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Abstract Zinc, copper, and selenium statuses were reported to be linked to the development
of chronic diseases, especially coronary heart disease (CHD). Metabolic syndrome, a known
CHD risk factor, was found to be highly prevalent in Lebanon. Nevertheless, no data are
available on the statuses of plasma zinc, copper, and selenium, especially in terms of their
relation to the components of the metabolic syndrome. A sample of 398 men and women
aged 18–65 years was drawn from 23 health centers across Lebanon; anthropometric
measurements and biochemical analyses of fasting plasma samples were performed. Subjects
were found to have normal plasma statuses of copper and selenium but were at elevated risk
of zinc deficiency. Plasma selenium levels correlated positively with all the components of the
metabolic syndromes, while that of copper correlated only with total, high-density lipoprotein
and low-density lipoprotein cholesterol. Plasma zinc did not correlate with any of the
metabolic syndrome components.

Keywords Zinc . Copper . Selenium . Lipid profile . Lebanon

Introduction

Trace elements are essential nutrients for metabolism, growth, immunological, and
neurological functions [1]. Copper is essential for many enzymes that catalyze oxidation–
reduction reactions, detoxification, transport, production, and formation reactions [2]. Its
deficiency may lead to arterial diseases, pigmentation loss, myocardial disease, and
neurological effects. Copper’s richest sources are shellfish, organ meats, nuts, seeds,
legumes, and grains [3]. The trace element zinc is required for more than 200 enzymes
involved in acid–base balance, protein synthesis, reproduction, immunity, vision, and the
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nervous system [4]. Zinc is found in a wide range of foods especially in red meats, oysters,
and shellfish. Its level in plants can be affected by the soil content of zinc, and its
bioavailability is related to the phytate content of the food [5]. Regarding selenium, it was
only until 1957 that the importance of this mineral in human nutrition was acknowledged
[4]. Selenium is found as part of many proteins namely, selenoproteins [6], and was
reported to have both antiviral and antioxidant effects [7]. Its deficiency is associated with
the development of Keshan disease, a potentially fatal form of cardiomyopathy [8]. Studies
have shown that the selenium content of food and its intake by people varies widely
depending on the soil content of selenium [9].

Importance has been given to the study of copper, zinc, and selenium since their
deficiencies has shown to be associated with the development of chronic diseases [10].
Epidemiological studies have demonstrated a positive association between low zinc and
copper levels and increased risk of cardiovascular disease (CVD) [11]. Low urine selenium
levels and low serum zinc, selenium, and copper/zinc ratio levels were reported in Saudi
Arabian men with atherosclerosis [12]. Recently, copper, zinc, iron, and selenium levels
were found to be related to the extent of myocardial damage [13]. Furthermore, a positive
correlation between copper level and total cholesterol, low-density lipoprotein cholesterol
(LDL-C), and triglyceride (TG) levels was reported [14]. However, studies on selenium
have been inconclusive [15, 16].

The present study was designed to determine the plasma levels of zinc, copper, and
selenium in Lebanon and their association with the components of the metabolic syndrome.

Materials and Methods

Study Design and Sample

This was part of a study related to the relation between diet and noncommunicable diseases.
The sample study (n=499) included 215 men and 284 women aged 18–65 years of age and
of low to medium socio-economic status. Subjects were selected from the six districts
(Muhafazats) across Lebanon (age and gender distribution of subjects was similar to that of
the general population). Data collection, which took place between September 2003 and
April 2004, included an interview, blood withdrawal, anthropometric measurements, and
blood pressure. Sampling details have been reported previously [17].

Biochemical Analysis

Plasma samples were available for 398 subjects out of the 499, which represent about 80%,
and this included 159 men and 239 women.

Fasting plasma samples were analyzed for total cholesterol, LDL-C, high-density
lipoprotein cholesterol (HDL-C), TGs, and glucose as described previously [17]. For
mineral assay, the entire plasma samples’ preparation was done by the method of
microwave oven digestion (Milestone ETHOS PLUS, Sorisole, Italy). Copper and zinc
concentrations were measured by atomic absorption spectrophotometry (SOLAAR, Atomic
Absorption Spectrophotometer, Thermo Electron, Cambridge, UK). Selenium concentra-
tions were determined using an atomic absorption spectrophotometer GF95 furnace (Model
FS95).

Plasma statuses of zinc [5, 18], copper, and selenium [19] were presented according to
different criteria.
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Statistical Analysis

Data were presented as means and standard deviations (mean±SD) and percentages.
Various statistical testing using the STATA software including paired t testing, two-sample t
tests with equal and unequal variances, analysis of variance, Pearson Chi-square testing, and
correlation coefficients were performed. Statistical significance was considered at p<0.05.

Results

Data related to sample characteristics and components of the metabolic syndrome were
presented in a previous publication [17] and are summarized in Table 1. The percentage of
women in the final sample was 60, and no difference in age was found between both
genders. Mean body mass index (BMI) was significantly higher among men, in which 0.6%
were underweight, 45.3% overweight, and 28.3% obese. Among women, 3.4% were
underweight, 29.4% overweight, and 25.2% obese. The percentage of subjects with high
waist circumference was 37.2, and this was similar between both genders.

Many alterations in lipid profile were observed. The percentage of subjects with high
total cholesterol levels was 36.9, and this was higher among men compared to women.
About one third of subjects were found to have high LDL-C levels, and the incidences
among men were higher than that of women. The most pronounced difference between men
and women was seen in hypertriglyceridemia, which was 56% in men and 22% in women.
About half of the subjects were found to have low levels of HDL-C, and this was similar
between both genders. Mean fasting plasma glucose of men was higher than that of women,
and the percentage of subjects with elevated plasma glucose level was higher in men (28.3)
compared to that of women (13.0). The percentage of subjects with elevated diastolic blood
pressure (DBP) was 11.1, and this was similar between genders, but that of systolic blood
pressure (SBP) was about 29 and was higher among men as compared to women. Similarly,
a higher prevalence of hypertension was found among men (47.8%) compared to women
(20.2%).

Table 2 summarizes the statuses of women and men according to the cut off points for
each mineral. Mean plasma level of copper was 1.08 mg/L and that of women was
significantly (p=0.0001) higher than that of men. The percentage of subjects with low
levels of plasma copper was about 4.5, and this was higher among men (7.5%) compared to
women (2.5%), whereas the percentage of those with high levels of plasma copper was
about 8.3, and this was higher among women (p=0.001). It is worth noting that plasma
levels of copper and selenium were normally distributed unlike that of zinc.

Plasma zinc concentration was 1.05 mg/L, and this was similar between genders. The
percentage of subjects with low plasma zinc levels (using the IZiNCG [18] criteria, less
than 0.7 mg/L for women and less than 0.74 mg/L for men) was 27, and this was slightly
higher among men. However, 0.5% of subjects were found to have low plasma zinc levels
when using a cutoff point of 0.5 mg/L. The percentage of subjects with high plasma zinc
levels was about 10, and this was similar among genders.

Fasting plasma selenium concentration was 141.48 µg/L, and that of men was
significantly higher (p=0.0001) than that of women. All subjects were within the normal
range; about 1.0% had low levels, and no subject was found to have high levels of
selenium.

Table 3 shows the correlation between the different parameters and minerals’ concen-
trations. Plasma copper concentration was positively correlated with age (p=0.003), as well
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as with total cholesterol (p=0.004), HDL-C (p=0.000), and LDL-C (p=0.04). However,
plasma zinc concentration did not correlate with any of the measured parameters. Plasma
selenium concentration correlated positively with age (p=0.01), waist circumference (p=
0.003), total cholesterol (p=0.017), LDL-C (p=0.019), TG (p=0.001), glucose (p=0.037),
SBP (p=0.000), and DBP (p=0.0076). Nevertheless, a negative correlation was observed
with HDL-C (0.005). In general, selenium seems to correlate with all the components of the
metabolic syndrome. On the other hand, no correlation was observed between the plasma
concentrations of the different minerals.

Discussion

To our current knowledge, this is the first study in Lebanon that documents plasma levels of
copper, zinc, and selenium of adult population. Mean fasting plasma zinc level was found
to be slightly higher than that of Canadians [20], Norwegians [21], and Germans [22].
Mean fasting plasma copper level was similar to that of Brazil, Japan, USA, Slovakia, and

Table 1 Characteristics of the Study Subjects by Gender

Parameter (n) Men (159) Women (237) Total (398)

BMI (kg/m2)
Mean (SD) 28.05 (4.63) 26.6 (6.15)* 27.18 (5.6)
Overweight: BMI 25–30 (%) 45.3 29.1 35.6
Obesity: BMI≥30 (%) 28.3 25.7 26.8
Waist circumference (cm)
Mean (SD) 96.4 (13.2) 85.5 (14.9) 89.8 (15.2)
M ≥102 cm; F ≥88 cm (%) 34.8 38.8 37.2
Total cholesterol
Mean (SD) 191.9 (43.7) 189.9 (41.7)* 190.7 (43.6)
> 200 mg/dL (%) 43.4 32.6 36.9
HDL-C
Mean (SD) 39.51 (0.85) 51.59 (13.39) 46.80 (13.69)
M <40 and F <50 mg/dL (%) 52.2 47.3 49.2
LDL-C
Mean (SD) 116.5 (33.0) 116.1 (38.6)* 116.2 (37.9)
>130 mg/dL (%) 40.0 27.3 32.2
TGs
Mean (SD) 201.0 (12.7) 111.5 (75.3)* 147.2 (124.8)
>150 mg/dL (%) 56.0 22.2 35.7
Glucose
Mean (SD) 97.48 (22.59) 90.00 (22.10)* 92.99 (22.57)
>100 mg/dL (%) 28.3 13.0 19.1
SBP
Mean (SD) 125.3 (14.6) 113.9 (15.5)* 118.45 (16.12)
>130 mmHg (%) 47.2 16.8 29.0
Dbp
Mean (SD) 74.67 (7.89) 71.32 (9.1) 72.7 (8. 8)
>85 mmHg (%) 12.6 10.1 11.1
Hypertension
>130/85 (%) 47.8 20.2* 31.2

*p<0.05 male vs female
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Australia [8]. Mean fasting plasma selenium level was slightly lower than that of Canada
but was higher than the remaining countries [8].

Our results are in line with others, where plasma level of copper was higher in women
[20], selenium higher in men [23, 24], and no gender difference for zinc [20]. Almost no
subject was found to have plasma zinc levels below 0.5 mg/L; this may relate to a powerful
homeostatic regulation by the body. However, the percentage (27.6%) of subjects with low
level of plasma zinc according to the IZiNCG [5] criteria indicates that this population is at
an elevated risk of zinc deficiency. The presence of infection is known to reduce plasma

Table 2 Plasma Copper, Zinc, and Selenium Levels of the Study Subjects by Gender

Men (159) Women (239) Total (398)

Copper
Mean±SD 1.00±0.25b 1.14±0.26a 1.08±0.27
Low: M <0.7, F <0.8 mg/L (%). 7.5d 2.5c 4.5
Normal: M 0.7–1.4, F 0.8–1.6 mg/L (%) 89.3 85.8 87.2
High: M >1.4, F >1.6 mg/L (%) 3.1d 11.7c 8.3
Zinc
Mean±SD 1.01±0.46 1.07±0.49 1.05±0.46
Low <0.5 mg/L (%) 0.63 0.42 0.5
M <0.74, F <0.7 mg/L (%) 33.3 23.9 27.6
Normal: 0.7–0.5 mg/L (%) 56.6 65.7 62.1
High: >1.5 mg/L (%) 10.1 10.5 10.3
Selenium
Mean±SD 151.2±25.7b 135.0±24.4a 141.5±26.1
Low: <80 μg/L (%) 0.6 1.3 1.0
Normal: 80–320 μg/L (%) 99.4 98.7 99.0
High: >320 μg/L (%) 0.0 0.0 0.0

a, b Values in the same row with different superscripts are significantly different at p<0.05 based on a two-
sample t test with equal variances
c, d Values in the same row with different superscripts are significantly different at p<0.05 based on a Pearson
Chi-square test

Table 3 Correlation between plasma copper, zinc and selenium levels and characteristics of the study
subjects

Copper Zinc Selenium

r p r p r P

Age 0.146 0.003 0.001 NS 0.126 0.012
BMI 0.097 NS 0.084 NS 0.056 NS
Waist circumference 0.031 NS 0.016 NS 0.151 0.003
Total cholesterol 0.145 0.004 −0.033 NS 0.119 0.017
HDL-C 0.201 0.000 0.066 NS −0.142 0.005
LDL-C 0.104 0.040 −0.038 NS 0.119 0.019
TG 0.013 NS −0.033 NS 0.163 0.001
Glucose 0.087 NS −0.06 NS 0.105 0.037
SBP −0.005 NS 0.044 NS 0.176 0.000
DBP 0.021 NS −0.061 NS 0.136 0.007
Zinc 0.030 NS – – – –
Selenium −0.011 NS −0.049 NS – –
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level of zinc, but this is not likely to be of major significance in the present study since
other minerals (e.g., copper and selenium) are known to be similarly affected but their
levels were not reduced. The status of zinc is known to be reduced in vegetarians [5], which
are rare in Lebanon. However, a large percentage of energy consumption is derived from
plant sources (cereals, legumes, and vegetables) [25], which are known to have a high
phytate content. Bioavailability of zinc from the diet is highly dependent on the phytate/
zinc molar ratio, where a high ratio is associated with a marked reduction in zinc absorption
[5].

In line with our finding, a positive correlation between copper and age was reported by
some [20], while others failed to find such a correlation [26]. Moreover, plasma copper
levels of overweight and obese children and adolescent men were reported to be higher than
that of controls [27], but in our study, the correlation between plasma copper and BMI
failed to reach significance. Thus, the relation between plasma copper, age, and BMI is far
from clear. In contrast to our finding, plasma copper level correlated negatively with total
and LDL cholesterol in one study [27], and copper supplementation was reported to
improve lipid profile of rats in another study [28].

Lebanese subjects were found to have a good status of selenium, and this may protect
against the development of CVD, although there is controversy over the role of selenium in
CVD [6]. Whatever, the protective effect of selenium was reported to be mediated via
several mechanisms, including apoB production [29], immune function, arachidonic acid
metabolism, and LDL-C oxidation [6]. The contribution of the antioxidant mechanism may
not be of significant importance for the Lebanese subjects, who are likely to have a good
antioxidant system through their adequate vitamin E status [30] and high consumption of
citrus fruits (vitamin C). On the other hand, the relation between serum selenium levels and
lipid profile is far from clear, although animal studies showed an improvement in lipid
profile with increased selenium intake [31, 32]. In humans, the relationship between
selenium and CHD is not clear despite its known role as an antioxidant. Furthermore,
subjects with low selenium levels were reported to have an increased risk for ischemic heart
diseases and myocardial infarction, and this was believed to be the result of a positive
association between serum selenium and HDL-C [15, 33]. However, others failed to find
such an association with HDL-C [34, 35] or total cholesterol [34]. A correlation between
serum selenium and risk factors for CHD has been reported in adolescents [23], where a
positive correlation was found with total cholesterol, HDL-C, non-HDL-C, and DBP. These
relationships were reported to be influenced by the menopausal status, in which an
association between serum selenium and HDL-C was found in premenopausal but not
postmenopausal Japanese women. In postmenopausal women, erythrocyte selenium was
negatively associated with total cholesterol and LDL-C [36]. However, in the present study,
fasting plasma selenium concentrations correlated with all the components of the metabolic
syndrome and several risk factors for CHD. Animal products are well known to be good
sources of zinc, copper, and selenium. The failure of zinc and copper to exhibit a correlation
with the components of the metabolic syndrome may indicate a minimal contribution of
animal products to this process. Cereals can be a major source of selenium dependent on
soil content, and their intake is known to contribute to about one third of energy intake in
Lebanon [25]. Local productions of cereals contribute only to a small percentage of their
total intake, although soil content of selenium in Lebanon was reported to be adequate [37].
The majority of cereals (wheat) are imported [36] from different countries. Increased
consumption of cereals (carbohydrate) is known to affect both glucose and TG status and
thus affecting other risk factors for CHD. Hence, the positive association between selenium
and risk factors of CHD may be the result of increased cereals consumption (carbohydrate).
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In fact, plasma selenium levels correlated positively with energy and carbohydrate intake,
while both zinc and copper correlated negatively (unpublished data).

In conclusion, subjects in our study were found to have a good status of copper and
selenium but were at an elevated risk of zinc deficiency. Plasma zinc did not correlate with
any of the metabolic syndrome components. Plasma selenium levels correlated positively
with all the components of the metabolic syndromes, while that of copper correlated only
with total cholesterol, HDL-C, and LDL-C.
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