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Summary

To investigate the differences in the trace mineral intake of atherosclerosis patients at different stages. , the nutri-
tion survey was made in 80 atherosclerosis patients and 184 healthy individuals. Student’s t-tests were performed to
determine the differences in the mineral intake between atherosclerosis patients and healthy individuals, and the dif-
ferences among the different stages of the disease. All subjects were divided into 2 groups according to body mass
index above 25 (obese group) and below 25 (non-obese group). The Student’s t-test was performed for groups compris-
ing only obese group and only non-obese group too.

In Serum measurements, the subjects included 16 male atherosclerosis patients and 35 healthy men. The differences
between the average concentrations of each mineral were determined between the obese and non-obese groups; the
atherosclerosis and non-obese groups; and the atherosclerosis and healthy groups. Student’s t-test was used to deter-
mine significance.

The results revealed that a significantly higher value of Fe intake was observed for the atherosclerosis group com-
pared to the healthy group. Also Zn intake of the obese individuals of the non-atherosclerosis group was higher than
that of the atherosclerosis group. The serum Zn level in the healthy and obese groups was higher than that in the
atherosclerosis group.

Keywords Atherosclerosis, Nutrition survey, Iron, Zinc, Copper, Serum, Obesity

Introduction

Atherosclerosis is one of the causes of cardiovascular
and cerebrovascular diseases, which account for nearly
50% deaths in developed nations”. Metabolic syndrome is
known to contribute to the development and progression
of atherosclerosis®. Metabolic syndrome includes the
symptoms of visceral obesity and insulin resistance, which
are caused by several risk factors such as overeating, lack

. . 3) .
of exercise, and aging”. As overconsumption of fat and

high calorie diets lead to visceral obesity or insulin resis-
tance, health promotion activities such as creating aware-
ness about healthy diet or providing exercise education
have been undertaken elsewhere. According to epidemio-
logical and animal studies, in addition to high fat or high
calorie diet, consumption of higher levels of trace minerals
such as iron (Fe), zinc (Zn), and copper (Cu) are reported to
have an effect on atherosclerosis. Some studies suggest
that the serum Fe levels of patients with atherosclerosis

are higher than those of healthy adults* . This suggests
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that higher levels of serum Fe may be a risk factor for de-
velopment of atherosclerosis. Other studies suggest that
lower levels of Zn can be observed in patients with athero-
sclerosis than in healthy subjects. This suggests that Zn
has a potential role in preventing atherosclerosis® . Stud-
ies investigating the relationship between serum Cu levels
and atherosclerosis have produced inconsistent results, ie.,
both high®**® and low® "™ levels of Cu have been detect-
ed in the serum of patients with atherosclerosis.

Many studies have compared the amounts of trace min-
erals deposited in the tissue or blood of patients with ath-
erosclerosis and those of healthy subjects. However, there
are few reports of a causal association between the con-
sumption of dairy products with trace minerals and ath-
erosclerosis. With this background, we decided to study
the relationship between dietary intake of trace minerals
and atherosclerosis in patients at different stages of ath-
erosclerosis. Informed consent was provided, and a popu-
lar questionnaire, the brief-type self-administered diet his-
tory questionnaire (BDHQ)", was used to determine the
effect of dietary consumption of trace minerals on the pro-
gression of atherosclerosis. BDHQ is a questionnaire that
can calculate the percentage of adequate intake of each
nutriments. “Adequate intake” is a standard which the
Ministry of Health, Labour and Welfare of Japan estab-
lished". In addition, we measured the concentrations of
trace minerals by collecting blood samples from the par-
ticipants in order to evaluate the results obtained from

the questionnaire.
Material and Methods

1. Nutrition survey
Subjects

A total of 264 potential atherosclerosis patients were en-
rolled. These patients were ambulatory or were in-patients
at the Department of Cardiovascular Internal Medicine of
the Urayasu hospital of Juntendo University. Informed
consent for participation in the study was provided by the
patients who were enrolled between March and August
2006. Among the 264 candidate patients, 80 patients were
diagnosed with atherosclerosis and were assigned to the
“atherosclerosis group.” The remaining 184 individuals
who were not diagnosed with atherosclerosis and the
healthy subjects were assigned to the “non-atherosclerosis
control group.” The youngest subject in the atherosclero-
sis group was 38 years old, and in order to adjust the age
between these 2 groups, the 2 youngest subjects under
the age of 35 years in the non-atherosclerosis group were

eliminated. A total of 182 subjects were assigned to the

control group. Among the subjects assigned to the athero-
sclerosis group, 38 individuals who experienced infarctions
in the small arteries were assigned to an advanced athero-
sclerosis (ADV) group. The other 42 individuals who did
not experience infarctions in the small arteries were
grouped into an initial atherosclerosis group (INI).
Nutrition items

The levels of trace minerals were calculated according
to the results of the BDHQ questionnaire-based survey; the
survey was based on the diet of the patients in the month
preceding the measurements. A total of 27 items were sur-
veyed including Fe, Zn, Cu, total energy (cal), protein (Pro),
potassium (K), calcium (Ca), magnesium (Mg), phosphorus
(P), manganese (Mn), vitamins A, By, By, Bs, Biz, C, D, E, and
K, niacin, folic acid (FA), pantothenic acid (PA), cholesterol
(Cho), dietary fiber (DF), dietary salt, n-3 polyunsaturated
fatty acid (n-3), and n-6 polyunsaturated fatty acid (n-6) to
determine the basic dietary intake of each patient.
Statistical analysis

First, for all data, Student’s t-tests were performed to
determine the differences in the percentage of adequate in-
take between the atherosclerosis and control groups and
between the INI and ADV groups. Second, all subjects
were divided into 2 groups: one with a body mass index
(BMI) over 25 (obese group) and the other with a BMI un-
der 25 (non-obese group); the Student’s t-test was per-
formed for groups comprising only obese group and only
non-obese group too. The statistical significance level was
set at p<0.05.

2. Measurement of trace minerals in serum
Subjects

Among the 80 subjects assigned to the atherosclerosis
group for the questionnaire survey, 16 subjects provided
consent for collection of blood samples. Thirty-five healthy
subjects, whose ages ranged from 35 to 65 years, were re-
cruited from the patients who had undergone routine
health examinations at Juntendo University. Furthermore,
the healthy control subjects were reclassified into 2
groups: BMI over 25 (obese group) and BMI under 25
(non-obese group).
Measurements

The trace minerals Zn, Cu, and Fe were measured by
atomic absorption spectrometry. This measurement was
performed by SRL, Inc. (Japan).
Statistical analysis

The difference in the average concentrations of each
mineral between the obese and non-obese groups, the ath-
erosclerosis and non-obese groups, and the atherosclerosis
and healthy groups were analyzed by Student’s t-test, us-
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ing Excel 2007. The significance level was set at p<0.05.

3. Ethics consideration

This study conformed to the Declaration of Helsinki. Af-
ter explaining this study to the participants, including the
objective and ethical considerations followed by a Q&A
session, informed consent was obtained from each of the
participants. The Ethics Committee of Health and Sports

Science of Juntendo University approved this study.

Results

1. Nutrition survey
Characteristics of participants
A total of 182 individuals (94 men and 83 women; mean
age, 631 = 9.08 years) were assigned to the non-atheroscle-
rosis group. Of these, 71 individuals (35 men and 36 women)
were assigned to the obese group, and 111 individuals (59
men and 52 women) were assigned to the non-obese group.
A total of 80 subjects (66 men and 14 women; average

age, 654 + 806 years) were assigned to the atherosclerosis

group. Of these, 38 individuals (30 men and 8 women)
were assigned to the obese group, and 42 individuals (36
men and 6 women) were assigned to the non-obese group.
Among the 42 subjects in the INI group (32 men and 10
women; mean age, 66.0 = 8.33 years), 20 individuals (13
men and 7 women) were assigned to the obese group and
22 (19 men and 3 women) were assigned to the non-obese
group. Among the 38 subjects in the ADV group (34 men
and 4 women; average age, 64.7 = 896 years), 18 subjects
(17 men and 1 woman) were assigned to the obese group,
and 20 individuals (17 men and 3 women) were assigned
to the non-obese group. The statistical analysis was car-
ried out on both male and female.
Statistical analysis

In this study, the percentage of adequate intake of Fe
among the members of the atherosclerosis group was sig-
nificantly higher than the percentage of adequate intake
of Fe in the non-atherosclerosis group including (Fig. 1;
p=0.020). However, for other items, no significant differ-
ences were noted between these 2 groups. For the com-

parison between the ADV and INI groups, 4 measure-
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ments, including levels of Mn, niacin, VC, and n-3, were
significantly higher in the ADV group than in the INI
group (Fig. 2; p=0.049, p=0.047, p=0.050, and p=0.035, re-
spectively). There were no significant differences for any
of the other measurements between these 2 groups. How-
ever, the average percentages of adequate intake of all
items in the ADV group were higher than those in the
INT group.

In the non-obese group, the percentages of adequate in-
take of Fe in the atherosclerosis and ADV groups were
significantly higher than in the non-atherosclerosis group
(Fig. 3; p=0.024 and p=0.019, respectively). There were no
significant differences among other measurements for the

non-obese group.
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In the obese group, the percentage of adequate Zn in-
take in the non-atherosclerosis group was significantly
higher than that in the atherosclerosis group, and was
higher than that in the INI group (Fig. 4; p=0.034 and
p=0.049, respectively). However, comparisons of the other
measurements among the obese subjects did not indicate
any significant differences.
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2. Traces of minerals in serum measurement
Characteristics of participants
Among the 35 healthy subjects, 12 subjects were as-

signed to the non-obese group, and 23 subjects, to the

obese group. All the 16 subjects of the atherosclerosis
group had BMI values higher than 25.
Results of the analysis

The serum Zn levels of the atherosclerosis group were
significantly lower than that of obese subjects or healthy
subjects (p=0.024 and p=0.023, respectively). However,
the serum Zn levels of the non-obese and atherosclerosis
groups did not differ significantly (Fig. 5). The serum Cu
levels of the non-obese group were significantly higher
than those of the obese and atherosclerosis groups
(p=0.008 and p=0.020, respectively). However, no differ-
ence was observed between the serum Cu levels of the
healthy and atherosclerosis groups (Fig. 6). The serum Fe
level did not differ among any of the groups.
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Discussion

Atherosclerosis is caused by vessel wall inflammation, and
metabolic syndrome induces atherosclerosis, induces athero-
sclerosis, which trigger the inflammatory process" ™ ™.
According to this theory, an increase in the active oxygen
species in the blood or animal tissue may be one of the
risk factors for the development of atherosclerosis.
Knowles et al. reported an increase in atherosclerosis in
mice that are hypertensive due to lack of endothelial nitric
oxide synthase'”.

From the results of a nutrition survey, comparisons be-

tween the ADV and INI groups found that the average
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values of all measurements of the ADV group exceeded
those of the INI group. This may be due to overeating,
which is one of the causes of metabolic syndrome of this
group. Therefore, in order to eliminate the confounding ef-
fect of overeating, and to evaluate the effect of trace min-
erals on atherosclerosis, we additionally reclassified and
assigned the subjects to the obese and non-obese groups.
Aging is said to be one of the risk factors for atheroscle-
rosis. However, no age-related differences were observed
among the groups. We, therefore, did not perform age-ad-

justed analysis.

Association between Fe and atherosclerosis

A previous study had showed that a high serum Fe
concentration is a risk factor for coronary heart disease”.
Another report has indicated that patients with coronary
artery diseases have high serum Fe levels®. These studies
suggest that high levels of Fe may be a risk factor for the
development of atherosclerosis-related diseases. Stanley et
al. identified a correlation between protein oxidation mark-
ers and serum Fe concentration in the artery tissues, and
hypothesized that high concentrations of Fe is a risk fac-
tor for atherosclerosis'®.

In this study, significantly higher Fe intake was ob-
served in the atherosclerosis group (including men and
women) relative to the non-atherosclerosis group. Fe min-
eral consumption of the atherosclerosis and ADV groups
of non-obese subjects including men and women was sig-
nificantly higher than that of the non-atherosclerosis
group. These findings showed concordance with previous
study. As a strong correlation between the Fe consump-
tion rate and atherosclerosis was observed in the non-
obese group and not in the obese group, high intake of Fe
was concluded to be an independent risk factor for athero-
sclerosis. Stanley et al. say that Fe in artery tissue (not in
serum) may promote oxidation of vessel tissue which will
lead atherosclerosis. That might be a reason we could not
find out any correlation between the serum Fe levels and

atherosclerosis in blood tests.

Association between Zn and atherosclerosis

Studies have reported an association between Zn and
cardiovascular diseases. One study reported low serum Zn
levels and Zn mineral consumption in coronary artery dis-
ease patients®. Another report indicated low serum Zn
concentrations among coronary heart disease patientsw).
Another report indicated low urine Zn levels in cardiovas-
cular disease patients, and suggested that increasing se-
rum Zn levels can reduce the risks for coronary heart dis-

ease”. Additional reports identified low Zn levels in the

heart tissue in individuals with advanced atherosclerosis”,
and stated that the serum Zn levels in the organs and ar-
tery tissues among congestive heart failure patients are
lower than those in the organs and artery tissues of the
healthy subjectss’lm. An additional study suggests that the
Zn concentration in hair and the Zn/Cu ratio are higher in
the survivors of myocardial infarction than those in
healthy subjects"

between low levels of Zn and atherosclerosis-related dis-

. These studies show a clear association

eases. One animal study reported an increase in the se-
rum Cho levels in animals fed without Zn supplementa-
tion”. Another report indicated that arteriosclerotic
lesions can be ameliorated by Zn supplementation®’. This
suggests that Zn has an anti-atherosclerosis effect. Howev-
er, other studies report that Zn supplements can lower
high-density Cho when administered at doses of 50 mg
and 75 mg® and 160 mg per dayw. This suggests the pos-
sibility that oversupply of Zn may enhance the develop-
ment of atherosclerosis.

In this study, Zn intake among the obese members of
the non-atherosclerosis group was found to be higher than
in the atherosclerosis group. With regard to serum mea-
surement, Zn levels in the healthy and obese groups were
higher than that in the atherosclerosis group. Reiterer et
al. reported that in LDL receptor-deficient mice that were
fed a cholesterol-rich zinc-deficient diet, a significant in-
crease was observed in VLDL, LDL, and HDL. When Zn
was added to this diet, the levels of VLDL, LDL, and HDL
decreased. In contrast, in LDL-receptor-deficient mice,
only VLDL and HDL levels were altered upon Zn supple-
mentation®”.

Uza et al. also reported that significantly higher serum
7Zn levels were noted in individuals with hyperlipoprotein-
emia and in a non-atherosclerosis group relative to a con-
trol group or a hyperlipoproteinemia group with athero-
sclerosis®. Our study provided supporting evidence for
these 2 studies, which showed a positive correlation be-
tween Zn levels and atherosclerosis in the obese group.
Hennig et al. suggested that the antioxidative effect of Zn
may inhibit the disruption of endothelial cell integrity and
provide protection from inflammation® *. Zn may also ex-

ert antioxidative effects on fat cells.

Association between Cu levels and atherosclerosis
Several studies suggest an association between Cu and
cardiovascular diseases. Alissa et al.” reported that low
levels of Cu in the urine and an increase in the Cu/Zn ra-
tio in the serum decrease the risk of coronary heart dis-
eases. Another report has indicated that Cu levels in the

heart tissues are lower in an ADV group than in an INI
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group”. Cu levels in the arterial tissues of coronary heart
disease patients were lower than in healthy volunteers'”.
Another study reports that increase in the serum Cho
were observed among hypercholesterolemic rabbits fed a
Cu-deficient diet, which led to anti-atherogenic effects™. In
contrast, other reports are inconsistent with those de-
scribed above, which indicate the presence of significantly
higher levels of Cu in the serum or organs of patients
with congestive heart failure relative to the healthy sub-
jects™?. Cu levels in the ischemic cardiomyopathy patients
were significantly higher than those in the healthy sub-
jects'. This indicates that Cu is one of the risk factors for
atherosclerosis. Thus, these studies are inconsistent with
the former studies, which showed that Cu has an anti-ath-
erogenesis effect.

In the present study, which includes both an atheroscle-
rosis group and a healthy group, no significant differences
were observed between these groups with respect to Cu

levels for both the nutrition study and the blood tests.

Study limitations

In this study, the number of male and female subjects
was similar, and there were 94 men and 88 women in the
non-atherosclerosis group. However, in the atherosclerosis
group, there were 66 male subjects and only 14 female
subjects. The gender difference in the prevalence of ath-
erosclerosis and other vascular diseases appears to be re-
sponsible for this difference®.

Biological effects of trace minerals such as Zn are relat-
ed to various factors™. One of these known factors is the
gender of the patient. A same-gender-sample study may
be more appropriate for a more precise evaluation. In case
control studies, which include both genders, the male:fe-
male ratio is preferably equivalent. However, in this study,
sample selection was limited, because only inpatients and
outpatients who had provided informed consent could be
enrolled in this study. This may have caused a biased
male:female ratio between the case and the control groups.
One of the objectives of a future study will be to enroll a

sample size large enough to avoid gender bias.
Conclusion

We found that high intake of Fe is one of the risk fac-
tors for developing atherosclerosis. On the contrary, Zn
can reduce the risk of development of atherosclerosis in
obese individuals. However, no correlation was identified
between Cu and the risk of development of atherosclero-
sis. This study contributes to the knowledge regarding

the relationship between trace elements and atherosclero-

sis, and indicates correlations between the levels of Fe and
Zn and the development of atherosclerosis on the basis of
the results of a simple nutrition survey. Collection of more
data in the future will be useful for nutrition education,
which can be used as a strategy to prevent the progres-

sion of atherosclerosis.
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