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Abstract

Objective Previous studies suggested that magnesium
(Mg) might protect against atherosclerosis, but data were
scarce in an Asian population. We examined the association
of Mg levels in serum and urine with carotid intima-media
thickness (cIMT) and serum lipids in Chinese adults.
Methods This community-based cross-sectional study
recruited 2,837 participants aged 40-75 years in Guang-
zhou, China. General information, lifestyle factors, serum
and urinary concentrations of Mg and cardiometabolic fac-
tors were determined. The cIMTs of the common carotid
artery (CCA) and the carotid bifurcation (BIF) were meas-
ured ultrasonographically.

Results  The mean (SD) concentration of serum Mg was
0.85 (0.07) mmol/L and median (IQR) for urinary Mg
excretion was 2.29 (1.56-3.51) mmol/L. After adjustment
for potential covariates, both serum and the urinary concen-
trations of Mg were inversely associated with CCA-IMT,
but not with BIF-IMT. The regression coefficients (standard
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errors) were —100 (29) um (total), —86 (34) um (women)
and —117 (52) ym (men) CCA-IMT per 1 mmol/L of
serum Mg, and —41 (8) um (total), —41 (10) um (women)
and —44 (15) um (men) CCA-IMT per 1 unit of urinary
Mg/creatinine (log mmol/mmol) (all p < 0.05), respec-
tively. Higher serum Mg levels were associated with higher
total cholesterol, HDLc, LDLc and triglyceride, but lower
non-HDLc/HDLc in total population (all p < 0.05). Simi-
lar relationships of urinary Mg with lipoproteins were also
found in total population (all p < 0.05).

Conclusion Higher levels of serum and urinary Mg are
associated with lower CCA-IMTs, and the role of Mg in
lipid metabolism needs further investigation.

Keywords Carotid intima-media thickness - Lipids -
Magnesium - Chinese adults - Serum - Urine

Introduction

Magnesium (Mg), abundant in whole grains, green leafy
vegetables and nuts, is a critical cofactor for hundreds of
enzymes and a natural antagonist of intracellular calcium,
known to affect many aspects of the cardiovascular sys-
tem [1]. Many studies showed that lower serum or urinary
Mg was associated with increased risk of ischemic stroke
[2], coronary heart disease (CHD) and cardiovascular
mortality [3, 4]. Atherosclerosis is the fundamental patho-
logic change of cardiovascular diseases (CVDs). In vitro
and animal studies showed that Mg prevents atherosclero-
sis by maintaining endothelial function and improving the
lipid profile [5, 6]. However, limited studies examined the
association of Mg with atherosclerosis in human.

The measurement of carotid intima-media thickness
(cIMT) as an indicator of subclinical atherosclerosis allows
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the progress of CVD to be evaluated [7]. Previous epide-
miologic studies investigating the relationship between Mg
and vascular atherosclerosis were mostly aimed at hemo-
dialysis patients, in whom the atherosclerotic process pro-
gresses more dramatically than in the general population
[8]. These studies suggested that serum Mg concentration
was inversely associated with general atherosclerosis, as
indicated by cIMT [9, 10]. Compared with general popu-
lation, more CVD risk factors were found [11] and serum
Mg levels were largely influenced by the dialysate in dialy-
sis patients [12]. Little is known about the Mg-cIMT asso-
ciation in healthy individuals and the findings in dialysis
patients can not be generalized to general population. To the
authors’ knowledge, only the ARIC (Atherosclerosis Risk
in Communities) study and another cross-sectional study
(n = 728) have examined this association and found higher
serum Mg levels to be inversely associated with cIMT in the
general population [13, 14]. In ARIC study, the associations
of Mg levels with cIMT [14] and ischemic stroke [15] were
more pronounced among Whites than Blacks, while data
were scarce in the Chinese population. Moreover, it was
found that dietary Mg was associated with increased CHD
mortality in Chinese women with a lower dietary calcium/
Mg ratio (<1.7) but not in those with a higher calcium/Mg
ratio (>1.7) in a population-based cohort study [16]. Thus,
the results obtained from Western populations might not be
well generalized to Chinese populations with a much lower
calcium/Mg ratio (1.7) than that in US populations (around
3.0) [16]. Since ethnic and environmental factors may mod-
ify the Mg-atherosclerosis associations, more studies in a
variety of populations are needed to get the final conclusion
on this issue. Therefore, we tested the hypothesis that higher
Mg levels were associated with lower levels of atherosclero-
sis and better lipid profiles, by examining Mg levels in the
serum and urine in relation to cIMT and serum lipid profile
in middle-aged and elderly Chinese people.

Methods
Study population

This cross-sectional study was based on the first follow-up
of a community-based cohort study designed to assess the
determinants of cardiometabolic outcomes and osteopo-
rosis. A total of 3,216 participants aged 40-75 years were
recruited in local communities in the city of Guangzhou,
China, between July 2008 and June 2010 [17]. Participants
with previously confirmed CHD, stroke, chronic renal fail-
ure or cirrhosis were excluded at baseline, giving 3,169
participants. Of these initial participants, 2,458 were fol-
lowed up between April 2011 and January 2013. During
this period, an additional 850 participants were recruited
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in the same way as before. A total of 2,912 participants,
comprising the 2,458 who were followed up and 454 newly
recruited participants, with completed cIMT measurements
were included in this cross-sectional study. We excluded
participants with missing data for cIMT (n = 11), labora-
tory parameters (n = 48), and the questionnaire (n = 16).
We further excluded those who reported implausible total
energy intakes (<500 or >3,500 kcal/day; n = 18) [18].
After this process, 2,837 participants remained. In analy-
ses of relationship between Mg and serum lipids and blood
pressure, we respectively excluded individuals under
treatment for dyslipidemia (n = 244), or for hypertension
(n = 521). The study protocol was approved by the Ethics
Committee of the School of Public Health at Sun Yat-sen
University. Written informed consent was obtained from
all of the participants at initial enrollment and at follow-up.
The study has therefore been performed in accordance with
ethical standards laid down in the 1964 Declaration of Hel-
sinki and its later amendments.

Data collection

Participant information was collected by experienced inter-
viewers via a face-to-face interview based on a structured
questionnaire covering sociodemographic data, lifestyle
factors, physical activity, habitual dietary intake and female
reproductive history.

Dietary intake was assessed using a quantitative food
frequency questionnaire (FFQ) containing 81 items [19].
For each food item, the participants were asked how often
they had consumed a commonly used portion size over the
previous year. Cooking oil was not including in this FFQ
due to poor validity. Dietary nutrients were calculated by
multiplying the consumption of each food by its nutrient
content based on the China Food Composition Table [20].

Weight and height were measured while the partici-
pants were wearing lightweight clothing and without shoes.
Body mass index (BMI, in kg/m?) was calculated. Blood
pressure was measured twice, with a 5 min interval, after
the participants had rested for >10 min. Blood pressure
was measured a third time if the systolic blood pressure
(SBP) or diastolic blood pressure (DBP) differed by >4
or >3 mmHg, respectively, between the first two measure-
ments. The average blood pressure was calculated and used
in the final analysis.

Laboratory assay

Detailed instructions and tools for urine sample collection
were given to each participant at the first visit of the survey
in 2011-2013. Participants were asked to collect the middle
part of the first void morning urine at home on the day of
fasting blood collection, and then carry the urine specimen
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to our laboratory before 9:30 a.m. A venous blood sample
and a urine sample were obtained from each participant
on the morning after a 12 h fast. Serum was obtained by
centrifuging at 3,000 rev/min for 10 min at 4 °C and was
separated into several aliquots and stored at —80 °C within
2 h. The determination of the Mg levels in the serum and
urine was based on the reaction of Mg with xylidyl blue
in an alkaline solution using a commercial kits (Roche
Diagnostics, Mannheim, Germany) with a coefficient varia-
tion of 1.2 % for human serum and 3.2 % for human urine.
The Mg concentration was estimated photometrically via
decrease in the xylidyl blue absorbance. The serum levels
of total cholesterol (TC), high-density lipoprotein choles-
terol (HDLc), low-density lipoprotein cholesterol (LDLc),
and triglycerides (TG) were measured using commercial
kits and a Hitachi 7600-010 automatic analyzer (Hitachi,
Tokyo, Japan), as described elsewhere [21]. A pooling sam-
ple was analyzed with each batch of analyses for quality
control. The coefficient variation for the serum measure-
ments in our study was 6.58 % for serum Mg, 4.53 % for
TC, 5.92 % for HDLc, 3.45 % for LDLc and 5.76 % for
TG. The atherogenic index (log TG/HDLc) was calculated
and used as a marker of atherogenicity [22]. The urinary
Mg levels in the first morning urine were measured using a
Hitachi 7180 automatic analyzer giving a coefficient varia-
tion of 3.4 %.

Measurement of cIMT

Carotid intima-media thickness was measured by well-
trained technicians. The common carotid artery (CCA,;
1 cm proximal to the dilation of the carotid bulb) and the
carotid bifurcation (BIF; 1 cm proximal to the flow divider)
were measured bilaterally at the far wall of the artery using
a 7.5-12.5 MHz linear-array probe (Sonoscape SSI-5500).
All of the participants were examined in the supine position
with the head slightly extended and turned away from the
carotid artery being measured. B-mode images at the CCA
and BIF were recorded and the technician then used an
electronic caliper to measure the wall thickness on a com-
puter. The common carotid artery intima-media thickness
(CCA-IMT) and carotid bifurcation intima-media thickness
(BIF-IMT) were defined as the averages of the bilateral val-
ues. Site-specific reliability coefficients based on test—retest
using a new image from 21 participants selected at random
on the same day were estimated at 0.935 for CCA-IMT and
0.917 for BIF-IMT.

Statistical analysis
Continuous variables were presented as means and stand-

ard deviation (SD) or medians and interquartile range
(IQR), as appropriate. A ¢ test and non-parametric test were

performed to compare the means and medians between
the women and the men. Categorical variables were pre-
sented as number and percentage, and the difference in the
frequency of the categorical variables was assessed using
Pearson’s Chi square test. The urinary Mg levels were
expressed relative to urinary creatinine excretion (UMg/Cr,
mmol/mmol). The distributions of the serum TG, UMg/Cr,
and dietary nutrients intake were skewed, and logarithmic
transformation was thus used to improve the normality and
model fit. All of the dietary nutrient intakes were adjusted
for total energy intake using a residual method.

Multiple linear regression was used to estimate the regres-
sion coefficients and standard error (SE) between the serum
and urine Mg levels and the cIMT after adjusting for poten-
tial covariates. Model 1 adjusted for age and total energy
intake. Model 2 further adjusted for BMI, physical activity,
smoking status, alcohol intake, tea intake, supplementary
multivitamins, menopausal status (women only), dietary
intake of fiber and cholesterol, and ratio of polyunsaturated
to saturated fat in the diet, urinary sodium and potassium to
creatinine ratio. To examine the independent effects of Mg
levels on cIMT, we adjusted for traditional CVD risk factors,
including the ratio of serum TC to HDLc, TG level, and SBP,
in Model 3. Variance inflation factors were calculated across
all of the models to evaluate potential multicollinearity.
Model 2 was also used to evaluate the relationships between
serum and urine Mg levels and serum lipids. Conclusions
were made based on the results of Model 2.

Interactions between Mg and gender, smoking status
(never or ever during the past year), alcohol intake (yes or
no), tea intake (yes or no), and anti-hypertension or anti-
diabetic medication (taking or not taking) were examined.
In sensitivity analyses, we repeated the analyses after
excluding participants with diagnosed gastric or duodenal
ulcer or diabetes mellitus, which may alter Mg homeosta-
sis due to potential medications [23]. All of the analyses
were performed using SPSS Statistics (version 20.0, SPSS
Inc, Chicago, IL). The reported p values were two-tailed
and results with p < 0.05 were considered statistically
significant.

Results

The participant characteristics are presented by gender in
Table 1. Our study involved 2,837 participants, of whom
1,926 were female with a mean age of 59.8 years and 911
were male with a mean age of 62.3 years. The mean (£SD)
concentration of serum Mg was 0.85 (£0.07) mmol/L for
both genders. The median excretion of UMg/Cr (mmol/
mmol) was 0.45 for women and 0.32 for men (p < 0.001).
The means (+SE) of cIMT was lower in women than
in men, with 909 (£2.62) um versus 956 (£4.31) pm
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Table 1 Characteristics of study population by gender in Guangzhou, China

Women Men p value
n (%) 1,926 (67.9) 911 (32.1)
Age (years) 59.8 £5.1 62.3+6.2 <0.001
Body mass index (kg/m?) 234 £32 240+29 <0.001
Systolic blood pressure (mmHg) 1235 £ 17.6 129.1 £ 174 <0.001
Diastolic blood pressure (mmHg) 74.4 £ 9.97 78.3 £10.4 <0.001
Tea drinker, N (%)* 915 (47.5) 678 (74.4) <0.001
Alcohol drinker, N (%)® 70 (3.6) 162 (17.8) <0.001
Smoker, N (%)° 10 (0.5) 314 (34.5) <0.001
Multivitamin users, N (%)¢ 420 (21.8) 122 (13.4) <0.001
Physical activity, MET(h/d)® 341£54 33.7£6.0 0.106
Lipids lowering medication, N (%) 175 (9.1 %) 69 (7.6 %) 0.180
Total cholesterol (mg/dL) 219 + 36 204 £ 37 <0.001
Triglycerides (mg/dL) 107 (79-151) 112 (78-159) 0.129
HDLc (mg/dL) 58.1 £15.1 493+133 <0.001
LDLc (mg/dL) 141 + 33 131 + 34 <0.001
Serum magnesium (mmol/L) 0.85 +0.07 0.85 +0.07 0.535
Urinary Mg/Cr (mmol/mmol) 0.45 (0.33-0.61) 0.32 (0.23-0.44) <0.001
Dietary intake, per day
Magnesium (mg) 289 + 95 311 £95 <0.001
Energy (kcal) 1464 (1,240-1,749) 1,736 (1,431-2,045) <0.001
Fiber (g) 10.7 (8.5-13.6) 10.8 (8.5-13.7) 0.790
SFA (g) 11.8 (9.1-15.2) 12.8 (9.9-16.8) <0.001
Cholesterol (mg) 326 (238-437) 341 (246-469) 0.001
Carbohydrate, % total energy 56.7+£7.0 583+7.8 <0.001
Protein, % total energy 17.6 £ 2.6 16.8 £2.6 <0.001
SFA, % total energy 741 £1.79 7.08 £ 1.98 <0.001
MUFA, % total energy 104 £2.6 10.1 £2.8 <0.001
PUFA, % total energy 7.30 +£2.10 6.84 +1.94 0.004
Intima-media thickness (um)
Common carotid artery 909 £+ 114 956 £ 129 <0.001
Carotid bifurcation 950 £+ 125 998 + 128 <0.001

Continuous variables were described by mean + SD or median (IQR). Categorical variables were presented as number (%)

HDLc high density lipoprotein cholesterol, LDLc low density lipoprotein cholesterol, SFA saturated fatty acids, PUFA polyunsaturated fatty acid,

MUFA monounsaturated fatty acid, Mg/Cr magnesium to creatinine ratio

@ Tea drinkers were defined as drinking >1 cup of tea per week in the previous 6 months

¢ Smoking was defined as having smoked >1 cigarette daily for at least 6 consecutive months

b Alcohol drinkers were defined as having had wine >1 time(s) daily for at least 6 consecutive months

¢ Multivitamin supplement users were defined as having taken multivitamin supplement >30 times in past year

¢ Physical activities included occupational leisure-time activities and household-chores, evaluated by metabolic equivalent (MET) hours per day

f Lipids lowering medication was defined as taking lipids lowering medication regularly according to doctor’s advice

in common carotid artery and 950 (£2.87) um versus
998 (44.37) um in carotid bifurcation, respectively (all
p <0.001).

As shown in Table 2, both the serum and the urinary
concentrations of Mg were inversely associated with CCA-
IMT in Models 1 and 2 for both women and men (p < 0.05
for all results). Similar associations were observed after
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further adjusting for cardiometabolic factors using Model
3. In Model 2, CCA-IMT decreased by 100 (£29) um
in total participants (p < 0.001), 86 (£34) pm in women
(p = 0.012) and 117 (£52) ym in men (p = 0.024) per
1 mmol/L of serum Mg, and by 41 (£8) um in total sub-
jects (p < 0.001), 41 (£10) pm in women (p < 0.001) and
44 (£15) um (p = 0.004) in men per 1 unit of urinary Mg/
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Table 2 Multiple regression coefficients between serum and urinary magnesium and intima-media thickness in men and women in Guangzhou,

China
Women (n = 1,926) Men (n =911) Total® (n = 2,837)
Beta’ SE p value Beta” SE p value Beta” SE p value
CCA-IMT (um)
Serum Mg (mmol/L)
Model 1 -116 34 0.001 -168 54 0.002 -134 29 <0.001
Model 2 -86 34 0.012 —117 52 0.024 —100 29 <0.001
Model 3 -79 36 0.027 —110 52 0.034 -93 29 0.001
Urinary Mg/Cr, Log (mmol/mmol)
Model 1 =31 10 0.001 -33 14 0.022 =31 8 <0.001
Model 2 —41 10 <0.001 —44 15 0.004 —41 <0.001
Model 3 —40 10 <0.001 —40 16 0.010 —40 <0.001
BIF-IMT (um)
Serum Mg (mmol/L)
Model 1 -54 38 0.156 -60 57 0.296 =53 32 0.094
Model 2 -30 38 0.428 -22 56 0.699 —26 32 0.403
Model 3 —41 41 0.312 —-17 39 0.762 -33 33 0.319
Urinary Mg/Cr, Log (mmol/mmol)
Model 1 -11 10 0.301 -19 15 0.202 -14 0.113
Model 2 -13 10 0.218 -22 15 0.143 —16 0.056
Model 3 —18 11 0.089 —14 16 0.384 —16 9 0.053

Covariates adjusted for: Model 1: age and energy intake; Model 2: Model 1 plus body mass index, physical activity, smoking, alcoholic drinking,
tea drinking, multivitamin using, menopause status (women only), dietary intake of fiber, polyunsaturated to saturated fat ratio and cholesterol,
urinary sodium and potassium to creatinine ratio; Model 3: Model 2 plus serum TC, HDLc, triglyceride and systolic blood pressure

S.E. standard error, Mg/Cr magnesium/creatinine

* Additionally adjusted for gender

b Beta represents the difference in carotid wall thickness (um) per 1 mmol/L of serum Mg or 1 Log mmol/mmol of urinary Mg to creatinine

ratio

Cr (log mmol/mmol). No significant association was found
between the serum or urinary Mg levels and BIF-IMT.

After adjusting for potential confounding factors in
Model 2, higher levels of serum Mg were associated with
higher TC, HDLc, LDLc and TG, but lower non-HDLc/
HDLc in total population (all p < 0.05). Positive associa-
tions of urinary Mg with TC, HDLc, and LDLc were also
found in total population (all p < 0.05). Similar trends in
these associations were observed between women and men
(p interaction range: 0.186-0.848). No significant associa-
tion of Mg with blood pressure was found (Table 3).

No significant interaction between the Mg levels in
serum or urine and gender, smoking status, alcohol intake,
tea intake, or anti-hypertension, or anti-diabetic medica-
tion in relation to cIMT or lipids was observed (p interac-
tion range: 0.223-0.929). After excluding participants with
diagnosed gastric or duodenal ulcer or diabetes mellitus, the
results on the associations of serum or urinary Mg levels
with cIMT or serum lipids were not substantially different
from those in the total study population (data not shown).

Discussion

In this large, community-based cross-sectional study in
middle-aged and elderly Chinese people, Mg levels in
serum and urine were found to be inversely associated with
CCA-IMT, an indicator of general atherosclerosis.

To our knowledge, only two cross-sectional studies have
investigated the relationship between serum Mg level and
cIMT in the general population. The ARIC study, which
involved 9,572 participants aged 45-64 years, reported that
the mean level of serum Mg (range 0.79-0.83 mmol/L)
was inversely associated with age-adjusted average cIMT
(range 0.68-0.82 mm) in women and White men but not in
Black men [14]. In another cross-sectional study including
728 Japanese people, the mean CCA-IMT was significantly
lower (0.71 vs. 0.75 mm) in participants in the top (vs.
bottom) quartile of serum Mg (>0.96 vs. <0.88 mmol/L)
[13]. Consistent with previous studies, we found that Mg
levels in serum and urine were inversely associated with
cIMT in a middle-aged and elderly Chinese population.
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Table 3 Multiple regression coefficients of serum and urine magnesium for serum lipids and blood pressure in men and women in Guangzhou,

China®
Women (n = 1,926) Men (n =911) Total (n = 2,837)
Beta SE p value Beta SE p value Beta® SE p value
Serum Mg (mmol/L)
TC (mg/dL) 47.1 12.0 <0.001 37.2 17.0 0.031 43.7 9.8 <0.001
HDLc (mg/dL) 20.3 5.0 <0.001 20.2 6.3 0.001 20.4 39 <0.001
LDLc (mg/dL) 343 11.0 0.002 17.2 15.7 0.273 29.3 9.1 0.001
Log-TG, x 1072 (mg/dL) 26.6 6.7 <0.001 9.9 10.0 0.322 21.9 5.6 <0.001
Non-HDLc/HDLc —0.85 0.36 0.019 —1.04 0.55 0.059 —0.89 0.30 0.003
Al x 1072 —-9.54 9.39 0.310 —-234 13.5 0.083 —13.1 7.7 0.089
Systolic BP (mmHg) —4.42 5.53 0.425 —14.1 8.1 0.082 —7.57 4.55 0.097
Diastolic BP (mmHg) —5.48 3.24 0.091 —4.71 4.98 0.344 —4.99 2.71 0.066
Urinary Mg/Cr, Log (mmol/mmol)
TC (mg/dL) 7.10 3.55 0.046 12.43 5.52 0.025 8.66 2.99 0.004
HDLc (mg/dL) 4.15 1.41 0.003 1.87 1.87 0.316 3.35 1.13 0.003
LDLc (mg/dL) 6.47 3.21 0.044 7.74 4.65 0.097 6.88 2.64 0.009
Log-TG, x 1072 (mg/dL) 3.08 2.01 0.126 2.33 3.00 0.438 2.79 1.67 0.095
Non-HDLc/HDLc —0.18 0.11 0.096 —0.11 0.19 0.864 —0.15 0.09 0.148
Al x 1072 —2.01 2.48 0.417 —-593 3.66 0.105 -2.97 2.05 0.148
Systolic BP (mmHg) —1.47 1.57 0.349 -2.14 2.28 0.289 —-1.71 1.29 0.185
Diastolic BP (mmHg) —0.81 0.95 0.394 —-1.79 1.43 0.213 —1.18 0.79 0.137

Beta regression coefficient, SE standard error, Mg/Cr magnesium/creatinine, TC total cholesterols, TG triglyceride, HDLc high density lipopro-
tein, LDLc low density lipoprotein, Al atherogenic index (log TG/HDLc), BP blood pressure

4 Covariates adjusted for: age, energy intake, body mass index, physical activity, smoking, alcoholic drinking, tea drinking, multivitamin using,
menopause status (women only), dietary intake of fiber, polyunsaturated to saturated fat ratio, creatinine ratio of urinary sodium and potassium,

urinary sodium and potassium to creatinine ratio
b Additionally adjusted for gender

A magnesium supplementation trail has not yet been con-
ducted in general population with respect to atherosclero-
sis as indicated by cIMT. However, a small pilot study in
patients with chronic hemodialysis (at particularly high risk
for atherosclerosis progression) reported cIMT decreased
by 9.3 % compared with baseline in the group treated orally
with 440 mg of Mg oxide 3 times per week for 6 months
(p = 0.001) [10]. In addition to Mg acting as an antago-
nist of calcium in inhibiting hydroxyapatite and crystal pre-
cipitation [24], low Mg levels are reported to be associated
with a proinflammatory state, oxidative stress, endothelial
dysfunction and platelet aggregation, which may poten-
tially accelerate the progression of atherosclerosis [6]. The
inverse relationships of the Mg levels in serum and urine
with cIMT suggest a protective role of Mg in the process of
atherosclerosis.

It has long been argued whether the protective role
of Mg is its improvement of lipid metabolism. An ani-
mal study has postulated a favorable effect of Mg in lipid
metabolism in the conversion of TG to HDLc [25]. This
result was supported by the cross-sectional ARIC study, in
which serum Mg level was inversely associated with TG
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and positively associated with HDLc and LDLc in 4,308
White men [14]. Another cross-sectional study linked low
levels of serum Mg to high levels of TG and TC and low
levels of HDLc in 290 participants with type 2 diabetes
[26]. However, we found that the Mg levels in both serum
and urine were positively associated with TC, HDLc and
LDLc in the middle-aged and elderly Chinese population.
Similarly, a cross-sectional study involving 1,318 middle-
aged participants suggested that serum Mg concentra-
tion was positively associated with TG, TC, HDLc, and
LDLc [27]. A theory suggesting a simple binding interac-
tion between serum Mg and lipoprotein particles may par-
tially explain our findings. According to this theory, Mg
was given for the affinity of certain phospholipids head
groups as divalent cation, resulting in a positive correla-
tion between Mg and possible all lipoprotein species [28].
Nevertheless, considering the significantly inverse rela-
tionship of the serum Mg level with the non-HDLc/HDLc
ratio observed in our study, we cannot rule out a possible
mechanism in which Mg has a favorable effect in terms of
improving lipid composition. Future studies are needed to
elucidate the role of Mg in lipid metabolism.
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In our study, the favorable association between Mg and
cIMT was more pronounced in the CCA than the BIF. Such
a segment-specific association of Mg with cIMT has not
previously been reported. The reasons for these different
magnitudes of association are not clear, although patho-
physiologic differences may provide some clues. Both
of the sites differ in their geometry, shear stress, and cell
composition. The shear stress rates are cyclically constant
in the CCA but have more complex oscillations in the BIF,
resulting in a preponderance of foam cells in the CCA and
a primary deposition of LDLc observed in the wall at the
BIF [29]. Previous work has indicated that this pathophysi-
ologic difference is the key to segmental differences in risk
factors for vascular alteration [30]. Therefore, the posi-
tive relationship between the Mg level and the LDLc level
observed in our study and in others [13, 27] may weaken
the protective effect of Mg in the BIF. In addition, the pre-
dominance of foam cells in the CCA makes this the pre-
ferred site for measurements of cIMT, and the use of cIMT
as a marker of atherosclerosis makes more sense if foam
cells are responsible for the dynamics of cIMT [31].

In this study, we evaluated the associations of Mg lev-
els in serum and urine with cIMT, and observed consistent
results for serum and urinary Mg. Although Mg is mostly
present in the intracellular space [32], serum Mg concentra-
tions show a moderate correlation (r = 0.54) with intracel-
lular free Mg [33], and thus serum levels may represent the
nutritional status of Mg in the body. The urinary excretion
of Mg has also been suggested as an objective estimate of
the amount of Mg that is systemically absorbed because of
its ability to capture the amount of Mg in food and sup-
plement that has been available for biological activity in
tissues and cells [34]. The estimation of dietary Mg was
suffer from limitations of poor precision and uncertainty
of intestinal absorption. Although our FFQ was validated
before [19], the reliability and validity of the assessment of
dietary Mg intakes were unknown in this study. Serum and
urinary markers would be superior to measurements of die-
tary intake in assessing the nutritional status of Mg. Thus,
the consistent results for Mg in serum and in urine in rela-
tion to cIMT in our study make the favorable association of
Mg with atherosclerosis more credible.

Some limitations of our study merit consideration.
First, the cross-sectional study design made it difficult to
determine the direction of causality. Replication of these
findings in randomized controlled trials and additional
research into the casual mechanism are warranted. Second,
the participants in our study were recruited from the com-
munity through volunteer recruitment rather than random
selection, which may have affected the representative-
ness of the results. However, the gender- and age-specific
distributions of cardiometabolic risk factors in our study
are consistent with those in the China National Diabetes

and Metabolic Disorders Study [35]; and gender, smok-
ing status, alcohol intake, tea intake, and medication for
hypertension or diabetes did not significantly modify the
Mg-cIMT association found in this study. Third, we only
collected the first void morning urine instead of 24-h
urine. Although 24-h urine is a more accurate surrogate
for habitual dietary Mg intake [36], previous study showed
the creatinine-adjusted Mg in first void morning urine was
highly correlated with the total Mg excretion in 24-h urine
(r = 0.80) [37]. Fourth, we did not have data on serum or
urinary concentration of calcium, and the possible modify-
ing effect of calcium/Mg ratio could not be tested in this
study. Finally, Mg is mainly obtained by the body through
food, and a higher Mg level in the serum or urine may be
representative of a healthy diet in general. Although we
adjusted carefully for some other dietary factors, residual
confounding cannot be completely controlled in observa-
tional studies.

In conclusion, high levels of Mg in serum and urine
were inversely associated with CCA-IMT and non-HDL/
HDL (serum Mg only), but not with BIF-IMT in middle-
aged and elderly Chinese adults. Despite positive associa-
tions of Mg with serum TC and LDL were also found in
our study, the inverse relationships between serum Mg and
cIMT and non-HDL/HDL suggested Mg might be benefit
to atherosclerosis prevention in this population. Special
attention should be given to Mg and randomized controlled
trials are needed to test the casual relationship of Mg with
the cIMT and lipid profile in the general population.
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