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The objectives of the present study were to assess the intake of different food groups in French children aged 3–17 years (n 1455), and to analyse

trends since a dietary survey undertaken 8 years ago. Dietary intake was evaluated using data from the 2006–7 cross-sectional INCA2 national

dietary survey (étude Individuelle Nationale sur les Consommations Alimentaires), based on a 7 d food record. Dietary intake (percentage of sub-

jects consuming the food group and amount eaten) was assessed for thirty-nine food categories. We observed variations in food consumption by

age, sex, North–South regional gradient, seasonal period and educational level of the responding parent. Trends in dietary intake between 1999

and 2007 were determined by comparing the INCA1 (n 1126) and the INCA2 surveys. Both surveys had been carried out using the same meth-

odology. The findings showed a decrease in energy intake in children aged 3–14 years, due to a reduction in the consumption of foods of animal

origin and sweetened products. In adolescents aged 15–17 years, energy intake remained rather stable; during this 8-year period, the consumption

of meat decreased, whereas the consumption of savoury snacks such as sandwiches and hamburgers significantly increased. These trends occurred

during a time of growing concern about overweight and the associated co-morbidities in France. A number of public health measures were

implemented over this period to improve dietary habits and physical activity patterns in children and adults. The periodic monitoring of dietary

patterns through the INCA surveys is an essential part of the surveillance network in France.

Trends: Food intake: Children: Dietary surveys: Monitoring: France

There is a growing concern regarding the global increase in
chronic non-communicable diseases related to diet and seden-
tary lifestyle. There has notably been a large increase in the
incidence of obesity over the recent decades, particularly in
children(1). Although it is well recognised that overweight
results from an imbalance between energy intake and energy
expenditure, the relationship between overweight and nutrient
or dietary intake in children remains unclear(2). Shifts in diet-
ary habits over recent decades include an increase in snack-
ing(3,4), more widespread ‘away-from-home’ consumption(5,6)

and larger portion sizes with an increasingly energy-dense
content(7 – 9). In response to these trends, the WHO and FAO
set up an expert consultation on Diet, Nutrition and Prevention
of Chronic Diseases in 2003(10). The resulting report focused
on the importance of a balanced diet and proposed nutritional
and dietary recommendations aimed at the overall population.

Thus, monitoring national trends in food consumption may
help to identify eating behaviours and food choices potentially
associated with chronic diseases. The evaluation of a

population’s dietary intake and nutritional status is important
to adjust public health policies aimed at improving
dietary habits. Dietary surveillance programmes have been
implemented in industrialised countries, notably in
Europe(11 – 14). They have mostly been based on the repetition
of cross-sectional surveys among adults. A trend towards a
westernisation of the diet has been described, including the
southern European countries, although traditionally character-
ised by the rather healthy ‘Mediterranean diet’(15 – 17).

Recent data monitoring the dietary habits of European chil-
dren, based on national surveys carried out with the same
methodology, and taking into account not only the percentage
of subjects consuming each food group but also the amount
eaten, are scarce(2,18). In a recent study comparing the first
and second French INCA dietary surveys (études Individuelles
Nationales des Consommations Alimentaires), we observed a
decrease in energy intake in children aged 3–14 years
between 1999 and 2007, while overweight prevalence
remained stable(19). In the present paper, we have further
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explored the trends of food intake. We used data from the
recent French dietary survey INCA2 (2006–7) to: (1) assess
food intake by food groups in children aged 3–17 years and
(2) analyse trends since the previous INCA1 survey, per-
formed in 1998–9. To our knowledge, this is the first time
in France that such a national dietary survey has been
repeated, enabling us to compare information for a wide age
range of children between two different points in time.

Research methods and procedures

Subjects and study design

The French INCA2 food consumption survey was carried out
between December 2005 and May 2007 by the French Food
Safety Agency (Afssa). This cross-sectional survey was pri-
marily designed to assess food intake patterns in a nationally
representative sample of French people. Two independent
random samples of children aged between 3 and 17 years
and adults aged between 18 and 79 years were obtained
using a multistage cluster sampling technique. The sampling
frame was established from the national census published by
INSEE (l’Institut National de la Statistique et des Études
Économiques; French National Institute of Statistics and of
Economic Studies) and has been described elsewhere(20).
Briefly, the first step consisted of the random selection of
181 primary geographical units, stratified by region of resi-
dence and agglomeration size, with probability proportional
to size. Two independent sampling frames were drawn in
the selected primary units: the first contained only households
with at least one child and the second included households
with or without children. Households were then randomly
and uniformly selected within each sampling frame. Lastly,
either a child or an adult was randomly selected within each
household.

Information letters were sent to the households. This was
followed by a phone call when the telephone number was
available (36 % for the child database). During this phone
call, additional information about the study was given; the eli-
gible person (either child or adult) was selected and asked to
give his/her oral consent. If consent was given, an appoint-
ment was made for a meeting at home. If no telephone
number was available, or if twelve successive telephone
calls failed to reach anyone, trained investigators went directly
to the households to establish face-to-face contact (up to four
attempts on different days and at different times). A partici-
pation rate of 69 % was obtained for children, yielding a
sample of 1455 children.

The French INCA1 food consumption survey was per-
formed between August 1998 and June 1999 by the Research
Centre for the Study and the Observation of Way of Life
(CREDOC) and the French Food Safety Agency (Afssa).
The survey design and sampling frame are described in
more detail elsewhere(21,22). A complex sampling design was
used to obtain a nationally representative sample of French
households. Briefly, two independent samples, composed of
1985 adolescents and adults (aged 15 years and over) and of
1016 children (aged 3–14 years), were made representative
of the French population diversity through stratification
(region of residence, agglomeration size) and use of the
quota method (age, sex, household size, head of household

socio-professional status)(23). Age, sex and the occupational
category of the head of household showed a satisfactory
match with data obtained from the national census. Documents
(food records and questionnaires) were completed by 56 % of
eligible children.

Children’s characteristics of the INCA1 and INCA2
samples are shown in Table 1.

Measurements

In both the INCA1 and INCA2 surveys, dietary intake was
assessed using a 7 d open-ended food record. A trained and
certified investigator delivered the food record to the home
and spent 45–60 min explaining to the parents and their
child how to fill it out. For children aged 10 years or younger,
their parents completed the document, with the help of the
child. The investigator returned to the home immediately
following the week that the survey was conducted to check
the accuracy of the information reported in the document.

An additional face-to-face questionnaire, including ques-
tions on socio-economic status and lifestyle, was conducted,
partly with the child selected and partly with the responding
parent. At this stage of the INCA2 survey, trained interviewers
weighed the child in light clothes and without shoes to the
nearest 0·1 kg using electronic scales (Terraillon, Paris,
France). Height was measured to the nearest 1 cm, in a stand-
ing position and without shoes, with a portable gauge. For the
INCA1 survey, weight and height were self-reported.

Dietary data. In the 7 d open-ended food record, subjects
reported the type of eating occasion at which each food or
drink was consumed, i.e. meals and snacks. ‘Snacks’ were
defined as other eating episodes apart from breakfast and
main meals (i.e. lunch and dinner). One line of the record cor-
responded to one item consumed (food or drink). Participants
estimated portion sizes either using the SUpplémentation en
VItamines et en Minéraux AntioXydants (Su.Vi.MAX) photo-
graphic booklet(24) or expressing them by weight or household
measures.

Food and drink from the INCA2 dataset were separated into
thirty-nine categories according to the origin of the product
(see Appendix). For each food group, we assessed the percen-
tage of subjects consuming the selected foodstuff over the
week of the survey along with the average dietary intake
(expressed in g/d). Trends in dietary intake were then esti-
mated by food categories using a common nomenclature for
food and drinks between the two datasets (INCA1 and
INCA2). Nutritional intake was evaluated using the French
CIQUAL (Centre d’Information sur la Qualité des Aliments)
food composition tables(25,26).

Educational level of the responding parent. In the INCA2
survey, the socio-economic status of the children was deter-
mined based on the educational level of the parent who
helped to answer the questionnaires. This person was the
mother in 80·3 % of cases and the father in 18·1 % of cases.
The level of education was defined in three categories:
‘high’, ‘intermediate’ and ‘low’. ‘High’ was assigned to
those with a university education (undergraduate and post-
graduate); ‘intermediate’ to those having passed the mid-
secondary school degree (equivalent to ‘O’ level or general
certificate of secondary education (GCSE)); and ‘low’ to
the others.
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Table 1. General characteristics of the INCA1 (1998–99) and INCA2 (2006–07) samples

(Percentages and 95 % confidence intervals)

INCA1 INCA2

Age group Age group

3–10 years 11–14 years 15–17 years 3–10 years 11–14 years 15–17 years

% 95 % CI % 95 % CI % 95 % CI % 95 % CI % 95 % CI % 95 % CI

n 683 333 110 574 456 425
Sex (% males) 53·0 49·2, 56·8 49·9 44·3, 55·4 46·4 36·6, 56·1 53·4 49·3, 57·5 49·8 44·3, 55·3 48·5 42·3, 54·7
Energy intake (kJ/d)

Mean 7529·1 8939·5 8283·5 6940·8*** 7966·8*** 8034·5
SD 2043·5 2895·7 2483·2 1948·9 1797·9 2233·0

Overweight 16·9 14·0, 19·8 11·7 8·0, 15·3 14·3 7·1, 21·5 14·2 11·3, 17·0 15·2 11·0, 19·4 11·2 7·7, 14·7
Household size†

Two or three people 18·7 15·7, 21·7 17·7 13·5, 22·0 26·4 17·7, 35·1 16·3 13·6, 19·1 22·5* 18·4, 26·5 30·0 24·9, 35·1
Four people 43·6 39·8, 47·4 36·3 31·0, 41·7 37·3 27·8, 46·8 46·5 42·4, 50·6 42·4* 37·0, 47·7 36·2 30·6, 41·8
. Four people 37·6 33·9, 41·3 46·0 40·4, 51·4 36·4 26·9, 45·8 37·2 33·1, 41·2 35·2* 30·5, 39·9 33·8 26·7, 40·9

Educational level of the responding parent‡
High 38·6 34·8, 42·4 31·6 26·7, 36·5 24·7 20·3, 29·0
Intermediate 50·5 46·5, 54·4 52·2 46·9, 57·5 52·6 46·3, 58·9
Low 11·0 8·3, 13·6 16·2 11·5, 20·8 22·7 15·2, 30·3

Probable under-reporting 4·3 2·6, 5·9 16·1 11·9, 20·3 33·7 24·1, 43·2 4·8 3·1, 6·5 18·6 14·7, 22·5 41·4 35·0, 47·8

INCA, étude Individuelle Nationale des Consommations Alimentaires.
Within age group, value was significantly different from that for the INCA1 survey: * P#0·05, ** P#0·01, *** P#0·001.
† Including children and adults.
‡ Educational level of the responding parent. ‘High’ was assigned to university education (undergraduate and postgraduate), ‘intermediate’ to the equivalent of ‘O’ level, and ‘low’ to the mid-secondary level or under. In 80·3 % of the

cases, this person was the mother, in other cases it was the father, and more rarely another person of the family. This variable was only available in the INCA2 dataset.
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Regional gradients. Twenty-one regions were identified
based on the INCA2 dataset. However, due to statistical con-
straints, only comparisons between the North and South were
feasible. The regional area of Paris was excluded from the
statistical comparison, due to its relatively high heterogeneity
in terms of dietary patterns.

Seasonal variables. Four seasonal periods were
considered: winter (January to March), spring (April to
June), summer (July to September) and autumn (October
to December).

Overweight status. Overweight (including obesity) was
estimated according to the International Obesity Task Force
(IOTF) age- and sex-specific child BMI (weight/height2, in
kg/m2) cut-off points(27).

Both the INCA1 and INCA2 surveys were approved by
the French National Commission for Computed Data and
Individual Freedom (Commission Nationale Informatique et
Libertés; CNIL).

Statistical analysis

We estimated dietary intake by food groups according to sex,
age (3–10, 11–14 and 15–17 years), regional area (North,
South and Paris region), season, and the educational level of
the responding parent. Dietary trends (expressed both as
percentage of subjects consuming the food group and quanti-
tative intake) between the two surveys were estimated using
the formula: (INCA2 value 2 INCA1 value)/INCA1 value,
expressed in %. In order to remove implausible values for
energy intake, the analyses on dietary intake excluded nine
children from the INCA1 dataset and eleven from the
INCA2 sample whose log-transformed value of energy
intake was , mean 23 SD within four age groups (3–5,
6–10, 11–14 and 15–17 years). They were considered out-
liers. However, we included in the analyses the implausible
reporters identified according to Goldberg’s(28) cut-offs for
under-reporting adapted for use in children(29,30).

Analyses were computed using SAS (version 9.1; SAS
Institute, Inc., Cary, NC, USA) and STATA (release 10; Sta-
taCorp LP, College Station, TX, USA) software. Statistical
inferences were based on a significance level of 5 % with
two-sided tests. Means were compared using Student’s t tests
and x2 tests were used to compare frequencies. INCA2 data
were weighted for unequal sampling probabilities and for
differential non-responses between region, agglomeration
size, age, sex, occupation of the head of household, size of
the household and season. It should be noted that trends for
sweetened beverage and fat consumption were not assessed,
because the methodology to record these particular foodstuffs
improved during the INCA2 survey.

Results

Characteristics of study populations

General characteristics of the INCA1 and INCA2 samples are
listed in Table 1. Overweight rates were not significantly
different between the two surveys, whereas energy intake
was lower in the INCA2 study than in the INCA1 study for
children aged between 3 and 14 years, as previously
reported(19). The distribution of the children according to the

educational level of the responding parent was analysed for
the INCA2 dataset only, this variable not being available in
the earlier study.

Dietary intake by food group in 2006–7

The overall consumption for children aged 3–17 years was
about 1760 g/d (Table 2), and was evenly composed of
foods and drinks. The groups contributing the most to solid
intake (accounting for over 5 % of food consumed) were veg-
etables (9·1 %), chilled dairy products (8·8 %), fruit (8·0 %),
sweetened pastries and biscuits (7·7 %), mixed dishes
(6·8 %), bread and crispbreads (6·5 %), and potatoes (6·1 %).
The groups contributing the most to liquid intake were
water (54·0 %), cold sweetened beverages (21·8 %), and milk
(19·7 %) (results not shown). Higher percentages of consumers
(.80 %) were observed for the following food groups: bread
and crispbreads, pasta, sweetened pastries and biscuits, all
dairy products, butter, red meat, meat products, vegetables,
potatoes and related products, fruit, sugar and confectionery,
water, cold sweetened beverages, and mixed dishes (Table 2).
Lower rates (,20 %) were observed for offal, crustaceans
and molluscs, dried fruit and oleaginous seeds, alcohol,
and coffee.

Intake was higher with age for most of the groups, with the
exception of milk, chilled dairy products and mashed fruit,
whose consumption was lower among the 15- to 17-year-old
children (Table 2). The consumption of other foods did not
differ significantly with age: breakfast cereals, sweetened
pastries and biscuits, ice cream and frozen desserts, sugar
and confectionery, cream desserts and milk jellies, fish,
fruit and soups. However, the intake was much higher in
adolescents aged 15–17 years for savoury snacks (mainly
sandwiches and hamburgers), coffee and alcohol. Other results
(not shown) suggested that in this particular age group, eating
behaviours were less structured than in the other age groups
(younger children and adults). For instance, the consumption
of main meals was less regular amongst the 15–17 years(31):
between 61 and 86 % of children or adults of all other age
categories, but only 34 % of 15- to 17-year-olds, had all
three main meals every day (breakfast, lunch and dinner).

Boys had a higher intake than girls, overall and for most
food groups considered; this difference was most pronounced
from 11 years old (Table 2). The most marked differences
were for bread, breakfast cereals, pasta, sweetened pastries
and biscuits, milk, chilled dairy products, meat, poultry and
game, meat products, pulses, water, savoury snacks, cream
desserts and milk jellies.

Regional differences were observed between the North and
South of France (Table 3). Intake was higher in the South for
vegetable oil, vegetables, pulses, fruit, dried fruit and oleagi-
nous seeds, soups, eggs, meat, poultry and game, and water.
Conversely, intake was higher in the North for sweetened
pastries and biscuits, margarine, chocolate, cold sweetened
beverages, and hot drinks.

Regarding seasonal variations, the amounts of fruit and
vegetables, ice cream and frozen desserts, and water
consumed were higher in the spring and summer (Table 3).
The consumption of bread, crustaceans and molluscs, pulses,
dried fruit and oleaginous seeds, mixed dishes, soups and
hot drinks was higher during autumn and winter. Sweetened
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Table 2. Dietary intake (g/d) by sex and age in the INCA2 study (2006–7) estimated for all subjects (including non-consumers)

(Percentage consumers, mean values, standard deviations and medians)

Boys (n 684) Girls (n 760) All (n 1444)

Food and beverage
groups by age group Consumers (%) Mean SD Median Consumers (%)† Mean† SD Median Consumers (%) Mean SD Median

Bread and crispbreads
3–10 years 96·2 47·6 50·1 38·0 95·3 38·8 35·3 30·3 95·8 43·5 43·4 34·9
11–14 years 94·0 70·8 48·8 62·9 95·0 58·7 39·8 47·9 94·5 64·8 44·5 57·1
15–17 years 93·0 81·3 60·0 58·6 96·1 71·0 63·1 55·7 94·6 76·0 61·7 57·9
All 95·0 60·0 54·8 47·1 95·4NS 51·2** 48·2 39·0 95·2 55·8 51·6 42·9
P NS *** NS *** NS ***

Pasta
3–10 years 89·8 36·4 34·7 28·6 91·4 34·4 34·1 28·6 90·5 35·4 34·4 28·6
11–14 years 92·1 56·1 45·4 42·9 83·6 44·1 37·8 30·0 87·9 50·1 41·8 35·7
15–17 years 87·1 58·6 47·9 42·9 85·3 39·6 30·4 28·6 86·2 48·8 40·3 35·7
All 89·8 45·7 43·5 35·7 88·0NS 38·1** 34·5 28·6 88·9 42·0 39·2 28·6
P NS *** * NS NS ***

Rice and wheat
3–10 years 73·2 21·0 27·2 14·3 72·2 19·0 22·4 14·3 72·7 20·1 24·8 14·3
11–14 years 71·4 28·9 30·4 21·4 76·9 27·2 31·7 21·4 74·1 28·1 31·1 21·4
15–17 years 60·0 26·2 28·2 14·3 71·6 22·4 20·3 14·3 66·0 24·2 24·4 14·3
All 70·1 24·0 28·7 14·3 73·3NS 21·9NS 25·4 14·3 71·7 23·0 27·0 14·3
P * * NS NS NS **

Potatoes and related products
3–10 years 94·6 46·5 40·6 39·3 96·1 45·7 35·9 39·3 95·3 46·1 38·2 39·3
11–14 years 94·7 63·9 42·1 57·1 93·9 52·6 31·9 50·0 94·3 58·3 37·3 53·6
15–17 years 95·1 65·1 42·1 57·1 92·9 55·2 40·9 42·9 93·9 60·0 41·6 50·0
All 94·7 54·5 42·5 46·4 94·8NS 49·6* 36·4 42·9 94·8 52·2 39·5 42·9
P NS *** NS NS NS ***

Pulses
3–10 years 36·4 8·9 20·1 0 29·9 5·6 12·1 0 33·4 7·3 16·5 0
11–14 years 34·3 9·6 15·8 0 23·3 6·0 12·5 0 28·8 7·8 14·2 0
15–17 years 31·8 12·8 21·6 0 34·7 7·3 10·7 0 33·3 10·0 16·9 0
All 35·0 9·8 19·4 0 29·2* 6·1*** 11·8 0 32·2 8·0 16·0 0
P NS NS NS NS NS NS

Vegetables (excluding potatoes)
3–10 years 95·5 73·4 62·6 67·2 95·8 74·3 57·3 67·1 95·6 73·8 59·9 67·1
11–14 years 97·8 84·5 54·5 77·0 98·2 80·6 59·5 67·9 98·0 82·6 57·2 71·4
15–17 years 94·5 85·6 52·2 77·7 95·1 81·8 49·6 71·4 94·8 83·6 50·8 75·0
All 95·9 78·6 57·5 71·1 96·3NS 77·7NS 55·9 67·9 96·1 78·1 56·6 69·3
P NS * NS NS NS **

Soups and stocks
3–10 years 46·8 38·7 73·2 0 51·2 40·5 66·3 14·3 48·8 39·5 69·7 0
11–14 years 44·9 50·2 73·8 0 43·2 41·9 62·8 0 44·1 46·0 68·2 0
15–17 years 35·2 29·6 49·1 0 42·1 46·9 65·2 0 38·8 38·5 58·6 0
All 44·0 39·8 67·6 0 47·0NS 42·3NS 64·8 0 45·5 41·0 66·1 0
P NS NS NS NS * NS

Fruit
3–10 years 88·2 63·3 71·5 49·6 87·2 71·1 67·3 58·2 87·7 66·9 69·4 55·0
11–14 years 79·3 70·4 63·8 57·9 81·4 69·0 63·0 52·3 80·3 69·7 63·3 56·4
15–17 years 71·9 64·8 61·3 47·1 81·7 77·7 85·0 49·5 76·9 71·4 74·9 47·1
All 82·7 65·4 66·3 49·6 84·4NS 72·0NS 71·7 54·6 83·6 68·6 69·3 53·7
P *** NS NS NS *** NS

Dried fruit, nuts and seeds
3–10 years 17·1 0·8 3·0 0 17·6 0·6 2·8 0 17·3 0·7 2·9 0
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Table 2. Continued

Boys (n 684) Girls (n 760) All (n 1444)

Food and beverage
groups by age group Consumers (%) Mean SD Median Consumers (%)† Mean† SD Median Consumers (%) Mean SD Median

11–14 years 25·7 1·6 4·3 0 18·3 0·9 3·4 0 22·0 1·3 3·9 0
15–17 years 15·2 0·7 2·0 0 25·6 2·8 8·3 0 20·6 1·8 6·3 0
All 18·9 1·0 3·3 0 19·5NS 1·2NS 5·3 0 19·2 1·1 4·4 0
P * NS NS NS NS NS

Mashed and cooked fruit
3–10 years 53·5 21·9 41·4 12·9 63·9 22·3 32·2 8·1 58·3 22·1 36·9 14·3
11–14 years 32·9 11·4 20·6 0 39·1 13·1 20·9 10·0 36·0 12·2 20·8 0
15–17 years 25·1 7·4 14·9 0 32·1 10·3 17·9 10·1 28·7 8·9 16·6 0
All 42·7 16·4 30·4 0 50·3* 17·2NS 25·7 3·6 46·4 16·8 28·0 0
P *** *** *** *** *** ***

Milk
3–10 years 83·9 205·6 205·6 212·9 86·4 186·3 149·9 200·0 85·0 196·6 179·2 200·0
11–14 years 78·5 182·2 145·6 185·7 82·0 149·7 119·1 118·6 80·2 166·0 132·8 151·4
15–17 years 77·5 168·2 133·3 164·3 71·7 116·4 111·7 70·0 74·5 141·6 124·1 107·1
All 81·3 192·4 169·9 192·9 82·0NS 161·1*** 132·6 142·9 81·6 177·2 152·2 175·0
P NS * *** *** *** ***

Chilled dairy products
3–10 years 97·7 95·1 84·9 79·3 93·6 78·5 67·3 67·1 95·8 87·3 76·9 74·3
11–14 years 91·6 69·0 61·8 57·9 87·1 59·6 51·4 46·4 89·3 64·3 56·6 53·6
15–17 years 77·7 61·1 52·3 51·8 81·4 61·9 55·0 37·9 79·6 61·5 53·7 46·4
All 92·2 81·9 71·4 69·3 89·2* 69·8*** 59·6 53·6 90·7 76·0 65·7 60·7
P *** *** *** ** *** ***

Cheese
3–10 years 85·9 18·6 21·3 14·5 87·8 18·4 17·8 16·3 86·8 18·5 19·5 15·5
11–14 years 87·3 23·4 20·0 19·0 87·0 16·7 14·5 12·5 87·2 20·1 17·6 15·3
15–17 years 80·1 19·1 19·1 11·3 81·2 16·8 13·9 12·9 80·7 17·9 16·5 12·9
All 85·1 19·9 20·4 15·3 86·1NS 17·6* 15·7 13·9 85·6 18·8 18·1 14·5
P NS NS NS NS * NS

Meat
3–10 years 92·1 34·0 30·3 31·4 93·2 33·2 25·0 29·7 92·6 33·7 27·6 30·0
11–14 years 93·4 46·1 31·2 41·4 92·7 38·1 23·6 33·6 93·0 42·1 27·6 36·9
15–17 years 90·5 54·8 34·2 47·6 82·8 34·9 23·8 30·0 86·5 44·6 30·3 37·1
All 92·1 41·1 32·9 36·7 90·8NS 34·9*** 24·2 30·0 91·5 38·1 28·8 32·9
P NS *** * NS * ***

Poultry and game
3–10 years 79·6 18·9 21·4 16·2 74·6 14·6 15·0 11·6 77·3 16·9 18·5 13·5
11–14 years 78·4 25·3 25·9 18·0 74·3 20·4 26·5 11·5 76·3 22·9 26·3 16·0
15–17 years 69·0 31·6 31·6 19·5 74·5 19·4 17·4 15·3 71·8 25·3 25·6 18·0
All 77·2 23·0 26·5 18·0 74·5NS 17·2*** 20·1 12·9 75·9 20·2 23·6 15·0
P * *** NS ** NS ***

Offal
3–10 years 6·2 0·6 3·1 0 5·9 0·6 2·8 0 6·1 0·6 3·0 0
11–14 years 9·7 1·2 4·0 0 8·2 1·0 3·7 0 8·9 1·1 3·8 0
15–17 years 10·1 2·0 5·9 0 7·1 0·7 2·4 0 8·6 1·3 4·5 0
All 7·9 1·0 4·4 0 6·8NS 0·7NS 3·0 0 7·3 0·9 3·7 0
P NS ** NS NS NS **

Meat products
3–10 years 89·7 24·5 24·4 20·7 90·9 21·3 18·0 19·4 90·3 23·0 21·4 20·0
11–14 years 92·9 30·7 23·1 27·5 89·8 25·4 20·2 20·2 91·4 28·0 21·7 22·2
15–17 years 87·1 34·3 28·5 23·9 86·2 19·3 15·0 14·3 86·6 26·6 23·2 18·4
All 90·0 28·0 25·6 22·1 89·6NS 22·0*** 18·0 18·4 89·8 25·1 22·1 20·4
P NS *** NS NS NS **
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Table 2. Continued

Boys (n 684) Girls (n 760) All (n 1444)

Food and beverage
groups by age group Consumers (%) Mean SD Median Consumers (%)† Mean† SD Median Consumers (%) Mean SD Median

Fish
3–10 years 86·1 18·8 19·0 15·7 81·1 18·0 18·6 14·3 83·7 18·4 18·8 15·4
11–14 years 80·9 21·4 19·5 14·3 71·2 16·2 14·4 13·6 76·1 18·8 17·1 14·3
15–17 years 65·8 18·0 18·3 12·9 71·7 16·6 14·8 13·6 68·9 17·3 16·5 13·6
All 80·8 19·3 19·0 15·4 76·4* 17·2NS 16·2 13·6 78·7 18·3 17·6 14·3
P *** NS * NS *** NS

Crustaceans and molluscs
3–10 years 15·8 0·9 3·0 0 19·7 1·3 4·7 0 17·6 1·1 4·0 0
11–14 years 17·8 2·2 7·3 0 18·9 1·6 3·8 0 18·3 1·9 5·7 0
15–17 years 18·8 2·4 7·5 0 17·0 1·2 3·3 0 17·9 1·8 5·7 0
All 16·9 1·5 6·1 0 18·9NS 1·4NS 4·1 0 17·9 1·4 5·1 0
P NS ** NS NS NS *

Eggs and egg products
3–10 years 59·5 11·4 19·1 7·5 56·5 9·4 12·7 7·1 58·1 10·4 16·1 7·5
11–14 years 54·8 11·1 13·2 7·1 51·3 9·3 11·1 3·7 53·1 10·2 12·2 4·3
15–17 years 53·5 12·6 14·9 4·3 52·1 9·0 10·0 4·3 52·8 10·7 12·6 4·3
All 57·1 11·6 16·3 7·5 54·1NS 9·2* 11·4 7·1 55·7 10·4 14·0 7·1
P NS NS NS NS NS NS

Mixed dishes
3–10 years 91·8 49·8 49·3 42·9 91·8 50·0 42·5 41·4 91·8 49·9 45·8 41·6
11–14 years 87·5 66·9 58·7 47·1 91·4 66·4 52·9 51·0 89·4 66·6 55·6 50·0
15–17 years 92·7 79·9 52·1 78·6 90·8 60·3 43·1 48·0 91·8 69·8 48·2 60·0
All 90·9 60·0 54·5 47·3 91·5NS 56·7NS 46·6 44·3 91·2 58·4 50·5 45·7
P NS *** NS * NS ***

Pizzas and savoury pastries
3–10 years 64·0 16·8 25·2 11·4 57·6 12·1 17·9 5·7 61·0 14·6 21·9 11·4
11–14 years 67·5 26·2 33·0 15·7 69·1 23·5 21·5 21·4 68·3 24·8 27·4 17·9
15–17 years 75·0 36·8 34·6 24·3 64·3 20·6 24·2 14·3 69·5 28·5 30·3 17·9
All 67·0 23·1 31·7 14·3 62·2NS 17·0*** 21·6 11·4 64·7 20·2 27·0 12·9
P * *** NS *** * ***

Sandwiches and hamburgers
3–10 years 36·1 8·7 18·5 0 37·7 8·4 18·5 0 36·8 8·6 18·5 0
11–14 years 42·1 15·4 25·0 0 43·5 12·9 18·9 0 42·8 14·2 21·9 0
15–17 years 60·7 34·4 37·1 22·1 56·9 21·0 21·8 14·3 58·8 27·5 30·5 14·6
All 42·4 15·4 28·9 0 43·5NS 12·4* 20·2 0 42·9 14·0 24·7 0
P *** *** ** *** *** ***

Breakfast cereals
3–10 years 63·8 15·0 24·2 8·6 65·2 11·4 16·3 6·4 64·4 13·3 20·6 7·1
11–14 years 58·4 20·0 25·0 8·6 55·9 12·8 16·9 4·3 57·2 16·4 21·3 6·4
15–17 years 51·9 14·3 16·8 4·3 55·8 13·3 18·6 6·4 53·9 13·8 17·8 6·4
All 60·1 16·1 22·7 8·6 60·6NS 12·2*** 17·2 6·4 60·4 14·2 20·1 6·4
P * NS NS NS ** NS

Sweetened pastries and biscuits
3–10 years 98·8 70·3 54·7 63·9 99·0 64·3 44·6 57·7 98·9 67·5 49·8 59·0
11–14 years 98·7 81·5 52·6 75·6 94·0 69·2 43·3 65·0 96·4 75·4 48·1 67·3
15–17 years 94·3 75·2 52·3 60·0 95·0 58·5 32·9 57·1 94·7 66·6 43·6 60·0
All 97·9 74·1 53·5 66·6 96·8 64·4*** 41·1 58·6 97·4 69·4 47·6 61·4
P * NS *** NS ** NS

Sugar and confectionery
3–10 years 83·7 9·4 13·0 6·4 85·8 9·1 11·2 5·7 84·7 9·2 12·1 6·1
11–14 years 82·2 11·0 13·1 7·1 75·6 9·8 16·4 4·3 78·9 10·4 15·0 5·7
15–17 years 78·2 10·7 12·8 6·4 77·3 7·6 7·8 4·4 77·7 9·1 10·5 5·4
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Table 2. Continued

Boys (n 684) Girls (n 760) All (n 1444)

Food and beverage
groups by age group Consumers (%) Mean SD Median Consumers (%)† Mean† SD Median Consumers (%) Mean SD Median

All 82·3 10·0 13·0 6·4 81·2NS 9·0NS 12·3 5·0 81·8 9·5 12·6 5·7
P NS NS ** NS * NS

Ice cream and frozen desserts
3–10 years 46·5 10·8 19·6 0 40·8 10·1 20·8 0 43·9 10·5 20·2 0
11–14 years 40·5 11·3 16·7 0 44·7 13·2 21·2 0 42·6 12·3 19·2 0
15–17 years 30·8 10·5 19·2 0 35·1 7·8 11·5 0 33·0 9·1 15·6 0
All 41·9 10·9 18·6 0 40·6NS 10·4NS 18·7 0 41·3 10·6 18·7 0
P ** NS NS NS ** NS

Chocolate
3–10 years 83·7 10·4 13·7 7·1 81·8 9·8 14·5 5·7 82·8 10·2 14·1 6·4
11–14 years 76·7 14·4 19·2 7·1 79·3 12·1 12·3 7·6 78·0 13·2 15·9 7·6
15–17 years 66·8 14·8 16·7 8·2 77·1 13·4 13·5 7·1 72·1 14·1 15·1 7·1
All 78·6 12·3 16·6 7·1 80·1NS 11·2NS 13·6 6·4 79·3 11·8 15·1 7·1
P *** ** NS NS ** **

Cream desserts and milk jellies
3–10 years 71·3 34·6 45·3 22·9 67·8 27·2 34·5 14·3 69·7 31·2 40·3 17·9
11–14 years 66·1 35·1 37·7 17·9 60·0 25·8 34·1 0 63·1 30·4 36·0 17·9
15–17 years 58·9 29·6 37·3 16·4 50·9 21·2 27·7 0 54·8 25·3 32·7 14·3
All 67·6 33·7 40·9 18·6 62·0* 25·5** 32·5 14·3 64·9 29·7 36·9 17·9
P * NS ** NS *** NS

Butter
3–10 years 85·6 7·9 8·3 7·0 89·7 7·9 8·1 6·4 87·5 7·9 8·2 6·7
11–14 years 86·9 7·9 6·5 6·6 81·7 7·8 7·3 5·9 84·3 7·8 6·9 6·0
15–17 years 78·9 7·1 6·7 4·6 86·8 6·8 5·4 5·0 83·0 6·9 6·1 4·6
All 84·6 7·8 7·3 6·3 86·9NS 7·6NS 7·2 6·0 85·8 7·7 7·2 6·3
P NS NS * NS NS NS

Vegetable oil
3–10 years 78·8 7·2 10·0 5·1 80·2 6·7 7·7 4·6 79·5 7·0 8·9 4·9
11–14 years 78·5 7·1 6·6 5·1 72·9 6·1 6·3 4·0 75·7 6·6 6·4 4·6
15–17 years 75·3 7·2 7·1 4·3 70·1 6·4 5·7 4·9 72·6 6·8 6·4 4·6
All 78·0 7·2 8·3 5·1 76·0NS 6·5NS 6·7 4·3 77·1 6·8 7·5 4·6
P NS NS * NS NS NS

Margarine
3–10 years 34·4 2·4 5·6 0 43·7 2·9 5·8 0 38·7 2·6 5·7 0
11–14 years 39·1 2·6 4·2 0 38·2 2·1 3·5 0 38·7 2·3 3·9 0
15–17 years 29·5 2·5 4·9 0 28·4 1·7 3·1 0 29·0 2·1 4·1 0
All 34·6 2·5 5·0 0 38·9NS 2·4NS 4·5 0 36·7 2·5 4·7 0
P NS NS * ** * NS

Condiments and sauces
3–10 years 88·0 11·7 15·4 10·0 89·6 10·7 12·1 0 88·7 11·3 13·8 9·0
11–14 years 89·4 14·4 12·7 10·7 89·3 13·5 11·8 0 89·3 14·0 12·2 10·4
15–17 years 85·4 16·2 13·7 12·5 88·8 13·4 12·3 0 87·1 14·8 13·0 10·9
All 87·8 13·3 14·2 10·4 89·3NS 12·1NS 12·1 9 88·6 12·7 13·2 9·7
P NS ** NS * NS **

Other foods
3–10 years 6·8 1·0 13·7 0 6·2 1·6 14·5 0 6·5 1·3 14·1 0
11–14 years 10·2 0·4 1·2 0 7·0 0·5 2·2 0 8·6 0·4 1·8 0
15–17 years 4·8 0·7 3·6 0 5·8 0·2 1·2 0 5·3 0·5 2·6 0
All 7·3 0·8 9·0 0 6·3NS 1·0NS 9·2 0 6·8 0·9 9·1 0
P NS NS NS NS NS NS
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Table 2. Continued

Boys (n 684) Girls (n 760) All (n 1444)

Food and beverage
groups by age group Consumers (%) Mean SD Median Consumers (%)† Mean† SD Median Consumers (%) Mean SD Median

Water
3–10 years 99·1 447·5 326·6 394·3 98·1 393·2 258·2 360·0 98·6 422·2 294·7 377·1
11–14 years 97·3 578·7 343·4 492·9 98·2 495·8 289·9 441·4 97·8 537·4 317·8 462·9
15–17 years 96·6 634·8 410·4 521·4 93·0 523·7 367·4 445·7 94·8 577·8 390·6 485·7
All 98·2 517·3 366·9 450·0 97·0NS 449·4** 308·7 398·6 97·6 484·4 339·1 420·0
P NS *** *** *** *** ***

Cold sweetened beverages‡
3–10 years 90·5 171·3 207·6 139·3 93·0 167·4 167·4 124·3 91·7 169·5 187·8 131·4
11–14 years 94·6 230·7 189·5 170·0 89·5 199·0 178·1 152·3 92·1 214·9 183·9 160·0
15–17 years 89·8 260·6 193·0 227·1 90·9 213·8 184·9 168·6 90·4 236·5 189·6 175·7
All 91·4 203·8 201·5 158·6 91·6NS 186·1NS 176·9 142·9 91·5 195·2 189·1 150·0
P NS *** NS * NS ***

Alcohol§
3–10 years 2·6 0·6 7·3 0 5·2 0·4 3·3 0 3·8 0·5 5·6 0
11–14 years 8·1 3·4 17·4 0 7·0 2·6 14·1 0 7·6 3·0 15·7 0
15–17 years 21·0 17·2 48·8 0 16·1 7·2 23·4 0 18·5 12·0 37·7 0
All 7·6 4·6 29·1 0 8·1NS 2·5NS 15·3 0 7·8 3·6 22·9 0
P *** *** ** *** *** ***

Coffee
3–10 years 3·1 5·8 50·8 0 3·1 2·2 18·9 0 3·1 4·1 37·9 0
11–14 years 6·9 9·5 43·8 0 4·9 5·5 33·3 0 5·9 7·5 38·5 0
15–17 years 29·3 31·5 67·1 0 20·2 20·6 48·7 0 24·6 25·9 58·2 0
All 9·2 11·8 55·1 0 7·4NS 7·1NS 35·2 0 8·3 9·5 45·8 0
P *** *** *** *** *** ***

Other hot drinks
3–10 years 57·3 19·1 66·6 2·9 70·7 17·3 40·1 4·3 63·6 18·2 54·5 4·0
11–14 years 53·7 20·2 50·6 1·7 55·8 32·3 60·3 1·7 54·8 26·2 56·2 1·7
15–17 years 52·1 28·3 52·0 1·0 48·5 38·4 82·7 0 50·3 33·5 70·1 0·3
All 55·4 21·2 58·0 2·3 61·8* 25·9NS 62·2 3·7 58·5 23·5 60·3 2·9
P NS NS *** *** *** **

All groups
3–10 years 100 1689·9 540·4 1640·3 100 1549·0 416·4 1513·4 100 1624·3 487·0 1578·0
11–14 years 100 2019·0 474·2 2018·6 100 1745·9 440·6 1737·1 100 1882·8 472·6 1815·5
15–17 years 100 2150·3 565·2 2089·0 100 1769·2 581·4 1646·5 100 1954·5 595·3 1852·2
All 100 1863·0 566·7 1805·8 100 1650·1*** 487·9 1578·3 100 1759·9 537·2 1692·5
P *** *** ***

INCA, étude Individuelle Nationale des Consommations Alimentaires.
* P#0·05, ** P#0·01, *** P#0·001.
† Percentages and means were compared between boys and girls.
‡ Overall, 73·3 % of the children aged 3–17 years consumed fruit juices (freshly squeezed or concentrated), with average amounts of 84 (SD 100·5, median 51·4) g/d, and 76·8 % consumed other cold drinks (cordials, fruit drinks,

sweetened and carbonated beverages), with an average consumption level of 111·2 (SD 155·5, median 57·1) g/d.
§ Alcohol includes not only alcoholic drinks but also alcohol used for home cooking or in industrial recipes.
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Table 3. Dietary intake (g/d) according to regional area, season and educational level of the responding parent in the INCA2 study (2006–07)

(Mean values and standard deviations)

Regional gradients Seasons† Educational level‡

North
(n 685)

South
(n 516)

Paris region
(n 243)

Winter
(n 519)

Spring
(n 286)

Summer
(n 273)

Autumn
(n 366)

Low
(n 213)

Intermediate
(n 772)

High
(n 451)

Mean SD Mean§ SD Mean SD Mean SD Mean SD Mean SD Meank SD Mean SD Mean SD Mean{ SD

Bread and crispbreads 55·1 53·8 58·0 48·9 53·2 50·9 60·7 44·9 45·9 43·6 53·9 69·1 62·6*** 49·4 56·8 53·1 56·2 54·5 54·6 45·8
Pasta 40·3 37·9 46·0 42·4 38·7 35·0 45·4 34·2 41·6 43·2 39·8 39·0 41·3 42·6 57·3 57·1 41·8 36·2 35·8*** 31·6
Rice and wheat 22·1 25·3 21·0 24·9 29·1 34·1 23·1 24·3 21·5 25·6 25·4 32·6 22·0 27·0 26·0 33·8 20·6 24·4 25·2* 27·4
Potatoes and related

products
54·1 38·1 49·3 37·6 52·8 46·3 54·3 36·7 46·2 41·0 53·6 41·3 54·6 40·2 53·8 42·0 53·3 40·8 49·8 35·6

Pulses 6·8 14·8 8·9 17·1 9·4 16·6 10·3 16·5 5·9 13·8 7·4 16·4 8·5** 16·1 10·6 20·3 7·5 14·6 7·7 15·9
Vegetables (excluding

potatoes)
67·9 50·0 87·0*** 59·9 87·0 62·5 69·1 41·0 90·8 71·4 81·9 69·3 70·6*** 49·2 59·0 46·4 75·5 55·2 90·4*** 60·8

Soups and stocks 37·7 61·5 49·2* 75·7 33·3 54·4 55·0 57·2 16·7 46·6 27·8 69·4 64·6*** 76·6 44·7 68·5 40·5 65·4 40·4 66·9
Fruit 62·4 66·5 71·5 67·5 78·9 78·5 62·5 53·8 80·6 84·2 73·4 76·6 57·8*** 68·0 58·1 66·5 63·2 68·5 81·0*** 70·1
Dried fruit, nuts and

seeds
0·7 2·8 1·3* 3·8 1·6 7·9 1·4 5·6 0·5 2·1 0·9 2·9 1·5** 4·8 1·1 4·0 1·2 5·2 0·9 2·9

Mashed and cooked
fruit

16·4 28·6 17·2 25·2 16·9 31·8 15·9 21·1 15·9 34·1 19·0 32·0 16·4 28·1 9·2 19·8 16·5 29·0 20·3*** 28·6

Milk 176·1 147·1 176·5 150·4 182·0 170 185·8 123·5 180·9 159·0 158·5 165·1 183·8 171·5 170·0 148·5 174·5 145·6 184·2 165·5
Chilled dairy products 69·3 60·9 77·4 61·5 90·4 83·0 79·8 55·3 77·4 71·3 80·9 82·3 65·9* 59·8 53·8 51·3 73·7 62·3 89·0*** 74·1
Cheese 17·8 16·9 20·3 20·0 18·5 17·1 19·5 15·2 15·6 17·6 19·2 20·0 20·9** 20·3 13·9 14·2 19·2 18·6 20·3*** 18·6
Meat 35·3 26·6 40·0* 30·3 41·7 31·0 38·0 24·8 37·9 30·4 39·0 33·2 37·6 29·5 38·7 29·6 38·8 29·5 36·8 27·3
Poultry and game 17·9 21·8 22·7* 26·1 21·0 22·3 20·9 21·7 19·4 22·6 19·1 23·9 21·4 26·6 23·3 38·8 19·2 19·9 20·3 19·5
Offal 0·8 3·5 1·3 4·6 0·2 1·8 0·8 2·7 0·5 2·7 1·0 4·3 1·2 5·0 1·4 4·6 0·9 4·0 0·6 2·6
Meat products 25·7 20·4 26·5 25·0 20·8 19·8 23·0 17·0 26·1 23·5 24·4 23·9 26·7 25·7 26·4 26·2 27·2 22·8 21·4*** 18·2
Fish 16·5 15·8 18·7 18·6 21·9 19·8 17·7 14·3 17·6 17·2 19·9 22·0 18·0 18·4 17·4 19·0 17·7 17·3 19·7 17·6
Crustaceans and

molluscs
1·3 4·0 1·7 6·3 1·2 4·9 1·2 3·3 1·1 3·6 1·1 3·5 2·5** 8·2 0·9 3·2 1·8 6·1 1·2 3·9

Eggs and egg
products

9·2 12·4 11·3* 14·1 11·8 17·3 10·0 10·8 13·2 17·6 10·4 17·2 8·2** 11·6 10·9 16·2 10·3 14·0 10·5 12·8

Mixed dishes 59·5 51·7 59·4 50·6 53·5 46·8 66·9 47·5 51·6 50·2 55·0 53·9 60·0** 51·4 64·1 59·9 61·5 49·2 51·0** 47·0
Pizzas, quiches and

savoury pastries
20·0 25·2 21·4 29·7 18·2 25·7 19·3 18·8 20·3 28·8 22·4 37·1 18·6 26·3 23·1 26·3 20·5 28·7 18·4 24·2

Sandwiches and
hamburgers

15·3 24·5 12·2 23·8 14·0 27·1 15·8 25·1 13·8 24·1 13·5 26·9 12·9 22·9 19·5 28·6 15·1 25·6 9·8*** 20·1

Breakfast cereals 13·6 19·5 15·2 20·2 13·8 21·3 13·7 17·7 14·0 20·8 13·3 21·1 15·9 21·8 15·3 20·1 13·7 20·3 14·6 19·7
Sweetened pastries

and biscuits
72·4 46·6 65·4* 47·1 69·5 51·1 77·0 42·4 61·1 48·9 71·9 54·4 67·5*** 47·1 60·4 43·1 69·1 46·3 73·9* 51·4

Sugar and
confectionery

9·6 13·4 9·8 11·9 8·7 12·2 10·4 13·7 8·6 11·4 9·0 13·4 10·1 11·2 9·7 17·1 8·4 10·3 11·2*** 13·6

Ice cream and frozen
desserts

10·2 17·7 12·1 20·5 9·0 17·1 5·1 10·2 15·8 24·0 15·2 25·7 6·5*** 13·9 6·9 16·3 11·2 18·9 11·5*** 19·2

Chocolate 13·0 15·6 10·1* 13·5 11·9 16·4 11·3 13·4 10·5 14·3 11·9 17·9 13·3 15·5 11·6 15·5 11·0 13·6 13·0 17·1
Cream desserts and

milk jellies
29·2 37·0 31·6 37·5 27·4 35·4 32·8 33·1 26·4 38·4 28·5 40·6 31·2 37·9 31·3 46·3 30·4 35·4 28·2 34·6

Butter 7·8 7·4 7·4 6·7 7·9 8·1 7·6 6·2 6·9 7·3 7·8 8·8 8·4 7·3 6·7 7·1 7·7 7·3 8·1 7·2
Vegetable oil 5·5 7·0 8·6*** 8·0 6·9 7 5·8 5·5 7·8 9·2 6·7 8·9 7·1* 7·2 6·2 6·5 6·4 7·6 7·9*** 7·6
Margarine 2·9 4·9 2·0* 4·6 2·3 4·6 2·4 3·9 2·5 5·8 2·5 5·3 2·4 4·5 2·2 4·8 2·5 4·7 2·5 4·9
Condiments and

sauces
12·5 13·1 13·3 12·9 12·1 13·9 12·8 11·3 13·9 14·9 12·3 13·9 11·8 13·6 12·3 13·1 13·4 14·4 11·7 10·6

Other foods 0·6 7·2 1·1 7·9 1·4 14·5 1·3 10·3 0·3 2·9 0·6 5·1 1·3 12·1 1·0 12·6 0·7 4·6 1·1 12·3
Water 454·2 291·5 553·4*** 394·5 427·0 313·0 440·9 245·7 520·8 418·8 501·0 403·3 474·7** 327·5 439·9 295·9 493·1 366·5 490·5 309·0
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pastries and chilled dairy products were preferentially eaten
during winter and summer.

A significant positive association between dietary intake
and the educational level of the responding parent was
observed for the following groups (Table 3): chilled dairy pro-
ducts, cheese, vegetables and fruit, mashed and cooked fruit,
sweetened pastries and biscuits, ice cream and frozen desserts,
vegetable oil, and water. Conversely, children with a parent of
low level of education had higher intakes of starchy foods
such as pasta and rice, meat products, savoury snacks such
as sandwiches and hamburgers, mixed dishes, sugar and
confectionery, and hot drinks.

Trends observed between the INCA1 (1998–9) and the INCA2
(2006–7) surveys

Starchy foods. The overall amount of starchy foods con-
sumed decreased during this 8-year period, by 7·4 and
11·1 % among children aged 3–10 years and 11–14 years,
respectively (Table 4). The subgroups involved in this trend
are bread and crispbreads and potatoes. We did not observe
any significant trends over this period for adolescents aged
15–17 years.

Sweetened foods. The overall amount of sweetened foods
consumed decreased by 15 % for children aged 3–14 years.
Sweetened pastries and biscuits are the main food groups con-
cerned, showing a significant drop in their absolute intake over
8 years (Table 4). Consumption of sugar and confectionery
also decreased, but to a lesser extent. Sweetened food
intake, for all subgroups considered together, was stable for
adolescents aged between 15 and 17 years, despite the same
trend being observed for sugar and confectionery. This
decrease in the consumption of sugar and confectionery was
counterbalanced by a significant increase in the consumption
of chocolate, along with a non-significant trend towards a
higher consumption of ice cream.

Dairy products. The overall intake of dairy products
declined between 1999 and 2007 by about 11 % in children
aged 3–14 years (Table 4). The marked decrease of milk con-
sumption (in absolute and relative terms) is mainly responsible
for this trend. The decline in cheese consumption is also
involved. In adolescents aged 15–17 years, despite a decline
in cheese consumption, the overall intake of dairy products
remained stable during this period.

Meat, seafood and eggs. For all age categories, the overall
intake of these foods significantly decreased over the 8-year
period (between 11·1 and 15·2 %) (Table 4). Decreased meat
consumption is the main factor accounting for this trend, for
all age groups, with poultry and game also accounting for a
substantial reduction in this food group for children aged
between 3 and 14 years.

Fruit and vegetables. The consumption of fruit and veg-
etables, taken together or separately, remained stable between
1999 and 2007 (Table 4). However, the intake of mashed and
cooked fruit increased substantially in the youngest age group.

Savoury snacks. Trends in the consumption of this
particular food group differed with age. In children aged
3–10 years, the consumption of savoury snacks declined
over 8 years by 10·7 %, mainly due to decreased consumption
of sandwiches and hamburgers (Table 4). The consumption
of sandwiches and hamburgers also decreased by 20·6 % inT
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adolescents aged 11–14 years, but their overall consumption
of savoury snacks remained stable over the period. Of particu-
lar note, the consumption of sandwiches and hamburgers
increased markedly in adolescents aged 15–17 years, despite
a decrease overall in the consumption of pizzas and savoury
pastries.

Discussion

The present study provides insight into the dietary intake of
French children aged 3–17 years, which has rarely been
undertaken before using observational data collected at the
individual level.

Main findings for dietary intake in 2006–7

Variation in the foods eaten by age. The decline of dairy
product consumption during growth (particularly milk) is a
common result, contributing to a concomitant decrease in
the proportion of energy intake accounted for by sugars(18).
The intakes of other food groups, which were not expected
to be higher in adolescents aged 15–17 years, were stable
with age: these are foods more traditionally eaten by children,
such as breakfast cereals, sweetened pastries and biscuits,
sugar and confectionery. However, other foods not specific
to young children – fish, fruit, cheese, and soups – did
not differ according to age either. Conversely, the older

adolescents (15–17 years) consumed energy-dense and less
nutrient-dense foods (such as savoury snacks and cold swee-
tened beverages) in larger quantities. Coffee and alcohol con-
sumption also rose sharply at this stage of life, which in
addition was characterised by relatively less structured
eating behaviours. These results reflect the fact that adoles-
cence corresponds to a turning point between childhood and
adulthood, which is accompanied by growing independence
from parents, along with more personal food choices. These
choices of food are not necessarily healthy and thus more
attention should be given to this particular period of life,
which seems particularly vulnerable(32).

Variation in the foods eaten by geographical region and
season. Our findings showed some geographical and seaso-
nal differences in the dietary patterns of French children.
Despite the globalisation of dietary patterns, the higher
consumption of vegetable oil, pulses, fruit and vegetables in
the Southern part of Europe has already been described in
previous studies, mostly conducted amongst adults(15,16).
Similarly, a higher level of consumption of sweetened pas-
tries, margarine, sweets, cold sweetened beverages, and hot
drinks has been observed in Northern European countries.
Most of the geographical differences observed for French
children have also been found in adults from the same
dataset(31). In particular, this was notably the case for the
North–South gradient observed for vegetable fats, foods of
plant origin (potatoes, vegetables, and soups), sweetened

Table 4. Trends (%) in dietary intake (percentage of subjects consuming the food group and quantitative intake) according to age between the INCA1
(1998–99) and INCA2 (2006–07) surveys

Age group. . . 3–10 years 11–14 years 15–17 years

Food groups Consumers (%)† Intake† Consumers (%)† Intake† Consumers (%)† Intake†

Starchy foods 0·0 27·4** 0·3 211·1** 0·0 21·1
Bread and crispbreads 4·2** 213·7** 1·6 222·6*** 2·1 2·0
Pasta, rice and wheat 1·1 6·5 2·8 8·5 0·8 5·2
Potatoes and related products 21·8 215·3*** 23·1 217·3** 21·6 211·8
Pulses 8·2 17·3 9·3 5·8 45·1* 13·4

Sweetened foods 0·0 215·7*** 20·9 214·0** 0·8 23·4
Sweetened pastries and biscuits 0·1 219·3*** 20·9 219·2*** 1·1 29·3
Ice cream and frozen desserts 10·2 12·8 3·3 37·8* 25·4 28·6
Chocolate 14·1*** 3·6 10·9* 1·9 26·7** 53·2*
Sugar and confectionery 29·1*** 227·6*** 212·3*** 226·6** 11·5 228·2

Dairy products 20·8 210·0*** 20·4 212·0** 21·1 29·1
Milk 29·2*** 215·3*** 210·0** 214·3* 22·2 22·6
Chilled dairy products 5·6*** 4·7 7·6* 22·0 22·5 216·9
Cheese 22·1 29·8* 5·0 220·1** 2·2 224·6*

Meat, seafood and eggs 0·1 211·1*** 0·0 215·2*** 20·1 213·1**
Eggs and egg products 22·5 22·4 28·3 216·9 28·7 226·1
Meat products 23·5* 28·3* 3·6 26·3 0·5 7·0
Meat 23·4** 215·9*** 22·2 223·6*** 211·8*** 219·8**
Poultry and game 23·3 218·3*** 24·2 216·3* 24·5 28·4
Offal 248·0*** 260·6*** 210·7 230·3 215·1 241·9
Fish and seafood 3·9 1·7 2·2 22·0 27·2 212·9

Savoury snacks 23·9 210·7* 5·7 25·2 2·9 5·5
Pizzas and savoury pastries 24·0 25·7 2·9 6·5 26·5 215·7
Sandwiches and hamburgers 213·4* 218·1* 29·5 220·6* 20·9 42·7*

Fruit and vegetables 20·1 0·5 0·2 21·6 21·7 1·2
Vegetables (excluding potatoes) 21·9 1·5 0·1 25·0 1·3 26·3
Fruit 5·3* 20·4 21·4 2·9 20·2 11·7

Mashed and cooked fruit 43·8*** 89·9*** 20·0 32·9 16·0 15·1

INCA, étude Individuelle Nationale des Consommations Alimentaires.
Dietary trend between the two surveys was significant: * P#0·05, ** P#0·01, *** P#0·001.
† Dietary trends (percentage of subjects consuming the food group and quantitative intake) between the two surveys were estimated using the formula: (INCA2 value 2 INCA1

value)/INCA1 value, expressed in %.
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pastries and biscuits, and hot drinks. It should be noted that
France is located between Southern and Northern Europe,
with traditional regional dietary habits that can be tracked
over time, despite the trend towards a global homogenisation
of the diet(15,17,33). Our findings also show that food and drink
choices are still largely influenced by seasonal availability and
climate. It is noteworthy that the higher consumption of fruit
and vegetables, ice cream and water during spring and
summer, as well as the higher intake of bread, crustaceans
and molluscs, pulses, dried fruit and oleaginous seeds,
mixed dishes, soups and hot drinks during autumn and
winter, are seasonal patterns similar to those observed in
adults(31).

Variation in the foods eaten by education level of the
responding parent. The higher consumption of nutrient-
dense and low energy-dense foods among groups of a high
educational level and, conversely, the intake of nutrient-poor
and energy-dense foods in the lowest socio-economic groups
have been previously reported in other studies undertaken in
industrialised countries(34). More specifically, in children,
studies carried out in the USA have found a positive relation-
ship between consumption of fruit and vegetables and the
socio-economic status of the household(35 – 37). Conversely,
higher consumption of sweetened beverages was observed
amongst the families with a low level of education(37). Similar
results have been described for European countries(38 – 41). In
our previous studies based on the first INCA survey, we
found that socio-economic status was positively associated
with a pattern of food consumption characterised by a high
consumption of dairy products, fruit and vegetables and
water, and negatively associated with another pattern partly
characterised by a high intake of mixed dishes, savoury
snacks such as sandwiches, sugar and confectionery, and
soft drinks(21). It has been suggested that the level of education
of the parents is likely to influence literacy, knowledge on
nutrition, and health-related behaviour(42). Other studies have
shown that energy-dense and nutrient-poor diets have a
lower cost per MJ(43,44). These observations may explain, at
least in part, the positive correlation observed between
socio-economic status and the quality and diversity of food
consumed(34).

Trends observed between the INCA1 (1998–9) and the INCA2
(2006–7) surveys

Most of the trends observed in children have also been found
in adults, based on the same datasets(31). These common
trends include: the decline in the consumption of dairy pro-
ducts (mainly milk and cheese); the decrease in sweetened
pastries and biscuits, along with intake of sugar and confec-
tionery; the decline in food products of animal origin, due to
a reduced consumption of meat (conversely, the consumption
of fish remained stable in all age groups); and the stable level
of consumption of vegetables. Regarding starchy foods, the
consumption of bread, crispbreads and potatoes also declined
for all age groups. However, differences were observed
between children and adults: the consumption of pasta, rice
and fruit increased amongst adults, but remained stable in chil-
dren. These overall trends are consistent with the French food
balance sheet data produced by INSEE (l’Institut National de
la Statistique et des Études Économiques; French National

Institute of Statistics and of Economic Studies) between
1998 and 2005(45), which also showed reduced availability
of milk (219 %), meat (29 %), sugar and confectionery
(212 %), and bread (27 %); a stable trend for the availability
of vegetables (þ2 %); and increased consumption of fruit
(þ10 %), pasta and rice (þ16 %). This convergence of results
between two independent national sources of dietary data
supports our findings.

Due to the paucity of other studies on dietary trends in chil-
dren, comparison with recent national or international data is
not straightforward. It may, however, be noted that the
decreased consumption of milk has previously been observed
in other countries, notably in the USA. This trend was conco-
mitant to increases in the consumption of soft drinks and other
sweetened beverages(46 – 48). Similar trends have been
observed in European countries. The Dortmund Nutritional
and Anthropometric Longitudinally Designed (DONALD)
Study also showed a decrease in milk consumption in
German children older than 4 years and adolescents between
1986 and 2001(49); however, the overall consumption of
dairy products remained relatively stable over this period.
Milk consumption also declined in Scottish adolescents in
the 1990s(50). Conversely, the consumption of chips, burgers
and pies, sausages, and sweets and chocolates increased over
this period. The daily intake of fruit increased, as well as veg-
etables in girls only. Fruit consumption among Danish adoles-
cents also increased between 2002 and 2006, although the
opposite trend was observed between 1998 and 2002(51).

Our findings showed that energy intake was stable in
adolescents aged 15–17 years between 1999 and 2007
(Table 1). The same trend was observed in adults (results
not shown)(31). However, a decrease was observed among
children aged 3–14 years (Table 1), partly due to the decline
in the consumption of food products of animal origin (mainly
milk, cheese, and meat) and sweetened products. These find-
ings were observed in parallel to the levelling off of the
prevalence of overweight and the increase in sedentary
screen behaviour(19).

Strengths and limitations

Weight and height were self-reported in the INCA1 survey,
while they were measured in the INCA2 study. It should, how-
ever, be noted that the overweight prevalence estimates based
on the INCA1 data compared favourably with other studies
carried out in the late 1990s which used measured weight
and height(52 – 55), suggesting that any underestimation would
be insignificant. We are also aware that potential bias towards
under-reporting of food intake cannot be excluded, which is a
limitation inherent to all methods used to assess food intake.
This might have affected the estimation of dietary and nutri-
tional intake in both studies. The criteria we used to exclude
the outliers (log-transformed value of energy intake , mean
23 SD) is less selective towards the issue of mis-reporting
than another method used in previous studies in children(29,30),
based on Goldberg’s cut-off technique(28). Applying this
method to the INCA studies resulted in rates of under-report-
ing ranging from 4·3 to 41·4 %, the higher rates being
observed in adolescents aged 15–17 years. These potential
biases have indeed mainly been described in obese adolescents
and adults(56 – 58).
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Several reasons led us to conduct the analyses while includ-
ing the probable under-reporters. First, a better calculation of
the cut-off values would ideally require the assessment of total
physical activity, which was not available based on our ques-
tionnaires. In addition, the Goldberg’s cut-off technique has
only been validated in adults; suitable methods still need to
be harmonised to address the issue of mis-reporting in chil-
dren. Second, it has been argued that low energy reporting
may concern not only those identified as under-reporters, but
also those with plausible energy intakes(59). Therefore, selec-
tively excluding those with implausible energy intakes could
bias the results(60). Third, it is likely that a significant pro-
portion of the children identified as under-reporters are
under-eaters, where a diet is followed in order to lose
weight, for example. This issue is particularly sensitive
during adolescence. In the context of a study aiming to
describe overall dietary patterns at the national scale, it
makes sense to include individuals who are on restrictive
diets. Finally, any existing bias is likely to be about the
same in both studies (as shown in Table 1), without affecting
the trends observed. Indeed, the INCA surveys were carried
out using the same tools to collect food intake (i.e. the 7 d
food record and the photographic booklet) and using the
same nomenclature for food groups, allowing us to closely
monitor food intake. The French CIQUAL (Centre d’Infor-
mation sur la Qualité des Aliments) database improved
between 1999 and 2007 thanks to analysis campaigns, reviews
of scientific literature, and changes in food composition. As
these improvements have led to a higher precision regarding
the energy content of foods, we believe that the trends regard-
ing energy intake over the 8-year period were mainly due to
changes in food consumption, rather than changes in food
composition.

This is the first time in France that a national dietary survey
has been repeated using the same methodology in children,
allowing food and nutrient intake to be monitored at the popu-
lation level. The trends described in the present study occurred
at a time of growing concern about overweight and the associ-
ated co-morbidities in France. Indeed, a number of public
health measures, designed to improve dietary habits and physi-
cal activity patterns in children and adults, were implemented
during this period. One concrete example of such measures
was the ban on vending machines selling sweets and sugar-
sweetened beverages in schools. This fulfilled one of several
objectives stated by the Public Health Law published in
2004(61). This increasing awareness of healthy nutrition and
lifestyle followed the launch of the first National Programme
on Nutrition and Health (Programme National Nutrition
Santé; PNNS) by the Ministry of Health in 2001(62). This
policy highlighted the nutritional benefits of dairy products,
fruit, vegetables, pulses, starchy foods, and water. It also rec-
ommended that sweetened foods be eaten only occasionally,
and low-nutrient sweetened drinks be consumed even less fre-
quently. However, it should be noted that the dietary trends
observed over the last 8 years between the INCA surveys
cannot be directly attributed to this national policy on nutri-
tion. The next INCA dietary survey (INCA3) should allow
these trends to be characterised further. Although repeating
cross-sectional surveys of this type does not provide responses
for all questions on overweight and the associated determi-
nants, periodic monitoring of dietary patterns through the

INCA surveys is an essential part of the surveillance network
in France.
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Appendix. Description of the thirty-nine food groups

Food groups Description

Bread and bread products Breads (white, wholemeal, etc), rusk and other bread products
Pasta /
Rice and wheat Brown and white rice, semolina and wheat
Potatoes and related products Potatoes, sweet potatoes, potato crisps, dauphine potatoes, potato chips, mashed potatoes prepared

from flakes or fresh
Pulses Broad beans, haricot beans, kidney beans, lentils, split peas, chick peas, tofu
Vegetables (excluding potatoes) Raw and cooked vegetables
Soups and stocks Ready-to-eat and homemade soups, instant soups and stocks
Fruit Raw fruit
Dried fruit, nuts and seeds /
Mashed and cooked fruit /
Milk Whole, semi-skimmed and skimmed milks, condensed milks and evaporated milks
Chilled dairy products Cream, yoghurt, cottage cheese and petit-suisses
Cheese Firm, hard, stretched or brined cheeses, soft cheeses with moulded rind, soft cheeses with washed rind,

blue cheeses, processed cheeses, uncured cheeses, etc
Meat Lamb, beef, veal and pork meats
Poultry and game Chicken, turkey, duck meats and game
Offal Brain, heart, liver, tongue, sweetbreads and kidneys
Meat products Raw and cooked hams, sausages, pâtés and rillettes (potted meat)
Fish Raw, canned and cooked fish and fish-based products
Crustaceans and molluscs /
Eggs and egg products Fried, scrambled, raw, hard-boiled and poached eggs, omelettes
Mixed dishes Meat-based dishes, savoury fritters and crêpes, pasta- and potato-based dishes, cheese-based dishes,

vegetable-based dishes, side dishes
Pizza and savoury pastries Pizzas, quiches, savoury pies and puff pastries
Sandwiches and hamburgers Grilled cheese, ham and egg sandwiches, grilled ham and cheese sandwiches, hamburgers, hot-dogs,

sandwiches on French bread, pita bread, loaf bread, panini bread
Breakfast cereals /
Sweetened pastries and biscuits Brioche, croissants, croissants with chocolate filling, milk bread rolls, cakes, pastries, pies, fritters, crêpes,

waffles and preparations for pastries, shortbread biscuits, chocolate biscuits, flaky pastry, biscuits
with fruit or jam filling, butter biscuits, wafers, meringues, cookies

Sugar and confectionery Sugars, marmalades, jams, honey and non-chocolate confectionery
Ice cream and frozen desserts Ice cream, frozen desserts and sorbets
Chocolate Chocolate, chocolate candy bars and chocolate hazelnut spread
Cream desserts and milk jellies Custard desserts and jellified milks
Butter /
Vegetable oil /
Margarine /
Condiments and sauces Herbal aromatics, salt and spices, garnish condiments, sauces and dressings
Other foods Other cereals, others fats and foodstuffs intended for particular nutritional use
Water Plain and carbonated mineral waters, tap water, spring water
Cold sweetened beverages Fruit juices, nectars, fruit-based beverages, soft drinks
Alcohol Wine, beer, alcoholic cider, liquor, cocktails and alcoholic blended spirits
Coffee /
Other hot drinks Cocoa or chocolate beverages, chicory coffee, tea and herbal tea
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