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Abstract Recent studies have reported correlations between
mineral intake and metabolic syndrome (MS), but accurate
relationships and consistency in the results are difficult to
confirm. Accordingly, this study aims to assess the dietary
intakes of magnesium (Mg), manganese (Mn), and copper
(Cu) to determine their relationship with MS. Data from a
total of 5,136 adults (2,084 men, 3,052 women) was collected
from the 2007–2008 Korea National Health and Nutrition
Examination Survey (KNHANES), and the intakes of Mg,
Mn, and Cu of the MS patients were compared with those of
healthy adults. The relationship between the intakes of these
minerals and theMS risks was analyzed. Diagnosis ofMSwas
evaluated by the National Cholesterol Education Program's
Adult Treatment Panel III (NCEP-ATP III) standards. Among
all study subjects, 25.9 % (540 subjects) of the men and
24.5 % (748 subjects) of the women met diagnostic criteria
for inclusion in the MS group. In the men, daily intakes of Mg
and Cu in the MS group were significantly lower than those in
control group, and in the women, daily intakes of energy, Mg,
Mn, and Cu in the MS group were significantly lower than
those of the control group. The women subjects with high
blood pressure showed significantly lower intakes ofMg, Mn,
and Cu than control subjects. In addition, in the women, the
highest quartile of Mg and Cu was inversely associated with
MS, but with adjustment were not maintained. However, in
the postmenopausal women,MSwas significant and inversely

associated with the highest quartiles of Cu intake and the
association remained significant after adjustments. Consider-
ing that MS incidence increases and dietary intake and nutri-
ent density decrease with increasing age, and mineral intake is
reduced accordingly, these results suggest that meal manage-
ment with adequate mineral intake is advisable to control MS.
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Introduction

In an aging society, people's lifestyles change and the inci-
dence of metabolic syndrome (MS) rapidly increases world-
wide. MS is a cluster of metabolic disorders that increase the
risk of developing cardiovascular disease and diabetes and
elevate all-cause mortality [1]. Diagnostic standards for MS
were first announced byWHO in 1998 [2], then revised by the
US National Cholesterol Education Program's Adult Treat-
ment Panel III (NCEP-ATP III) in 2001 [3]. MS is now
defined as the condition in which at least three of the follow-
ing are present: elevated waist circumference, elevated blood
pressure, elevated blood glucose, elevated triglycerides, and
low HDL-cholesterol [3].

According to NCEP-ATP III standards, the prevalence rate
of MS in the USAwas about 23.7 % (24.0 % for men, 23.7 %
for women), and 45 % of people aged 50 years and older met
diagnostic criteria for MS according to the Third National
Health and Nutritional Examination Survey (NHANES III)
[4, 5]. In Korea, 14.2 % of men and 17.7 % of women were
reported to have MS in 1998 (NCEP-ATP III definition, the
standards of abdominal obesity: above 102 cm for men and
88 cm for women) [6]. However, when the standards of
abdominal obesity in Asians, which are above 90 cm for
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men and 80 cm for women, were applied, the prevalence rate
of MS increased significantly from 24.9 % in 1998 to 29.2 %
in 2001, to 30.4% in 2005, and to 31.3% in 2007 according to
the Korean NHANES (KNHANES) [7]. This shows a higher
incidence than the USA; thus, a strategy to prevent and treat
MS is needed.

The onset of MS is influenced by environmental factors
such as genetic factors, body composition, eating habits, ex-
ercise, and insulin resistance due to visceral fat accumulation,
which are known to be key mechanisms [8]. As people's
interest in dietary life has risen recently, many studies on the
relationship between diet and MS have been performed, but
the role of diet in the syndrome has not yet been clearly
determined [9–11].

Magnesium (Mg) is the second most abundant cation in the
cell. It interacts with phosphate, when nucleic acid or ATP is
synthesized, and acts as a coenzyme that affects more than 300
enzymatic reactions including renal calcium reuptake, vitamin
D formation, neurotransmission, muscle contraction and re-
laxation, glucose metabolism, blood pressure, and lipid me-
tabolism [12]. A previous study reported that blood Mg level
is an independent risk factor of diabetes and that the study
subjects with high blood Mg level have a higher predisposi-
tion to diabetes compared with the study subjects that have
lower blood Mg [13]. There also are reports that those who
take Mg supplementation daily experience a decrease in aver-
aged 24-h blood pressure [14], total cholesterol, LDL-
cholesterol, and triglycerides, but increased HDL-cholesterol
compared with those who do not take Mg supplementation
[15].

Lower intake of antioxidant nutrients is reported to increase
coronary artery disease and oxidation stress, which affect
hypertension, diabetes, and cardiovascular diseases that are
related to MS [16]. Manganese (Mn) is one of the antioxidant
nutrients that makes up metalloenzymes and takes part in
macronutrient metabolism including carbohydrate, protein,
and lipid metabolism. It is a cofactor of superoxide dismutase
(SOD), an antioxidant enzyme that defends against free radi-
cals [17]. Copper (Cu) is essential for various enzymes that
catalyze redox reactions, detoxification, transfer, production,
and formation reactions [18]. Cu combines with SOD to
prevent cellular oxidative damage and increases blood cho-
lesterol when it is insufficient [19]. Low antioxidant minerals
damage cell stability by decreasing enzymatic activity and
immunity due to lack of hormones and enzymes. This is
considered to be related to MS, but the studies on this matter
are limited.

Therefore, this study aims to assess the daily intake of Mg,
Mn, and Cu and to determine their relationship with MS risk.
The dietary Mg, Mn, and Cu intake of patients with MS was
compared with that of healthy adults using the data from the
2007–2008 KNHANES. The relationship between the intakes
of these minerals and the MS risks was also studied.

Materials and Methods

Study Design and Subjects

The KNHANES is a cross-sectional study, which uses a
rolling sampling design that involves a complex, stratified,
multistage, probability-cluster survey of a representative sam-
ple of the non-institutionalized civilian Korean population.
The survey data is compiled through a health interview, health
examination (physical examination and clinical measure-
ments), and a nutrition survey. The study is approved by the
Institutional Review Board of the Korea Centers for Disease
Control and Prevention (KCDC), and written consent is ob-
tained from all participants [20].

The data sets used in this study originated from the fourth
KNHANES (2007–2008). A total of 14,338 individuals from
6,000 households of 300 Primary Sampling Units (PSUs) took
part in the 2007–2008KNHANES (2007, n =4,594; 2008, n =
9,744). We excluded subjects younger than 19 years old, those
who reported implausible dietary intakes (lower than 500 kcal/
d or greater than 5,000 kcal/d), and those for whomwe did not
have data on waist circumference, blood pressure, blood glu-
cose, insulin, triglycerides, cholesterol, high density lipopro-
tein (HDL)-cholesterol, and socio-demographics (smoking,
alcohol intake, and physical activity). Also, subjects who took
nutritional supplements were not included in the study. Final-
ly, 5,136 subjects aged 19 years and older (2,084 men and 3,
052 women) were included in the analysis.

General Characteristics, Anthropometrics, and Biochemical
Variables

The health examination included anthropometric measure-
ments (height, weight, body mass index, and waist circumfer-
ence), blood pressure measurements, and blood biomarker
analyses (total cholesterol, triglycerides, glucose, insulin,
and HDL-cholesterol). In a health interview, a questionnaire
including information on sex, age, smoking history, alcohol
intake, exercise, and menopausal status was administered by
trained interviewers. Metabolic Equivalent of Task values
(METs) were used to classify physical activity as low, middle,
or high. METs are multiples of the resting metabolic rates and
were calculated using the short form (version 2.0, April 2004)
of the International Physical Activity Questionnaire. Low
activity was 600>MET-min/week; middle activity was 600≤
MET-min/week<3,000; and high activity was 3,000≤MET-
min/week.

Height was measured within 0.1 cm, and weight was
measured with a metric weight scale to the nearest 0.1 kg in
light clothing without shoes. Body mass index (BMI) was
calculated as body weight in kilograms divided by height in
meters squared. Blood pressure measurements were taken
three times, and the average of the second and third

Dietary Magnesium, Manganese, and Copper and Metabolic Syndrome 57



measurements for both systolic blood pressure (SBP) and
diastolic blood pressure (DBP) was used. Fasting serum total
cholesterol, triglycerides, glucose, and HDL-cholesterol were
measured by an ADVIA 1650 Automatic Analyzer (Siemens,
New York, USA) in 2007 and Hitachi Automatic Analyzer
7600 (Hitachi, Tokyo, Japan) in 2008. Serum insulin was
measured with the Insulin RIA Kit (BioSource, Nivelles,
Belgium) in 2007 and INS-IRMA (BioSource, Nivelles, Bel-
gium) in 2008. Among the biochemical variables used in this
study, there were differences only in HDL-cholesterol levels
because of non-identical analysis methods and equipment due
to the change of the clinical inspection agency in 2007 and
2008. Therefore, this study used the following conversion
equations to correct these level differences.

1) Conversion equation 2007ð Þ ¼ raw data� 1:15ð Þ þ 3:70f g
� 0:86þ 2:98

2) Conversion equation 2008ð Þ ¼ raw data� 0:86ð Þ þ 2:98

Diagnostic Criteria for MS

The diagnosis of MS was based on the updated NCEP criteria
[21]. Participants with three or more of the following five
criteria were defined as having MS:

1. Abdominal obesity (defined as waist circumference
≥90 cm for men and ≥85 cm for women in Korea) [22]

2. Elevated blood pressure (≥130 mmHg systolic and/or
≥85 mmHg diastolic)

3. High fasting blood glucose (≥100 mg/dL)
4. High triglycerides (≥150 mg/dL)
5. Low HDL-cholesterol (<40 mg/dL for men and <50 mg/

dL for women)

The third criterion, fasting blood glucose, was changed to
100 mg/dL from the initial cutoff point of 110 mg/dL accord-
ing to the revised guideline [21]. MS risk score was deter-
mined by adding the number of risk factors among the five:
elevated waist circumference, high triglycerides, low HDL-
cholesterol, elevated glucose, and elevated blood pressure.

Dietary Assessment and Mineral Database

Trained dietitians interviewed each subject to collect dietary
data through 24-h dietary recalls. The daily Mg, Mn, and Cu
intakes from foods were estimated using a mineral database
produced by previous studies [23, 24] and the food composi-
tion table of the National Rural Living Science Institute,
Korea [25]. The subjects of the 2007–2008 KNHANES con-
sumed 1,819 foods based on 24-h dietary recall data. The Mg,

Mn, and Cu databases covered 73.9, 56.8, and 68.9 % of the
food items consumed by the subjects of the 2007–2008
KNHANES. In terms of food intake, the database covered
92.4 % for Mg, 86.7 % for Mn, and 84.3 % for Cu. Foods not
included in the mineral content database were calculated by
replacing them with similar foods in the database. After cal-
culating the intake of minerals per individual, the status of the
intake was calculated in relation to the Dietary Reference
Intakes (DRIs) for Koreans [26]. For estimated average re-
quirements (EAR), the ratio of the subjects whose EAR intake
is insufficient compared with its standard intake amount was
calculated, while for tolerable upper intake level (UL), the
ratio of the subjects that overtook UL compared with its
standard was calculated. In addition, for recommended nutri-
ent intake (RNI) adequate intake (AI), the intake rate com-
pared with each of its standard was calculated.

Statistical Analysis

All statistical analyses were performed using SAS software
(version 9.2, SAS Institute Inc., Cary, NC, USA) through a
“survey procedure.”Differences in socio-demographics, body
composition, and clinical and metabolic parameters between
MS subjects and control subjects were evaluated by the t -test
for continuous variables and the chi-square test for categorical
variables. Multivariate logistic regression analysis was used to
estimate the adjusted odds ratios (OR) and 95 % confidence
intervals of the mineral intake, predicting MS. To determine
the confounding factor in this study, MS prevalence difference
according to basic factors such as age, smoking status, alcohol
consumption, physical activity, and energy intake was veri-
fied. In the case of age (50 years and younger vs. 50 years and
older) and energy intake (used median value, men <2070.6 vs.
≥2070.6 kcal, women <1529.3 vs. ≥1529.3 kcal), men group
(age, p <0.0001 and energy, p =0.0074) and women group
(age, p <0.0001 and energy, p <0.0001) showed significant
difference inMS prevalence. On the other hand, as in smoking
status (current smoker vs. non/past smoker) and physical
activity (used median value, men <2850.5 MET vs. ≥2850.5
MET, women <1580.0MET vs. ≥1580.0MET), there were no
significant differences in the prevalence of MS between men
group (smoking status, p =0.7553 and physical activity, p =
0.1655) and women group (smoking status, p =0.8564 and
physical activity, p =0.4627). In the case of frequency of
alcohol intake (≤once a week vs. twice a week or more), there
was no significant difference in the prevalence ofMS between
women group (p =0.2007); however, in men group, there was
significant difference (p =0.0021). Therefore, in women,
confounders included age and energy intake, and in
men, added frequency of alcohol intake. All statistical
tests were two-sided, and a p -value <0.05 was considered
significant.
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Results

General Characteristics

Socio-demographics, body composition, and clinical and met-
abolic parameters in the group with and without MS are
shown in Table 1. Among this study's population (N =5,
136), 1,288 (25.1 %) individuals (41.9 % men) were MS
subjects meeting the NCEP-ATP III criteria. The average
age of the MS group was significantly higher than that of
the control group in both men and women (p <0.0001, respec-
tively). In men, theMS group showed significantly higher rate
in frequent alcohol intake compared with the control group

(p =0.0008), while the non-smoking subjects showed signifi-
cantly lower rate of the MS group (p =0.0008). In women, the
MS group had a smaller proportion of subjects who did not
drink (p <0.0001). No difference was observed in physical
activity in both men and women. The MS group exhibited
significantly higher weight (p <0.0001), BMI (p <0.0001),
waist circumference (p <0.0001), SBP (p <0.0001), and
DBP (p <0.0001) than the control group. Subjects with MS
also had significantly higher serum levels of cholesterol (p <
0.0001), insulin (p <0.0001), triglycerides (p <0.0001), and
glucose (p <0.0001) than subjects without MS. By contrast,
serum HDL-cholesterol levels were significantly lower in
subjects with MS (p <0.0001).

Table 1 Socio-demographics, body composition, and clinical and metabolic parameters in the group with and without MS

Variable Men Women

MS(−) (n =1544) MS(+) (n =540) p-value MS(−) (n =2304) MS(+) (n =748) p-value

Socio-demographics

Age (years) 40.78±0.56 47.65±0.65 <.0001 41.87±0.51 56.69±0.73 <.0001

Alcohol intake (%)

None 12.27 15.27 0.0008 29.43 47.94 <.0001

≤1/month 21.22 16.67 37.12 29.36

2–4/month 30.89 23.54 21.79 13.19

≥2/week 35.62 44.52 11.66 9.51

Smoking (%)

Never 21.47 13.35 0.0008 84.40 87.07 0.1898

Former 32.02 39.19 7.47 5.06

Current 46.51 47.46 8.13 7.84

Physical activity (%)a

Low 15.87 20.02 0.1430 26.98 31.55 0.0615

Moderate 34.48 34.78 37.56 37.55

High 49.65 45.20 35.46 30.90

Menopause – – – 35.68 74.06 <.0001

Body composition and clinical parameters

Height (cm) 168.75±0.16 169.21±0.29 0.2021 156.13±0.15 156.69±0.24 0.0530

Weight (kg) 66.50±0.31 75.50±0.49 <.0001 55.06±0.20 63.53±0.44 <.0001

BMI 23.32±0.09 26.29±0.14 <.0001 22.60±0.08 25.89±0.18 <.0001

Cholesterol (mg/dL) 183.13±1.07 200.13±1.76 <.0001 186.91±0.87 197.95±1.62 <.0001

Insulin (uIU/mL) 8.70±0.17 12.43±0.49 <.0001 9.25±0.22 14.10±0.75 <.0001

Metabolic parameters

Waist circumference (cm) 82.68±0.29 91.51±0.35 <.0001 76.91±0.28 86.77±0.45 <.0001

SBP (mmHg) 116.13±0.46 126.56±0.85 <.0001 110.32±0.42 125.07±0.78 <.0001

DBP (mmHg) 75.97±0.34 84.47±0.63 <.0001 71.04±0.27 79.22±0.52 <.0001

Triacylglyceride (mg/dL) 118.88±2.70 257.15±9.32 <.0001 93.98±1.34 195.94±6.73 <.0001

HDL-cholesterol (mg/dL) 47.26±0.29 39,38±0.34 <.0001 52.24±0.27 43.33±0.46 <.0001

Glucose (mg/dL) 95.33±0.53 112.45±1.32 <.0001 93.12±0.52 111.77±1.49 <.0001

All variables have been analyzed after adjusted for age
aMETs are multiples of the resting metabolic rates and calculated using the short form (version 2.0, April 2004) of the International Physical Activity
Questionnaire (Low activity: 600>MET-min/week, Moderate activity: 600≤MET-min/week<3000, and High activity: 3000≤MET-min/week)
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Energy and Mineral Intakes

Daily energy and mineral intakes by the subjects in the
group with MS and those in the group without MS are
shown in Table 2. In women, daily intakes of energy, Mg,
Mn, and Cu in the control group were significantly higher
than those in the MS group (p =0.0069, p =0.0155, p =
0.0086, p =0.0038, respectively). In men, daily intakes of
Mg and Cu in the control group were significantly higher
than those in the MS group (p =0.0195, p =0.0422), but no
difference was observed in energy intake or Mn intake
between the two groups. Men reached 86.3–92.0 % and
women 82.1–88.2 % of the recommended Mg intake value.
However, the rates of subjects with Mg intakes lower than
the EAR were 50.0–57.4 % in men and 53.5–62.0 % in
women. In this study, the ratio of Mn and Cu intake to the
RNI or AI was above 100 %.

Dietary Mineral Intake and Diagnostic Components of MS

Dietary Mg, Mn, and Cu intakes according to the abnormal-
ities of the individual diagnostic components ofMS are shown
in Table 3. In women, subjects with high blood pressure had
significantly lower Mg, Mn, and Cu intakes (p =0.0003, p <
0.0001, p =0.0035, respectively), and in those with low HDL-

cholesterol, onlyMg was significantly lower (p =0.0393) than
in those without such abnormalities.

Relationship between Mineral Intake and MS Risk

The relationships between mineral intake and the risk of MS
are shown in Table 4. No significant association between
dietary Mn intake and the risk of MS was found. In women,
dietary Mg and Cu intakes were inversely associated with the
risk ofMS (Model 1: 4th vs. 1st quartile, OR=0.61, 95% CI=
0.47–0.81, P for trend=0.0002 in Mg; OR=0.64, 95 % CI=
0.48–0.85, P for trend=0.0170 in Cu), but there was no
significant relation between these minerals and MS risk after
adjusting for potential confounders (Model 2). In addition, the
correlation of mineral intake and MS risk of women before
and after menopause was analyzed, and no meaningful rela-
tion between the risk ofMS andMg andMn intake was shown
(Table 5). In the postmenopausal women, dietaryMg,Mn, and
Cu intakes were inversely associated with the risk of MS
(Model 1: 4th vs. 1st quartile, OR=0.50, 95 % CI=0.35–
0.72, P for trend=0.0028 in Mg; OR=0.57, 95 % CI=0.39–
0.85, P for trend=0.0179 in Mn; OR=0.53, 95 % CI=0.36–
0.77, P for trend<.0001 in Cu), but there was no significant
relation between Mg and Mn and MS risk after adjusting for
potential confounders. However, in the case of Cu, its relation

Table 2 Daily intakes of energy, magnesium, manganese, and copper in the group with and without MS

Variable Men Women

MS(−) (n =1544) MS(+) (n =540) p-value MS(−) (n=2304) MS(+) (n =748) p-value

Energy(kcal) 2169.12±24.43 2121.03±42.32 0.3346 1607.24±16.15 1526.80±25.31 0.0069

Food intake(g) 1538.63±25.50 1486.54±42.40 0.2850 1173.73±15.18 1099.12±23.41 0.0081

Magnesium

Intake(mg/d) 320.95±5.47 301.33±7.51 0.0195 246.97±3.28 229.97±6.03 0.0155

Intake(mg/1000 kcal) 150.56±1.99 145.48±2.94 0.1141 156.04±1.73 151.81±3.01 0.2134

%RNI 91.97±1.56 86.26±2.16 0.0184 88.20±1.17 82.13±2.16 0.0155

<EAR 50.00 57.41 0.0080 53.46 62.04 0.0010

Manganese

Intake(mg/d) 4.87±0.07 4.75±0.10 0.3427 3.81±0.05 3.55±0.08 0.0086

Intake(mg/1000 kcal) 2.31±0.02 2.32±0.04 0.9078 2.42±0.02 2.37±0.04 0.2835

%AI 121.69±1.78 118.72±2.61 0.3427 108.78±1.36 101.30±2.31 0.0086

>UL 1.04 0.88 0.7898 0.49 0.53 0.9119

Copper

Intake(ug/d) 1414.15±25.52 1339.13±33.71 0.0422 1088.48±14.42 1011.08±22.39 0.0038

Intake(ug/1000 kcal) 662.60±9.20 647.43±13.29 0.2949 684.69±7.41 673.43±10.87 0.3669

%RNI 176.77±3.19 167.39±4.21 0.0422 136.06±1.80 126.38±2.80 0.0038

<EAR 5.95 4.77 0.3955 14.18 18.83 0.0048

>UL – –

All variables have been analyzed after adjusted for age

EAR estimated average requirement, RNI recommended nutrient intake, AI adequate intake, UL tolerable upper intake level
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with MS remained even after adjusting the potential
confounders.

Discussion

As the incidence of MS increases, various physiological
functions of minerals and the importance of mineral
intake are increasingly emphasized. Accordingly, this
study was designed to assess the daily intake status of
Mg, Mn, and Cu to investigate their relationship with
MS risk. Our results showed that there were significant
relationships between low daily intakes of Mg, Mn, and
Cu and abnormality of blood pressure, and between low
Mg intake and abnormality of HDL-cholesterol, espe-
cially in women. Daily Mg and Cu intakes also showed a
negative and significant correlation with MS risks in
women.

It has been reported that MS and dietary intake are closely
related and, especially, that excessive energy intake causes
obesity and results in increasing incidence ofMS. However, in
the case of the women in this study, the energy intake of the
MS group was significantly lower than that of the control
group, showing contradictory results with those of previous
studies [27]. Buscemi et al. [28] reported that when
conducting the food record method for 3 days, the energy

intake of the MS group showed no significant difference with
that of the control group and that body fat increases even
though the MS subjects are taking in the same energy as the
normal subjects because the MS group is in the energy-
sparing metabolism state.

As found in previous studies showing that overweight and
obese people report lower dietary intake, so their dietary
intake is underestimated [29–31], the dietary intake of the
MS group with higher BMI in women is likely to have been
underestimated. Also, given that actual dietary intake is re-
ported, through continuous KNHANES administrations, to be
reduced as subjects increase in age from adulthood to old age,
energy intake is thought to be low because the age of the MS
group was significantly higher than that of the control group.
Therefore, this study to find out the relevance between Mg,
Mn, and Cu intake, and MS conducted comparison and anal-
ysis by regarding the age and energy intake of the subjects as
important confounders.

Many studies showing thatMg intake is related toMS have
been reported [32–34]. Mg functions as a coenzyme that takes
part in glucose and insulin metabolism [35]. In a previous
study, type II diabetes patients who had low Mg levels were
supplemented with oral intake of Mg for 16 weeks, and the
results showed an improvement in insulin sensitivity and
glucose control [36]. There are also reports on healthy elders
improving insulin sensitivity due toMg supplementation [37].

Table 3 Mineral intakes according to the abnormalities of MS components

Number Magnesium (mg/d) p-value Manganese (mg/d) p-value Copper (ug/d) p-value

Men

Abdominal obesity Yes 592 317.43±8.18 0.7635 4.86±0.11 0.7510 1360.32±37.04 0.2581
No 1502 314.87±5.16 4.82±0.07 1407.50±25.96

High BP Yes 669 316.04±7.98 0.9449 4.80±0.10 0.7012 1413.45±46.24 0.5947
No 1415 315.40±5.58 4.85±0.07 1383.89±27.10

High TG Yes 752 319.57±6.90 0.4021 4.96±0.09 0.0633 1414.91±34.50 0.4304
No 1332 313.17±5.54 4.76±0.08 1380.64±28.60

Low HDL-C Yes 686 312.44±7.65 0.5859 4.87±0.09 0.7033 1416.70±45.50 0.5352
No 1398 317.12±5.52 4.82±0.08 1382.89±27.16

High glucose Yes 683 317.88±6.62 0.6713 4.87±0.10 0.6360 1398.05±37.54 0.8857
No 1401 314.49±5.87 4.82±0.07 1391.60±27.26

Women

Abdominal obesity Yes 911 238.69±5.12 0.3645 3.72±0.08 0.8895 1067.81±21.15 0.9315
No 2141 244.35±3.46 3.75±0.05 1069.93±14.44

High BP Yes 686 222.55±6.09 0.0003 3.42±0.08 <.0001 1001.28±27.76 0.0035
No 2366 248.74±3.31 3.84±0.05 1089.45±13.22

High TG Yes 692 239.24±5.77 0.4842 3.73±0.07 0.9335 1048.69±23.36 0.3155
No 2360 243.79±3.21 3.74±0.05 1075.37±14.04

Low HDL-C Yes 1662 238.04±3.66 0.0393 3.76±0.05 0.5610 1056.15±15.58 0.2136
No 1390 248.01±3.79 3.72±0.06 1084.01±17.74

High glucose Yes 781 238.59±5.47 0.3827 3.70±0.08 0.5528 1062.71±24.84 0.7578
No 2271 244.23±3.35 3.76±0.05 1071.67±14.47

All variables have been analyzed after adjusted for age
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McKeown et al. [34] reported that intake of a sufficient
amount of Mg through ingestion of green vegetables, beans,
and whole wheat was important for the elders, as their study
results on 535 elders older than 60 years showed a significant
relationship between lowMg intake and risk ofMS. Ford et al.
[32] analyzed 7,669 adult NHANES participants older than
20 years and found that there was a significant relationship
between Mg intake and MS. Studies on 4,637 subjects aged
18–30 years [33] and 2,504 subjects aged 18–74 years [38],
and on 11,686 subjects aged 45 years and older [30] also
showed the same results. In the current study, only women
with high blood pressure and low HDL-cholesterol had a
lower Mg intake than normal subjects. Daily Mg intake also
had a negative and significant correlation with MS risks in
women. However, considering the energy intake, Mg intake
showed no significant differences between the two groups and
no significant relation with MS risks. Nevertheless, given that
many previous studies [32–34, 38, 39] report on the relation-
ship between Mg intake and MS, and MS incidence increases
and energy intake and nutrient density decrease with increas-
ing age, with Mg intake reduced accordingly, the findings of
this study showing the relation between Mg intake and MS
risks in women should be noted.

Cu deficiency is not common, but the animals with Cu
deficiency exhibit hypertriglyceridemia and hypercholesterol-
emia, abnormal anatomy, and electrical and mechanical con-
ditions of the heart [40]. Cu deficiency was reported to in-
crease blood cholesterol levels in adults [41]. Currently, there
are various studies on the relationship between Cu intake and
MS diagnostic indicators. A study on the relationship between
blood glucose levels and Cu reported that glycation was
promoted in rats with Cu deficiency, whereas Cu supplemen-
tation decreased blood glucose levels in diabetic mice [42,
43]. Cu supplementation was reported to have a correlation
with serum total cholesterol and LDL-cholesterol in the stud-
ies on humans and rats [44, 45]. Rats with Cu deficiency also
showed a significant increase in HDL-cholesterol. This is
considered to be caused by decreased HDL-binding [46]. A
negative correlation between Cu deficiency and hypertension
was also reported; this is decreased collagen maturity because
of less activity in Cu-dependent lysyl oxidase [47]. In addi-
tion, excessive Cu intake increased the systolic blood pressure
of the rat, and it is explained that this is because excess Cu
increases the mature collagen amount and the degradation of
vessel [48].

As in previous studies, in this study, as well, Cu intake
showed a significant negative correlation with the risk of high
blood pressure and MS risks in women. In previous studies,
the relationship between Cu intake and MS is interpreted as
due to Cu combining with SOD and inhibiting the oxidation
of cells, but it is difficult to discuss such a relationship in this
case, because the current study did not include oxidative
stress-related biomarkers. The previous studies have reported

that Cu intake is related to MS in states of insufficient or low
Cu [40–43]. Bo et al. [19] reported that marginal Cu deficien-
cy was related to abnormal metabolic changes, with the results
showing a significant correlation between Cu intake and DBP,
blood glucose, total cholesterol, and LDL-cholesterol. In this
study, average Cu intake was enough to exceed the recom-
mended intake but showed significant relevance to MS risks,
especially for women. This result is considered to be shown
because the ratio ofMS subjects whose Cu intake falls short of
the EAR is 4.8 % for men, while that for women was higher,
18.8 %. Also, in this study, odd ratios for MS with increasing
Cu intake showed a tendency of decreasing to less than 1 even
in the case of men. These findings of this study show that it is
necessary to take the appropriate amount of Cu to prevent MS
in a daily intake status not in the level of Cu deficiency.

Several studies show a significant correlation between MS
and the intake of antioxidative minerals other than Cu, such as
zinc and selenium. Li et al. [49] studied 221 MS patients aged
18–65 years and compared their Cu intake with that of 329
normal subjects. The study results showed that the Cu intake
was lower in the MS patients and Mn intake decreased as the
MS diagnostic indicators increased. In this study, no signifi-
cant relationship was found between Mn intake and MS
diagnostic indicators except high blood pressure, which was
different from Cu intake. This result was also different from
those of previous studies. This study did not observe antiox-
idation conditions or minerals in the blood other than Mn
intake; thus, accurate interpretation is difficult, but the Mn
intake level in our subjects is considered to not affect the
metabolic process that is related to MS.

Menopause induces both the increase of insulin resistance
and atherogenic changes, which can lead to increasing cardio-
vascular disease risk and prevalence of MS. In this study, the
relationship of mineral intake and MS of women before and
after menopause was analyzed and as conclusion, in the case
of women after menopause, as the Cu intake increases the odd
ratio of MS decreases. Considering that the studies about the
relationship of mineral intake and MS was very limited until
now, more systematical study of various biomarkers related
with mineral and its relation with MS based on this study is
necessary.

There are several limitations in this study. This study was a
cross-sectional study that observes simple correlations be-
tween Mg, Mn, and Cu intake, and MS; thus, it is difficult to
discuss their causal relationship. Also, this study did not
measure the conditions of oxidative biomarkers or blood
mineral levels that could explain the relationship with MS,
other than mineral intake. Further studies that could explain
the relationship between MS and mineral conditions in the
human body by analyzing detailed biochemical indicators are
needed. In conclusion, significant and negative correlations
between the Mg and Cu intakes, and MS risks were found in
women. After adjusting for energy intake, there was no
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significant relationship between these mineral intakes and MS
risks. However, in the postmenopausal women, MS was sig-
nificant and inversely associated with the highest quartiles of
Cu intake and the association remained significant after
adjustments.
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