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Although it has been proposed that trace minerals have anti-oxidative functions and are related to the control of blood pres-
sure, only a limited number of studies directly address the issue. Thus, the purpose of our study was to assess the intake of
copper and manganese, which are trace minerals, and to clarify their relation to blood pressure. In a cross-sectional study, the
blood pressure of 640 normotensive adults, from 19 to 69 year-old (320 males and 320 females), was measured, and its cor-
relation with the intake of copper and manganese was assessed using a 24-hour dietary recall method. The average value of
the blood pressure was 126.4/80.2 mmHg for the males and 117.8/75.8 mmHg for the females. The daily copper intake was 1.3
mg/day for the males and 1.2 mg/day for the females. For manganese, the daily intake was 4.2 mg/day for the males and 4.1
mg/day for the females. Although the copper intake of all subjects showed a positive correlation with the systolic and diastolic
blood pressures, there was no significant correlation when the potential confounding factors were adjusted. The manganese
intake of the male subjects had a significantly negative correlation with the systolic blood pressure after adjusting for gen-
der, age, body mass index, and energy intake. In conclusion, the daily manganese intake of the normotensitve adults showed a
significantly negative correlation with the systolic blood pressure indicating a possibility of a positive effect of manganese on
blood pressure.
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Introduction

Worldwide, the prevalence of hypertension is high, and it is
one of the major health risk factors that cause various diseas-
es. According to the 2011-2012 National Health and Nutrition
Examination Survey (NHANES) in the United States of America
(USA), the hypertension prevalence in adults over 18 years
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of age was 29.7% for the males and 28.5% for the females
[1]. In the 2012 Korea NHANES, the hypertension prevalence
was 33.3% and 29.8% for the males and females in the age
of over 30 year-old, respectively, which was an increase from
24.6% (average value of male and female) in 2007 [2]. The hy-
pertension risk factors include the uncontrollable factors, such
as genetics, race, and aging, and controllable factors, which
can be corrected by living habit or diet. To prevent and control
hypertension, proper living habits are required. Furthermore, it
is necessary to conduct a study to determine various control-
lable factors related to blood pressure.

Because dietary factors are related to blood pressure, stud-
ies focusing on major minerals such as sodium, potassium,
calcium, magnesium, and others have been conducted. While a
high sodium intake increases the blood pressure, a low intake
of potassium, calcium, and magnesium increases the blood
pressure [3-6]. Therefore, to manage the blood pressure using
proper diet, a reduction in sodium intake and a sufficient in-
take of potassium, calcium, and magnesium are emphasized [7].

Among the diverse dietary factors, minerals with an anti-
oxidative function play a vital role in preventing cardiovascular
disorders [8-10]. It has been reported in an epidemiologic
study that a low serum level of iron, zinc, and copper is related
to coronary artery disease, and the mechanism is related to
a vascular cell dysfunction or an inflammatory response [11-
13]. It has been reported that a shortage of manganese, which
has an anti-oxidative function, causes glucose intolerance,
inhibition of carbohydrate and lipid metabolism, and reduces
blood high-density lipoprotein cholesterol [14,15]. However, it
is necessary to conduct a study to determine whether these
minerals are related to blood pressure.

The aims of the present study were as follows: first, to
evaluate the daily intakes of copper and manganese in the
normotensive adults according to age groups; and second, to
investigate the correlation between dietary copper and man-
ganese intakes and blood pressure in the normotensive adults.

Because the age range of adults was broad, it was clas-
sified into 19-29, 30-39, 40-49, 50-59, and 60-69 years of
age groups. In total, 640 study subjects were selected, and
64 males and females were included in each age group. Ad-
ditionally, considering the differences in dietary intake of each
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region, 160 study subjects were selected from each of the fol-
lowing regions: the metropolitan, Chungcheong, Gyeongsang,
and Jeolla regions of Korea. The volunteers were recruited by
posting a study subject recruitment announcement on the
websites of self-governing organizations of each region. Using
the conformity assessment of study subjects, those diagnosed
with or taking medications for hypertension, cardiac failure,
diabetes, renal disease, cancer, or pregnant/breastfeeding
women, and those under dietary control were excluded from
the study. This study was approved by the Institutional Review
Board of Kyungpook National University (IRB 2014-0053), and
it was conducted after receiving written consent from study
participants.

The height, weight, and blood pressure of the study subjects
were measured. Briefly, the height of the subjects (with shoes
removed) was measured using a stadiometer. The weight (with
minimal clothing) was measured using a body composition
analyzer (X-SCAN PLUS II, Biospace, Seoul, Korea). The body
mass index (BMI) was calculated as the weight (in kilograms)
divided by the squared height (in meters). The blood pressure
was measured using an electronic automatic inflation sphyg-
momanometer (Microlife WatchBP Home 3MX1-1, Widnau,
Switzerland) after the study subjects rested in a sitting posi-
tion for 10 min. For smokers, the measurement was conducted
at least 30 minutes after smoking. The blood pressure was
measured once for most subjects, if the initial systolic blood
pressure was greater than 140 mmHg or if the diastolic blood
pressure was greater than 90 mmHg, it was re-measured
again using the same method after resting. The study subjects
with a blood pressure that did not fall within the normal blood
pressure ranges, even after the second measurement, were
excluded from the study.

The dietary intake of the study subjects was examined using
the 24-hour dietary recall method. To expedite a recall inter-
view, a diet record sheet was provided to the study subjects
beforehand. Thus, the diet record was recorded exactly on the
day of the dietary intake. Furthermore, the dietary examina-
tion was conducted during the working hours and excluded
weekends and holidays. The 24-hour dietary recall interview
was conducted using a direct interview with a dietitian based
on a diet record sheet. To enhance the intake accuracy, supple-
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mentary tools, such as photo data of the meal, tapeline, and
food replica, were used. The subjects were informed to take a
photo of the meal during the dietary intake. Thus, the photos
were used to produce a diet record sheet and during a 24-
hour dietary recall interview. During the 24-hour dietary recall
interview, the dietitian recorded the food name and intake
quantity (approximate "by eye" measurement, volume, weight),
the name and quantity of ingredients in the meal (approximate
"by eye" measurement, volume, weight), and the product name
and manufacturer were recorded for the processed food. Ad-
ditionally, the dietary supplements and other functional health
food intakes were recorded. The quantity of food intake on the
same day was examined in comparison with an average food
intake (selected from the following options: greater than usual
intake, average intake, and less than usual intake). Moreover,
the beverage intake quantities were examined for coffee and
tea, and for other beverages, such as the bottled water and
the caffeine-free beverages (barley tea, Gyeolmyeongja tea,
and Dunggle tea). The nutrition intake was analyzed using a
nutrition assessment program CAN-Pro 4.0 (Computer Aided
Nutritional Analysis program version 4.0, Korea Nutrition
Society, 2010) based on a 24-hour dietary recall examination
result. The main database of the nutrition assessment program
CAN-Pro 4.0 was created based on the National Standard
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Food Composition Table 7 edition [16]. Thus, it was recalcu-
lated to reflect the mineral content of the National Standard
Food Composition Table 8" edition [17]. The subjects of this
study consumed 1591 foods based on 24-hour dietary recall
data. Regarding food intake, 59.2% and 44.5% of the items
had information on copper and manganese contents in the
database. The mineral content of foods not included in the
mineral content database were calculated by replacing them
with similar foods in the database.

The statistical analysis for the study was conducted using
the SAS program (Ver. 9.4, SAS Institute Inc., Cary, NC, USA).
Regarding the difference of variables for each age group, the
post hoc analysis was conducted using Duncan's test when
the significance was present after conducting the one-way
ANQVA. The correlation between each variable was verified
to determine its significance using Pearson's correlation test.
Then, the partial correlation was conducted after adjusting for
gender, age, BMI, and energy intake as potential confounding
factors. The significance verification of all statistical analyses
was conducted at a level of p < 0.05.

General characteristics and blood pressure of the subjects by gender and age

19-29 30-39 40-49 50-59 60-69 Average
(M=64F=64 (M=64,F=64) (M=64,F=64) (M=64F=64) (M=64,F=64) (M=320,F=2320)
Age, years  23.69 + 2.11" 33.56 + 2.96° 4414 + 271 5378 +2.68"  6342+222" 4372 + 1435
Height,em 17330+ 515" 17372 +525 17179+ 555" 17070 + 552  167.65 + 5.37" 17143 + 5.77
Men Weight, kg~ 70.32+£9.90"  73.28+10.03"  7451+894" 7127 +£1020" 6780 + 7.76' 7144 + 9.64
(n=320) g kg/m® 23372770 24314335  25254274° 2444 +311F  2412+251% 2430 +3.00
SBP, mmHg 126.27 + 760"  124.45+ 955 12422+ 900"  126.75 + 8.61" 13013+ 10.29°  126.36 + 9.25
DBP, mmHg  77.58 + 7.25" 7898 + 787" 8123+652"  8138+531" 8198+ 751" 80.23 + 7.11
Age, years 2292 + 1.99" 34.02 + 2.96° 43.84 +2.99° 54.34 +2.70" 63.42 + 3.09" 4371 + 14.62
Height,em 16145+ 543" 16193 +4.97 16017 + 514" 15715 + 4.80"  154.82 + 5.18" 159.10 + 5.76
Women Weight kg 5415+919"  5629+798"  57.44+701°  5658+6.51" 5817 +7.56 56.53 + 7.78
(h=320) B, kg/m? 2074 + 3.10" 2143 + 2.56" 22.40 + 2.64" 22.91 + 242" 24.23 + 2.67 22.34 +293
SBP,mmHg 11222 +9.23" 11459 + 10.69"  116.00 + 11.92"  120.02 + 10.62"  125.97 + 9.48" 117.76 + 11.44
DBP, mmHg 72.84 + 7.77° 7548 + 768" 7550 +830"  76.39+6.80"  78.86+ 750" 75.82 + 7.82

M: male, F: female, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure.
Values are presented as mean+SD. Values with different symbols in each row are significantly different at ¢ = 0.05 as determined by Duncan’s multiple range

test.
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Correlation between copper and manganese intakes and blood pressure of the subjects

Systolic blood pressure

Crude correlation

Men (n = 320) 0.0266
Cu Women (n = 320) 0.1302"
Total subjects (nh = 640) 0.0991"
Men (n = 320) -0.0852
Mn Women (n = 320) 0.1023
Total subjects (n = 640) 0.0337

Partial correlation

Diastolic blood pressure

Crude correlation Partial correlation

0.0163 0.0810 0.0417
0.0582 0.0983 0.0473
0.0409 0.1009" 0.0458

-01303" 0.0044 -0.0722

-0.0347 0.1010 0.0175

-0.0753 0.0645 -0.0203

Values are presented as correlation coefficient (r) by Pearson’s correlation test. Partial correlation was determined by Pearson's correlation after adjusting for

gender, age, body mass index, and energy intake.
*0<0.01.

The general characteristics of the subjects are shown in
Table 1. The average height was significantly getting lower
with an increase of age both for men and women. The aver-
age weight of men was significantly getting higher before the
age of 50 year-old and getting lower with aging in the age of
above 50 year-old. However, the average weight of women
was not significantly different among the age groups. How-
ever, there was a difference between women in their 20's and
60's (54.2 kg vs. 58.2 kg, p < 0.05). The average BMI was the
highest for the men in their 40's, and it was significantly high-
er for women with an increase in age. The average systolic/
diastolic blood pressure was 126.4/80.2 mmHg for men and
117.8/75.8 mmHg for women, and it was significantly higher
with an increase in age both for men and women.

The daily energy, copper, and manganese intakes of the sub-
jects are shown in Table 2. The daily energy intake was signifi-
cantly lower with an increase in age both for men and women.
The daily trace mineral intakes of the men and women were 1.3
mg (0.6 mg/1000 kcal, 156.7% of recommended intake) and
1.2 mg (0.7 mg/1000 kcal, 149.6% of recommended intake)
for copper, and 4.2 mg (2.1 mg/1000 kcal, 105.2% of adequate
intake) and 4.1 mg (2.3 mg/1000 kcal, 116.4% of adequate in-
take) for manganese, respectively. The daily intakes of copper
and manganese were significantly high with an increase of age
for men and women.

http://dx.doi.org/10.7762/cnr.2015.4.4.259

Table 3 shows the relation of the copper and manganese in-
take of the subjects to blood pressure. The copper intake was
significantly and positively correlated with the systolic blood
pressure in women and with the systolic and diastolic blood
pressures in all subjects. However, the significant correlation
between copper and the blood pressure disappeared after
adjusting for potential confounding factors. Manganese intake
was significantly and negatively correlated with the systolic
blood pressure in men after adjusting for gender, age, BMI,
and energy intake.

In this study, the daily copper and manganese intake was
assessed in normotensive adults, and the correlation with
blood pressure was analyzed. As a major result, the manga-
nese intake of male subjects had a significantly negative cor-
relation with the systolic blood pressure after adjusting for
gender, age, BMI, and energy intake.

Recently, studies of the relation between oxidative stress
and hypertension have been conducted. Oxidative stress ac-
celerates proliferation of the vascular cells and causes blood
vessel thickening and narrowing of their internal diameter.
Additionally, oxidative stress damages the endothelium and
increases vasoconstriction [18-20]. These changes in blood
vessels explains how oxidative stress causes hypertension.
It is noted that an increase in blood pressure combined with
obesity is related to oxidative stress such as the increase in
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lipid peroxidation, protein carbonylation, and the oxidative
damage index of amino acids [21]. Therefore, it is proposed
that an anti-oxidative prescription of medicine or nutrients
lowers the oxidative stress and blood pressure. Although
blood pressure lowering effects of the anti-oxidative vitamin
supplements, such as vitamin C, vitamin E, and 3-carotene,
have been conducted [22-24], the study of the anti-oxidative
minerals is very limited.

Copper is a component of various enzymes. It is known as a
co-enzyme of the anti-oxidant enzyme, superoxide dismutase
(SOD) [25]. In addition, because copper is essential for normal
cardiovascular functions, it has been reported that copper
deficiency causes a heart abnormality and increases the blood
pressure and serum lipids [26,27]. In a study on the relation
between copper and blood pressure, Klevay and Halas [28] re-
ported that there was a blood pressure increase in copper de-
ficient rats. In addition, Li et al. [29] reported a high oxidation
index, a low anti-oxidant index and anti-oxidative nutrition in-
take among metabolic syndrome patients from 18 to 65 years
of age. Specifically, the copper intake of the metabolic syn-
drome patients was 1.4 mg/day, which was significantly lower
than 1.6 mg/day for a normal person. Although the risk of
metabolic syndrome was significantly lower with a high cop-
per intake, there was no significant correlation when adjusting
for the age and sex. The copper intake had a significantly posi-
tive correlation with the blood pressure in this study, but the
significant correlation disappeared after adjusting for sex, age,
BMI, and energy intake. This result implies that the daily cop-
per intake has no correlation with the blood pressure. It may
be due to the fact that the subjects in this study were taking
enough amounts of copper daily. Additional research including
subjects with various intake levels of copper is required.

Manganese is necessary for the normal metabolism of
amino acids, proteins, fats, and carbohydrates. Additionally,
it is necessary for the normal function of enzymes, such as
SOD. Furthermore, manganese is known to have anti-oxidative
function [14,30]. Although an excessive manganese intake is
rare, it is known to cause toxicity in a case of excessive expo-
sure by ingestion [31]. Most studies on the relation between
manganese and blood pressure have been conducted from the
perspective of manganese toxicity. Those studies reported that
a high blood level of manganese, due to an excessive exposure
to manganese, increased the blood pressure [32-34]. Kostial et
al. [35] reported that manganese increased blood pressure in
an animal study. However, Saric and Hrustic [36] reported that
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the blood pressure was low in manganese-exposed workers.
Thus, the studies regarding the relation between manganese
and blood pressure present conflicting results.

There are a limited number of studies on the relation be-
tween the manganese intake, as a nutrient or a trace mineral,
and blood pressure. In our study, manganese intake, particular-
ly in the male subjects, had a significantly negative correlation
with the systolic blood pressure after adjusting for sex, age,
BMI, and energy intake. Because our study is a cross-sectional
study, it has a limitation. Specifically, it is difficult to explain
the mechanism behind the correlation between manganese
intake and blood pressure. However, it has been reported in
several studies that an abnormal manganese level lowers the
activation of manganese-SOD, which impedes anti-oxidative
function of this enzyme and lowers the defense capacity of
vascular endothelium dysfunction, and causes hypertension.
Particularly this result was observed only in the males, which
demonstrates a difference based on gender [34,37]. Previous
studies reported that an excessive exposure to manganese
causes an abnormal change in the blood pressure. The results
of our study presented a negative correlation between the
daily manganese intake and blood pressure, and implicate that
the anti-oxidative and vascular protective functions of man-
ganese. Taken together, we suggest that the proper intake of
manganese is essential to maintain a normal blood pressure.

In Korea, an adequate intake of manganese is set at 4.0 mg/
day and 3.5 mg/day for the adult males and females, respec-
tively [38]. The manganese intake of subjects in this study
exceeded an adequate intake. In the present study, it was 4.2
mg/day and 4.1 mg/day for the males and females, respec-
tively, and higher intake of manganese were shown in subject
with older age than the other. Nkwenkeu et al. [39] reported
that the manganese intake are 2.0-8.8 mg/day worldwide,
2.4 mg/day in USA, 2.9 mg/day in Canada, 2.7 mg/day in Ger-
many, 2.4 mg/day in Spain, 2.6 mg/day in Belgium, 4.6 mg/day
in England, 2.9 mg/day in Australia, and 2.2 mg/day in India.
Because there is a high manganese content in grains, rice,
nuts, and tea, it has been reported that a vegetarian diet or a
vegetable-centered diet provides a high manganese intake of
13-20 mg/day [40]. Although the vegetable-centered diet of
Korean traditionally provides a sufficient manganese intake,
it is estimated that the manganese intake is low in younger
generations due to the Westernized diet. In addition, this study
has revealed that the manganese intake decreases with a de-
crease in age.

http://dx.doi.org/10.7762/cnr.2015.4.4.259
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Because many studies investigate the relation between
blood pressure and diet mainly focusing on the major miner-
als, there is a limited number of studies focusing on the trace
minerals. Thus, our study is a pioneering study in the field
which has explored the relation between copper and manga-
nese intake and blood pressure and a significant result was
obtained. In particular, the manganese intake had a signifi-
cantly negative correlation with a systolic blood pressure.

This study has several limitations in generalizing its findings.
First, limited methodology was used to investigate the mineral
intakes of subjects as we carried out the 24-hour recall for
only one day but food frequency records or repeated 24-hour
recalls were not conducted [41]. Thus, it is possible that this re-
search does not reflect the long-term mineral intake status of
subjects. However, we used a mineral content database among
the diverse food data to accurately assess the intake levels.
And, the present Korea NHANES in which one-day 24-hour
dietary recall method was utilized to investigate the various
nutrient intake levels in Korean adults [2]. Second, this study
cannot explain the mechanism behind the correlation between
the manganese intake and the blood pressure because this
is a cross-sectional study. To clarify the effect between the
trace mineral intake and the blood pressure and to explain the
mechanism, longitudinal studies including analyses of various
biomarkers are necessary in the future.

The copper intake in normotensive adults from a normal
meal was 1.3 mg (0.6 mg/1000 kcal) and 1.2 mg (0.7 mg/1000
keal) for the males and females, respectively. The manganese
intake was 4.2 mg (2.1 mg/1000 kcal) and 4.1 mg (2.3 mg/1000
keal), respectively, which exceeded the adequate intakes. Spe-
cifically, the manganese intake of the male subjects had a sig-
nificantly negative correlation with the systolic blood pressure
after adjusting for gender, age, BMI, and energy intake. These
results indicate a possibility of a positive effect of manganese
intake on blood pressure.

The authors of this study declare that there is no conflict of
interest.
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