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ABSTRACT 
 

Aims: Adequate coverage of nutrient requirements is a real health concern and surveillance of the 
nutritional status of a population is a key element for public policies. This study aimed at providing 
a reliable nutritional risk assessment of the French population based on prevalences of inadequate 
and excessive intakes of eleven minerals and trace elements. 
Methodology: Intakes from foods (dietary supplements excluded) were estimated by combining 
composition data from the second national Total Diet Study (TDS2/2007-2009) and consumption 
data from the Individual and National Study on Food Consumption.  Results were compared with 
those from other TDSs. 
Results: Sodium intakes exceeded World Health Organization (WHO) guidance values, 
respectively for 74% of adults, and for 76% of children. For calcium and magnesium, the 
prevalence of inadequate intakes in adults and children ranged from approximately 50 to 70% to 
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over 80% in teenagers. Prevalences of inadequacy were 13% in adults and 18% in children for 
selenium, and 40% in children and 74% in 16-17 year-old girls for iron.  
Conclusion: These substantial risks of inadequate intakes should be considered in the light of 
nutritional status biomarkers. Furthermore, effort to reduce excessive intakes of sodium in the 
French population should be maintained. 
 

 
Keywords: Minerals; trace elements; total diet study; prevalence of inadequacy. 
 

1. INTRODUCTION 
 

Minerals and trace elements play numerous 
biological roles in humans, and today there is 
clear evidence that both deficiencies and 
excessive intakes can undermine physiological 
functions and lead to certain conditions including 
numerous metabolic disturbances (impairments 
of the hormonal and immune system, impaired 
wound healing and nervous system 
development, musculoskeletal disorders, growth 
retardation, appetite and digestive disorders, 
etc.), chronic diseases (osteomalacia and 
osteoporosis, diabetes, cardiovascular disease, 
cancers,  etc.) and even an increase in mortality 
rates [1-3]. 

 

Consequently, fulfilling mineral and trace 
element requirements is a real concern from a 
public health viewpoint. Roman-Vinas et al. [4] 
recently showed, applying the same nutritional 
values to analyse national surveys, that the 
mean prevalence of inadequacy in adults is 
below 11% for zinc and iron in European Union 
countries. In addition, calcium, selenium, and 
iodine are among nutrients showing a higher 
prevalence of inadequate intakes in Europe 
(above 20%). Mean sodium intakes of European 
adult populations range from about 3-5 g/day [5], 
which is over the amounts required for normal 
function. In France, studies on nutritional status 
concern few minerals and trace elements [6,7] 
and their results seem not systematically 
corroborate inadequacy estimations [8]. 

 

Under these conditions, appropriate knowledge 
of the nutritional status of different population 
groups and the identification of critical nutrients 
are key elements for building regulatory and 
public health policies to insure adequate nutrient 
intakes. In addition, the general surveillance over 
time of the nutritional status of these populations 
helps evaluate the effectiveness of public 
measures and adjust nutritional recommend-
dations (for example the setting of food-based 
dietary guidelines) [9]. 

Data from nutritional and clinical surveys are 
used to describe the nutritional status of a 
population or of a specific group of individuals. 
For a given nutrient, this assessment is based on 
the existence of a clinical deficiency or 
insufficiency as evidenced by reliable biomarkers 
[10-13]. In the absence of consistent data to 
characterize a population’s nutritional status, the 
development of nutritional indicators is useful to 
identify situations of inadequate intakes, and is 
now considered as a reliable method to estimate 
the probability of physiological inadequacy, 
thanks to the quality of composition and 
consumption data [14]. In this respect, Total Diet 
Studies (TDS) have the advantage of providing a 
realistic estimation of nutrient intakes via foods 
by yielding more refined data representing an 
average dietary pattern for the population 
(baskets representing food consumption) and by 
considering foods in a “table-ready” state in order 
to take into account the impact of home cooking 
[15,16].  
 

The first French TDS (TDS1) was undertaken 
between 2000 and 2004 by the French National 
Institute for Agricultural Research (INRA), in 
collaboration with the French Food Safety 
Agency (AFSSA) and gave a comprehensive 
appraisal of dietary exposure to or intakes of 
mycotoxins, as well as inorganic contaminants 
and minerals [17]. In 2006, AFSSA undertook a 
second TDS (TDS2) which included a larger 
number of target nutrients and substances, some 
of which had already been analyzed in the first 
study.  
 

The aim of the present work was to provide a 
reliable nutritional risk assessment of the French 
population, including prevalences of inadequacy 
and excessive intakes, based on data from this 
second TDS. Eleven minerals and trace 
elements were considered: calcium (Ca), 
magnesium (Mg), sodium (Na), iron (Fe), 
potassium (K), selenium (Se), manganese (Mn), 
copper (Cu), zinc (Zn), lithium (Li), and 
molybdenum (Mo). Some of these nutrients 
required increased surveillance, for example Na 
for which TDS1 and other surveys (Individual and 
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National Food Consumption survey, INCA1 and 
INCA2) had revealed that intakes exceed the 
reference value, or for example Ca, Mg and Fe 
for which intakes lower than the nutritional 
reference values have been identified.  
 
This work also presented a comparison between 
TDS1 and TDS2 data.  
 

2. MATERIALS AND METHODS 
 
2.1 Food Sampling 
 
The methodology of food sampling has already 
been described [18]. To summarize, core foods 
(n=212) were selected as representative of the 
population’s diet. The selection of these foods 
was based on two main criteria: (i) the foods 
most consumed by adults and/or children with a 
consumer rate of at least 5% according to the 
INCA2 survey, and (ii) foods which are the main 
known or assumed contributors to exposure, if 
they were not selected by the first criterion. The 
core foods covered about 90% of the whole diet. 
 
Metropolitan France was divided into eight major 
regions and food samples (n=1319) were 
collected in the regions where they were most 
consumed, according to the INCA2 data. When 
available, each food item was collected during 
two different seasons to take account of possible 
differences in composition. 
 
In order to be representative of French food 
consumption habits, each food sample was a 
composite sample of up to 15 subsamples of 
equal weight of the same food, taking into 
account the market share of the different brands, 
the origin, species, processing and packaging, if 
relevant, flavouring, etc [18]. Subsamples were 
prepared as consumed by the population (i.e. 
peeled, cooked, etc.) according to the cooking 
habits recorded in the consumption survey 
(including salt added during cooking), then 
pooled in composite samples that were 
analyzed. 
 

2.2 Analysis of the Food Samples/ 
Composition Data 

 
The analytical methods used and the occurrence 
data have been described in detail [19-22]. 
Analysis were performed by the French National 
Reference Laboratory for heavy metals in 
foodstuffs of animal origin (ANSES Laboratory 
for Food Safety) in compliance with good 

laboratory practice, internal quality procedures 
and the ISO/IEC 17025 standard [23]. 
 
To ensure and confirm the analytical accuracy of 
the multi-elemental method used, the laboratory 
regularly participated in proficiency test schemes 
as external quality controls (EQC). The EQC 
results have already been discussed in detail 
elsewhere [24]. 
 

2.3 Food Consumption Data 
 
The consumption data used came from the 
second individual and national study on food 
consumption (INCA2). This survey was carried 
out from December 2005 to May 2007 to take 
into account consumption differences over year’s 
periods. A total of 2624 adults aged 18-79 years 
and 1455 children aged 3-17 years were 
recruited as representative of the population in 
France through stratification [25-27]. To assess 
food consumption, subjects were asked to 
complete a 7-day food diary to describe their 
intakes: food name, home-made or industrial 
origin, brands, etc. Portion sizes for each food 
consumed were estimated through photographs 
compiled in a manual [28] or with household 
measurements (such as a spoon). Moreover, 
certain individual characteristics were also 
recorded, including body weight, age, gender, 
region and city, socio-professional status, etc. 
 
Individual intakes from potential under- and over-
reporters were excluded from the analyses. 
Under- and over-reporters were identified using 
the Goldberg cut-off value for energy intake [29]. 
Basal metabolic rate for each subject was 
calculated by the Schofield equations [30], using 
individual age, sex, height and weight [30]. A 
total of 1918 adults and 1444 children were 
considered in this work. 
 

2.4 Nutritional Intake Assessment 
 
The assessment of nutritional intakes (excluding 
food supplements) consisted in combining the 
national consumption data with the composition 
data from the analyses for each subject of the 
INCA2 survey according to the following formula:  
 

Ii,j = ∑ C�,� x L�,�
�
���  

 
where Ii,j is the daily intake of nutrient j for subject 
i, Ci,k is the mean daily consumption level of food 
k by subject i (k=1 to n), Lk,j is the level of nutrient 
j in food k. Each food consumed by a subject 
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was assigned a mean composition level 
calculated for the two samples from each 
sampling wave from its region. If the food was 
not sampled in the region, then it was assigned 
the average of the mean levels from all the 
regions sampled. 
 
Mean intakes were calculated for different 
population subgroups (4-6 year old, 7-10, 11-14, 
15-17, 18 and over, women of childbearing age 
(18-45 year old), subjects over 65) as well as 5

th
 

and 95
th
 percentiles (P5, P95) for the whole adult 

(aged 18 to 79 years) and child (aged 4 to 17 
years) populations.  
 
Comparisons of the results with the first French 
TDS were performed using T-tests, using SAS 
version 9.2 (SAS Institute Inc., Cary, NC, USA). 
 

2.5 Nutritional Situation Assessment: 
Comparisons with Reference Values 

 
2.5.1 Prevalence of inadequate intake 

estimation 
 
In this study, individual intakes were compared to 
French nutritional reference values, namely, 
estimated average requirement (EAR), 
population reference intake. French population 
reference intakes (ANC - apports nutritionnels 
conseillés) have been established for a given 
nutrient as the level of intake necessary to cover 
the requirements of virtually the entire healthy 
population (97.5%) [10]. By convention, the ANC 
is defined as the estimated average 
requirements (EAR)1  plus almost two standard 
deviations of 15% each. Thus, nutrient intakes 
below the ANC are not necessarily a reflection of 
an inadequacy. Consequently, the EAR, which 
applies to individuals, has been used as the 
relevant criterion for the estimation of the 
prevalence of inadequate intakes in a population. 
The EAR cut-point method was used to 
approximate the proportion of the population with 
adequate intakes. The EAR values used were 
calculated using the following formula: 
EAR = 0.77 x ANC for all nutrients except 
magnesium, for which the EAR = 0.83 x ANC 
[14], and iron, for which a probabilistic method 
was used with a risk curve derived from the 
estimation of the requirement distribution [31]. 
This method allows to assess the probability for 

                                                             
1  The estimated average requirements result from values 
acquired from an experimental group consisting of a limited 
number of individuals and corresponding to average 
individual requirements.  

each subject to cover its needs using the risk 
curve and the estimated intake. Then the 
probability for the whole population to be at risk 
of inadequacy is calculated. When only a range 
for the population reference intake or EAR was 
found in the literature, the mean value of this 
range was used for comparison with intake. For 
zinc, two EAR values were defined depending on 
the composition of the diet, as diet is known to 
modify intestinal absorption of this trace element 
[32]. Our calculations considered the EAR 
corresponding to a 30% intestinal absorption 
rate, which is the value proposed in the case of a 
diet relatively rich in animal products. 
 
Percentages of the population whose intakes 
were below the requirements (or who had a 
prevalence of inadequate intakes) were 
calculated with their confidence interval (CI95).  
 
2.5.2 Prevalence of excessive intake 

estimation 
 
Individual intakes were compared to tolerable 
upper intake levels (UL) when they exist. The 
values defined at European level (EFSA) or if not 
available, in France, were given preference [10, 
33]. If neither France nor EFSA had defined an 
UL for a nutrient, similar values proposed by 
agencies abroad were considered.  
 
Concerning sodium, the intake limit 
recommended by the WHO (5 g of salt per day, 
or about 2000 mg of sodium for adults) [34] has 
been used, as data are insufficient to establish 
an UL for this mineral. For children, WHO 
recommends to extrapolate this value according 
to the energy requirements. Hence, for a 3 year 
old child whose energy needs are 1200 kcal/day, 
the intake limit recommended will be 1.2 g/day (3 
g/day NaCl). 
 
Percentages of the population whose intakes 
exceeded the reference value (UL or guidance) 
were calculated with their CI95.  
 

3. RESULTS 
 
For each mineral or trace element studied, the 
results were displayed considering an estimation 
of nutrient intakes, allowing the identification of 
main food contributors (Tables 1 and 2), and 
estimation of prevalence of insufficient and 
excessive intakes (Table 3). Specific data 
concerning different age groups were also 
presented (Tables 4 and 5). 
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Table 1. Mean estimated intake of minerals by the French adult population (18-79 y) from the different food groups 
 

Food group Ca 
(mg/day) 

Mn 
(µg/day) 

Mg 
(mg/day) 

Cu 
(µg/day) 

Zn 
(µg/day) 

Li 
(µg/day) 

Na 
(mg/day) 

Mo 
(µg/day) 

Se 
(µg/day) 

K 
(mg/day) 

Fe 
(µg/day) 

Bread and dried bread products 29 623 34 125 609 0.74 802 15.1 2.9 229 1255 

Breakfast cereals 3.8 13 1.1 3 17 0.02 4 0.4 0.1 8.2 48 
Pasta 6.2 114 10 111 139 1.55 81 3.3 1.0 18 250 
Rice and wheat products 2.5 60 4.1 35 81 1.04 38 2.8 0.6 12 75 

Croissant-like pastries 3.6 36 2.9 11 62 0.06 52 1.0 0.2 20 156 
Sweet and savoury biscuits and bars 2.9 35 4.1 15 49 0.08 32 1.3 0.2 29 122 

Pastries and cakes 11 54 6.2 24 106 0.25 72 2.3 0.8 53 315 
Milk 88 2 10 8 324 0.27 36 3.8 2.1 138 35 
Ultra-fresh dairy products 92 15 11 9 318 0.40 38 4.0 2.0 145 47 

Cheese 150 5 8.2 15 541 0.10 172 2.0 0.7 35 28 
Eggs and egg products 7.5 6 2.4 11 197 0.16 32 1.1 0.8 29 265 
Butter 2.0 0 0.3 2 8 0.14 21 0.5 0.4 3.6 6 

Oils 0.1 0 0.02 0 2 0.00 0.07 0.1 0.2 0.1 2 
Margarine 0.5 0 0.07 0 3 0.01 7.6 0.1 0.1 1.6 3 

Meat 5.7 5 14 36 2018 0.18 34 0.8 1.2 179 786 
Poultry and game 4.4 4 11 23 395 0.09 31 1.2 1.1 112 259 
Offal 0.2 4 0.4 162 91 0.01 2 1.4 0.5 5.1 78 

Delicatessen meats 3.7 11 7.1 37 612 0.18 297 1.9 0.9 106 417 
Fish 2.4 6 4.6 9 55 0.13 35 0.3 2.0 42 65 
Crustaceans and molluscs 4.1 18 2.7 20 194 0.22 17 1.0 0.8 8.7 81 

Vegetables (excluding potatoes) 36 170 20 70 251 2.36 93 8.4 2.8 279 562 
Potatoes and potato products 8.0 61 14 50 137 0.89 48 3.0 1.4 220 198 

Pulses 1.8 26 2.3 14 56 0.31 7.7 6.8 0.1 14 80 
Fruit 14 115 17 80 110 1.09 2.0 5.2 3.4 256 180 
Dried fruits, nuts and seeds 1.4 39 3.3 21 62 0.03 7.3 1.9 0.1 20 41 

Ice creams, sorbets and frozen desserts 6.2 15 2.9 13 34 0.09 5.0 0.7 0.2 22 338 
Chocolate 6.2 45 5.7 32 60 0.04 3.7 0.8 0.1 29 352 
Sugars and sugar derivatives 1.5 26 1.0 4 11 0.09 1.0 0.7 0.5 13 29 

Water 102 4 18 72 56 16.72 16 2.3 17.3 4.6 36 
Non-alcoholic beverages 8.1 44 6.9 16 20 0.72 4.5 1.3 2.9 84 60 

Alcoholic beverages 15 109 14 14 121 1.09 2.8 4.1 3.6 103 296 
Coffee 54 125 26 698 73 8.31 4.5 1.2 5.5 254 54 
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Other hot beverages 31 138 5.5 58 64 6.76 7.1 1.1 3.2 33 95 

Pizzas, quiches and savoury pastries 21 36 4.9 15 180 0.24 104 1.8 0.4 41 146 
Sandwiches and snacks 6.0 37 3.8 12 204 0.16 79 1.2 0.4 32 135 

Soups and broths 11 45 6.5 37 75 2.49 156 1.9 1.8 103 119 
Mixed dishes 15 63 9.3 43 481 0.79 145 4.6 0.9 89 363 
Dairy-based desserts 18 23 5.5 19 89 0.12 13 1.2 0.5 43 259 
Compotes and cooked fruit 6.7 14 0.9 7 6 0.04 0.2 0.6 0.4 16 17 
Seasonings and sauces 2.9 11 2.6 6 23 0.18 152 0.4 0.3 24 60 
Miscellaneous foods 0.05 0 0.07 0 1 0.00 0.1 0.0 0.0 0.1 2 

Total 786 2158 304 1936 7935 48.2 2653 93.9 64.4 2854 7715 

 
Table 2. Mean estimated intake of minerals by the French child population (3-17 y) from the different food groups 

 
Food group Ca 

(mg/day) 
Mn 
(µg/day) 

Mg 
(mg/day) 

Cu 
(µg/day) 

Zn 
(µg/day) 

Li 
(µg/day) 

Na 
(mg/day) 

Mo 
(µg/day) 

Se 
(µg/day) 

K 
(mg/day) 

Fe 
(µg/day) 

Bread and dried bread products 17 290 16 59 286 0.36 388 7.2 1.4 109 593 
Breakfast cereals 17 33 3.4 9 55 0.06 15 1.2 0.3 27 254 
Pasta 6.9 127 11 125 154 1.72 91 3.7 1.1 20 276 
Rice and wheat products 2.5 59 4.1 33 78 0.96 35 2.6 0.6 12 76 
Croissant-like pastries 6.0 59 4.7 18 103 0.10 86 1.7 0.4 33 263 
Sweet and savoury biscuits and bars 5.3 71 8.0 31 93 0.16 51 2.5 0.4 51 255 
Pastries and cakes 13 61 7.4 29 139 0.26 84 2.6 0.8 59 387 
Milk 174 5 20 14 645 0.56 71 7.6 4.1 274 70 
Ultra-fresh dairy products 86 12 10 9 293 0.38 35 3.8 1.9 132 44 
Cheese 85 3 4.6 8 309 0.07 97 1.2 0.4 20 17 
Eggs and egg products 5.0 4 1.6 7 131 0.11 21 0.7 0.5 20 173 
Butter 1.4 0 0.2 2 5 0.10 15 0.3 0.3 2.5 4 
Oils 0.1 0 0.01 0 2 0.00 0.05 0.0 0.2 0.04 1 
Margarine 0.2 0 0.032 0 2 0.01 4.1 0.1 0.1 0.8 2 
Meat 4.0 4 11 28 1618 0.14 26 0.6 0.9 138 639 
Poultry and game 3.1 3 7.4 14 260 0.05 20 0.8 0.7 77 153 
Offal 0.1 1 0.2 53 31 0.00 0.6 0.5 0.1 2.0 34 
Delicatessen meats 3.2 8 5.2 25 451 0.15 214 1.2 0.6 79 289 
Fish 1.9 9 4.0 7 48 0.14 36 0.5 1.3 37 53 
Crustaceans and molluscs 1.7 4 0.9 7 48 0.07 6.0 0.4 0.3 2.9 29 
Vegetables (excluding potatoes) 21 102 12 40 159 1.38 59 5.7 1.6 155 334 
Potatoes and potato products 8.3 58 13 45 132 0.85 53 2.8 1.3 203 187 
Pulses 1.6 23 2.0 13 50 0.27 6.9 6.2 0.1 12 74 
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Fruit 6.5 69 9.2 39 58 0.50 1.1 2.3 1.6 133 92 
Dried fruits, nuts and seeds 0.6 16 1.3 9 25 0.01 3.0 0.8 0.0 7.9 16 
Ice creams, sorbets and frozen desserts 8.0 19 3.8 16 44 0.11 6.3 0.9 0.3 28 432 
Chocolate 13 104 10 54 105 0.08 7.6 1.4 0.3 56 453 
Sugars and sugar derivatives 1.0 11 0.8 2 7 0.04 1.5 0.5 0.2 6.3 24 
Water 56 3 7.5 53 38 6.78 9.8 1.5 11.0 3.3 27 
Non-alcoholic beverages 12 69 9.7 21 27 1.11 6.2 1.5 4.1 123 83 
Alcoholic beverages 0.2 1 0.2 0 1 0.01 0.046 0.0 0.1 1.5 3 
Coffee 1.5 3 0.6 17 2 0.20 0.1 0.0 0.1 6.0 1 
Other hot beverages 16 24 4.3 19 78 0.48 7.2 0.8 0.6 37 128 
Pizzas, quiches and savoury pastries 20 33 4.5 14 167 0.22 97 1.7 0.4 38 135 
Sandwiches and snacks 5.1 31 3.2 10 178 0.13 66 1.0 0.3 27 116 
Soups and broths 5.6 23 3.4 19 40 1.19 85 1.0 0.9 52 64 
Mixed dishes 19 67 10 41 420 0.72 163 4.4 1.0 94 321 
Dairy-based desserts 23 30 7.9 29 123 0.16 17 1.6 0.7 62 389 
Compotes and cooked fruit 7.5 19 1.2 8 9 0.06 0.2 0.9 0.5 22 23 
Seasonings and sauces 2.2 9 2.0 5 20 0.15 113 0.4 0.2 26 53 
Miscellaenous foods 0.002 0 0.003 0 0 0.00 0.003 0.0 0.0 0.003 0 
Total 659 1465 227 929 6431 19.84 1998 74.7 41.5 2186 6566 

 
Table 3. Intakes of minerals by the French adult and child populations, and percentage of the populations not reaching the requirements or 

exceeding the limitation values 
 

Nutrient Nutrients Intakes Reference values 
 

% Inadequate intakes 
Adults Children Adults Children 
P5* Mean P95† P5 Mean P95 %<EAR or %>UL 

[CI 95%] 
%<EAR or %>UL 
[CI 95%] 

Calcium (mg/d) 345 786 1419 298 659 1118 RDA=700 to 1200 [10] 50 [48 ; 52] 68 [66 ; 70] 
UL = 2500 [33] 0.05 [-0.05 ; 0.1] 0 

Manganese (mg/d) 1.07 2.16 3.55 0.71 1.46 2.56 no requirement value - - 
UL = 10 [10] 0 0 

Magnesium (mg/d) 180 304 457 136 227 342 RDA = 6 (mg/kg bw/d) [10] 65 [63 ; 67] 53 [51 ; 56] 
UL = 700 [10] 0.05 [-0.06 ; 0.2] 0 

Copper (mg/d) 0.73 1.94 4.11 0.5 0.93 1.73 RDA = 0.8 to 2 [10] 33 [31 ; 35] 73 [71 ; 76] 
UL = 5 [33] 2.6 [1.9 ; 3.3] 0.8 [0.4 ; 1.3] 

Zinc (mg/d) 4.09 7.93 13.3 3.5 6.43 10.7 RDA = 3 to 19 [10] 26 [24 ; 28] 48 [46 ; 51] 
UL = 25 [33] 0.08 [-0.05 ; 0.2] 0.5 [0.1 ; 0.8] 

Lithium (µg/d) 14.9 48.2 93.6 9 19.8 38.6 no requirement value - - 
no UL - - 
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Sodium (g/d) 1.3 2.65 4.5 1.08 2 3.41 no requirement value - - 
WHO guidance value = 2[34] 74 [72 ; 76] 76 [74 ; 76] 

Molybdenum (µg/d) 49.1 93.9 155 40.3 74.7 130 no requirement value - - 
UL = 600 [33] 0 0.08 [-0.07 ; 0 2] 

Selenium (µg/d) 34.6 64.4 100.7 23.8 41.5 66.2 RDA = 20 to 70 [10] 13 [12 ; 15] 18 [17 ; 20] 
UL = 90 to 300 [33] 0 0.08 [-0.07 ; 0 2] 

Potassium (mg/d) 1635 2854 4333 1303 2186 3278 no requirement value - - 
no UL - - 

Iron (mg/d) 4.03 7.71 12.6 3.4 6.57 11.1 EAR = 2.73 to 17.51 [31] 36 [34;37] 40 [38 ; 42] 
UL = 28 [10] 0 0 

RDA, recommended daily allowance; 
EAR, estimated average requirement (for each individual, depending on their gender and age, intakes were compared to EAR calculated as 0.77*RDA except for magnesium: 0.83*RDA); 

UL, upper safety level. 
*, fifth percentile;†,ninety-fifth percentile. 

 
Table 4. Mean total intakes of minerals in the different subgroups of the French population 

 
  Ca, 

mg/day 
Mn, 
mg/day 

Mg, 
mg/day 

Cu, 
mg/day 

Zn, 
mg/day 

Li, 
µg/day 

Na, 
g/day 

Mo, 
µg/day 

Se, 
µg/day 

K, 
g/day 

Fe, 
mg/day 

4-6 years old 633 1.13 192 0.70 5.24 16.25 1.52 63.1 35.3 1.91 5.18 
7-10 years old 680 1.44 226 0.91 6.35 18.53 1.96 76.3 40.5 2.19 6.60 
11-14 years old 676 1.62 244 1.03 7.01 21.65 2.21 78.8 44.5 2.32 7.19 
15-17 years old 635 1.68 245 1.08 7.17 23.48 2.32 80.5 46.1 2.33 7.30 
Women of childbearing age  
(18-45 years old) 

719 1.78 257 1.62 6.57 41.99 2.17 77.6 58.0 2.41 6.53 

Older subjects (>64 years old) 742 2.24 297 1.89 7.44 49.31 2.74 96.4 64.4 2.86 7.37 
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Table 5. Mean iron intakes in different subgroups of the French population and prevalence of 
inadequate intake 

 

 n Intake, mg/day Prevalence of inadequate intake, % CI 95% 
Adults     
Men 18-64 y 649 9.12 13 [11;15] 
Women 18-54 y 792 6.61 67 [65;69] 
Men 65-75 y 102 8.65 17 [12;22] 
Women 55-75 y 323 6.50 28 [25;31] 
> 75 y 52 6.98 29 [20;37] 
Children     
4 to 6 y 242 5.18 33 [31;35] 
7 to 9 y 236 6.67 26 [23;29] 
10 to 12 y 295 6.74 36 [32;40] 
Boys 13-15 y 164 8.17 39 [32;45] 
Girls 13-15 y 212 6.53 64 [58;69] 
Boys 16-17 y 144 8.37 47 [40;55] 
Girls 16-17 y 151 6.44 74 [70;79] 

CI, confidence interval; y, years old. 
 

3.1 Main Food Contributors to Intakes 
 

Bread and bread products appeared to be one of 
the major contributors to the intake of iron (16% 
in adults, 9% in children), manganese (29% in 
adults, 20% in children), magnesium (11% in 
adults, 7% in children), molybdenum (16% in 
adults, 10% in children), sodium (30% in adults, 
19% in children), and zinc (8% for adults only). 
Milk also appeared to be a major contributor to 
different nutritional intakes. For children, it 
contributed to 26% of calcium intake. For adults, 
milk brought 11% of the total intake of calcium 
after cheese (19%) and other dairy products 
(12%), and water (13%). For children, milk was 
also a major vector of potassium (13%), zinc 
(10%), selenium (10%), molybdenum (10%), and 
magnesium (9%). Among beverages, coffee was 
estimated to contribute significantly to intake of 
copper (36%), lithium (17%), potassium (9%), 
selenium (9%), and magnesium (9%) in adults, 
and water appeared to contribute significantly to 
intake of lithium (35% in adults, 34% in children) 
and selenium (27% in adults, 26% in children). 
For adults and children, meats, including beef, 
mutton and lamb, and pork, contributed to 10% 
of total iron intake and 25% of total zinc intake. 
For adults and children, delicatessen meats 
appeared to contribute to sodium (11%) and zinc 
(8%) intakes. Of note, vegetables (excluding 
potatoes) contributed to potassium (10%) and 
magnesium (7%) intakes in adults. 
 

3.2 Prevalence of Excessive Intake 
Estimation 

 

Generally increasing with age (Table 4), sodium 
intakes exceeded WHO recommended intake 

limit, respectively for 74% [72-76] of adults, and 
for 76% [74-79] of children. Intakes reached 2.65 
g/d on average in adults (P95=4.5 g/d) and 2 g/d 
in children (P95=3.41 g/d). Moreover, 2.6% [1.9-
3.3] of adults and 0.8% [0.4-1.3] of children had 
copper intakes exceeding the upper safe limit. In 
addition, 0.5% [0.1-0.8] of children had zinc 
intakes higher than the upper safe limit. 

 
For the other nutrients, the prevalence of 
excessive intakes was equal to zero or 
statistically insignificant (Ca, Mn, Mg, Mo, Se, 
Fe). 

 
3.3 Prevalence of Inadequate Intake 

Estimation 
 
Mean calcium intakes were assessed at 786 
mg/d in adults and 659 mg/d in children (P5 at 
345 and 298 respectively). For magnesium, 
mean intakes were 304 mg/d in adults and 227 
mg/d in children (P5 at 180 and 136 
respectively). 

 
Then for both nutrients, prevalences of 
inadequate intakes in adults and children ranged 
from about 50 to 70%, whereas prevalences of 
inadequate intakes of iron and selenium 
remained lower (13 to 40%). Indeed, intakes 
differed greatly between population subgroups 
(Table 4) and, due to different EARs, the highest 
prevalences affected specific subgroups of the 
population. For instance, 60% [47-72] of elderly 
people (>75 years) did not reach the EAR 
defined for the selenium intake (data not shown). 
About 86% [83-88] of teenagers aged 10-17 had 
a calcium intake lower than their EAR, and more 
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than 80% of teenagers aged 12-17 had a 
magnesium intake lower than their EAR. For 
those three nutrients, the prevalence increased 
with age in children, and was higher for girls than 
boys. 
 
Concerning iron, prevalence of inadequate intake 
ranged from 64 to 74% in females aged 13 to 54 
(Table 5), with mean intakes estimated between 
6.44 and 6.61 mg/d.  Among other adult and 
child subgroups, the prevalence remained 
between 13 and 47%. Highest mean intakes 
were reached by 18-64 y old men (9.12 mg/d). 
 
For copper and zinc, prevalences of inadequate 
intakes varied from 26% (adult zinc intakes) to 
73% (child copper intakes). 
 

For sodium, lithium, manganese, potassium and 
molybdenum no estimation of inadequate intakes 
was calculated because no requirement values 
have been set for these nutrients. 
 

4. DISCUSSION  
 
Results of this 2

nd
 French TDS can be compared 

with the results of the 1
st
 French TDS conducted 

in 2001 [17] as the methods used were the same 
for both consumption surveys, for the sampling 
method and the analysis performed. Compared 
with the results of the 1

st
 French TDS, the 

intakes of lithium, copper and magnesium 
appeared to be significantly higher (until 2 times 
higher, P<0.0001 to 0.003). Concerning copper 
and lithium this may be due mainly to higher 
concentrations measured in foods. For 
magnesium, this trend was already observed 
with the INCA1 and INCA2 surveys [26,27]. In 
adults, calcium intake also significantly increased 
since TDS1 (P<0.0001), in accordance with the 
consumption level of dairy products [26], 
whereas in children calcium intake significantly 
decreased (P<0.0001) with dairy product 
consumption [27]. Manganese intakes were 
slightly but significantly higher in TDS2, for adults 
as well as children (P<0.0001), in spite of 
equivalent concentrations in foods. For some 
nutrients, differences in intakes in the two studies 
might be explained by differences in food group 
coverage within the diet. For instance, in TDS1, 
almost all kinds of pulses, which are a major 
vector food for molybdenum, were included in 
the sampling plan (and in the intake assessment) 
while in TDS2 only about 62% of the pulses 
consumed in France were covered [18]. Then 
intake of molybdenum could have been 

underestimated in the present study. In both 
studies, zinc and sodium intakes of children are 
similar. Iron intakes were not estimated in TDS1; 
in TDS2, the mean intakes were lower (around 
40%) than those estimated by combining the 
INCA2 consumption data with national nutritional 
composition data (not published), certainly due to 
incomplete dietary coverage and most likely also 
due to lower levels in foods or to analytical 
uncertainty. For sodium, the mean intake levels 
were in the same range as those estimated 
during TDS1, given the analytical uncertainty 
related to sample preparation, and were slightly 
below those estimated by combining the INCA2 
consumption data with national nutritional 
composition data (not published), due to 
incomplete coverage of the total diet. The mean 
intakes of zinc are around the same levels as 
those estimated during TDS1, but slightly lower 
than those estimated by INCA2 (20-25%), which 
is consistent with incomplete coverage of the 
diet. 

  

Mean adult intakes of calcium, sodium, 
molybdenum, potassium and selenium were in 
the same range of those reported in other 
European and non-European TDSs (Table 6). 
For manganese and zinc, TDS results were 
heterogeneous, with French TDS2 intakes being 
the median. Magnesium intakes were about 30% 
higher in French TDS2 than in the American TDS 
[35] and the Italian TDS [36]. Copper intakes in 
French TDS2 were up to 100% higher than those 
reported for other TDSs. Iron intakes in French 
TDS2 were 30-40% lower than those reported for 
other TDSs. These differences may be explained 
by differences in food consumption levels and 
iron concentrations in the different food groups. 
For instance, the iron content of corn flakes is 
about 10-20 times higher in the USA than in 
Europe (France and Spain) [37]. Moreover, 
consumption of corn flakes is also higher (12-13 
g/day for adults in the USA vs 4.9 in France) [26]. 
Moreover, the iron content of alcoholic 
beverages reported in the Spanish study [38], 
which contributed to 13.9% of the total intake, 
was 6.5 mg/kg, whereas in the French TDS2 it 
was equal to 1.1 mg/kg, with a 4% contribution to 
the total intake. Finally, while the intakes of meat, 
seafood products and eggs were similar between 
adults in the Italian and French populations, their 
contributions to the total iron intake were higher 
in Italy than in France (48% versus 23%). These 
differences might be due to higher iron content in 
animal products in Italy. 
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Table 6. Comparison of mean intakes of minerals and trace elements (mg/day) in adults according to total diet studies from different countries 
 
 France 

Leblanc   
et al. 
(2005) 
[17] 

Ireland 
(2011) 
[39] 

UK 
Rose et al. 
(2010) 
[40]* 

USA 
Egan et al. 
(2002)[35] 

Australia 
FSANZ 
(2011) [41] 

New 
Zealand 
NZFSA 
(2009) [42] 

Italy 
Lombardi-
Boccia  
et al. (2003) 
[36] 

Italy 
Turconi  
et al. 
(2009) 
[43] 

Japan Aung 
et al. 
(2006)[44]  

Lebanon 
Nasreddine et 
al. (2010)[45] 

Spain 
Urieta  
et al. 
(1996)[38] 

Calcium 786  - 512-796 695-1170 - 738 - -  - 
Magnesium 304  - 184-262 - - 262 - -  - 
Manganese 2.16  67* 

4.69 
[LB 1.88; 
UB 2.93] 

3.94-5.38 - - 1.38 
[0.45-
2.19] 

2.72 2.04 - 

Copper 1.94  17.23* 
1.21 

[LB 0.73 ; 
UB 1.36] 

1.22-1.89 
 

- 1.2 1.14 
[0.73-
1.96] 

0.78 1.10 - 

Zinc 7.93  140.7* 
9.85 

7.6-12.7 7.8-14.8 
 

- 10.6 12.0 [7.5-
19.8] 

6.75 10.97 11.6 

Lithium 0.48  - - - - - - -  - 
Sodium 2653  - 1682-2739 - 2049-3405 3812 - -  - 
Molybdenum 0.09  1.61-1.64* 

0.11 
- 0.076-0.12 

 
- - 0.079 µg 

[0.032-
0.106] 

0.13  - 

Potassium 2854 
 

 - 1853-2683 2960-4440 
 

 2913 - -  - 

Selenium 0.06 0.05-
0.09 

0.83-0.95* 
0.06-0.07 

[LB 0.074 ; 
UB 0.126] 

0.097-0.17 
 

0.056-
0.082 

0.104 - -  - 

Iron 7.71  - 9.0-.13.9 8.7-14.8 - 12.7 11.0 
[6.41-
19.45] 

- 13.0 11.3 

*, values specifically expressed in µg/kg bw/day, assuming a mean body weight of 70 kg 
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In the absence of data related to the 
physiological and nutritional status of a 
population, an estimation of the prevalence of 
adequate intakes (probability of adequacy) only 
is possible thanks to statistical methods. Among 
the several available methods, the EAR cut-point 
method was chosen as the most relevant to 
estimate the inadequacy of most nutrient intakes 
[46-48]. Furthermore, this approach requires a 
decision to be made on acceptable or non-
acceptable prevalence of inadequate intakes. A 
maximum desirable prevalence of inadequate 
intakes (or acceptable prevalence of inadequacy) 
was set by WHO and the Food and Agriculture 
Organization (FAO) at 2-3% of a population; in 
other words, the population is in a satisfactory 
nutritional situation when most individuals in the 
population, i.e. 97-98%, fulfil the EAR values 
[49]. In line with these recommendations, Food 
Standards Australia New Zealand (FSANZ) 
considers that when 3% or less of a population 
has nutrient intakes below the EAR, this 
population group as a whole can be considered 
to have adequate intakes of this nutrient [50]. In 
addition, prevalence of inadequate intake values 
were put into perspective with regard to the type 
of data used to define the EARs (endpoint 
criteria, uncertainties, etc.). Touvier et al. chose a 
high threshold for prevalence of inadequacy to 
qualify a population group as “at risk” [14,51]. 
Indeed, the population groups for which the CI95 
of the prevalence of inadequacy for a nutrient 
included a value equal to or above 70%, and did 
not include the 50% value, were considered as 
“particularly at risk” for this nutrient. Hence, the 
same value of prevalence of inadequacy may be 
considered as a reflection of a risk of inadequacy 
or not according to the interpretation of the 
criteria used. Thus, the heterogeneity of the 
methods used to estimate the prevalence of 
inadequacy and of the interpretation criteria shall 
be kept in mind when comparing conclusions in 
terms of public health objectives drawn on 
prevalence of inadequacy data from different 
studies and different countries [13]. 
Consequently, there is a need to harmonise 
methodologies worldwide, or at least at 
European level as recently stressed by some 
authors [4,48], even if a scientific consensus on 
the judgment criteria to be used to interpret these 
prevalences of adequate intake is difficult to 
reach, considering the nutritional specificities of 
the populations and population subgroups 
concerned and the public health goals pursued.  
 
The results of TDS2 regarding dietary intakes of 
trace elements showed that some prevalences of 

inadequate intakes may appear to be relatively 
high, notably for calcium, iron, magnesium and 
copper. This can be partly due to food sampling 
in this study only covering about 90% of the 
French population's diet. Moreover, due to the 
short observation period of 7 days, the total 
variance has been over-estimated [52]. We can 
hypothesize that the dietary intakes at the low 
percentiles may be slightly under-estimated and 
the prevalences of inadequacy slightly 
overestimated.  
 
Moreover, it should be noted that conclusions 
cannot be drawn from prevalences of inadequate 
intakes, which are only probabilities of 
inadequacy, as to the risk or to the lack of risk for 
the general population. They varied greatly 
between subgroups and according to gender 
(Table 4). For example, for calcium, only children 
over 9, adolescents and women over 55 were 
particularly at risk of inadequacy (data not 
shown). Several data showed that teenagers 
consumed less dairy products than younger 
children [27,53]. Moreover, women in the 
perimenopause period may not adapt their diet to 
their increased needs in calcium. However, as 
useful indicators, these prevalences of 
inadequate intakes highlight the need to acquire 
biological data based on appropriate biomarkers 
in order to fully assess a population or population 
subgroup’s nutritional status, in particular for 
magnesium and copper. 
 
The estimated prevalence of inadequate intakes 
for iron ranged from 13% to 74%, depending on 
the age group and gender. Prevalences were 
notably higher among young girls (64% [58,69] 
for 13-15 year-olds and 74% [70,79] for 16-17 
year-olds) and pre-menopausal women (67% 
[65,69]). These high prevalences should be 
compared with the much lower incidences of iron 
deficiency-induced anaemia and iron reserve 
depletion in the general population (around 2 to 
11% for adults) [9]. These data suggest that it is 
necessary to identify causes of anaemia (intake-
related and/or physiological). Indeed, the 
prevalences of inadequate intakes were 
calculated mainly on the basis of population 
reference intakes published in 2001. These 
values were established on the basis of the 
relevant literature available at the time, which 
sometimes relied on observations in the 
population. For some nutrients, such as 
magnesium, which do not seem to pose any 
particular public health risk, recent and relevant 
data suggest that the requirements should be 
reassessed. For instance, Hunt and Johnson 
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suggest lower needs, of about 180 mg/day 
(versus an EAR of 6 mg/kg bw/day, i.e. 360 
mg/day assuming a body weight of 60 kg), 
estimated on the basis of balance studies [54]. 
However, the relationship between magnesium 
intakes, status biomarkers and pathologies 
(cardiovascular disease, type 2 diabetes and 
osteoporosis) is not fully understood and a 
diagnosis of moderate deficiency is hard to 
establish [55]. Consequently, the high 
prevalences of inadequacy in magnesium in 
TDS2, concordant with the literature [14,51,55], 
must be considered in the light of factors likely to 
influence needs (genetics, whole diet, specific 
nutrients, physical activity, etc.). 
 
However, the nutritional intakes from food 
supplement consumption were not included in 
the TDS2 analysis. While food supplement use is 
liable to increase intakes for several minerals, 
food supplement consumers are not necessarily 
those with the lowest intakes from food sources 
[56-58]. The cumulated intakes from the whole 
diet, including fortified foods and supplements, 
may lead to exceeding the upper safety limits, as 
recently shown by several authors [57,58], 
especially for minerals and trace elements for 
which high intakes are already close to the upper 
safe limit (copper, zinc, selenium…).  
 
Some excessive intakes have already been 
detected in the general population without taking 
into account supplements (Table 4). In the few 
cases where observed tolerable upper intake 
levels were exceeded, the excess levels were 
extremely low and sometimes insignificant. 
Concerning sodium, the high excess levels of the 
WHO guideline value underline the need to 
continue efforts to reduce intake. Such objectives 
can be achieved by general modifications in 
consumption habits (food choices, added salt, 
etc.) and the gradual reduction of salt in 
manufactured products, as recommended by 
public health programs, namely the PNNS in 
France [59]. 
 

5. CONCLUSION 
 
The data compiled from this second TDS showed 
that substantial prevalences of inadequacy have 
been identified in some sub-groups, such as 
children and the elderly. Our conclusions are 
based on data using a reliable and robust 
estimation approach, insofar as they confirm the 
conclusions of previous studies. However, there 
is a considerable need to put these estimated 
intakes into perspective with regard to biological 

data. The TDS results might be useful to 
encourage examination of certain nutrients in 
more detail with a view to policy development. In 
TDS2, only the general population over 3 years 
of age were included. Undeniably, studies 
focusing on physiological sub-groups (infants, 
toddlers, pregnant and lactating women, etc.) as 
well as on sub-groups with various specificities 
(geographic location, low income, dietary habits, 
etc.) would be needed in the medium term in 
terms of risk evaluation in a public health 
objective. 
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