Eur J Nutr (2006) 45:349-354
DOI 10.1007/500394-006-0605-z

José Mataix

Pilar Aranda

Maria Lopez-Jurado
Cristina Sanchez
Elena Planells

Juan Llopis

Received: 21 September 2005
Accepted: 8 May 2006
Published online: 17 July 2006

J. Mataix - P. Aranda

M. Lopez-Jurado - C. Sanchez

E. Planells - J. Llopis

Institute of Nutrition and Food Technology
Dept. of Physiology

Campus Cartuja

University of Granada

Granada, Spain

J. Llopis (X))

Depto. de Fisiologia
Facultad de Farmacia
Campus Cartuja
Universidad de Granada
18071 Granada, Spain
Tel: +34-958/24-3885
Fax: +34-958/24-8959
E-Mail: jllopis@ugr.es

Introduction

Economic development in Spain during recent dec-
ades has favored the appearance of social, cultural
and dietary changes in this typically Mediterranean

Factors influencing the intake and plasma
levels of calcium, phosphorus and
magnesium in southern Spain

Abstract Objective The aim of
the study was to assess factors
influencing the intake and plasma
levels of calcium (Ca), phosphorus
(P) and magnesium (Mg) in an
adult population from southern
Spain, in order to identify patterns
of intake and groups at risk for
deficiency. Methods A cross-sec-
tional survey was carried out in
Andalusia, a western Mediterra-
nean region in southern Spain.
Nutrient intakes were studied in a
random sample of 3,421 subjects
(1,747 men, 1,674 women) be-
tween 25 and 60 years of age.
Blood samples were obtained for
biochemical assays in a random
subsample of 354 subjects (170
men, 184 women). Food con-
sumption was assessed by a 48-h
recall. Concentrations of Ca, P and
Mg were measured in plasma.
Information about level of educa-
tion, smoking habit, alcohol con-
sumption and physical exercise
was collected with a structured
questionnaire. Results Intakes
were below two-thirds of the RDA
in 39.52% of the sample for Ca,

and in 32.31% for Mg. Gender,
age, educational level, obesity,
smoking, alcohol use and physical
activity were associated with dif-
ferences in nutrient intakes. Plas-
ma concentrations were below the
reference value in 14.81% of the
sample for Ca, and in 8.82% for
Mg. Obese persons [body mass
index (BMI) > 30 kg/m°] con-
sumed less Ca, P and Mg, and had
lower plasma Ca concentrations
(P < 0.05) than non-obese per-
sons. BMI showed an inverse
correlation with plasma concen-
trations of Ca (r = —0.21,

P < 0.05). Conclusion Our results
provide an estimate of the intake
of Ca, P and Mg in the adult
population of southern Spain. Of
the factors that affected the intake
of these nutrients, logistic regres-
sion analysis showed that only
female gender and older age were
associated with the risk of low
plasma Ca concentrations.

Key words minerals -
adult - intake - plasma levels —
southern Spain

country. Although much information is available on
dietary habits of the Spanish population and on the
intakes of different foods and nutrients [1], infor-

mation on the influence of physical exercise, obesity,
smoking and drinking on mineral intakes in the adult
Spanish population is generally scarce [2, 3].
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The aims of this study were to evaluate the influ-
ence of demographic characteristics, educational level,
obesity, smoking habit, alcohol consumption and
physical exercise on nutritional intake and plasma
concentrations of Ca, P and Mg in the adult population
in Andalusia, a western Mediterranean region in
southern Spain. Food intakes in this geographical re-
gion departs somewhat from the mean national figures
for certain groups such as cereals, fruit and dairy
products [1]. Our findings document the patterns of
nutrient intake, identify groups at risk for dietary
deficiency, and suggest factors that may influence the
intakes of these nutrients. It is hoped that this infor-
mation will be useful in developing future health
interventions aimed at modifying dietary habits.

Methods
Participants

The data reported here were obtained within the
framework of a large-scale study in the region of
Andalusia [4]. A cross-sectional epidemiological sur-
vey was conducted with a representative random
sample of adults between 25 and 60 years old living in
the region of Andalusia, an 87,597-km? area with
2,946,228 inhabitants between the ages of 25 and
60 years at the time of the study [5]. The theoretical
sample size was 3,680 subjects for a sampling error of
less than 5% and estimates at the 95% confidence level.
The actual sample consisted of 3,421 individuals (1,747
men, 1,674 women), for a participation rate of 92.9%
with valid observations. Participants were asked whe-
ther they had any acute or chronic illness, and were
included if they were (or appeared to be) in good
health; pregnant and lactating women were excluded.
The population of participants who consumed mineral
or vitamin-mineral supplements (3.9%) was also ex-
cluded. The demographic characteristics of the sample,
the sampling system, methods of food consumption
assessment (48-h recall) and blood sample collection
for biochemical analysis, and how level of education,
smoking and drinking habits, and physical exercise
was recorded, are described in detail elsewhere [4]. The
study protocol was approved by the Medical-Ethical
Committee of the Health Council of the Andalusian
Regional Government, and informed consent was ob-
tained from each subject.

Analytical methods

The content of Ca and Mg in plasma was determined
by atomic absorption spectroscopy (Perkin Elmer
AAnalyst 300 spectrometer, Norwalk, CT, USA).

Table 1 Percentage contribution of the different food groups to Ca, P and Mg
intakes

Food group Ca P Mg

Total grain products 9.84 14.94 18.27
Potatoes 0.58 2.96 4.95
Vegetables 3.83 4.4 6.16
Fruits 7.58 5.17 12.85
Pulses 3.75 838 12.71
Nuts 0.19 0.81 2.61
Meat 4.03 20.73 10.91
Fish 3.44 8.61 6.65
Eqgs 1.84 4.80 1.21
Dairy products 59.37 22.57 16.55
Pastries 3.56 4.22 3.58
Others 1.98 2.57 3.54

Phosphorus was measured with a commercial color-
imetric kit from QCA (Amposta, Spain). Seronorm™
Trace Elements (ref 201405) (SERO AS, Billingstad,
Norway) was used for Ca and Mg quality control
measures. Randox human-assayed serum level 3 (ref.
HE1532, Laboratorios Randox, Barcelona, Spain) was
used for P quality control measures.

Statistical analysis

Crude experimental data were subjected to Student’s ¢
test for independent samples. Linear regression
analysis was used to find bivariate correlations;
Pearson’s correlation coefficient was calculated for
95% confidence levels. Multiple logistic regression
analysis was used to estimate the degree of association
between intake or plasma values (dependent variable)
and energy, gender, age, educational level, smoking,
drinking and physical exercise. All analyses were done
with version 11.0 of the Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL, USA). Differences
were considered significant at the 5% probability le-
vel.

Results

Table 1 shows the contribution of the different food
groups to Ca, P and Mg intake. The bivariate analysis
for food intake and mineral intake showed that Ca
intake appeared to correlate with the consumption of
dairy products (r = 0.67, P < 0.01), P intake with the
consumption of dairy products and grain products
(r=0.54, P<0.01 and r = 0.35, P < 0.01, respec-
tively), and Mg intake with the consumption of grain
products and dairy products (r = 0.46, P < 0.01,
r = 0.29, P < 0.01, respectively).

Table 2 shows mean intakes of energy, Ca, P and
Mg and mean plasma levels of these minerals, to-
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Table 2 Mean intakes and plasma concentration of Ca, P and Mg
Total (n 3,421) Men (n 1,747) Women (n 1,674)
Mean SD Mean SD P25 P50 P75 Mean SD P25 P50 P75
Intake
Energy (MJ/d) 9.23 347 10.48 3.72 797 10.04 12.45 792 2.62° 6.01 7.67 9.42
Ca (mmol/d) 20.81 10.69 21.58 11.36 13.84 19.43 27.02 19.99 9.86 13.41 18.40 24.64
19.55 9.64° 2.11 9.64°"
P (mmol/d) 38.42 14.40 40.99 14.99 30.75 38.80 48.79 35.66 12.96° 26.67 34.40 42.45
37.45 11.09° 39.36 11.11%°
Mg (mmol/d) 1.73 436 12.87 4.65 9.66 12.23 15.29 10.54 3.61° 8.08 10.17 12.64
11.70 3.02° 11.76 3.02°
Plasma level (n 354) (n 170) (n 184)
Ca (mmol/l) 2.49 0.29 2.58 0.20 2.50 2.56 2.69 243 0.31° 2.12 2.50 2.63
P (mmol/l) 1.65 0.89 1.56 0.81 1.08 1.30 1.51 1.72 0.94 1.14 1.39 1.77
Mg (mmol/l) 0.92 0.18 0.93 0.20 0.74 0.86 1.11 2.24 0.17 0.74 0.86 0.99

SD = Standard deviation; P = Percentile
®Mean values significantly different from those for the men (P < 0.05)
PMean values adjusted for energy intake

gether with their percentile distributions. Energy in-
take appeared to correlate significantly with the in-
takes of Ca (r = 0.48, P < 0.01), P (r = 0.66, P < 0.01)
and Mg (r = 0.74, P < 0.01).

Calcium intake was equal to or higher than the RDA
for the Spanish population [6] in only 23.3% of the
population. However, mean P intake was higher than
the RDA [7]. (No RDA has been established yet for this
element in the Spanish population.) The Ca/P ratio
was 0.70:1 in men and 0.75:1 in women. Mean Mg
intakes were lower in both genders than the amounts
recommended for the Spanish population [6].

Plasma levels of Ca, P and Mg are reported here for
a sub-sample of approximately 10% of the population
(354 subjects for a sampling error of less than 5% and
estimates at the 95% confidence level). Mean intakes
(mean *+ SD, mmol/day) of Ca (21.61 + 10.78),
P (38.82 £ 14.29) and Mg (11.78 + 4.49) in this sub-
sample did not differ significantly from the values
found for the entire sample (Table 2). Despite the
limited sensitivity and specificity of this measure, it is
used widely in nutritional research [7]. The results of
the analyses showed that mean plasma concentrations
of all minerals were within normal limits in both
genders. We found no significant correlations between
Ca, P or Mg intakes and plasma levels. However, we
found a significant correlation between protein intake
and plasma Ca concentration (r = 0.13, P < 0.05).

Intakes were below two-thirds of the RDA [6] for
Ca in 38.10% of the men and 41.00% of the woman,
and were below this level for Mg in 26.33% of the men
and 38.53% of the woman. Phosphorus intake was
below two-thirds of the RDA in only 1.03% of the men
and 2.15% of the women in our sample [7].

The results for Ca were below the reference value
(2.18 m mol/l) [8] in 2.30% of the men and 25.10% of
the women. Compared to the reference value for Mg

(0.70 mmol/l) [11], plasma concentration was lower
in 7.30% of the men and 10.40% of the women.
However, concentrations of P were below the refer-
ence value (> 0.80 mmol/l) [8] in only 1.14% of the
men and 3.13% of the women.

Table 3 shows how age, education level, obesity,
smoking, drinking and physical exercise, and crude
intakes were associated with plasma levels of miner-
als. In obese persons (BMI = 30 kg/mz; 18.85% of the
population ) we noted an inverse linear correlation
between BMI and plasma Ca levels (r = -0.21,
P < 0.01).

Table 4 shows the associations for Ca, P and Mg
intake with energy intake, demographic characteris-
tics, educational level, obesity, smoking habits, alco-
hol consumption and physical exercise.

In addition to the results shown in Table 4, we
estimated the degree of association between plasma
level of minerals and energy intake, demographic
characteristics, educational level, obesity, smoking
habits, alcohol consumption and physical exercise.
The model adjusted for all variables showed that only
plasma Ca concentration was associated with gender
(OR = 13.13, 95% CI = 3.47-49.72; P < 0.001, with
male gender used as the reference value) and with age
(OR =5.34, 95% CI = 1.27-22.50; P < 0.05; 40-to-
49 year old subgroup; and OR =1191, 95%
CI = 2.92-48.55; P < 0.001; 50-to-59 year old sub-
group, when the 25-to0-39 year old subgroup was used
as the reference).

Discussion

Mean intakes in the Spanish population we studied
were similar to mean values in other western coun-
tries (Table 5). The percentage of persons at risk for
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Table 3 Effect of age, education level, obesity, smoking, drinking and physical exercise on mean daily crude intakes and plasma concentrations of Ca, P and Mg

n Ca Intake (mmol/day) n Ca Plasma level (mmol/l)
P Mg P Mg

Age groups (years)
25-39 1,720 21.01 £ 10.82 39.01 + 14.85 11.91 + 4.47 164 2.56 + 0.21 170 £ 096 092 +0.18
40-49 806 20.28 + 10.23 37.73 + 13.40° 11.63 + 4.13 80 248 + 0.31° 1.60 £ 032 0.93 £0.20
50-60 895 20.93 £ 11.08 37.83 + 14.04 11.59 + 4.35 110 242 +032° 1.63 + 0.91 0.92 £ 0.18
Educational level
University 643 2240 + 10.49 39.29 + 13.91 11.82 + 4.24 49 2.57 £ 0.15 1.94 £ 1.23 0.90 + 0.21
Secondary 812 22.16 £+ 11.50 39.29 £ 15.10 11.81 + 4.43 75 252 £0.23 1.57 + 0.83 0.93 £ 0.19
Primary/no schooling 1,966" 19.80 + 10.30°¢ 37.85 + 14.02°¢ 11.71 £ 433 230° 247 £ 031 163 £ 084 093 £0.18
Obesity
Obese* 645 19.91 + 10.46 3748 + 14.71 11.30 + 4.29 70 243 + 034 1.70 £ 0.93 0.98 + 0.20
Overweight** 1,281 20.76 £ 10.44 38.11 £ 13.64 11.76 + 430° 140 2.50 £ 0.27 1.54 £ 068 097 +0.19
Non-obese 1495 2132 +10.93° 39.06 + 14.50° 11.92 + 4.38° 144 253+026° 173+£103 095+ 0.19
Smoking habit
Current smokers 1,443 20.58 £ 11.17 39.02 + 14.82 12.04 + 4.55 141 2.57 £0.22 1.75 = 0.95 0.98 £ 0.18
Former smokers 628 21.93 + 11.17¢ 38.64 £ 13.96 12.00 = 4.39 59 2.51 £ 038 1.68 + 1.00 0.92 + 0.18
Never smokers 1,350 20.52 + 9.83' 37.52 + 13.70° 11.27 + 4.03% 164 245 + 030 159 £ 082  0.97 £ 0.20
Alcohol consumption
Drinkers®
P25 426 21.72 £+ 10.95 38.97 £ 13.72 11.64 + 4.05 44 247 £ 0.26 168 £ 078 095 +0.18
P50 417 21.22 £ 10.77 38.29 + 13.42 11.79 + 4.41 41 254 +0.23 181 £ 1.12 0.93 + 0.16
P75 841 2191+ 1151 4075 = 14.00%" 1327 + 4619 84 2.55 £ 0.23 1.60 + 0.85 0.95 + 0.21
Non-drinkers 1,737 19.94 + 10.079™ 37.13 £ 14.59% 11.00 + 404" 185 246 + 032' 163 +£ 088 098 + 0.19
Physical exercise
Sedentary* 2,222 20.15 + 10.52. 37.33 + 13.80 11.46 = 99.05 225 247 £ 031 172 £ 097 098 £ 0.20
Active 1-3 h/week 635 21.26 + 10.00! 39.19 £ 14.53 12.02 + 108.26) 69 251 + 0.26 147 £ 059 094 +0.17
Active > 3 h/week 564 2295 + 11.70° 4151 + 15.09* 12.48 + 109.44 60 2.56 + 0.18 1.57 £ 0.77 0.93 = 0.19

# 1,880 persons with elementary school education only and 86 persons with no
formal schooling. ° 220 persons with elementary school education only and 10
persons with no formal schooling. *Obese: BMI > 30 kg/m* ; ** Overweight
BMI > 25 < 30; * Drinkers divided into quartiles P25 (< 5.64 g alcohol/day);
P50 (> 5.64 < 12.24 g alcohol/day); P75 (= 12.25 g alcohol/day). © Never

inadequate intake (<2/3 R DA) of Ca and Mg in
Andalusia (southern Spain) was higher than in Cata-
lonia (north-eastern Spain) [18] and the Canary
Islands [3].

The high intakes of P were responsible for the low
Ca/P ratio (0.7:1), although this figure was within the
range of values that do not affect Ca absorption or
balance [7]. Although the differences between men
and women in Ca and P intakes were significant,
plasma concentration was significantly lower in wo-
men only for Ca (Table 2). In our population we
found that women consumed smaller amounts of
vitamin D (P < 0.001). This would account for the
lower mean plasma levels of Ca in women.

The high percentages of the population with defi-
cient Ca intake are explainable by the recent increase
in the RDA for this mineral in Spain [6], since mean
values for Ca intake in our population were similar to
those found in other western countries (Table 5). This
finding, together with the higher exposure to sunlight
in the population we studied, might help to account
for the low rate of hypocalcemia despite the high

drinks or drinks only on special occasions; ¥ Sedentary: less than 1 h/week
spent on leisure-time physical exercise

Mean values were significantly different from  25-39 years, ° university,

¢ secondary, ¢ obese, ¢ smokers, * former smokers, 9 drinkers P25, " drinkers
P50, ' drinkers P75, / sedentary, * active 1-3 h/day, respectively (P < 0.05)

percentage of the population with deficient Ca intake
[19]. The Mg intake in our population was similar to
the mean values found for other western countries,
where intakes 20-30% below the RDA have been
found [20].

The lack of correlation between mineral intakes
and their plasma levels (see “Results”) might reflect
the marked homeostatic control of elements such as
Ca and Mg, and variability in the data obtained with
the method we used to calculate food intakes. Despite
its limitations, this methodology is widely used in
similar studies.

The steady decrease in plasma Ca concentration
with age, especially in women, probably reflects the
gradual decrease in Ca absorption with age, especially
in post-menopausal women once oestrogen produc-
tion has declined [7]. An inverse correlation between
age and plasma Ca levels was seen only in women
(r=-0.35, P <0.01), and the logistic regression
analysis (OR = 12.06) confirmed this finding.

Educational level is known to influence nutrient
intake. The lower intakes of Ca and P among persons
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Table 4 0dds ratios and 95%
confidence intervals for Ca, P and Mg

Ca

Mg

intakes according energy intake, -
demographic characteristics, Energy intake
education level, obesity, smoking, RDA 2> 100%

drinking and physical exercise Gender
Female

Age (years)

40-49

50-60

Educational level

Secondary

Primary/no schooling

Obesity

Overweight BMI > 25 < 30 kg/m?
Obese BMI > 30 kg/m?
Smoking habit

Former smokers

Current smokers

Alcohol consumption

Drinkers P25 (< 5.64 g /day)

Drinkers P50 (> 5.64 < 12.24 g/day

Drinkers P75 (= 12.25 g/day)
Physical exercise

Active 1-3 h/week

Active > 3 h/week

0.19 (0.16-0.23)*
1.40 (1.16-1.68)*

1.06 (0.86-1.32)
0.83 (0.67-1.04)

1.32 (0.89-1.44)
1.78 (1.42-2.23)*

1.06 (0.88-1.28)
1.08 (0.84-1.38)

1.12 (0.92-1.36)
0.89 (0.70-1.12)

0.82 (0.64-1.07)
0.96 (0.74-1.25)
1.11 (0.90-1.39)

1.03 (0.82-1.28)
0.81 (0.64-1.02)

0.02 (0.003-0.15)*
1.52 (0.99-2.31)

1.19 (0.75-1.90)
0.93 (0.56-1.53)

1.96 (0.99-3.83)
2.09 (1.12-3.90)*

1.21 (0.73-1.72)
0.83 (0.48-1.45)

1.39 (0.88-2.20)
1.62 (0.96-2.73)

0.93 (0.51-1.68)
0.96 (0.53-1.74)
0.81 (0.47-1.40)

0.61 (0.34-1.10)
0.81 (0.45-1.47)

0.10 (0.08-0.12)*
2.18 (1.76-2.70)*

1.09 (0.85-1.39)
1.13 (0.88-1.46)

1.05 (0.79-1.40)
0.99 (0.76-1.29)

1.15 (0.93-1.43)
1.04 (0.78-1.37)

1.01 (0.81-1.26)
0.95 (0.73-1.25)

1.12 (0.83-1.52)
0.93 (0.69-1.26)
0.79 (0.62-0.99)*

0.85 (0.66-1.09)
0.73 (0.56-0.96)*

*P < 0.05

** 0dds ratios and 95% Cl are adjusted for all variables in the table

Reference categories: Energy intake < 100; Male; 25-39 years old; University level; BMI < 30 kg/m% Non-smokers; never
drinks or drinks only on special occasions; Sedentary: less than 1 h/week spent on leisure-time physical exercise = 1
Dependent variables (Ca, P and Mg intake) were categorized in two levels: <RDA = 1, >RDA = 0

Table 5 Mean intakes of Ca, P and Mg (mmol/day) in different countries or
regions

Country Ca P Mg
Ireland [9] 18.55 37.61 10.71
Austria [10] 14.03 - -
Austria [11] 19.18
Belgian [12] 20.1 14.95
France [13] 16.05 - 8.06
UK [14] 19.38 - -
UK [15] 22.20 41.99 11.21
USA [16] 19.18 38.86 11.87
USA [17] - - 13.69
Spain
Overall [1] 21.22 - 12.98
Andalusia (Table 2) 20.80 38.39 11.72
Catalonia [18] 19.05 42.28 12.26
Canary Islands [3] 23.85 45.06 11.84

with the lowest levels of education (Table 3) may re-
flect the lower mean consumption of dairy products
in this group (P < 0.05). Logistic regression analysis
confirmed this result (Table 4).

A diet deficient in micronutrients is considered a
risk factor for obesity [21]. It was recently suggested
that high-Ca diets attenuate lipid deposition in adi-
pocytes and thus forestall weight gain, which may
suggest a role for dairy products in the prevention
and treatment of obesity [22]. A negative association

was recently reported between vitamin D intake and
BMI [23]. In the population we studied, we found that
obese persons (18.85%) consumed smaller amounts of
Ca (Table 3) and vitamin D than non-obese persons
(P < 0.05).

The lower intakes of Ca and vitamin D in obese
persons would account for the lower mean plasma
levels of Ca in this population subgroup (Table 3).
The inverse linear correlation between BMI and cal-
cemia (see “Results”) supports this hypothesis.

In persons who drank, the greater crude intakes
(Table 3) for all three elements paralleled the greater
energy intake in this population subgroup [4]. The
linear correlations between crude energy intake and
crude intakes of each of the three ions (see “Results™)
support this explanation.

The higher intakes of Ca, P and Mg (Table 3) in the
active population mainly reflected the higher con-
sumption of dairy products in this groups
(P < 0.001). A similar situation has been observed in
adult Germans [24].

Although the interpretation of data from survey
studies can be complex, our results provide an initial
estimate of the nutritional status for Ca, P and Mg in
the adult population of southern Spain. Although
gender, educational level, obesity, smoking habits,
alcohol consumption and physical exercise are known
to affect the intake of these nutrients, logistic
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regression analysis of the data for our study popula-
tion showed that the risk of hypocalcemia (14.81% for
the whole sample) was associated only with female
gender and older age. The risk of hypomagnesemia
(8.82% of the population we studied) and hypophos-
phatemia (2.17%) was not associated with any of the
other factors we investigated.

The percentages of persons found to be at risk for
inadequate Ca and Mg intake were worrisome. Low
intakes of these minerals are related with the preva-
lence of certain diseases such as osteoporosis, bone
fractures [25] and, to a lesser degree, cardiovascular

disease [19, 20, 26]. We therefore feel that the intake
of these minerals should be increased in both genders,
and that recommendations to increase physical
activity are also in order. These measures should be
aimed particularly at women, in whom endocrine
changes associated with menopause and decreased
physical activity can increase the risk of bone disor-
ders.

Acknowledgement We thank the Andalusian Regional Govern-
ment for their support, and K. Shashok for translating parts of the
manuscript into English.

ington, DC

. Sauberlich HE (1999) Laboratory tests
for the assessment of nutritional status.
CRC Press Boca Raton FL, p 313

uk/multimedia/pdfs/ndnsv3.pdf

References
. Varela G, Moreiras O, Carbajal A, 9. Hannon EM, Kiely M, Harrington KE, 16. Hajjar I, Kotchen T (2003) Regional
Campo M (1995) Encuestas de pre- Robson PJ, Strain JJ, Flynn A (2001) variations of blood pressure in the
supuestos familiares 1990-1991: Estu- The North/South Ireland food con- United States are associated with re-
dio nacional de nutricional y sumption survey: mineral intakes in gional variations in dietary intakes: the
alimentacion 1991. Instituto Nacional 18-64 years-old adults. Public Health NHANES-III data. ] Nutr 133:211-214
de Estadistica, Madrid Nutr 4:1081-1088 17. Ford ES, Mokdad AH, (2003) Dietary
. Agudo A, Pera G, the EPIC Group of 10. Kudlacek S, Schneider B, Peterlik M, magnesium intake in a national sample
Spain (1999) Vegetable and fruit con- Leb G, Klaushofer K, Weber K, Wol- of U.S. adults. ] Nutr 133:2879-2882
sumption associated with anthropo- oszczuk W, Willvonseder R (2003) 18. Serra-Manjem L, Ribas L, Garcia R et al
metric, dietary and lifestyle factors in Assessment of vitamin D and calcium (1996) The evaluation of nutritional
Spain. Public Health Nutr 2:263-270 status in healthy adult Austrians. Eur J status in Catalonia, Spain (1992-93).
. Henriquez P, Diaz C, Rodriguez E, Clin Invest 33:323-331 Departament de Sanitat i Seguretat
Lépez F, Alvarez E, Diaz ], Pastor MC, 11. Elmadfa I, Freisling MH (2003) Aus- Social. Generalitat de Catalunya, Bar-
Serra L (2000) Biochemical assessment trian nutrition report. Institute of celona
of nutritional status in the Canary Is- nutritional Sciences, University of Vi- 19. Biesalski HK, Brummer R]J, Koéing J,
land population. Archiv Latinoam Nutr ena, Federal Ministry of Health and O’Connell MA, Rechkemmer G, Stos K,
50:(Suppl 1) 43-53 Women, Viena Thurnham DI (2003) Micronutrient
. Mataix J, Lopez-Frias M, Martinez de 12. Kesteloot H, Joossens ] (1988) Rela- deficiencies. Eur J Nutr 42:353-363
Victoria E, Lopez-Jurado M, Aranda P, tionhip of dietary sodium, potassium, 20. Durlach J (1988) Magnesium in clinical
Llopis J (2005) Factors associated with calcium, and magnesium with blood practice. John Libbey, Paris
obesity in an adult Mediterranean pressure. Belgian interuniversity re- 21. Swinburn BA, Caterson I, Seidell JC,
population: influence on plasma lipid search on nutrition and health. James WPT (2004) Diet, nutrition and
profile. ] Am Coll Nutr 24:456-465 Hypertension 12:594-599 the prevention of excess weight gain
. Instituto de Estadistica de Andalucia 13. Noel L, Leblanc JC, Guerin T (2003) and obesity. Public Health Nutr 7:123-
(IEA) (2001) Andalucia. Datos Basicos. Determination of several elements in 146
Consejeria de Economia y Hacienda, duplicate meals from catering estab- 22. Zemel MB (2003) Role of dietary cal-
Junta de Andalucia, Sevilla http:/ lishments using closed vessel micro- cium and dairy products in modulating
www.juntadeandalucia.es/institutode- wave digestion with inductively adiposity. Lipids 38:139-146
estadistica/ coupled plasma mass spectrometry 23. Kamycheva E, Joakimsen RM, Jorde R
. Moreiras O, Carbajal A, Cabrera L, detection: estimation of daily dietary (2003) Intakes of calcium and vitamin
Cuadrado C (2004) Ingestas recomen- intake. Food Addit Contam 20:44-56 D predict body mass index in the
dadas de energia y nutrientes para la 14. Ysart G, Miller P, Crews H, Robb P, population of Northern Norway. ] Nutr
poblacién espafiola (revisadas 2002). Baxter M, De L’Argy C, Lofthouse S, 133:102-106
In: Moreiras O, Carbajal A, Cabrera L, Sargent C, Harrison N (1999) Dietary 24. Beitz R, Mensink G, Henschel Y, Fi-
Cuadrado C (eds) Tablas de composi- exposure estimates of 30 elements from scher B, Erbersdobler HF (2004) Die-
ci6én de alimentos. Ediciones Pirdamide, the UK total diet study. Food Addit tary behaviour of German adults
Madrid Contam 16:391-403 differing in levels of sport activity.
. Institute of Medicine (1997) Dietary 15. Henderson L, Irving K, Gregory J Public Health Nutr 7:45-52
reference intakes for calcium, phos- (2003) The national diet & nutrition 25. Tucker KL (2003) Dietary intake and
phorus, magnesium, vitamin D and survey: adults aged 19 to 64 years. bone status with aging. Curr Pharma-
fluoride. National Academy of Sciences Vitamine and mineral intake and ceut Design 9:2687-2704
(eds) National Academic Press, Wash- urinary analytes. http://www.food.gov. 26. Durlach ], Bac P, Durlach V, Rayssig-

uier Y, Bara M, Guiet-Bara A (1997)
Magnesium status and ageing: an up-
date. Magnes Res 11:25-37



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Tab1
	Sec7
	Tab2
	Tab3
	Tab4
	Tab5
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26

