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Abstract Background and aims: The European ‘IMMIDIET’ study was designed to evaluate the
effect of genetic and dietary habit interactions on cardiovascular disease risk factors in nondiabetic subjects. Copper, zinc and selenium are involved in redox balance and modifications
of their homeostasis could be associated with metabolic syndrome. Because few studies have
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dealt with trace element status in metabolic syndrome with conflicting results, we aimed at
investigating the relationships between plasma copper, zinc and selenium concentrations
and metabolic syndrome in the IMMIDIET population.
Methods and results: Maleefemale couples born and living in Abruzzo, Italy (n Z 271); Limburg, Belgium (n Z 267), southwest part of London, England (n Z 263) and 205 ItalianeBelgian
mixed couples living in Belgium were enrolled. Data on medical history, hypertension and
blood lipid profile, medication use, smoking and alcohol habits, physical activity and socioeconomic status were collected using a standardised questionnaire. Anthropometric, blood pressure, glucose, insulin, lipid profile and copper, zinc and selenium measurements were
performed. Participants were classified in two groups according to the presence of metabolic
syndrome (Yes/No).
Comparison between these two groups, performed separately in men and women, indicated
no association in men whereas, in women, metabolic syndrome was associated with higher
plasma selenium concentrations (odds ratio (OR) Z 1.55(1.28e1.89)); this association remained significant after adjustment for age, group, social status, physical activity, energy
intake, alcohol consumption, smoking and hormonal status (OR Z 1.33 (1.06e1.67)).
Conclusion: Our results indicate gender differences in the association between plasma selenium concentration and metabolic syndrome without diabetes and may suggest a sub-clinical
deleterious effect of high selenium status in women.
ª 2010 Elsevier B.V. All rights reserved.

Metabolic syndrome is defined as a cluster of risk factors
which may predispose an individual to diabetes and
cardiovascular diseases [1]. It has been hypothesised that
oxidative stress represents a central mechanism of the
metabolic syndrome because redox imbalance is at the
crossroads of all risk factors involved in the syndrome [2,3].
According to this hypothesis, whether disturbances in
copper, zinc and selenium homeostasis would be related to
the metabolic syndrome is worth investigating, as these
three trace elements are co-factors of antioxidant enzymes
such as superoxide dismutase and glutathione peroxidases
[4]. However, the few studies that compared these trace
element concentrations in people with or without metabolic syndrome [5e8] in different countries led to conflicting results. The risk of developing cardiovascular
diseases varies significantly across Europe [9], and according to age and gender [10]. Several factors may explain the
European NortheSouth and WesteEast gradients such as
genetics, dietary and lifestyle habits.
The IMMIDIET study, designed to examine the impact of
the interaction between dietary and genetic factors on
cardiovascular risk profile in non-diabetic couples from
different European countries, offered the opportunity of
investigating the relationships between plasma copper, zinc
and selenium concentrations and metabolic syndrome
separately in both genders.

Methods
Study population
The IMMIDIET study was a cross-sectional study designed to
investigate geneeenvironment interactions in relation to
cardiovascular risk in apparently healthy couples or partners living together from Italy, Belgium and England.
Details are available at http://www.moli-sani.org/
immidiet_site/welcome.html. Briefly, the couples were
randomly recruited from general practice in southeast

London, England (n Z 263), the Flemish territory of
Belgium (n Z 267) and the Abruzzo region of Italy
(n Z 271). The parents of these couples lived for at least
two generations in the country of enrolment. The influence
of cross-cultural changes was evaluated by including mixed
couples (n Z 205), formed by Italian migrants of the second
generation, and native Belgians, living in the Flemish
territory of Belgium. Exclusion criteria for all groups were
history of cardiovascular disease (acute myocardial infarction, stable and unstable angina, stroke, transient ischemic
attack and peripheral arterial disease), known diabetes
(types 1 and 2), familial hypercholesterolaemia, malignancies, chronic diseases such as heart, liver or renal
failure, defined coagulation deficiency, hypo- and hyperthyroidism and epilepsy.
The study was approved by the ethics committees of all
participating institutions. All study participants gave their
written informed consent.

Questionnaires
Data were collected using a well-standardised questionnaire that included items on medical history, hypertension
and dyslipidaemia, family history of myocardial infarction,
use of any medication, cigarette smoking and socioeconomic status defined as a score based on education, job and
housing. Physical activity was estimated from the reported
daily number of stairs climbed, time spent on walking or
bicycling, frequency of housework, gardening, farming,
lifting heavy materials and sports during the past year.
Energy intakes were evaluated by semi-quantitative food
frequency questionnaires [11,12].

Physical examination
Participating couples attended their general practitioner’s
clinic for the screening visit performed by trained physicians and nurses of the IMMIDIET staff. Blood pressure was
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measured with an automatic device (OMRON-HEM-705CP;
Omron Health Care, Inc., Bannockburn, IL, USA) after the
subject had been resting in the seated position for 10 min,
and before blood sampling. Systolic and diastolic blood
pressure was taken three times, with 2-min intervals
between measurements and the average of the last two
readings was used for the analyses. Body weight and
height were measured on a standard beam balance scale
with an attached ruler, with subjects wearing no shoes
and only light indoor clothing. The body mass index (BMI)
was calculated as weight in kilograms divided by the
square of height in metres (kgm2). Waist circumference
(WC) was measured according to the National Institutes of
Health, National Heart, Lung and Blood Institute guidelines. In practice, with the subject standing erect with the
abdomen relaxed, the arm at the sides and the feet
together, WC was measured, to the nearest 0.1 cm, at
a midway level between the lower rib margin and iliac
crest with the tape all around the body in the horizontal
position. The measurements were performed with a flexible inextensible plastic tape whose length was checked
before starting the survey and once per month during the
survey.

Biological analyses
Blood samples were obtained from participants after
overnight fasting. The measurements of serum lipids and
blood glucose were performed on automated analyser
(Cobas-Mira-Plus; Roche, Milan, Italy). Plasma insulin was
determined by enzyme-linked immunosorbent assay (ELISA)
kit (DAKO Insulin, DAKO, Ely, UK) using a completely automated ELISA analyser (ETI-STAR, DiaSorin S.p.A, Saluggia,
Italy). Plasma copper and zinc were determined by flame
atomic absorption spectrometry (Perkin Elmer 560, Norwalk, CT, USA), and selenium by Zeeman electrothermal
atomic absorption spectrometry (Perkin Elmer 4100, Norwalk, CT, USA). The homeostasis model assessment of
insulin resistance (HOMA-IR) was calculated as follows:
((glucose in mmoll1  insulin in mUl1)/22.5).

Metabolic syndrome definition
Metabolic syndrome was defined according to the revised
criteria of International Diabetic Federation (IDF) and
American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) [13], based on the presence
of at least three of the following factors: waist circumference >102 cm in men and >88 cm in women; serum
triglycerides 1.7 mmoll1 or specific treatment for this
lipid abnormality; high-density lipoprotein (HDL) cholesterol <1 mmoll1 in men and <1.3 mmoll1 in women or
specific treatment for this lipid abnormality; systolic blood
pressure 130 mmHg or diastolic blood pressure 85 mmHg
or treatment of previously diagnosed hypertension; fasting
plasma glucose 5.5 mmoll1. The last criterion originally
included a previous diagnosis of type 2 diabetes, but was
not applied to IMMIDIET population as known diabetes
(types 1 and 2) subject was a study exclusion criterion.
However, 5.7% of the participants exhibited fasting blood
glucose higher than 5.5 mmoll1.

3

Statistical analyses
Statistical analyses were performed separately in men and
women as the criteria used for the definition of metabolic
syndrome depend on gender. In addition, all interactions
between plasma copper, zinc or selenium concentrations
and other variables were tested, and we found a significant
interaction between plasma selenium concentration and
gender (P Z 0.0004). Descriptive analysis results are presented as frequency or mean  standard deviation (SD),
according to the qualitative or quantitative nature of the
variable. Characteristics of participants according to
metabolic syndrome status were compared using the
Student’s t-test for continuous variables and the ManteleHaenszel chi-square test for categorical variables.
Furthermore, analysis of variance (ANOVA) was used to
compare plasma trace element concentrations in the
different groups. Logistic regression models were performed to examine the association between z-scores of
plasma copper, zinc or selenium concentrations (analysed
as continuous variables) and metabolic syndrome (model
1); after adjusting for age, national origin or mixed couple
group, social status, physical activity, dietary energy
intake, smoking habits and alcohol intake (model 2).
Further adjustment for menopausal status and the use of
oral contraceptive pills and hormone replacement therapy
(HRT) were introduced in analyses carried out on women
(model 3). Logistic regressions were performed simultaneously for copper and zinc as their metabolisms are intimately related. Association between each element
concentration and metabolic syndrome was expressed by
odds ratio (OR) with its confidence interval for each
increase of one standard deviation of the component
considered. P values <0.05 were considered statistically
significant. Statistical analyses were performed with the
SAS statistical software, Ver. 8.2 (SAS Institute Inc., Cary,
NC, USA).

Results
The present study was carried on the 1902 non-diabetic
participants (942 men and 960 women) with complete data on
metabolic syndrome, plasma copper, zinc and selenium
concentrations and without missing data for other co-variates. As many as 293 participants presented metabolic
syndrome (15.4%), with a doubled prevalence of metabolic
syndrome in men (20.6%) compared with women (10.3%). For
each gender separately, characteristics of the IMMIDIET
population as a function of metabolic syndrome status are
described in Tables 1 and 2. Participants with metabolic
syndrome were more likely to be older and overweight (both
genders), to drink more alcohol and practice less physical
activity (men only) and to consume a lower-energy diet
(women only), compared with participants without metabolic
syndrome. No significant difference was observed regarding
social status and smoking habits between metabolic
syndrome and non-metabolic syndrome groups. Expectedly,
all the components contributing to metabolic syndrome as
well as insulin and HOMA-IR were significantly different in
participants with metabolic syndrome compared with
participants without metabolic syndrome. Nevertheless, in
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Table 1 Socio-demographic status, lifestyle and anthropometric characteristics of the individuals with and without metabolic
syndrome (MS) in both genders in the 1902 IMMIDIET participants with complete set of data. Results expressed as mean (standard
deviation (SD)) or percentages.
Men (n Z 942)

Age, years
Social Status
Score

0
1
2
3
4
Tobacco
Never smoker
consumption Former smoker
Smoker 0e9 cigd1
Heavy smokers
10 cigd1
Alcohol consumption, gd1
Physical activity score
Energy intake, kJd1
Waist circumference, cm
Body Mass Index, kgm2

p

Women (n Z 960)

p

Non MS (n Z 748) MS (n Z 194)

Non MS (n Z 861) MS (n Z 99)

Mean (SD)
or %

Mean (SD)
or %

Mean (SD)
or %

Mean (SD)
or %

46.2 (7.9)
0.80
13.0
31.7
24.7
26.9
72.1
2.0
3.6
22.3

49.1 (7.5)
2.1
10.3
29.9
27.8
28.4
66.5
1.0
6.2
26.3

<0.0001 43.9 (7.8)
0.39
0.8
13.4
27.3
30.8
25.6
0.17
78.3
1.0
5.7
15.0

49.4 (7.2)
2.0
19.2
33.3
21.2
23.2
74.7
1.0
7.1
17.2

<0.0001
0.14

24.2 (26.6)
18.0 (7.1)
2842 (874)
93.4 (9.2)
26.6 (3.4)

29.9 (31.7)
16.1 (6.8)
2910 (1086)
103.7 (10.2)
29.9 (4.0)

0.02
0.001
0.41
<0.0001
<0.0001

8.1 (13.6)
16.7 (5.6)
2169 (716)
96.0 (9.3)
29.9 (5.0)

0.79
0.20
0.05
<0.0001
<0.0001

participants with metabolic syndrome, the average values of
fasting blood glucose in both genders, HDL cholesterol in men
and diastolic blood pressure in women were in the ‘not at risk’
range. In addition, body mass index mean values indicated
a high prevalence of overweight in the non-metabolic
syndrome population.
Prevalence of metabolic syndrome differed significantly
according to country groups, with the highest in Italy and the
lowest in the mixed BelgianeItalian couples (Table 3). Plasma

8.5 (11.6)
17.5 (6.1)
2319 (716)
83.2 (10.6)
25.2 (4.5)

0.87

copper and selenium concentrations were the highest in Italians and the lowest in the mixed couples (Table 3). However,
country group did not interact in the relationships between
trace elements and metabolic syndrome (results not shown).
Plasma selenium concentrations were significantly higher
in women with metabolic syndrome compared with women
without metabolic syndrome (Table 2). Results of logistic
regression models showed that women with high plasma
selenium concentrations were more likely to have metabolic

Table 2 Medication and biological characteristics of the individuals with and without metabolic syndrome (MS) in both sexes in
the 1902 IMMIDIET participants with complete set of data. Results expressed as mean (standard deviation (SD)) or percentages.
Men (n Z 942)

Triglycerides, mmoll1
HDL cholesterol, mmoll1
Lipid lowering drugs, %
Systolic Blood pressure, mmHg
Diastolic blood pressure, mmHg
Anti hypertensive drugs, %
Fasting blood glucose, mmoll1
Insulin, pmoll1
HOMA-IR
Oral contraceptive pills, %
Menopause, %
Hormonal replacement therapy, %
Copper, mmoll1
Zinc, mmoll1
Selenium, mmoll1

Women (n Z 960)

p

p

Non MS (n Z 748)

MS (n Z 194)

Non MS (n Z 861)

MS (n Z 99)

Mean (SD)
or %

Mean (SD)
or %

Mean (SD)
or %

Mean (SD)
or %

1.57 (0.86)
1.32 (0.33)
4.1
125.6 (14.5)
79.8 (9.4)
6.7
4.5 (0.6)
39.3 (25.6)
1.15 (0.81)

2.52 (0.16)
1.10 (0.29)
34.0
137.8 (15.5)
87.4 (8.9)
22.7
5.1 (1.5)
61.6 (39.5)
2.02 (1.39)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

15.2 (2.4)
13.1 (1.8)
1.24 (0.23)

15.4 (2.3)
13.2 (2.3)
1.24 (0.23)

0.45
0.15
0.84

0.95 (0.41)
1.54 (0.36)
2.4
114.6 (15.5)
73.6 (9.1)
5.9
4.3 (0.6)
35.7 (23.2)
1.01 (0.75)
71.7a
23.8a
19.4a
19.5 (5.3)
12.5 (1.7)
1.21 (0.23)

1.90 (0.79)
1.32 (0.35)
41.4
130.1 (20.3)
81.6 (10.7)
31.3
4.8 (1.6)
58.2 (32.6)
1.85 (1.27)
59.6a
45.5a
29.7a
20.0 (4.8)
12.8 (1.3)
1.32 (0.28)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0009
<0.0001
<0.0001
0.01
<0.0001
0.02
0.41
0.02
0.0002

a

Information for oral contraceptive pills, menopause and hormonal replacement therapy were available for respectively 954 (no MS:
855; MS: 99), 948 (no MS: 849; MS: 99), and 814 (no MS: 723; MS: 91) women.
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Table 3 Plasma trace element concentrations, expressed as mean (standard deviation) and frequency of metabolic syndrome
in men and women from the four population groups.
Men (n Z 942)
England

Italy

Belgium

Mixed

n

247

240

258

197

Metabolic syndrome, %
Copper, mmoll1

23.9
15.1
(2.3)
13.3
(2.4)
1.19
(0.20)

21.7
16.0
(2.5)
12.8
(1.6)
1.40
(0.23)

20.5
15.0
(2.3)
13.0
(1.6)
1.20
(0.21)

15.2
14.7
(2.1)
13.2
(1.8)
1.16
(0.19)

Zinc, mmoll1
Selenium, mmoll1

Women (n Z 960)

P
a

0.15
<0.0001
0.05
<0.0001

P
a

England

Italy

Belgium

Mixed

254

246

260

200

10.6
18.9
(4.6)
12.6
(1.9)
1.18
(0.24)

12.2
20.3
(5.6)
12.1
(1.5)
1.33
(0.23)

10.8
20.1
(5.7)
12.8
(1.6)
1.22
(0.23)

7.0
18.8
(5.0)
12.5
(1.6)
1.13
(0.20)

0.33
0.002
<0.0001
<0.0001

Mixed Z cross-cultural change group formed by marriages between Italian migrants at the first or second generation, and native
Belgian, living in the Flemish territory of Belgium.
a

syndrome (Table 4, Model 1). This positive association
remained significant after adjustments (Table 4, Models 2
and 3). No significant association was found in men.
Plasma copper and zinc concentrations were not associated with metabolic syndrome in both genders in either
univariate or multivariate models (Table 4).

Discussion
The present finding provides evidence that selenium is
positively associated with a higher odd of metabolic
syndrome in women but not in men in this population without
diabetes. By contrast, no significant association was found
between copper or zinc and metabolic syndrome.
With regard to zinc, the lack of association between zinc
and metabolic syndrome in both genders in the IMMIDIET
population is in agreement with the results of the study
conducted in Iran [8]. By contrast, in the Supplementation en
Vitamines et Mineraux Antioxydants (SU.VI.MAX) trial [5], the

Table 4

occurrence of metabolic syndrome during the 7.5-year
follow-up rose with increasing baseline zinc concentrations
despite no significant impact of multi-antioxidant supplementation (b-carotene, vitamin C and E, zinc and selenium)
over the 7.5-year intervention on occurrence of metabolic
syndrome was found. However, we cannot compare our
results to those of SU.VI.MAX trial due to the huge differences
in study design, that is, lack of metabolic syndrome at
baseline and multi-antioxidant supplement administration.
With regard to copper, the lack of association reported
here is in accordance with the results reported in Iran [8].
With regard to selenium, we found increased plasma
selenium concentrations in women with metabolic
syndrome and the association remained significant after
adjustments, suggesting but not demonstrating a causee
effect relationship. No significant association was found in
men. Several factors may contribute to the seleniume
gender interaction. Among them, sex hormones, use of
tobacco and alcohol, hypertension, glucose intolerance,

Association between copper, zinc or selenium (as continuous variable) and metabolic syndrome in men and women.
Men

Women

n

ORc

95%CI

p

n

ORc

95%CI

p

Copper (by increase of 1 SD)

Model 1
Model 2a
Model 3a

942
942
_

1.12
1.07
e

0.96e1.30
0.91e1.26
e

0.15
0.42
e

960
960
810

1.09
1.13
1.13

0.89e1.33
0.80e1.42
0.88e1.44

0.41
0.30
0.35

Zinc (by increase of 1 SD)

Model 1
Model 2b
Model 3b

942
942
_

1.07
1.14
e

0.92e1.25
0.98e1.34
e

0.39
0.09
e

960
960
810

1.21
1.19
1.21

0.99e1.48
0.96e1.48
0.95e1.53

0.06
0.11
0.12

Selenium (by increase of 1 SD)

Model 1
Model 2
Model 3

942
942
_

0.98
0.97
e

0.84e1.15
0.81e1.16
e

0.84
0.75
e

960
960
810

1.55
1.42
1.33

1.28e1.89
1.15e1.77
1.06e1.67

<0.0001
0.001
0.01

Model 1: unadjusted association.
Model 2: adjustment for age, country group, social status, physical activity, energy intake, alcohol consumption and smoking.
Model 3: further adjusted for menopausal status, uses of oral contraceptive pills or hormonal replacement therapy.
a
In these models plasma zinc was further included as a covariate.
b
In these models plasma copper was further included as a covariate.
c
Odd ratio associated with and increase in one SD of plasma trace element concentrations [copper (men: SD Z 2.38 mmoll1, women:
SD Z 5.29 mmoll1) zinc (men: SD Z 1.93 mmoll1, women: SD Z 1.67 mmoll1) and selenium (men: SD Z 0.23 mmoll1, women:
SD Z 0.24 mmoll1)].
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dyslipidaemia, obesity, diet and lifestyle are the most well
known [14e16]. In addition, biosynthesis of selenoenzymes
and selenoproteins displays sex-specific differences in
a dose-dependant manner [17]. Finally, it has been reported that variation in the selenoprotein S 1 gene locus
contributes to the cardiovascular risk only in females [18].
Nevertheless, our results contrast with those of previous
studies. In the Third National Health and Nutrition Examination Survey, similar serum selenium concentrations in
people with or without metabolic syndrome were observed
[6]. In the SU.VI.M.AX trial [5], serum selenium concentrations were not associated to metabolic syndrome but, as
indicated above, the study design does not allow comparison with our findings. In addition, in these two large-scale
studies [5,6], the analyses were not performed separately
for men and women, which is a limitation in comparison
with IMMIDIET results. Nonetheless, in the United Kingdom,
among patients attending a cardiovascular risk-management clinic, serum selenium levels and glutathione peroxidase activity were similar in patients with and without
metabolic syndrome in both genders [7]. Interestingly, in
this study, serum selenium concentrations significantly
decreased with increasing features of the metabolic
syndrome in women but not in men [7]. This observation
corroborates a potential gender effect, although opposite
to our findings; and suggests that the association between
selenium and the metabolic syndrome depends on the
cumulative number of metabolic disturbances. Nonetheless, this negative association was not found in the Third
National Health and Nutrition Examination Survey [6]. The
impact of selenium in cardiovascular diseases remains
inconclusive, due partly to the threshold in the protective
effect of selenium [19], and depends on the type of cardiac
diseases. The moderate inverse relationship between
plasma or serum selenium concentrations and coronary
heart diseases is observed in populations with low intakes
but not in those with high intakes [19]. On the contrary,
there is some evidence that selenium deficiency may lead
to chronic heart failure [20]. Regarding specific association
between serum selenium concentrations and each component of the metabolic syndrome, opposite effects of selenium on the different components of the metabolic
syndrome (negative associations between serum selenium
concentrations and abdominal obesity or HDL cholesterol
and positive associations between serum selenium
concentrations and triglycerides concentrations or blood
pressure) have been reported in the United States [6,16].
These opposite relationships may explain the lack of association between selenium and metabolic syndrome reported in this population [6]. Other recent epidemiological
reports and intervention trials [15,21e24] suggest that high
concentrations of blood selenium may have adverse effects
on metabolic cardiovascular risk factors such as glucose
intolerance and dyslipidaemia by different potential
mechanisms implying the mevalonate pathway, which is
involved in selenoprotein and cholesterol synthesis; the
regulation of lipoprotein synthesis by selenoprotein P; the
effect of selenium compounds; and, particularly, glutathione peroxidase 1 on protein tyrosine phosphatase 1B
[23e25]. However, selenium deficiency is also associated
with diabetes [25], suggesting a nonlinear association
between plasma (or serum) selenium concentrations and
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insulin resistance. In addition, the same dose of selenium
may exert deleterious effects on diabetes and a protective
effect against cancer [25,26].
Differences in study designs, population characteristics,
cut-off points for classification and the weight of each
component of the metabolic syndrome proposed by
different consensus conferences, together with the
complex interplay between trace elements and cardiometabolic risk contribute to discrepancies between IMMIDIET and previous reports [5e8] and may disclose some
limitation of the concept of metabolic syndrome.
Our study presents limitations. First, IMMIDIET is
a cross-sectional study that does not allow us to assess
whether higher plasma selenium concentration in women
with metabolic syndrome is a cause or a consequence of
the metabolic disturbances. The interpretation of the
association between trace elements and metabolic
syndrome remains complex as the relationship between
selenium e but also copper and zinc e and each component of the metabolic syndrome may manifest in opposite
directions and are dose dependent [6,25]. Second, the
IMMIDIET population might not be representative of
metabolic syndrome as known diabetes was an excluding
factor in IMMIDIET. Third, while plasma (or serum) selenium concentration is a good index of selenium status,
plasma (or serum) copper and zinc have been criticised as
indices of status [27,28]. However, in epidemiological
studies [29,30] conducted in healthy populations such as in
IMMIDIET, blood trace element concentrations remain the
more usual way to assess trace elements status. Four, the
participants included in IMMIDIET are obviously not
representative of the whole European population, which
limits the generalisation of our findings. Finally, the
statistical power of IMMIDIET is not sufficient for analysing
the association between trace element and metabolic
syndrome in each country group. Despite these limitations, our results, combined to those reported in other
studies, clearly underline that the full understanding of
the relationships between trace element concentrations,
metabolic syndrome and related cardiovascular diseases
need further investigations in which gender need to be
taken into account.
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