, simply because
MetS was diagnosed based on BMI, HP and dyslipidemia status. Model 3 was
established based on model 2, with adjustment of an additional covariate, estimated
glomerular filtration rate (¢GFR). eGFR (continuous data) was calculated from the
Chronic Kidney Disease Epidemiology Collaboration equation.”® All covariates in the
present study were chosen referring to some of the previous similar studies.?’ **>! >
Tests for linear trends were conducted based on logistic regression using a median
variable of Mg concentration in each category.

Scatter plots were plotted using R 3.4.4.” Other data analyses were performed using
SPSS 17.0; P <0.05 was considered to be statistically significant. All tests were two

tailed.
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Patient and public involvement
No patients were involved in setting the research question or the outcome measures,
nor were they involved in the design or implementation of the study. There are no

plans to disseminate the results of the research to study participants

Results

A total of 962 subjects (377 females, accounting for 39.2%) were included in the
present cross-sectional study. The characteristics of the study population according to
quintiles of serum Mg were presented in Table 1. The mean age of the subjects was
54.947.6 years old. The overall prevalence of MetS, DM, HP and HU in OA patients
were 21.4%, 12.0%, 38.5% and 18.3% respectively. Significant differences were
observed across the quintiles of serum Mg for fasting glucose, as well as the
prevalence of DM and HU.

The prevalence of MetS in each quintile of serum Mg in OA patients was shown
in Figure 1 (A). The outcomes of multivariable adjusted associations between MetS
and serum Mg concentration were shown in Table 2. Compared with the lowest
quintile, the age-gender adjusted ORs (Model 1) suggested significant decreased
prevalence of MetS in the second (OR=0.61, 95%CI 0.38-0.97, P=0.038) and the
highest (OR=0.59, 95%CI 0.36-0.96, P=0.035) quintiles of serum Mg (P for trend
=0.090); the multivariable adjusted ORs (Model 2) also suggested significant
decreased prevalence of MetS in the second (OR=0.60, 95%CI 0.37-0.96, P=0.035)
and the highest (OR=0.61, 95%CI 0.37-0.99, P=0.047) quintiles, and the P for trend
was 0.120. The sensitivity analysis, by adding eGFR into model 2, also reached
similar results - significant lower prevalence of MetS in the second (OR=0.59, 95%CI
0.36-0.94, P=0.027) and the highest quintiles (OR=0.56, 95%CI 0.34-0.93, P=0.024)
compared with the reference quintile of serum Mg, and the P for trend was 0.067.

Figure 1 (B) showed the prevalence of DM in each category of serum Mg in OA
patients. Table 3 illustrated the multivariable adjusted relations between serum Mg

and DM in OA patients. Both the age-gender adjusted OR values (Model 1) and the
8
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multivariable adjusted OR values (Model 2) suggested a strong inverse association
between serum Mg and DM. The age-gender adjusted ORs for the prevalence of DM
were 0.38 (95%CI 0.22-0.66, P=0.001), 0.34 (95%CI 0.19-0.61, P<0.001), 0.29
(95%CI 0.15-0.55, P<0.001), and 0.20 (95%CI 0.10-0.40, P<0.001) in the second,
third, fourth and fifth quintiles of serum Mg respectively, and the P for trend was
<0.001. The multivariable adjusted ORs for the prevalence of DM were 0.40 (95%CI
0.23-0.70, P=0.001), 0.32 (95%CI 0.18-0.59, P<0.001), 0.26 (95%CI 0.13-0.50,
P<0.001), and 0.21 (95%CI 0.11-0.42, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was <0.001. The sensitivity
analysis, by adding eGFR into model 2, showed similar results - significant lower
prevalence of DM in the second (OR=0.40, 95%CI 0.23-0.70, P=0.001), third
(OR=0.33, 95%CI 0.18-0.60, P<0.001), fourth (OR=0.27, 95%CI 0.14-0.52, P<0.001)
and highest quintiles (OR=0.22, 95%CI 0.11-0.44, P<0.001) compared with the
reference quintile of serum Mg, and the P for trend was <0.001.

The prevalence of HP in each quintile of serum Mg in OA patients was depicted
in Figure 1 (C). The multivariable-adjusted relations between serum Mg and HP in
OA patients were illustrated in Table 4. According to both the age-gender adjusted
ORs (Model 1) and the multivariable adjusted ORs (Model 2), there was no
significant association between serum Mg and HP, and the P for trend were 0.929 and
0.377, respectively. The sensitivity analysis, by adding eGFR into model 2, reached
the same results.

The prevalence of HU in each category of serum Mg in OA patients was shown
in Figure 1 (D). The multivariable-adjusted relations between serum Mg and HU in
OA patients were illustrated in Table 5. Both the age-gender adjusted OR values
(Model 1) and the multivariable adjusted OR values (Model 2) suggested significant
decreased prevalence of HU in the third quintile (age-gender adjusted OR=0.44,
95%CI 0.26-0.75, P=0.002; multivariable adjusted OR=0.38, 95%CI 0.22-0.67,
P=0.001) and fifth quintile (age-gender adjusted OR=0.51, 95%CI 0.30-0.85, P=0.010
multivariable adjusted OR=0.50, 95%CI 0.29-0.87, P=0.013) compared with the

lowest quintile of serum Mg, and the P for trend were 0.008 and 0.006, respectively.
9
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The sensitivity analysis, by adding eGFR into model 2, showed similar outcomes -
significant lower prevalence of HU in the third (OR=0.33, 0.19-0.59, P<0.001), fourth
(OR=0.52, 95%CI 0.30-0.91, P=0.022), and highest quintiles (OR=0.39, 95%CI
0.22-0.70, P=0.001) compared with the reference quintile of serum Mg, and the P for

trend was <0.001.

Discussion

The results of this study suggested that the serum Mg concentration was negatively
associated with the prevalence of MetS, DM and HU in subjects with radiographic
knee OA. In order to control potential confounders, several covariates including
characteristics, living habits and underlying diseases were selected, and even the
eGFR was added into the multivariable logistic regression models to eliminate the
influence of renal function on Mg excretion. The reverse associations mentioned
above remained significant after adjustments of these confounders. However, the
negative association between serum Mg and the prevalence of HP was not observed in
radiographic knee OA patients. Moreover, the linear associations were only observed
between serum Mg with DM and HU, but not between serum Mg and MetS.

Mg, the fourth most abundant cation in human body and the second most profuse
intracellular cation, is a metallic cofactor for over 300 enzymatic reactions. It appears
to play an important role in glucose metabolism and insulin homeostasis, which are
both highly correlated with metabolic diseases, especially MetS and DM. The
mechanisms involved in Mg deficiency in patients with MetS, DM and HU are
probably multifactorial. The most important factor may be insulin resistance, as Mg is
essential for insulin action and is a critical cofactor for several enzymes in
carbohydrate metabolism, which is important for the phosphorylation reactions of

tyrosine-kinase in the insulin receptor.’ >***

Of course, it is necessary to highlight the
fact that insulin can also induce Mg excretion™ and produce a significant decline of
plasma Mg through ion exchange.®® Thus, there seems to be a vicious circle between
Mg deficiency and insulin resistance.

Other potential mechanisms include glucose transportation,”’ oxidative stress”’
10
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61-63 . .55 .
and cellular calcium homeostasis.”™ Mg is an

and inflammatory cytokines,
essential cofactor of the high-energy phosphate-bound enzymatic pathways involved
in the modulation of glucose transport across cell membranes.’’ It also plays a role in
the mechanisms of cellular antioxidant defense.** The oxidative stress, defined as a
persistent imbalance between the excessive production of reactive oxygen species
and/or defects in antioxidant defense, has been implicated in the pathogenesis of
diabetic complications.”’ Moreover, low serum Mg levels are strongly related to
elevated serum concentrations of both tumor necrosis factor alpha and C-reactive
protein (CRP),65 suggesting that Mg deficiency may contribute to the development of
low-grade chronic inflammation syndrome and the development of glucose metabolic
disorders through the former pathway. In addition, lower Mg concentration can
enhance calcium-mediated vasoconstriction, blunt cardiac and smooth muscle
relaxation, and thus contribute to BP elevation.” However, the decreased serum
calcium concentration in radiographic knee OA patients may weaken the association
between Mg and HP.®

MetS?' 2 and DM**** were reported to be the risk factors of OA progression.
Moreover, serum Mg level has been proved to be significantly associated with the

. 276769
CRP concentration,

and higher CRP might serve as a prediction factor for OA
progression.70 " Thus, OA progression may be delayed by elevating the serum Mg
level through reducing the prevalence of MetS and DM and decreasing the level of
CRP. Above all, the present study indicated that the elevation of serum Mg level has
the potential to reduce the prevalence of MetS, DM and HU in knee OA patients and
thereby may delay the progression of knee OA. However, the specific mechanism
needs to be further explored.

The present study has several strengths. Firstly, this is the first study examining
the associations between serum Mg and the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. The results of this study will provide a new insight
into the treatment of knee OA. Secondly, the multivariable logistical regression

models were adjusted for a considerable number of potential confounding factors,

which greatly improved the reliability of the results. Thirdly, the kidney is the key
11
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organ in maintaining Mg homeostasis. This study conducted a sensitivity analysis by
adding eGFR into multivariable logistic regression models which showed that the
reverse associations remained significant.

Limitations of the present study should also be admitted. The cross-sectional
design precludes causal correlations, so further prospective studies and intervention
trials should be undertaken to establish a causal association between serum Mg with
the prevalence of MetS, DM, HP and HU in radiographic knee OA patients. Since no
previous research investigated such associations in knee OA patients, the value of this
study should not be blotted out by the cross-sectional nature. Another limitation of
this study lies in the relatively small sample size, and thus, extensive high-quality
researches based on a larger sample are needed. Moreover, the dietary intake of Mg in
relation to the prevalence of MetS, DM, HP and HU were not assessed in the present
study. Last but not the least, it is important to highlight that Mg is an intracellular ion;
therefore, the serum Mg concentration must be considered as a poor indicator of body
Mg content,”* even though it has been used in many studies. However, blood Mg level

is the second best indicator of body status.”

Conclusions
The present study concluded that the serum Mg concentration was inversely
associated with the prevalence of MetS, DM and HU in radiographic knee OA

patients.
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Table 1 Basic characteristics of included subjects according to quintiles of serum Mg (n=962)

Quintiles of serum Mg P
QI (lowest) Q2 Q3 Q4 QS5 (highest)
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Age (years) 53.8(7.3) 54.6 (7.6) 552(7.9) 553(7.1) 56.1 (8.0) 0.062
BMI (kg/m’) 252 (3.2) 249 (3.2) 25.0(3.7) 252 (3.4) 24.6 (3.2) 0.464
Female (%) 37.5 423 36.8 423 37.0 0.627
Smoking (%) 27.5 274 21.6 244 21.7 0.457
Alcohol drinking (%) 345 36.3 40.5 41.1 38.1 0.645
High school diploma (%) 45.0 474 453 56.5 48.1 0.184
Activity level (h/w) 2.0(3.5) 2.0(3.3) 23(3.5) 2.1(3.1) 24(3.5) 0.457
Fasting glucose (mmol/l) 6.6 (3.0) 5.7 (1.7) 5.7(1.4) 5.5(0.9) 5.5(1.6) 0.009
Systolic pressure (mm Hg) 129.2 (16.9) 128.3 (17.9) 130.4 (16.2) 128.8 (16.3) 129.6 (17.7) 0.837
Diastolic pressure (mm Hg) 81.2 (11.8) 79.8 (12.1) 80.7 (11.0) 80.7 (10.7) 80.3 (10.5) 0.654
HDL-cholesterol (mmol/1) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.5(0.3) 1.5(0.4) 0.374
Triglyceride (mmol/l) 2.1(1.9) 1.8(1.5) 20(2.1) 1.8 (1.0 2329 0.620
22
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Uric acid (umol/1)
eGFR (ml/min/1.73m?)
MetS (%)

DM (%)

HP (%)

HU (%)

3373 (101.7)
80.2 (14.4)
26.5

235

40.0

255

329.0 (80.7)
77.7 (10.7)
17.7

10.7

335

19.1
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321.3 (86.3)
76.0 (10.6)
25.8

10.0

374

13.2

331.5 (78.0)
75.8 (10.7)
19.6

83

423

18.5

329.4 (81.7)
74.3 (12.0)
17.5

6.3

402

14.8

0.590

<0.001

0.059

<0.001

0.432

0.018

Data are mean (Standard Deviation), unless otherwise indicated; Mg, magnesium; OA, osteoarthritis; BMI, body mass index; HDL, high density lipoprotein; eGFR,

estimated glomerular filtration rate; MetS, metabolic syndrome; DM, diabetes mellitus; HP, hypertension; HU, hyperuricemia.

# P values are for test of difference across all quintiles of serum Mg.
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Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in OA patients
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Table 2 Multivariable-adjusted relations of serum Mg and MetS in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
MetS (%) 26.5 17.7 25.8 19.6 17.5 -
Model 1* 1.00 (reference) 0.61 (0.38,0.97) 0.97 (0.61, 1.52) 0.69 (0.42, 1.14) 0.59 (0.36, 0.96) 0.090

P value - 0.038 0.881 0.150 0.035 -
Model 2* 1.00 (reference) 0.60 (0.37, 0.96) 1.00 (0.63, 1.57) 0.70 (0.42, 1.15) 0.61(0.37, 0.99) 0.120

P value - 0.035 0.99 0.160 0.047 -
Model 3* 1.00 (reference) 0.59 (0.36, 0.94) 0.95 (0.60, 1.51) 0.67 (0.40, 1.10) 0.56 (0.34, 0.93) 0.067

P value - 0.027 0.830 0.114 0.024

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; MetS, metabolic syndrome.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), gender (male, female), educational

level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no); Model 3 was

adjusted based on model 2, with additional factor of eGFR (continuous data).

25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

581

582

583

584

585
586

BMJ Open

Table 3 Multivariable-adjusted relations of serum Mg and DM in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
DM (%) 235 10.7 10.0 8.3 6.3 -
Model 1* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.61) 0.29 (0.15, 0.55) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 2* 1.00 (reference) 0.40 (0.23, 0.70) 0.32(0.18, 0.59) 0.26 (0.13, 0.50) 0.21(0.11, 0.42) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 3* 1.00 (reference) 0.40 (0.23, 0.70) 0.33 (0.18, 0.60) 0.27 (0.14, 0.52) 0.22 (0.11, 0.44) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; DM, diabetes mellitus.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 4 Multivariable-adjusted relations of serum Mg and HP in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HP (%) 40.0 335 37.4 423 40.2 -
Model 1* 1.00 (reference) 0.71 (0.47, 1.06) 0.83 (0.54, 1.25) 1.00 (0.66, 1.54) 0.89(0.59, 1.35) 0.929
P value - 0.095 0.368 0.987 0.582 -
Model 2* 1.00 (reference) 0.77 (0.50, 1.19) 0.89(0.57,1.39) 1.10(0.70, 1.74) 1.08 (0.69, 1.68) 0.377
P value - 0.245 0.608 0.686 0.744 -
Model 3* 1.00 (reference) 0.77 (0.50, 1.19) 0.88 (0.56, 1.38) 1.09 (0.68, 1.72) 1.05 (0.67, 1.65) 0.434
P value - 0.235 0.574 0.727 0.818 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HP, hypertension.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 5 Multivariable-adjusted relations of serum Mg and HU in OA patients (n = 962)

Page 28 of 33

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HU (%) 255 19.1 132 18.5 14.8 -
Model 1* 1.00 (reference) 0.71 (0.44, 1.14) 0.44 (0.26, 0.75) 0.68(0.41, 1.14) 0.51(0.30, 0.85) 0.008
P value - 0.157 0.002 0.144 0.010 -
Model 2* 1.00 (reference) 0.73 (0.45, 1.20) 0.38 (0.22, 0.67) 0.59(0.35,1.02) 0.50(0.29, 0.87) 0.006
P value - 0.210 0.001 0.058 0.013 -
Model 3* 1.00 (reference) 0.68 (0.41, 1.14) 0.33(0.19, 0.59) 0.52 (0.30, 0.91) 0.39 (0.22, 0.70) <0.001
P value - 0.142 <0.001 0.022 0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HU, hyperuricemia.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data)
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Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in OA
patients.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Reported on
No Recommendation Page No
Titleand 1 (a) Indicate the study’s design with a commonly used term in the title or the 2
abstract abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/réti 2 Explain the scientific background and rationale for the investigation being 4
onae reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
M ethods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4-5
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rational e for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define al outcomes, exposures, predictors, potential confounders, and 54-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4-5
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4-5
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 5-6-7

Continued on next page
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Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers
potentialy eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of aflow diagram

Descriptive data 14*

(a) Give characteristics of study participants (eg demographic, clinical, social)
and information on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of
interest

(c) Cohort study—Summarise follow-up time (eg, average and total amount)

QOutcome data 15*

Cohort study—Report numbers of outcome events or summary measures over
time

Case-control study—Report numbers in each exposure category, or summary
measures of exposure

Cross-sectional study—Report numbers of outcome events or summary
measures

8-108-9

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates
and their precision (eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were included

8-108-9

(b) Report category boundaries when continuous variables were categorized

8-108-9

(c) If relevant, consider trandating estimates of relative risk into absolute risk
for a meaningful time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

8-108-9

Discussion

Key results 18

Summarise key results with reference to study objectives

9-10

Limitations 19

Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

11-12

Interpretation 20

Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

9-1010-11

Generalisability 21

Discuss the generalisability (external validity) of the study results

11-12

Other infor mation

Funding 22

*Give information separately for cases and controlsin case-control studies and, if applicable, for exposed and

Give the source of funding and the role of the funders for the present study and,
if applicable, for the original study on which the present article is based

unexposed groups in cohort and cross-sectiona studies.

13

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.conm/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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abstract abstract
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done and what was found
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Background/réti 2 Explain the scientific background and rationale for the investigation being 4
onae reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
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Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4-5
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rational e for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define al outcomes, exposures, predictors, potential confounders, and 4-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4-5
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4-5
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 6-7
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Abstract

Objectives: To examine the associations between serum magnesium (Mg)
concentration with the prevalence of metabolic syndrome (MetS), diabetes mellitus
(DM), hypertension (HP) and hyperuricemia (HU) in radiographic knee osteoarthritis
(OA) patients.

Methods: The present study was conducted at the Health Management Center of
Xiangya Hospital. Radiographic OA was evaluated for patients aged over 40 years
with basic characteristics and blood biochemical assessment. Serum Mg concentration
was measured using the chemiluminescence method. MetS, DM, HP and HU were
diagnosed based on standard protocols. The associations between serum Mg
concentration with MetS, DM, HP and HU were evaluated by conducting
multivariable adjusted logistic regression.

Results: A total of 962 radiographic knee OA patients were included. Compared with
the lowest quintile, the multivariable-adjusted odds ratios (ORs) and related 95%
confidence intervals (95%CI) of DM were 0.40 (95%CI 0.23-0.70, P=0.001), 0.33
(95%CI 0.18-0.60, P<0.001), 0.27 (95%CI 0.14-0.52, P<0.001) and 0.22 (95%CI
0.11-0.44, P<0.001) in the second, third, fourth and highest quintiles of serum Mg,
respectively (P for trend <0.001); the multivariable-adjusted ORs of HU were 0.33
(95%CI 0.19-0.59, P<0.001), 0.52 (95%CI 0.30-0.91, P=0.022) and 0.39 (95%CI
0.22-0.70, P=0.001) in the third, fourth and highest quintiles of serum Mg
respectively (P for trend <0.001); and the multivariable-adjusted ORs of MetS were
0.59 (95%CI 0.36-0.94, P=0.027) in the second and 0.56 (95%CI 0.34-0.93, P=0.024)
in the highest quintiles of serum Mg. However, the inverse association between serum
Mg and the prevalence of MetS was nonlinear (P for trend =0.067). There was no
significant association between serum Mg and HP in OA patients.

Conclusions: The serum Mg concentration was inversely associated with the
prevalence of MetS, DM and HU in radiographic knee OA patients.

Level of Evidence: Level III, cross-sectional study.

Key words: osteoarthritis, magnesium, metabolic syndrome, diabetes, hypertension,

hyperuricemia
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Strengths and limitations of this study

1.

This is the first study examining the associations between serum magnesium (Mg)
and the prevalence of metabolic syndrome, diabetes mellitus, hypertension and
hyperuricemia in radiographic knee osteoarthritis patients.

The multivariable logistical regression models in this study were adjusted for a
considerable number of potential confounding factors, which greatly improved the
reliability of the results.

The kidney is the key organ in maintaining Mg homeostasis. This study conducted
a sensitivity analysis by adding estimated glomerular filtration rate into the
multivariable logistic regression models, and the reverse associations remained
significant.

This study adopted cross-sectional design which precluded causal correlations.
Serum Mg concentration was adopted as the indicator of body Mg content in this

study which may not be the best indicator of body status.
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Introduction

The association between osteoarthritis (OA) and metabolic diseases, especially
metabolic syndrome (MetS)' > and diabetes mellitus (DM),” has drawn increasing
attention in the past few years. OA includes three specific phenotypes: metabolic OA,
age-related OA and injury-related OAf A large number of studies have indicated that

the prevalence of MetS,”” DM'*"'® and hypertension (HP)” > '*2°

is either higher in
OA patients or associated with OA. In addition, some other studies reported that
MetS,*' > DM* ** and HP*' # are risk factors of OA progression. Thus, it appears
necessary to pay more attention and adopt appropriate measures to reduce the high
prevalence of metabolic diseases in OA patients, which also seems to be beneficial in
delaying OA progression.

Serum magnesium (Mg), one of the most important micronutrients for human
health, has been reported to be negatively associated with MetS,”* DM**>* and HP**
3941 by lots of studies. Meanwhile, our previous study showed an inverse association
between serum Mg and hyperuricemia (HU).* However, to the best knowledge of the
authors, there is not yet a study examining the association between the serum Mg
concentration and the aforementioned metabolic diseases (MetS, DM, HP and HU) in
OA patients. On the other hand, we have previously shown that the serum Mg
concentration may be inversely associated with radiographic knee OA.*” Therefore,
we speculate that the prevalence of MetS, DM, HP and HU in OA patients may be
reduced by elevating the level of serum Mg, which can in turn delay OA progression.
Thus, the objective of the present study was to examine the associations between the
serum Mg concentration with the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods
Study population
The present study was conducted at the Health Management Center of Xiangya

Hospital between October 2013 and November 2014. The study design has been
1
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1

2

z 93  published previously.**® The protocol has been reviewed and approved by the Ethics
5 94 Committee of Xiangya Hospital, Central South University (reference numbers:
? 95 201312459), and the methods were developed in “accordance” with the approved
g 96 guidelines. Informed consent has been obtained from all participants. Registered
1(1) 97 nurses were engaged to interview all participants during the examination using a
g 98 standard questionnaire, with the purpose to collect information on demographic
1‘5‘ 99  characteristics and health-related habits. Participants were selected based on the
16 100  following inclusion criteria: 1) 40 years old or above; 2) undergoing weight-bearing
1573 101  bilateral anteroposterior radiography of the knee, and diagnosed with knee OA
;g 102  according to the Kellgren-Lawrence (K-L) radiographic atlas (knee joint was graded
;; 103 K-L 2 or above); 3) availability of all basic characteristics, including age, gender,
;i 104  body mass index (BMI) and blood pressure; 4) availability of biochemical test results,
;2 105 including serum Mg concentration; 5) availability of information related to the living
27 106  habits, including education background, activity level, smoking, drinking and
52 107  medication status. Initially, the present cross-sectional study retrieved 1820
2(1) 108  radiographic knee OA patients aged over 40 years who exhibited sound basic
gg 109  characteristics and required blood biochemical assessment (including serum Mg
;;" 110  concentration). Among them, 962 patients offered demographic characteristics and
;? 111 health-related habits and were finally included in this study.

38 112

39

40 113 Blood biochemistry

2; 114  All blood samples were drawn after a 12-hour overnight fast and were kept at 4°C
22 115  until analysis. Blood tests were undertaken using the Beckman Coulter AU 5800
22 116  (Beckman Coulter Inc., Brea, CA, USA). The inter- and intra-assay coefficients of
2; 117  variation were tested at both low concentrations (2.5 mmol/L for glucose, 118 umol/L
49 118  for uric acid and 0.60 mmol/L for serum Mg) and high concentrations (6.7 mmol/L for
g? 119  glucose, 472 umol/L for uric acid and 1.00 mmol/L for serum Mg) of standard human
gg 120  samples. The intra-assay coefficients of variation were 0.98% (2.5 mmol/L) and 1.72%
gg 121 (6.7 mmol/L) for glucose, 1.39% (118 umol/L) and 0.41% (472 umol/L) for uric acid,
g? 122 and 1.86% (0.60 mmol/L) and 1.65% (1.0;) mmol/L) for serum Mg respectively. The
58

59
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inter-assay coefficients of variation were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L)
for glucose, 1.40% (118 pmol/L) and 1.23% (472 pmol/L) for uric acid, and 1.87%
(0.60 mmol/L) and 1.70% (1.00 mmol/L) for serum Mg respectively.

Assessment of other exposures

Blood pressure was measured by an electronic sphygmomanometer. The weight and
height of each subject were measured respectively to calculate the BMI. Information
on the average frequency of physical activity (never, one to two times per week, three
to four times per week, five times and above per week) and average duration of
physical activity (less than half an hour, half an hour to one hour, one to two hours,
more than two hours) were collected through survey questionnaire. The smoking,
alcohol drinking and medication status were collected during the face-to-face

interview.

Assessment of MetS, DM, HP and HU

MetS was diagnosed based on the Chinese Diabetes Society (CDS) criteria,’”** which
requires meeting at least 3 of the following 4 items: (1) BMI >25 kg/m?; (2) Fasting
plasma glucose (FPG) >6.1 mmol/L, or diagnosed DM; (3) Systolic blood pressure
(BP) >140 mmHg or diastolic BP>90 mmHg, or treatment of previously diagnosed
HP; (4) Triglycerides >1.7 mmol/L and/or HDL-cholesterol <0.9 mmol/L in male or
<1.0 mmol/L in female, or treatment for this lipid abnormality. Subjects with the
fasting glucose >7.0 mmol/L or currently undergoing drug treatment for blood glucose
control were regarded as DM patients, and subjects with the systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg or currently undertaking
antihypertensive medication were regarded as HP patients. HU was defined as uric
acid >416 umol/L for male and >360 umol/L for female or currently undergoing drug

treatment for uric acid control.

Statistical analysis

The continuous data were expressed as mean with standard deviation, and the
6
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category data were expressed in percentage. Differences in continuous data were
evaluated by one-way classification ANOVA (normally distributed data) or
Kruskal-Wallis H test (non-normally distributed data), while differences in category
data were assessed by the y2 test. The serum Mg was classified into five categories
based on the quintile distribution: <0.85, 0.86-0.89, 0.90-0.92, 0.93-0.96 and >0.97
mmol/L. The prevalence of MetS, DM, HP and HU in each quintile of serum Mg in
OA patients were assessed by scatter plots.

Logistic regression was conducted to calculate the odds ratios (ORs) with 95%
confidence intervals (95%CI) for the associations between serum Mg and MetS, DM,
HP and HU. Specifically, model 1 was adjusted by covariates of age (continuous data)
and gender (male, female). Then, model 2 was adjusted by additional covariates of
BMI (continuous data), educational level (high school or above, lower than high
school), smoking status (yes, no), activity level (continuous data), alcohol drinking
status (yes, no), HP (yes, no), DM (yes, no), and dyslipidemia (yes, no) on the basis of
model 1. Dyslipidemia was defined as triglycerides >1.7 mmol/L and/or
HDL-cholesterol <0.9 mmol/L in male or <1.0 mmol/L in female, or treatment for this
lipid abnormality. Notably, the selection of covariates in model 2 varied slightly for
examining different associations (between serum Mg and MetS, DM, HP or HU). For
example, BMI, HP and dyslipidemia were adjusted for the association between serum
Mg and DM, but not for the association between serum Mg and MetS, simply because
MetS was diagnosed based on BMI, HP and dyslipidemia status. Model 3 was
established based on model 2, with adjustment of an additional covariate, estimated
glomerular filtration rate (¢GFR). eGFR (continuous data) was calculated from the
Chronic Kidney Disease Epidemiology Collaboration equation.”® All covariates in the
present study were chosen referring to some of the previous similar studies.?’ **>! >
Tests for linear trends were conducted based on logistic regression using a median
variable of Mg concentration in each category.

Scatter plots were plotted using R 3.4.4.%* Other data analyses were performed
using SPSS 17.0; P <0.05 was considered to be statistically significant. All tests were

two tailed.
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Patient and public involvement
No patients were involved in setting the research question or the outcome measures,
nor were they involved in the design or implementation of the study. There were no

plans to disseminate the results of the research to study participants.

Results

A total of 962 subjects (377 females, accounting for 39.2%) were included in the
present cross-sectional study. The characteristics of the study population according to
quintiles of serum Mg were presented in Table 1. The mean age of the subjects was
54.947.6 years old. The overall prevalence of MetS, DM, HP and HU in OA patients
were 21.4%, 12.0%, 38.5% and 18.3% respectively. Significant differences were
observed across the quintiles of serum Mg for fasting glucose, as well as the
prevalence of DM and HU.

The prevalence of MetS in each quintile of serum Mg in OA patients was shown
in Figure 1 (A). The outcomes of multivariable adjusted associations between MetS
and serum Mg concentration were shown in Table 2. Compared with the lowest
quintile, the age-gender adjusted ORs (Model 1) suggested significant decreased
prevalence of MetS in the second (OR=0.61, 95%CI 0.38-0.97, P=0.038) and the
highest (OR=0.59, 95%CI 0.36-0.96, P=0.035) quintiles of serum Mg; the
multivariable adjusted ORs (Model 2) also suggested significant decreased prevalence
of MetS in the second (OR=0.60, 95%CI 0.37-0.96, P=0.035) and the highest
(OR=0.61, 95%CI 0.37-0.99, P=0.047) quintiles. The sensitivity analysis, by adding
eGFR into model 2, also reached similar results - significant lower prevalence of
MetS in the second (OR=0.59, 95%CI 0.36-0.94, P=0.027) and the highest quintiles
(OR=0.56, 95%CI 0.34-0.93, P=0.024) compared with the reference quintile of serum
Mg. No clear trend was evident in the third and fourth quintiles of serum Mg. The P
for trend were 0.090 (Model 1), 0.120 (Model 2), 0.067 (Model 3), respectively.

Figure 1 (B) showed the prevalence of DM in each category of serum Mg in OA

patients. Table 3 illustrated the multivariable adjusted relations between serum Mg
8
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and DM in OA patients. Both the age-gender adjusted OR values (Model 1) and the
multivariable adjusted OR values (Model 2) suggested a strong inverse association
between serum Mg and DM. The age-gender adjusted ORs for the prevalence of DM
were 0.38 (95%CI 0.22-0.66, P=0.001), 0.34 (95%CI 0.19-0.61, P<0.001), 0.29
(95%CI 0.15-0.55, P<0.001), and 0.20 (95%CI 0.10-0.40, P<0.001) in the second,
third, fourth and fifth quintiles of serum Mg respectively, and the P for trend was
<0.001. The multivariable adjusted ORs for the prevalence of DM were 0.40 (95%CI
0.23-0.70, P=0.001), 0.32 (95%CI 0.18-0.59, P<0.001), 0.26 (95%CI 0.13-0.50,
P<0.001), and 0.21 (95%CI 0.11-0.42, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was <0.001. The sensitivity
analysis, by adding eGFR into model 2, showed similar results - significant lower
prevalence of DM in the second (OR=0.40, 95%CI 0.23-0.70, P=0.001), third
(OR=0.33, 95%CI 0.18-0.60, P<0.001), fourth (OR=0.27, 95%CI 0.14-0.52, P<0.001),
and highest quintiles (OR=0.22, 95%CI 0.11-0.44, P<0.001) compared with the
reference quintile of serum Mg, and the P for trend was <0.001.

The prevalence of HP in each quintile of serum Mg in OA patients was depicted
in Figure 1 (C). The multivariable-adjusted relations between serum Mg and HP in
OA patients were illustrated in Table 4. According to both the age-gender adjusted
ORs (Model 1) and the multivariable adjusted ORs (Model 2), there was no
significant association between serum Mg and HP, and the P for trend were 0.929 and
0.377, respectively. The sensitivity analysis, by adding eGFR into model 2, reached
the same results.

The prevalence of HU in each category of serum Mg in OA patients was shown
in Figure 1 (D). The multivariable-adjusted relations between serum Mg and HU in
OA patients were illustrated in Table 5. Both the age-gender adjusted OR values
(Model 1) and the multivariable adjusted OR values (Model 2) suggested significant
decreased prevalence of HU in the third quintile (age-gender adjusted OR=0.44,
95%CI 0.26-0.75, P=0.002; multivariable adjusted OR=0.38, 95%CI 0.22-0.67,
P=0.001) and fifth quintile (age-gender adjusted OR=0.51, 95%CI 0.30-0.85, P=0.010;

multivariable adjusted OR=0.50, 95%CI 0.29-0.87, P=0.013) compared with the
9
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lowest quintile of serum Mg, and the P for trend were 0.008 and 0.006, respectively.
The sensitivity analysis, by adding eGFR into model 2, showed similar outcomes -
significant lower prevalence of HU in the third (OR=0.33, 0.19-0.59, P<0.001), fourth
(OR=0.52, 95%CI 0.30-0.91, P=0.022), and highest quintiles (OR=0.39, 95%CI
0.22-0.70, P=0.001) compared with the reference quintile of serum Mg, and the P for

trend was <0.001.

Discussion

The results of this study suggested that the serum Mg concentration was negatively
associated with the prevalence of MetS, DM and HU in subjects with radiographic
knee OA. To control potential confounders, several covariates including
characteristics, living habits and underlying diseases were selected, and even the
eGFR was added into the multivariable logistic regression models to eliminate the
influence of renal function on Mg excretion. The reverse associations mentioned
above remained significant after adjustments of these confounders. However, the
association between serum Mg and the prevalence of MetS was nonlinear, with no
clear trend in the third and fourth quintiles of serum Mg. Moreover, the negative
association between serum Mg and the prevalence of HP was not observed in
radiographic knee OA patients.

Mg, the fourth most abundant cation in human body and the second most profuse
intracellular cation, is a metallic cofactor for over 300 enzymatic reactions. It appears
to play an important role in glucose metabolism and insulin homeostasis, which are
both highly correlated with metabolic diseases, especially MetS and DM. The
mechanisms involved in Mg deficiency in patients with MetS, DM and HU are
probably multifactorial. The most important factor may be insulin resistance, as Mg is
essential for insulin action and is a critical cofactor for several enzymes in
carbohydrate metabolism, which is important for the phosphorylation reactions of
tyrosine-kinase in the insulin receptor.31 338 Of course, it is necessary to highlight the
fact that insulin can also induce Mg excretion™ and produce a significant decline of

plasma Mg through ion exchange.®® Thus, there seems to be a vicious circle between
10
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Mg deficiency and insulin resistance.
Other potential mechanisms include glucose transportation,”” oxidative stress”’

6163 and cellular calcium homeostasis.”®> Mg is an

and inflammatory cytokines,
essential cofactor of the high-energy phosphate-bound enzymatic pathways involved
in the modulation of glucose transport across cell membranes.’’ It also plays a role in
the mechanisms of cellular antioxidant defense.®® The oxidative stress, defined as a
persistent imbalance between the excessive production of reactive oxygen species
and/or defects in antioxidant defense, has been implicated in the pathogenesis of
diabetic complications.”” Moreover, low serum Mg levels are strongly related to
elevated serum concentrations of both tumor necrosis factor alpha and C-reactive
protein (CRP),65 suggesting that Mg deficiency may contribute to the development of
low-grade chronic inflammation syndrome and the development of glucose metabolic
disorders through the former pathway. In addition, lower Mg concentration can
enhance calcium-mediated vasoconstriction, blunt cardiac and smooth muscle
relaxation, and thus contribute to BP elevation.”” However, the decreased serum
calcium concentration in radiographic knee OA patients may weaken the association
between Mg and HP.*®

MetS*! > and DM** ** were reported to be the risk factors of OA progression.
Moreover, serum Mg level has been proved to be significantly associated with the

CRP concentration,”’ ¢

and higher CRP might serve as a prediction factor for OA
progression.”’ ' Thus, OA progression may be delayed by elevating the serum Mg
level through reducing the prevalence of MetS and DM and decreasing the level of
CRP. Above all, the present study indicated that the elevation of serum Mg level has
the potential to reduce the prevalence of MetS, DM and HU in knee OA patients and
thereby may delay the progression of knee OA. However, the specific mechanism
needs to be further explored.

The present study has several strengths. Firstly, this is the first study examining
the associations between serum Mg and the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. The results of this study will provide a new insight

into the treatment of knee OA. Secondly, the multivariable logistical regression
11
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models were adjusted for a considerable number of potential confounding factors,
which greatly improved the reliability of the results. Thirdly, the kidney is the key
organ in maintaining Mg homeostasis. This study conducted a sensitivity analysis by
adding eGFR into multivariable logistic regression models which showed that the
reverse associations remained significant.

Limitations of the present study should also be admitted. The cross-sectional
design precludes causal correlations, so further prospective studies and intervention
trials should be undertaken to establish a causal association between serum Mg with
the prevalence of MetS, DM, HP and HU in radiographic knee OA patients. Since no
previous research investigated such associations in knee OA patients, the value of this
study should not be blotted out by the cross-sectional nature. Another limitation of
this study lies in the relatively small sample size, and thus, extensive high-quality
researches based on a larger sample are needed. Moreover, the dietary intake of Mg in
relation to the prevalence of MetS, DM, HP and HU were not assessed in the present
study. Last but not the least, it is important to highlight that Mg is an intracellular ion;
therefore, the serum Mg concentration must be considered as a poor indicator of body
Mg content,”” even though it has been used in many studies. However, blood Mg level

is the second best indicator of body status.”

Conclusions
The present study concluded that the serum Mg concentration was inversely
associated with the prevalence of MetS, DM and HU in radiographic knee OA

patients.
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Table 1 Basic characteristics of included subjects according to quintiles of serum Mg (n=962)

Quintiles of serum Mg P
QI (lowest) Q2 Q3 Q4 QS5 (highest)
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Age (years) 53.8(7.3) 54.6 (7.6) 552(7.9) 553(7.1) 56.1 (8.0) 0.062
BMI (kg/m’) 252 (3.2) 249 (3.2) 25.0(3.7) 252 (3.4) 24.6 (3.2) 0.464
Female (%) 37.5 423 36.8 423 37.0 0.627
Smoking (%) 27.5 274 21.6 244 21.7 0.457
Alcohol drinking (%) 345 36.3 40.5 41.1 38.1 0.645
High school diploma (%) 45.0 474 453 56.5 48.1 0.184
Activity level (h/w) 2.0(3.5) 2.0(3.3) 23(3.5) 2.1(3.1) 24(3.5) 0.457
Fasting glucose (mmol/l) 6.6 (3.0) 5.7 (1.7) 5.7(1.4) 5.5(0.9) 5.5(1.6) 0.009
Systolic pressure (mm Hg) 129.2 (16.9) 128.3 (17.9) 130.4 (16.2) 128.8 (16.3) 129.6 (17.7) 0.837
Diastolic pressure (mm Hg) 81.2 (11.8) 79.8 (12.1) 80.7 (11.0) 80.7 (10.7) 80.3 (10.5) 0.654
HDL-cholesterol (mmol/1) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.5(0.3) 1.5(0.4) 0.374
Triglyceride (mmol/l) 2.1(1.9) 1.8(1.5) 20(2.1) 1.8 (1.0 2329 0.620
22
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40.0

255

329.0 (80.7)
77.7 (10.7)
17.7

10.7

335

19.1

BMJ Open

321.3 (86.3)
76.0 (10.6)
25.8

10.0

374

13.2

331.5 (78.0)
75.8 (10.7)
19.6

83

423

18.5

329.4 (81.7)
74.3 (12.0)
17.5

6.3

402

14.8

0.590

<0.001

0.059

<0.001

0.432

0.018

Data are mean (Standard Deviation), unless otherwise indicated; Mg, magnesium; OA, osteoarthritis; BMI, body mass index; HDL, high density lipoprotein; eGFR,

estimated glomerular filtration rate; MetS, metabolic syndrome; DM, diabetes mellitus; HP, hypertension; HU, hyperuricemia.

# P values are for test of difference across all quintiles of serum Mg.
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Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in radiographic knee OA patients

The figures above present the prevalence of MetS (A), DM (B), HP (C) and HU (D) among the 962 OA patients under different quintiles of serum Mg levels. The
horizontal axis denotes the serum Mg level, and the vertical axis indicates whether a subject is diagnosed with the specific disease: (+) - disease; (-) - no disease.
The solid gray lines represent the boundaries in between the five quintiles of serum Mg levels. The red and black spots represent the prevalence of diseases and no

diseases at each serum Mg level, respectively. The darker the color of a spot, the more OA patients there are at the corresponding concentration.
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Table 2 Multivariable-adjusted relations of serum Mg and MetS in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
MetS (%) 26.5 17.7 25.8 19.6 17.5 -
Model 1* 1.00 (reference) 0.61 (0.38,0.97) 0.97 (0.61, 1.52) 0.69 (0.42, 1.14) 0.59 (0.36, 0.96) 0.090

P value - 0.038 0.881 0.150 0.035 -
Model 2* 1.00 (reference) 0.60 (0.37, 0.96) 1.00 (0.63, 1.57) 0.70 (0.42, 1.15) 0.61(0.37, 0.99) 0.120

P value - 0.035 0.99 0.160 0.047 -
Model 3* 1.00 (reference) 0.59 (0.36, 0.94) 0.95 (0.60, 1.51) 0.67 (0.40, 1.10) 0.56 (0.34, 0.93) 0.067

P value - 0.027 0.830 0.114 0.024

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; MetS, metabolic syndrome.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), gender (male, female), educational

level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no); Model 3 was

adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 3 Multivariable-adjusted relations of serum Mg and DM in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
DM (%) 235 10.7 10.0 8.3 6.3 -
Model 1* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.61) 0.29 (0.15, 0.55) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 2* 1.00 (reference) 0.40 (0.23, 0.70) 0.32(0.18, 0.59) 0.26 (0.13, 0.50) 0.21(0.11, 0.42) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 3* 1.00 (reference) 0.40 (0.23, 0.70) 0.33 (0.18, 0.60) 0.27 (0.14, 0.52) 0.22 (0.11, 0.44) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; DM, diabetes mellitus.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 31



Page 27 of 31

oNOYTULT D WN =

593

594

595

596

597
598

BMJ Open

Table 4 Multivariable-adjusted relations of serum Mg and HP in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HP (%) 40.0 335 37.4 423 40.2 -
Model 1* 1.00 (reference) 0.71 (0.47, 1.06) 0.83 (0.54, 1.25) 1.00 (0.66, 1.54) 0.89(0.59, 1.35) 0.929
P value - 0.095 0.368 0.987 0.582 -
Model 2* 1.00 (reference) 0.77 (0.50, 1.19) 0.89(0.57,1.39) 1.10(0.70, 1.74) 1.08 (0.69, 1.68) 0.377
P value - 0.245 0.608 0.686 0.744 -
Model 3* 1.00 (reference) 0.77 (0.50, 1.19) 0.88 (0.56, 1.38) 1.09 (0.68, 1.72) 1.05 (0.67, 1.65) 0.434
P value - 0.235 0.574 0.727 0.818 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HP, hypertension.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 5 Multivariable-adjusted relations of serum Mg and HU in OA patients (n = 962)

Page 28 of 31

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HU (%) 255 19.1 132 18.5 14.8 -
Model 1* 1.00 (reference) 0.71 (0.44, 1.14) 0.44 (0.26, 0.75) 0.68(0.41, 1.14) 0.51(0.30, 0.85) 0.008
P value - 0.157 0.002 0.144 0.010 -
Model 2* 1.00 (reference) 0.73 (0.45, 1.20) 0.38 (0.22, 0.67) 0.59(0.35,1.02) 0.50(0.29, 0.87) 0.006
P value - 0.210 0.001 0.058 0.013 -
Model 3* 1.00 (reference) 0.68 (0.41, 1.14) 0.33(0.19, 0.59) 0.52 (0.30, 0.91) 0.39 (0.22, 0.70) <0.001
P value - 0.142 <0.001 0.022 0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HU, hyperuricemia.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data)
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25 Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in

26 radiographic knee OA patients

27 The figures above present the prevalence of MetS (A), DM (B), HP (C) and HU (D) among the 962 OA

28 patients under different quintiles of serum Mg levels. The horizontal axis denotes the serum Mg level, and

29 the vertical axis indicates whether a subject is diagnosed with the specific disease: (+) - disease; (-) - no

disease. The solid gray lines represent the boundaries in between the five quintiles of serum Mg levels. The
red and black spots represent the prevalence of diseases and no diseases at each serum Mg level,

31 respectively. The darker the color of a spot, the more OA patients there are at the corresponding

32 concentration.
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Titleand 1 (a) Indicate the study’s design with a commonly used term in the title or the 2
abstract abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/réti 2 Explain the scientific background and rationale for the investigation being 4
onae reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
M ethods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4-5
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rational e for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define al outcomes, exposures, predictors, potential confounders, and 4-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4-5
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4-5
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 6-7
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6 study, completing follow-up, and analysed

7 (b) Give reasons for non-participation at each stage 4-5
8 (c) Consider use of aflow diagram -

9 Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 8
1(1) and information on exposures and potential confounders

12 (b) Indicate number of participants with missing data for each variable of -
13 interest

14 (c) Cohort study—Summarise follow-up time (eg, average and total amount) -
15 Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over -
1? time

18 Case-control study—Report numbers in each exposure category, or summary -
19 measures of exposure

20 Cross-sectional study—Report numbers of outcome events or summary 8-10
21 measures

;g Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8-10
24 and their precision (eg, 95% confidence interval). Make clear which

25 confounders were adjusted for and why they were included

26 (b) Report category boundaries when continuous variables were categorized 8-10
27 (c) If relevant, consider translating estimates of relative risk into absolute risk -
;g for a meaningful time period

30 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 8-10
31 sensitivity analyses

32 Discussion

; i Key results 18 Summarise key results with reference to study objectives 10
35 Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11-12
36 imprecision. Discuss both direction and magnitude of any potential bias

37 Interpretation 20 Give a cautious overall interpretation of results considering objectives, 10-11
38 limitations, multiplicity of analyses, results from similar studies, and other

39 relevant evidence

2(1) Generalisability 21 Discuss the generalisability (external validity) of the study results 11-12
42 Other information

43 Funding 22 Give the source of funding and the role of the funders for the present study and, 13
jg if applicable, for the original study on which the present article is based

46

47 *Give information separately for cases and controlsin case-control studies and, if applicable, for exposed and

48 unexposed groups in cohort and cross-sectional studies.

49

50 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

g; published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

53 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

54 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiativeis

55 available at www.strobe-statement.org.

56

57

58

59

60 For peer review only - http://bmjoper?.bmj.com/site/about/guidelines.xhtmI



BMJ Open

BM) Open

Association between serum magnesium concentration and
metabolic syndrome, diabetes, hypertension and
hyperuricemia in knee osteoarthritis: a cross-sectional
study in Hunan Province, China

Journal: | BMJ Open

Manuscript ID | bmjopen-2017-019159.R4

Article Type: | Research

Date Submitted by the Author: | 31-Jul-2018

Complete List of Authors: | Wang, Yi-lun; Xiangya Hospital Central South University, Orthopaedics
Wei, Jie; Xiangya Hospital Central South University, Health Management
Center

Zeng, Chao; Xiangya Hospital Central South University, Orthopaedics
Yang, Tuo; Xiangya Hospital Central South University, Orthopaedics

Li, Hui; Xiangya Hospital Central South University, Orthopaedics

Cui, Yang; Xiangya Hospital Central South University, International Medical
Center

Xie, Dong-xing; Xiangya Hospital, Central South University, Orthopaedics
Xu, Bei; Xiangya Hospital Central South University, Orthopaedics

Liu, Zhi-chen; Xiangya Hospital Central South University, Orthopaedics
Li, Jia-tian; Xiangya Hospital Central South University, Orthopaedics
Jiang, Shi-de; Xiangya Hospital Central South University

Lei, Guanghua; Xiangya Hospital, Orthopaedics

<b>Primary Subject

Heading</b>: Rheumatology

Secondary Subject Heading: | Rheumatology, Public health, Epidemiology

osteoarthritis, magnesium, metabolic syndrome, diabetes, Hypertension <

LR CARDIOLOGY, hyperuricemia

ARONE"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 31

oNOYTULT D WN =

10

11

12

13

14

15

16

17
18

BMJ Open

Association between serum magnesium concentration and metabolic syndrome,
diabetes, hypertension and hyperuricemia in knee osteoarthritis: a

cross-sectional study in Hunan Province, China

Yilun Wang', Jie Wei?, Chao Zeng', Tuo Yang', Hui Li', Yang Cui’, Dongxing Xie',
Bei Xu', Zhichen Liu', Jiatian Li', Shide Jiangl, Guanghua Lei'”

'Department of Orthopaedics, Xiangya Hospital, Central South University, Changsha,
Hunan Province, China, 410008;
Health Management Center, Xiangya Hospital, Central South University, Changsha,
Hunan Province, China. 410008;
*International Medical Center, Xiangya Hospital, Central South University, Changsha,
Hunan Province, China. 410008;

*Correspondence to: Guanghua Lei, MD, PhD, Department of Orthopaedics, Xiangya
Hospital, Central South University, #87 Xiangya Road, Changsha, Hunan, China,
410008. E-mail: lei_guanghua@csu.edu.cn. Tel. 0731-84327326

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

BMJ Open

Abstract

Objectives: To examine the associations between serum magnesium (Mg)
concentration with the prevalence of metabolic syndrome (MetS), diabetes mellitus
(DM), hypertension (HP) and hyperuricemia (HU) in radiographic knee osteoarthritis
(OA) patients.

Methods: The present study was conducted at the Health Management Center of
Xiangya Hospital. Radiographic OA was evaluated for patients aged over 40 years
with basic characteristics and blood biochemical assessment. Serum Mg concentration
was measured using the chemiluminescence method. MetS, DM, HP and HU were
diagnosed based on standard protocols. The associations between serum Mg
concentration with MetS, DM, HP and HU were evaluated by conducting
multivariable adjusted logistic regression.

Results: A total of 962 radiographic knee OA patients were included. Compared with
the lowest quintile, the multivariable-adjusted odds ratios (ORs) and related 95%
confidence intervals (95%CI) of DM were 0.40 (95%CI 0.23-0.70, P=0.001), 0.33
(95%CI 0.18-0.60, P<0.001), 0.27 (95%CI 0.14-0.52, P<0.001) and 0.22 (95%CI
0.11-0.44, P<0.001) in the second, third, fourth and highest quintiles of serum Mg,
respectively (P for trend <0.001); the multivariable-adjusted ORs of HU were 0.33
(95%CI 0.19-0.59, P<0.001), 0.52 (95%CI 0.30-0.91, P=0.022) and 0.39 (95%CI
0.22-0.70, P=0.001) in the third, fourth and highest quintiles of serum Mg
respectively (P for trend <0.001); and the multivariable-adjusted ORs of MetS were
0.59 (95%CI 0.36-0.94, P=0.027) in the second and 0.56 (95%CI 0.34-0.93, P=0.024)
in the highest quintiles of serum Mg. However, the inverse association between serum
Mg and the prevalence of MetS was nonlinear (P for trend =0.067). There was no
significant association between serum Mg and HP in OA patients.

Conclusions: The serum Mg concentration was inversely associated with the
prevalence of MetS, DM and HU in radiographic knee OA patients.

Level of Evidence: Level III, cross-sectional study.

Key words: osteoarthritis, magnesium, metabolic syndrome, diabetes, hypertension,

hyperuricemia
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Strengths and limitations of this study

1.

This is the first study examining the associations between serum magnesium (Mg)
and the prevalence of metabolic syndrome, diabetes mellitus, hypertension and
hyperuricemia in radiographic knee osteoarthritis patients.

The multivariable logistical regression models in this study were adjusted for a
considerable number of potential confounding factors, which greatly improved the
reliability of the results.

The kidney is the key organ in maintaining Mg homeostasis. This study conducted
a sensitivity analysis by adding estimated glomerular filtration rate into the
multivariable logistic regression models, and the reverse associations remained
significant.

This study adopted cross-sectional design which precluded causal correlations.
Serum Mg concentration was adopted as the indicator of body Mg content in this

study which may not be the best indicator of body status.
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Introduction

The association between osteoarthritis (OA) and metabolic diseases, especially
metabolic syndrome (MetS)' > and diabetes mellitus (DM),” has drawn increasing
attention in the past few years. OA includes three specific phenotypes: metabolic OA,
age-related OA and injury-related OAf A large number of studies have indicated that

the prevalence of MetS,”” DM'*"'® and hypertension (HP)” > '*2°

is either higher in
OA patients or associated with OA. In addition, some other studies reported that
MetS,*' > DM* ** and HP*' # are risk factors of OA progression. Thus, it appears
necessary to pay more attention and adopt appropriate measures to reduce the high
prevalence of metabolic diseases in OA patients, which also seems to be beneficial in
delaying OA progression.

Serum magnesium (Mg), one of the most important micronutrients for human
health, has been reported to be negatively associated with MetS,”* DM**>* and HP**
3941 by lots of studies. Meanwhile, our previous study showed an inverse association
between serum Mg and hyperuricemia (HU).* However, to the best knowledge of the
authors, there is not yet a study examining the association between the serum Mg
concentration and the aforementioned metabolic diseases (MetS, DM, HP and HU) in
OA patients. On the other hand, we have previously shown that the serum Mg
concentration may be inversely associated with radiographic knee OA.*” Therefore,
we speculate that the prevalence of MetS, DM, HP and HU in OA patients may be
reduced by elevating the level of serum Mg, which can in turn delay OA progression.
Thus, the objective of the present study was to examine the associations between the
serum Mg concentration with the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. It was hypothesized that serum Mg concentration was

inversely associated with these diseases.

Methods
Study population
The present study was conducted at the Health Management Center of Xiangya

Hospital between October 2013 and November 2014. The study design has been
1
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1

2

z 94  published previously.**® The protocol has been reviewed and approved by the Ethics
5 95 Committee of Xiangya Hospital, Central South University (reference numbers:
? 96 201312459), and the methods were developed in “accordance” with the approved
g 97  guidelines. Informed consent has been obtained from all participants. Registered
1(1) 98 nurses were engaged to interview all participants during the examination using a
g 99 standard questionnaire, with the purpose to collect information on demographic
1‘5‘ 100  characteristics and health-related habits. Participants were selected based on the
16 101  following inclusion criteria: 1) 40 years old or above; 2) undergoing weight-bearing
1573 102  bilateral anteroposterior radiography of the knee, and diagnosed with knee OA
;g 103  according to the Kellgren-Lawrence (K-L) radiographic atlas (knee joint was graded
;; 104  K-L 2 or above); 3) availability of all basic characteristics, including age, gender,
;i 105  body mass index (BMI) and blood pressure; 4) availability of biochemical test results,
;2 106  including serum Mg concentration; 5) availability of information related to the living
27 107  habits, including education background, activity level, smoking, drinking and
52 108  medication status. Initially, the present cross-sectional study retrieved 1820
2(1) 109 radiographic knee OA patients aged over 40 years who exhibited sound basic
gg 110  characteristics and required blood biochemical assessment (including serum Mg
;;" 111 concentration). Among them, 962 patients offered demographic characteristics and
;? 112 health-related habits and were finally included in this study.

38 113

39

40 114  Blood biochemistry

2; 115  All blood samples were drawn after a 12-hour overnight fast and were kept at 4°C
22 116  until analysis. Blood tests were undertaken using the Beckman Coulter AU 5800
22 117  (Beckman Coulter Inc., Brea, CA, USA). The inter- and intra-assay coefficients of
2; 118  variation were tested at both low concentrations (2.5 mmol/L for glucose, 118 umol/L
49 119  for uric acid and 0.60 mmol/L for serum Mg) and high concentrations (6.7 mmol/L for
g? 120  glucose, 472 umol/L for uric acid and 1.00 mmol/L for serum Mg) of standard human
gg 121 samples. The intra-assay coefficients of variation were 0.98% (2.5 mmol/L) and 1.72%
gg 122 (6.7 mmol/L) for glucose, 1.39% (118 umol/L) and 0.41% (472 umol/L) for uric acid,
g? 123 and 1.86% (0.60 mmol/L) and 1.65% (1.0;) mmol/L) for serum Mg respectively. The
58
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inter-assay coefficients of variation were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L)
for glucose, 1.40% (118 pmol/L) and 1.23% (472 pmol/L) for uric acid, and 1.87%
(0.60 mmol/L) and 1.70% (1.00 mmol/L) for serum Mg respectively.

Assessment of other exposures

Blood pressure was measured by an electronic sphygmomanometer. The weight and
height of each subject were measured respectively to calculate the BMI. Information
on the average frequency of physical activity (never, one to two times per week, three
to four times per week, five times and above per week) and average duration of
physical activity (less than half an hour, half an hour to one hour, one to two hours,
more than two hours) were collected through survey questionnaire. The smoking,
alcohol drinking and medication status were collected during the face-to-face

interview.

Assessment of MetS, DM, HP and HU

MetS was diagnosed based on the Chinese Diabetes Society (CDS) criteria,’”** which
requires meeting at least 3 of the following 4 items: (1) BMI >25 kg/m?; (2) Fasting
plasma glucose (FPG) >6.1 mmol/L, or diagnosed DM; (3) Systolic blood pressure
(BP) >140 mmHg or diastolic BP>90 mmHg, or treatment of previously diagnosed
HP; (4) Triglycerides >1.7 mmol/L and/or HDL-cholesterol <0.9 mmol/L in male or
<1.0 mmol/L in female, or treatment for this lipid abnormality. Subjects with the
fasting glucose >7.0 mmol/L or currently undergoing drug treatment for blood glucose
control were regarded as DM patients, and subjects with the systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg or currently undertaking
antihypertensive medication were regarded as HP patients. HU was defined as uric
acid >416 umol/L for male and >360 umol/L for female or currently undergoing drug

treatment for uric acid control.

Statistical analysis

The continuous data were expressed as mean with standard deviation, and the
6
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category data were expressed in percentage. Differences in continuous data were
evaluated by one-way classification ANOVA (normally distributed data) or
Kruskal-Wallis H test (non-normally distributed data), while differences in category
data were assessed by the y2 test. The serum Mg was classified into five categories
based on the quintile distribution: <0.85, 0.86-0.89, 0.90-0.92, 0.93-0.96 and >0.97
mmol/L. The prevalence of MetS, DM, HP and HU in each quintile of serum Mg in
OA patients were assessed by scatter plots.

Logistic regression was conducted to calculate the odds ratios (ORs) with 95%
confidence intervals (95%CI) for the associations between serum Mg and MetS, DM,
HP and HU. Specifically, model 1 was adjusted by covariates of age (continuous data)
and gender (male, female). Then, model 2 was adjusted by additional covariates of
BMI (continuous data), educational level (high school or above, lower than high
school), smoking status (yes, no), activity level (continuous data), alcohol drinking
status (yes, no), HP (yes, no), DM (yes, no), and dyslipidemia (yes, no) on the basis of
model 1. Dyslipidemia was defined as triglycerides >1.7 mmol/L and/or
HDL-cholesterol <0.9 mmol/L in male or <1.0 mmol/L in female, or treatment for this
lipid abnormality. Notably, the selection of covariates in model 2 varied slightly for
examining different associations (between serum Mg and MetS, DM, HP or HU). For
example, BMI, HP and dyslipidemia were adjusted for the association between serum
Mg and DM, but not for the association between serum Mg and MetS, simply because
MetS was diagnosed based on BMI, HP and dyslipidemia status. Model 3 was
established based on model 2, with adjustment of an additional covariate, estimated
glomerular filtration rate (¢GFR). eGFR (continuous data) was calculated from the
Chronic Kidney Disease Epidemiology Collaboration equation.”® All covariates in the
present study were chosen referring to some of the previous similar studies.?’ **>! >
Tests for linear trends were conducted based on logistic regression using a median
variable of Mg concentration in each category.

Scatter plots were plotted using R 3.4.4.%* Other data analyses were performed
using SPSS 17.0; P <0.05 was considered to be statistically significant. All tests were

two tailed.
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Patient and public involvement
No patients were involved in setting the research question or the outcome measures,
nor were they involved in the design or implementation of the study. There were no

plans to disseminate the results of the research to study participants.

Results

A total of 962 subjects (377 females, accounting for 39.2%) were included in the
present cross-sectional study. The characteristics of the study population according to
quintiles of serum Mg were presented in Table 1. The mean age of the subjects was
54.947.6 years old. The overall prevalence of MetS, DM, HP and HU in OA patients
were 21.4%, 12.0%, 38.5% and 18.3% respectively. Significant differences were
observed across the quintiles of serum Mg for fasting glucose, as well as the
prevalence of DM and HU.

The prevalence of MetS in each quintile of serum Mg in OA patients was shown
in Figure 1 (A). The outcomes of multivariable adjusted associations between MetS
and serum Mg concentration were shown in Table 2. Compared with the lowest
quintile, the age-gender adjusted ORs (Model 1) suggested significant decreased
prevalence of MetS in the second (OR=0.61, 95%CI 0.38-0.97, P=0.038) and the
highest (OR=0.59, 95%CI 0.36-0.96, P=0.035) quintiles of serum Mg; the
multivariable adjusted ORs (Model 2) also suggested significant decreased prevalence
of MetS in the second (OR=0.60, 95%CI 0.37-0.96, P=0.035) and the highest
(OR=0.61, 95%CI 0.37-0.99, P=0.047) quintiles. The sensitivity analysis, by adding
eGFR into model 2, also reached similar results - significant lower prevalence of
MetS in the second (OR=0.59, 95%CI 0.36-0.94, P=0.027) and the highest quintiles
(OR=0.56, 95%CI 0.34-0.93, P=0.024) compared with the reference quintile of serum
Mg. No clear trend was evident in the third and fourth quintiles of serum Mg. The P
for trend were 0.090 (Model 1), 0.120 (Model 2), 0.067 (Model 3), respectively.

Figure 1 (B) showed the prevalence of DM in each category of serum Mg in OA

patients. Table 3 illustrated the multivariable adjusted relations between serum Mg
8
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and DM in OA patients. Both the age-gender adjusted OR values (Model 1) and the
multivariable adjusted OR values (Model 2) suggested a strong inverse association
between serum Mg and DM. The age-gender adjusted ORs for the prevalence of DM
were 0.38 (95%CI 0.22-0.66, P=0.001), 0.34 (95%CI 0.19-0.61, P<0.001), 0.29
(95%CI 0.15-0.55, P<0.001), and 0.20 (95%CI 0.10-0.40, P<0.001) in the second,
third, fourth and fifth quintiles of serum Mg respectively, and the P for trend was
<0.001. The multivariable adjusted ORs for the prevalence of DM were 0.40 (95%CI
0.23-0.70, P=0.001), 0.32 (95%CI 0.18-0.59, P<0.001), 0.26 (95%CI 0.13-0.50,
P<0.001), and 0.21 (95%CI 0.11-0.42, P<0.001) in the second, third, fourth and fifth
quintiles of serum Mg respectively, and the P for trend was <0.001. The sensitivity
analysis, by adding eGFR into model 2, showed similar results - significant lower
prevalence of DM in the second (OR=0.40, 95%CI 0.23-0.70, P=0.001), third
(OR=0.33, 95%CI 0.18-0.60, P<0.001), fourth (OR=0.27, 95%CI 0.14-0.52, P<0.001),
and highest quintiles (OR=0.22, 95%CI 0.11-0.44, P<0.001) compared with the
reference quintile of serum Mg, and the P for trend was <0.001.

The prevalence of HP in each quintile of serum Mg in OA patients was depicted
in Figure 1 (C). The multivariable-adjusted relations between serum Mg and HP in
OA patients were illustrated in Table 4. According to both the age-gender adjusted
ORs (Model 1) and the multivariable adjusted ORs (Model 2), there was no
significant association between serum Mg and HP, and the P for trend were 0.929 and
0.377, respectively. The sensitivity analysis, by adding eGFR into model 2, reached
the same results.

The prevalence of HU in each category of serum Mg in OA patients was shown
in Figure 1 (D). The multivariable-adjusted relations between serum Mg and HU in
OA patients were illustrated in Table 5. Both the age-gender adjusted OR values
(Model 1) and the multivariable adjusted OR values (Model 2) suggested significant
decreased prevalence of HU in the third quintile (age-gender adjusted OR=0.44,
95%CI 0.26-0.75, P=0.002; multivariable adjusted OR=0.38, 95%CI 0.22-0.67,
P=0.001) and fifth quintile (age-gender adjusted OR=0.51, 95%CI 0.30-0.85, P=0.010;

multivariable adjusted OR=0.50, 95%CI 0.29-0.87, P=0.013) compared with the
9
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lowest quintile of serum Mg, and the P for trend were 0.008 and 0.006, respectively.
The sensitivity analysis, by adding eGFR into model 2, showed similar outcomes -
significant lower prevalence of HU in the third (OR=0.33, 0.19-0.59, P<0.001), fourth
(OR=0.52, 95%CI 0.30-0.91, P=0.022), and highest quintiles (OR=0.39, 95%CI
0.22-0.70, P=0.001) compared with the reference quintile of serum Mg, and the P for

trend was <0.001.

Discussion

The results of this study suggested that the serum Mg concentration was negatively
associated with the prevalence of MetS, DM and HU in subjects with radiographic
knee OA. To control potential confounders, several covariates including
characteristics, living habits and underlying diseases were selected, and even the
eGFR was added into the multivariable logistic regression models to eliminate the
influence of renal function on Mg excretion. The reverse associations mentioned
above remained significant after adjustments of these confounders. However, the
association between serum Mg and the prevalence of MetS was nonlinear, with no
clear trend in the third and fourth quintiles of serum Mg. Moreover, the negative
association between serum Mg and the prevalence of HP was not observed in
radiographic knee OA patients.

Mg, the fourth most abundant cation in human body and the second most profuse
intracellular cation, is a metallic cofactor for over 300 enzymatic reactions. It appears
to play an important role in glucose metabolism and insulin homeostasis, which are
both highly correlated with metabolic diseases, especially MetS and DM. The
mechanisms involved in Mg deficiency in patients with MetS, DM and HU are
probably multifactorial. The most important factor may be insulin resistance, as Mg is
essential for insulin action and is a critical cofactor for several enzymes in
carbohydrate metabolism, which is important for the phosphorylation reactions of
tyrosine-kinase in the insulin receptor.31 338 Of course, it is necessary to highlight the
fact that insulin can also induce Mg excretion™ and produce a significant decline of

plasma Mg through ion exchange.®® Thus, there seems to be a vicious circle between
10
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Mg deficiency and insulin resistance.
Other potential mechanisms include glucose transportation,”” oxidative stress”’

6163 and cellular calcium homeostasis.”®> Mg is an

and inflammatory cytokines,
essential cofactor of the high-energy phosphate-bound enzymatic pathways involved
in the modulation of glucose transport across cell membranes.’’ It also plays a role in
the mechanisms of cellular antioxidant defense.®® The oxidative stress, defined as a
persistent imbalance between the excessive production of reactive oxygen species
and/or defects in antioxidant defense, has been implicated in the pathogenesis of
diabetic complications.”” Moreover, low serum Mg levels are strongly related to
elevated serum concentrations of both tumor necrosis factor alpha and C-reactive
protein (CRP),65 suggesting that Mg deficiency may contribute to the development of
low-grade chronic inflammation syndrome and the development of glucose metabolic
disorders through the former pathway. In addition, lower Mg concentration can
enhance calcium-mediated vasoconstriction, blunt cardiac and smooth muscle
relaxation, and thus contribute to BP elevation.”” However, the decreased serum
calcium concentration in radiographic knee OA patients may weaken the association
between Mg and HP.*®

MetS*! > and DM** ** were reported to be the risk factors of OA progression.
Moreover, serum Mg level has been proved to be significantly associated with the

CRP concentration,”’ ¢

and higher CRP might serve as a prediction factor for OA
progression.”’ ' Thus, OA progression may be delayed by elevating the serum Mg
level through reducing the prevalence of MetS and DM and decreasing the level of
CRP. Above all, the present study indicated that the elevation of serum Mg level has
the potential to reduce the prevalence of MetS, DM and HU in knee OA patients and
thereby may delay the progression of knee OA. However, the specific mechanism
needs to be further explored.

The present study has several strengths. Firstly, this is the first study examining
the associations between serum Mg and the prevalence of MetS, DM, HP and HU in
radiographic knee OA patients. The results of this study will provide a new insight

into the treatment of knee OA. Secondly, the multivariable logistical regression
11
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models were adjusted for a considerable number of potential confounding factors,
which greatly improved the reliability of the results. Thirdly, the kidney is the key
organ in maintaining Mg homeostasis. This study conducted a sensitivity analysis by
adding eGFR into multivariable logistic regression models which showed that the
reverse associations remained significant.

Limitations of the present study should also be admitted. The cross-sectional
design precludes causal correlations, so further prospective studies and intervention
trials should be undertaken to establish a causal association between serum Mg with
the prevalence of MetS, DM, HP and HU in radiographic knee OA patients. Since no
previous research investigated such associations in knee OA patients, the value of this
study should not be blotted out by the cross-sectional nature. Another limitation of
this study lies in the relatively small sample size, and thus, extensive high-quality
researches based on a larger sample are needed. Moreover, the dietary intake of Mg in
relation to the prevalence of MetS, DM, HP and HU were not assessed in the present
study. Last but not the least, it is important to highlight that Mg is an intracellular ion;
therefore, the serum Mg concentration must be considered as a poor indicator of body
Mg content,”” even though it has been used in many studies. However, blood Mg level

is the second best indicator of body status.”

Conclusions
The present study concluded that the serum Mg concentration was inversely
associated with the prevalence of MetS, DM and HU in radiographic knee OA

patients.

12
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Table 1 Basic characteristics of included subjects according to quintiles of serum Mg (n=962)

Quintiles of serum Mg P
QI (lowest) Q2 Q3 Q4 QS5 (highest)
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
Age (years) 53.8(7.3) 54.6 (7.6) 552(7.9) 553(7.1) 56.1 (8.0) 0.062
BMI (kg/m’) 252 (3.2) 249 (3.2) 25.0(3.7) 252 (3.4) 24.6 (3.2) 0.464
Female (%) 37.5 423 36.8 423 37.0 0.627
Smoking (%) 27.5 274 21.6 244 21.7 0.457
Alcohol drinking (%) 345 36.3 40.5 41.1 38.1 0.645
High school diploma (%) 45.0 474 453 56.5 48.1 0.184
Activity level (h/w) 2.0(3.5) 2.0(3.3) 23(3.5) 2.1(3.1) 24(3.5) 0.457
Fasting glucose (mmol/l) 6.6 (3.0) 5.7 (1.7) 5.7(1.4) 5.5(0.9) 5.5(1.6) 0.009
Systolic pressure (mm Hg) 129.2 (16.9) 128.3 (17.9) 130.4 (16.2) 128.8 (16.3) 129.6 (17.7) 0.837
Diastolic pressure (mm Hg) 81.2 (11.8) 79.8 (12.1) 80.7 (11.0) 80.7 (10.7) 80.3 (10.5) 0.654
HDL-cholesterol (mmol/1) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.5(0.3) 1.5(0.4) 0.374
Triglyceride (mmol/l) 2.1(1.9) 1.8(1.5) 20(2.1) 1.8 (1.0 2329 0.620
22
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321.3 (86.3)
76.0 (10.6)
25.8

10.0

374

13.2

331.5 (78.0)
75.8 (10.7)
19.6

83

423

18.5

329.4 (81.7)
74.3 (12.0)
17.5

6.3

402

14.8

0.590

<0.001

0.059

<0.001

0.432

0.018

Data are mean (Standard Deviation), unless otherwise indicated; Mg, magnesium; OA, osteoarthritis; BMI, body mass index; HDL, high density lipoprotein; eGFR,

estimated glomerular filtration rate; MetS, metabolic syndrome; DM, diabetes mellitus; HP, hypertension; HU, hyperuricemia.

# P values are for test of difference across all quintiles of serum Mg.
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Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in radiographic knee OA patients

The figures above present the prevalence of MetS (A), DM (B), HP (C) and HU (D) among the 962 OA patients under different quintiles of serum Mg levels. The
horizontal axis denotes the serum Mg level, and the vertical axis indicates whether a subject is diagnosed with the specific disease: (+) - disease; (-) - no disease.
The solid gray lines represent the boundaries in between the five quintiles of serum Mg levels. The red and black spots represent the prevalence of diseases and no

diseases at each serum Mg level, respectively. The darker the color of a spot, the more OA patients there are at the corresponding concentration.
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Table 2 Multivariable-adjusted relations of serum Mg and MetS in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend

Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
MetS (%) 26.5 17.7 25.8 19.6 17.5 -
Model 1* 1.00 (reference) 0.61 (0.38,0.97) 0.97 (0.61, 1.52) 0.69 (0.42, 1.14) 0.59 (0.36, 0.96) 0.090

P value - 0.038 0.881 0.150 0.035 -
Model 2* 1.00 (reference) 0.60 (0.37, 0.96) 1.00 (0.63, 1.57) 0.70 (0.42, 1.15) 0.61(0.37, 0.99) 0.120

P value - 0.035 0.99 0.160 0.047 -
Model 3* 1.00 (reference) 0.59 (0.36, 0.94) 0.95 (0.60, 1.51) 0.67 (0.40, 1.10) 0.56 (0.34, 0.93) 0.067

P value - 0.027 0.830 0.114 0.024

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; MetS, metabolic syndrome.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), gender (male, female), educational

level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no); Model 3 was

adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 3 Multivariable-adjusted relations of serum Mg and DM in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
DM (%) 235 10.7 10.0 8.3 6.3 -
Model 1* 1.00 (reference) 0.38 (0.22, 0.66) 0.34 (0.19, 0.61) 0.29 (0.15, 0.55) 0.20 (0.10, 0.40) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 2* 1.00 (reference) 0.40 (0.23, 0.70) 0.32(0.18, 0.59) 0.26 (0.13, 0.50) 0.21(0.11, 0.42) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -
Model 3* 1.00 (reference) 0.40 (0.23, 0.70) 0.33 (0.18, 0.60) 0.27 (0.14, 0.52) 0.22 (0.11, 0.44) <0.001
P value - 0.001 <0.001 <0.001 <0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; DM, diabetes mellitus.

*Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 4 Multivariable-adjusted relations of serum Mg and HP in OA patients (n = 962)

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HP (%) 40.0 335 37.4 423 40.2 -
Model 1* 1.00 (reference) 0.71 (0.47, 1.06) 0.83 (0.54, 1.25) 1.00 (0.66, 1.54) 0.89(0.59, 1.35) 0.929
P value - 0.095 0.368 0.987 0.582 -
Model 2* 1.00 (reference) 0.77 (0.50, 1.19) 0.89(0.57,1.39) 1.10(0.70, 1.74) 1.08 (0.69, 1.68) 0.377
P value - 0.245 0.608 0.686 0.744 -
Model 3* 1.00 (reference) 0.77 (0.50, 1.19) 0.88 (0.56, 1.38) 1.09 (0.68, 1.72) 1.05 (0.67, 1.65) 0.434
P value - 0.235 0.574 0.727 0.818 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HP, hypertension.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data).
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Table 5 Multivariable-adjusted relations of serum Mg and HU in OA patients (n = 962)

Page 28 of 31

Quintiles of serum Mg

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) P for trend
Median Mg concentration (mmol/L)  0.82 0.87 0.91 0.94 0.99 -
Participants (n) 200 215 190 168 189 -
HU (%) 255 19.1 132 18.5 14.8 -
Model 1* 1.00 (reference) 0.71 (0.44, 1.14) 0.44 (0.26, 0.75) 0.68(0.41, 1.14) 0.51(0.30, 0.85) 0.008
P value - 0.157 0.002 0.144 0.010 -
Model 2* 1.00 (reference) 0.73 (0.45, 1.20) 0.38 (0.22, 0.67) 0.59(0.35,1.02) 0.50(0.29, 0.87) 0.006
P value - 0.210 0.001 0.058 0.013 -
Model 3* 1.00 (reference) 0.68 (0.41, 1.14) 0.33(0.19, 0.59) 0.52 (0.30, 0.91) 0.39 (0.22, 0.70) <0.001
P value - 0.142 <0.001 0.022 0.001 -

Data are adjusted OR (95% CI), unless otherwise indicated; Mg, magnesium; n, number; OA, osteoarthritis; HU, hyperuricemia.

* Model 1 was adjusted for age (continuous data) and gender (male, female); Model 2 was adjusted for age (continuous data), BMI (continuous data), gender (male,

female), educational level (high school or above, lower than high school), smoking status (yes, no), activity level (continuous data), alcohol drinking status (yes, no),

hypertension (yes, no), diabetes (yes, no), and dyslipidemia (yes, no); Model 3 was adjusted based on model 2, with additional factor of eGFR (continuous data)
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25 Figure 1 The prevalence of MetS (A), DM (B), HP (C) and HU (D) in each quintile of serum Mg in

26 radiographic knee OA patients

27 The figures above present the prevalence of MetS (A), DM (B), HP (C) and HU (D) among the 962 OA

28 patients under different quintiles of serum Mg levels. The horizontal axis denotes the serum Mg level, and

29 the vertical axis indicates whether a subject is diagnosed with the specific disease: (+) - disease; (-) - no

disease. The solid gray lines represent the boundaries in between the five quintiles of serum Mg levels. The
red and black spots represent the prevalence of diseases and no diseases at each serum Mg level,

31 respectively. The darker the color of a spot, the more OA patients there are at the corresponding

32 concentration.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Reported on
No Recommendation Page No
Titleand 1 (a) Indicate the study’s design with a commonly used term in the title or the 2
abstract abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/réti 2 Explain the scientific background and rationale for the investigation being 4
onae reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
M ethods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 4-5
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods
of case ascertainment and control selection. Give the rational e for the choice of
cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of -
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define al outcomes, exposures, predictors, potential confounders, and 4-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 4-5
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for 6-7
methods confounding
(b) Describe any methods used to examine subgroups and interactions -
(c) Explain how missing data were addressed -
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 4-5
Case-control study—If applicable, explain how matching of cases and controls
was addressed
Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
(e) Describe any sensitivity analyses 6-7

Continued on next page
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1

2 Results

3 Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 4-5
g potentialy eligible, examined for eligibility, confirmed eligible, included in the

6 study, completing follow-up, and analysed

7 (b) Give reasons for non-participation at each stage 4-5
8 (c) Consider use of aflow diagram -

9 Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 8
1(1) and information on exposures and potential confounders

12 (b) Indicate number of participants with missing data for each variable of -
13 interest

14 (c) Cohort study—Summarise follow-up time (eg, average and total amount) -
15 Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over -
1? time

18 Case-control study—Report numbers in each exposure category, or summary -
19 measures of exposure

20 Cross-sectional study—Report numbers of outcome events or summary 8-10
21 measures

;g Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8-10
24 and their precision (eg, 95% confidence interval). Make clear which

25 confounders were adjusted for and why they were included

26 (b) Report category boundaries when continuous variables were categorized 8-10
27 (c) If relevant, consider translating estimates of relative risk into absolute risk -
;g for a meaningful time period

30 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 8-10
31 sensitivity analyses

32 Discussion

; i Key results 18 Summarise key results with reference to study objectives 10
35 Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11-12
36 imprecision. Discuss both direction and magnitude of any potential bias

37 Interpretation 20 Give a cautious overall interpretation of results considering objectives, 10-11
38 limitations, multiplicity of analyses, results from similar studies, and other

39 relevant evidence

2(1) Generalisability 21 Discuss the generalisability (external validity) of the study results 11-12
42 Other information

43 Funding 22 Give the source of funding and the role of the funders for the present study and, 13
jg if applicable, for the original study on which the present article is based

46

47 *Give information separately for cases and controlsin case-control studies and, if applicable, for exposed and

48 unexposed groups in cohort and cross-sectional studies.

49

50 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

g; published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

53 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

54 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiativeis

55 available at www.strobe-statement.org.
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