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Abstract
Objective: Recently, school meal composition regulations have been implemented
in France in order to improve the nutritional status of children. The present study
investigated the link between school lunch attendance and the food intakes of
schoolchildren aged 3–17 years.
Design: Second French cross-sectional dietary survey (2006–2007). Eating
frequencies were assessed for twenty-four food groups with a 7 d food record.
Eating locations were recorded for main meals. Food group intakes at weekday
lunches were compared for the school canteen and for other locations. The
children’s overall dietary intake was compared based on school lunch attendance.
Setting: Mainland France.
Subjects: Schoolchildren aged 3–17 years (n 1068).
Results: Lunchtime food intake differed between the school canteen and other
locations. Some intakes at school canteens were more in accordance with the
regulations (more fruit and vegetables, ﬁsh and dairy products, and less
sandwiches, soft drinks, chocolate and confectionery), whereas others highlighted
needs for improvement (more sweet biscuits and pastries, ice cream and dairy
desserts, pizzas and salty pastries). Many of these differences were also observed
in the children’s overall diet: children regularly attending school lunches ate more
mashed fruit, ﬁsh and sweet biscuits or pastries, and less sandwiches and soft
drinks. The link between school lunch attendance and overall diet was less
pronounced in secondary-school children.
Conclusions: School canteen attendance is associated with both potentially
beneﬁcial and deleterious differences in the lunchtime and overall diets of French
children. These ﬁndings are important to consider when setting national
regulations for school meal composition.

In many industrialized countries, school nutrition policies
have been established in order to promote healthier dietary habits and thereby to help prevent the development of
overweight and obesity in the paediatric population(1,2).
This is particularly relevant in France where children
attend school from 08.00–09.00 to 16.00–17.00 hours and
where most schoolchildren eat lunch provided by school
canteens at least three times per week: 50 % in pre-schools
and elementary schools and 64 % in secondary schools(3).
Most French schools house a canteen and supply a hot
meal composed of four to ﬁve courses (starter, main dish,
side dish, dairy product and dessert). Children attending
the canteen pay for the lunch. Apart from this hot meal, no
other food offer is available at lunchtime at school.

Keywords
School lunch
France
Children
Adolescents
Dietary intake

Schoolchildren are not allowed to bring packed lunches
from home to eat in school canteens unless they require a
special diet (due to diabetes type 1, food allergy, hereditary metabolic disorder, etc.).†
Since the early 2000s, the food environment at school has
been part of the French national nutrition policies. The ﬁrst
initiative dated back from 1999, when guidelines on the
composition of school meals were ﬁrst published(4) to help
catering services design balanced meals. These guidelines
were enclosed in 2001 in a circular† from the Ministry of
† According to French law, a circular is a text issued by a ministry
intended to be applied by public ofﬁcers. It is not compulsory but acts as a
recommendation.
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Education dealing with food composition and food safety of
school meals(5). Taking into account the overall food
environment at school, the morning snack was discouraged
in pre-schools and elementary schools in 2004 by a circular
from the Ministry of Education(6) and beverages and food
vending machines were banned by law(7) in all schools in
2005. In 2007, the guidelines on school meal composition
were revised(8). These recommendations consist of foodgroup frequency guidelines, deﬁning the minimum or
maximum frequency with which ﬁfteen food groups should
be offered by school canteens over twenty consecutive
meals. They also set adequate portion sizes according to
three age classes: pre-schools (children aged 3–5 years old),
elementary schools (children aged 6–10 years old) and
secondary schools (adolescents aged 11–17 years old). The
food-group frequency guidelines were established in order
to achieve several nutritional goals: decrease total lipid and
sugar intakes, obtain a more balanced fatty acids intake (less
SFA and more n-3 PUFA) and increase ﬁbre, Ca and Fe
intakes. Acknowledging a previous study pointing out that
school canteens did not implement all of the food-group
frequency guidelines properly(9), a law published in July
2010(10) made the revised recommendations compulsory.
The application decree and order were published in
October 2011 and came into effect in September 2012(11,12).
By improving the food and nutritional offer in school
canteens, these national school meal regulations should
contribute to healthier food choices at lunchtime(1,13–15).
But, from a public health point of view, the regulations
would be more efﬁcient if they also impacted the whole diet
of schoolchildren. It has already been suggested that overall
dietary or nutrient intakes of children can be improved by
school nutrition policies(15–19). Eating well-balanced lunches
at school may also contribute to the nutritional education of
children and improve their overall diet.
Given this background, the ﬁrst objective of the present
study was to investigate whether lunchtime dietary intake
at school canteens was different from other locations. The
second objective was to study the associations between
school lunch attendance and the overall dietary intake of
schoolchildren.
Materials and methods
All analyses conducted in the present study used the data
from the second French national cross-sectional food consumption survey, INCA2. The INCA2 survey was carried out
between December 2005 and May 2007 by the French Food
Safety Agency (Agence Française de Sécurité Sanitaire des
Aliments, AFSSA). At the time of the ﬁeld survey, the ﬁrst
guidelines on school meal composition (1999) had been
published but their implementation was not yet mandatory.
Study design and participants
Two nationally representative samples of individuals living
in mainland France (3- to 17-year-old children and 18- to
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79-year-old adults) were obtained by using a multistage
cluster sampling design described in detail elsewhere(20–22). A participation rate of 69 % was obtained for
children aged 3–17 years, yielding a sample of 1455
children. Among them, twenty-six unschooled children
were excluded. To compare the food intake of children in
a school period context, the 280 children who were on
holiday during the week of the survey were not retained.
Eleven children with extremely low reported energy
intake (EI), whose log(EI) was lower than [mean(EI) –3 SD],
by age group, were considered as outliers(23) and excluded as well. Seventy remaining children with missing
values on meal location or with incomplete food records
(less than 7 d) were also excluded from the analyses.
Finally, analyses were carried out on 1068 children (73·4 %
of the initial sample), who were classiﬁed according to
their school type. The school types were grouped
according to their catering organization (pre-schools and
elementary schools (PES) on the one hand and lower and
upper secondary schools (SS) on the other hand).
These 1068 schoolchildren had 30 205 eating occasions
(meals and between-meal snacks) during the survey
week, among which 7261 were lunches. For the comparison of food group consumption according to location
(school canteen v. other locations), only lunches eaten
from Monday to Friday were retained (n 5219) in order to
compare school-day lunches, and thirty-nine lunches with
incomplete eating location were also excluded. Eventually, comparison of lunch composition according to
location was performed on 5180 lunches, 2262 for PES
children and 2918 for SS children.
Measurements
Dietary intake was assessed using a 7 d open-ended food
record. Information on the demographic and socioeconomic status and type of school attended by the
children was collected using self-administered and faceto-face questionnaires.
A trained and certiﬁed investigator delivered the 7 d
record and the self-administered questionnaire to the
home and explained to the parents and their children how
to complete them. Guidance with written instructions on
the completion of the diary was also left with participants.
Children aged 10 years or less were helped by their parents or caregivers to ﬁll out the documents. After the week
of the survey, the investigator came back and checked the
accuracy of the information reported in the documents
and amended it with the help of the participant if necessary. Then, the investigator administered the face-to-face
questionnaire partly to the child and partly to his/her adult
caregiver (mainly the mother; 80 %).
Each day of the food record was divided into three main
meals (breakfast, lunch and dinner) and three betweenmeal eating occasions. For the main meals, participants
indicated the eating location from six proposals (at home,
at a canteen, at a friend’s home, at a fast-food outlet, at a
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restaurant or other). The participants were then asked to
report as precisely as possible all food and beverage
intakes. For meals eaten at the school canteen, the parents
were encouraged to ask for the school menus in order to
help the child correctly report his/her school meals. One
line of the record corresponded to one item consumed
(food or beverage) and thus to one eating occasion for this
speciﬁc item. Foods and beverages recorded were then
allocated a food code from the nomenclature including
1280 items(24). This task was performed using an automated process followed by a manual one. The automated
process based on logical rules allowed for the coding of
46 % of the reported foods/beverages. Then, two dietitians
coded the remaining foods/beverages items manually.
Finally, a third dietitian checked the code of all foods/
beverages items to ensure consistency by food group and
by food/beverage name. In the framework of our study,
these 1280 food items were classiﬁed into thirty-four
groups.
The face-to-face questionnaire included questions on
socio-economic issues (household income, the occupation, employment status and educational level of the
head of the household and the child’s caregiver), household living standards indices and the child’s school type.
Other information, such as region, type of settlement in
which the household was located and household composition, were collected during the face-to-face interview.
This survey was approved by the French Data Protection Authority (Commission Nationale Informatique et
Libertés, CNIL). Verbal informed consent was obtained
from all participants and formally recorded.
Data analysis
All analyses were computed using the STATA statistical
software package release 11. National representativeness of
the initial sample of 1455 children was established by
weighting individual data for unequal sampling probabilities
and for differential non-responses by region, urban area
size, age, gender, head of the household’s occupation, size
of the household and season. The external data used came
from the French National Institute of Statistics and Economic
Studies (INSEE) national data set for 2005.
School lunch attendance was assessed as the number of
lunches provided by the school canteen and eaten by the
child during the survey week, grouped into three classes:
never (no school lunch), occasional (1 or 2 school lunches) and regular (3 to 5 school lunches).
First, we compared the lunch food-group composition
according to meal location. To this end, for each of the
twenty-four food groups detailed in the Appendix,
the proportion of lunches including at least one item of the
food group was assessed according to eating location:
school canteen and all other locations (at home, at a
friend’s home, at a fast-food outlet, at a restaurant or
other). Among the thirty-four food groups, ten food
groups were excluded from analysis because they were
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almost never eaten by schoolchildren either at lunch or
overall. The odds of consuming a food group at lunch
according to its location were tested by mixed logistic
regression in order to take into account the random effect
of the child (xtlogit procedure). Analyses based on meals
were adjusted for age (in years), gender and socioeconomic and demographic characteristics previously
identiﬁed as associated with school lunch participation(3).
Second, we investigated the relationship between school
lunch attendance and the individual food intake of children. The eating-occasion frequency of twenty-one food
groups (excluding three food groups almost never eaten at
lunch) was calculated as the sum of every line of the food
record corresponding to the considered food group. Two
eating-occasion frequencies were calculated: one considered all lunches in the week and the second considered
all meals and snacks over the week in order to further
investigate the relationship between school lunch and the
other meals of the week. Both average individual eatingoccasion frequencies were compared for the three levels
of school lunch attendance, using tobit regression, which
makes it possible to take into account both variations in
non-consumer prevalence and in eating frequencies with
school lunch attendance. Analyses based on individuals
were adjusted for age (in years), gender and socioeconomic and demographic characteristics. In addition,
individual weighting factors and the complex sampling
design effect were taken into account by using the survey
procedures of STATA (svy: logistic, svy: tobit). With regard
to multiple testing, a P value <0·005 was considered
statistically signiﬁcant.

Results
Description of the participants and lunches
The composition of the study sample of 1068 schoolchildren was examined with regard to the variables used
(gender, age, region, urban area size, size of the household, head of the household’s occupation) in order to
ensure the national representativeness compared with the
overall sample of 1455 children. There was a slight overrepresentation of boys (53·9 % v. 45·1 % in the excluded
sample, P = 0·02). Included and excluded schoolchildren
were also checked for confounding variables (educational
level and employment status of the child caregiver,
household wealth index, settlement type) and for usual
school canteen attendance as estimated from the selfadministered questionnaire(3). Our study sample showed
an over-representation of children whose caregiver had a
high educational level (executives, top management and
professional categories: 38·2 % v. 22·5 % in the excluded
sample, P < 0·001). In addition, in the study sample of PES
children, regular users of the school canteen (at least three
times per week) were over-represented as compared with
the excluded sample (53·6 % v. 37·8 %, P = 0·01).
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The characteristics of the 1068 schoolchildren are presented in Table 1, according to the two school types.
About 64 % of the schoolchildren (61 % in PES and 67 % in
SS) attended the school canteen at least once during the
survey week. The location of the 5180 weekday lunches
eaten by these children is described in Fig. 1. School
canteens and the children’s home were the most common
locations observed regardless of the age of the children.
PES children had lunch more often at home and SS children had lunch more often at the school canteen
(P < 0·001).
Dietary intake for weekday lunches according to
meal location: school canteen v. other locations
For all school types, lunches provided by and eaten at
school canteens included the following foods more frequently: bread, ﬁsh and seafood, mixed dishes, dairy products (cured cheeses for PES children and yoghurt and
cottage cheeses for SS children), fresh fruit, fruit in syrup and
stewed fruits, and sweet biscuits and pastries (Table 2). On
the other hand, sandwiches and hamburgers, soft drinks,

fruit juices, and chocolate and confectionery were found less
frequently in school lunches. Other results were school-type
speciﬁc. For PES children, lunches eaten at the school canteen also provided vegetables and soups more often and
potatoes less often. For SS children, they included ice cream
and dairy desserts, pizzas and savoury pastries, and drinking
water more frequently.
School lunch attendance and the weekly dietary
intake of children
With regard to eating frequencies at lunchtime (Table 3),
the more schoolchildren attended the school canteen, the
more they ate fruit in syrup and stewed fruit, and sweet
biscuits and pastries. In addition, in PES children, lunchtime eating frequencies of cheese, ﬁsh and seafood,
vegetables and mixed dishes increased with school lunch
attendance, whereas lunchtime eating frequencies of meat
products decreased. In SS children, the relationship
between school lunch attendance and lunchtime eating
frequencies was positive for fresh fruit and negative for
sandwiches and soft drinks.

Table 1 Characteristics of the 1068 schoolchildren aged 3–17 years selected from the second French national food consumption survey
(INCA2, 2006–2007), according to school type
PES children (n 463)

Age (years)
Gender (%, male)
School type (%)
Pre-school
Elementary school
Lower secondary school
Upper secondary school
School lunch attendance (%)
Never (0 lunch/week)
Occasional (1–2 lunches/week)
Regular (3–5 lunches/week)

SS children (n 605)

n

Mean or %

95 % CI

n

Mean or %

95 % CI

223

7·3
54·0

7·1, 7·5
48·9, 59·2

288

14·2
53·7

14·0, 14·4
48·7, 58·7

34·5
65·4
–
–

29·9, 39·3
60·7, 70·1
–
–

380
225

–
–
66·6
33·4

–
–
61·7, 71·4
28·6, 38·3

39·1
20·8
40·0

34·1, 44·4
16·8, 25·6
34·7, 45·6

192
114
299

32·6
17·2
50·2

28·0, 37·6
14·1, 20·9
45·3, 55·0

152
311

180
96
187

PES, pre-school and elementary school; SS, secondary school.

60
% of weekday lunches

50.7 %

50
40

45.6 %

43.9 %

37.8 %
PSE: 11.4 %

30

SS: 10.4 %

20
6.0 %

10

3.7 %

1.1 %

3.5 %

4.3 % 3.2 %

0
At school canteen

At home

At a friend’s home At a restaurant or
fast-food outlet

Other

Fig. 1 Distribution of the locations of weekday lunches of 1068 schoolchildren aged 3–17 years ( , pre-school and elementary
school (PES) children, nlunches 2262; , secondary school (SS) children, nlunches 2918) selected from the second French national
cross-sectional food consumption survey (INCA2, 2006–2007). Values are means with their 95 % confidence intervals represented
by vertical bars
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Table 2 Prevalence of twenty-four food groups at lunch, and adjusted odds ratio (ORadj and 95 % confidence interval) for the presence of a
given food group at lunch according to location (school canteen v. other locations), among the 1068 schoolchildren aged 3–17 years
selected from the second French national food consumption survey (INCA2, 2006–2007)
PES children
(nlunches 855 at school canteen/1407 at other locations)

SS children
(nlunches 1331 at school canteen/1587 at other locations)

Prevalence at lunch

Prevalence at lunch

%

95 % CI

Adjusted OR*
ORadj

95 % CI

Yoghurt and cottage cheese
School canteen
26·9
23·9, 29·9
1·05
0·83, 1·33
All other locations 26·2
23·9, 28·5
1·00
Ref.
Cheese
School canteen
39·3
36·0, 42·6
1·97
1·54, 2·52
All other locations 26·4
24·1, 28·7
1·00
Ref.
Eggs and egg-based products
School canteen
6·0
4·4, 7·6
1·04
0·70, 1·52
All other locations
5·5
4·3, 6·7
1·00
Ref.
Meat
School canteen
29·6
26·5, 32·7
0·92
0·75, 1·12
All other locations 31·1
28·7, 33·6
1·00
Ref.
Poultry and game
1·15
0·91, 1·46
School canteen
17·9
15·3, 20·5
All other locations 15·1
13·2, 16·9
1·00
Ref.
Meat products
School canteen
19·4
16·8, 22·1
0·76
0·62, 0·96
All other locations 23·4
21·2, 25·6
1·00
Ref.
Fish and seafood
School canteen
24·8
21·9, 27·7
1·59
1·28, 1·98
All other locations 16·7
14·8, 18·7
1·00
Ref.
Bread and bread products
School canteen
44·1
40·8, 47·4
2·13
1·59, 2·86
All other locations 31·9
29·5, 34·3
1·00
Ref.
Pasta, rice and wheat
School canteen
35·2
32·0, 38·4
1·23
1·01, 1·49
All other locations 31·3
28·9, 33·8
1·00
Ref.
Vegetables
School canteen
70·2
67·1, 73·2
2·62
2·09, 3·29
All other locations 47·8
45·2, 50·4
1·00
Ref.
Soups
School canteen
7·4
5·6, 9·1
4·89
2·82, 8·48
All other locations
1·6
1·0, 2·3
1·00
Ref.
Potatoes and potato-based products
School canteen
24·4
21·6, 27·3
0·71
0·58, 0·87
All other locations 31·6
29·1, 34·0
1·00
Ref.
Legumes and chestnuts
School canteen
6·4
4·8, 8·1
1·24
0·84, 1·85
All other locations
5·5
4·3, 6·7
1·00
Ref.
Fresh fruit
School canteen
33·2
30·1, 36·4
1·58
1·24, 2·01
All other locations 24·3
22·1, 26·6
1·00
Ref.
Fruit in syrup and stewed fruit
School canteen
11·8
9·6, 14·0
1·71
1·24, 2·36
All other locations
7·6
6·2, 9·0
1·00
Ref.
Pizza and savoury pastries
School canteen
6·2
4·6, 7·8
1·17
0·80, 1·71
All other locations
5·3
4·1, 6·4
1·00
Ref.
Sandwiches and hamburgers
School canteen
1·1
0·4, 1·7
0·26
0·13, 0·54
All other locations
3·9
2·9, 4·9
1·00
Ref.
Mixed dishes
School canteen
13·1
10·8, 15·4
1·70
1·27, 2·29
All other locations
9·2
7·7, 10·7
1·00
Ref.
Sweet biscuits, croissant-like pastries, pastries and cakes
School canteen
13·1
10·8, 15·4
2·87
2·05, 4·01
All other locations
4·8
3·7, 6·0
1·00
Ref.
Ice cream and dairy desserts
School canteen
19·9
17·2, 22·6
1·17
0·91, 1·52
All other locations 16·8
14·8, 18·7
1·00
Ref.
Confectionery, chocolate and chocolate bars
School canteen
1·4
0·6, 2·2
0·18
0·08, 0·38
All other locations
5·8
4·6, 7·0
1·00
Ref.

Adjusted OR†

P value

%

95 % CI

ORadj

95 % CI

P value

0·68

29·3
19·7

26·9, 31·7
17·7, 21·6

1·87
1·00

1·47, 2·38
Ref.

<0·0001

<0·0001

24·8
20·7

22·5, 27·1
18·7, 22·7

1·07
1·00

0·84, 1·36
Ref.

0·59

0·86

4·9
4·7

3·7, 6·0
3·7, 5·8

0·94
1·00

0·66, 1·34
Ref.

0·72

0·38

28·1
30·2

25·7, 30·5
28·0, 32·5

0·86
1·00

0·72, 1·02
Ref.

0·09

0·25

13·9
12·4

12·0, 15·8
10·7, 14·0

1·10
1·00

0·88, 1·39
Ref.

0·39

0·02

19·5
21·0

17·4, 21·7
19·0, 23·0

0·89
1·00

0·72, 1·10
Ref.

0·28

<0·0001

17·5
12·3

15·5, 19·5
10·7, 13·9

1·55
1·00

1·25, 1·92
Ref.

<0·0001

<0·0001

49·0
32·3

46·3, 51·7
30·0, 34·6

2·45
1·00

1·91, 3·13
Ref.

<0·0001

0·04

34·9
30·4

32·4, 37·5
28·2, 32·7

1·24
1·00

1·05, 1·46
Ref.

0·01

<0·0001

44·9
41·9

42·2, 47·5
39·5, 44·3

1·08
1·00

0·89, 1·32
Ref.

0·42

<0·0001

2·8
2·3

1·9, 3·7
1·6, 3·1

0·73
1·00

0·37, 1·45
Ref.

0·37

<0·0001

28·8
28·7

26·3, 31·2
26·5, 31·0

1·01
1·00

0·85, 1·19
Ref.

0·93

0·28

3·5
4·4

2·5, 4·5
3·4, 5·4

0·79
1·00

0·54, 1·17
Ref.

0·24

<0·001

26·6
17·6

24·2, 29·0
15·8, 19·5

1·74
1·00

1·35, 2·23
Ref.

<0·001

0·001

6·6
3·1

5·3, 7·9
2·2, 3·9

2·15
1·00

1·46, 3·17
Ref.

<0·001

0·41

10·6
7·1

8·9, 12·2
5·9, 8·4

1·53
1·00

1·15, 2·03
Ref.

0·003

<0·001

2·6
9·0

1·7, 3·4
7·6, 10·4

0·20
1·00

0·12, 0·32
Ref.

<0·0001

<0·0001

14·1
9·6

12·3, 16·0
8·1, 11·0

1·58
1·00

1·24, 2·02
Ref.

<0·0001

<0·0001

17·8
6·9

15·7, 19·9
5·7, 8·2

2·96
1·00

2·27, 3·87
Ref.

<0·0001

0·21

19·6
13·3

17·5, 21·7
11·6, 15·0

1·54
1·00

1·22, 1·95
Ref.

<0·0001

<0·0001

1·8
3·8

1·1, 2·5
2·8, 4·7

0·34
1·00

0·19, 0·62
Ref.

<0·0001
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Table 2 Continued

Water
School canteen
All other locations
Fruit juices
School canteen
All other locations
Soft drinks
School canteen
All other locations

PES children
(nlunches 855 at school canteen/1407 at other locations)

SS children
(nlunches 1331 at school canteen/1587 at other locations)

Prevalence at lunch

Prevalence at lunch

Adjusted OR*

Adjusted OR†

%

95 % CI

ORadj

95 % CI

P value

%

95 % CI

ORadj

95 % CI

P value

81·4
77·1

78·8, 84·0
74·9, 79·3

1·27
1·00

0·90, 1·77
Ref.

0·17

77·3
66·4

75·1, 79·6
64·1, 68·7

1·66
1·00

1·29, 2·14
Ref.

<0·0001

1·6
4·1

0·8, 2·5
3·0, 5·1

0·35
1·00

0·18, 0·69
Ref.

0·002

1·2
4·0

0·6, 1·8
3·0, 4·9

0·31
1·00

0·16, 0·59
Ref.

<0·0001

0·4
16·1

0·0, 0·7
14·1, 18·0

0·01
1·00

0·00, 0·03
Ref.

<0·0001

2·1
19·7

1·3, 2·9
17·7, 21·6

0·05
1·00

0·03, 0·09
Ref.

<0·001

PES, pre-school and elementary school; SS, secondary school; Ref., referent category.
*Adjusted for child’s age (in years) and gender, region, number of adults in the households, child caregiver’s educational level and working status.
†Adjusted for child’s age (in years) and gender, type of settlement in which the household was located, household wealth index and child caregiver’s
educational level.

Considering overall eating frequencies (Table 3),
schoolchildren with higher school canteen attendance ate
fruit in syrup and stewed fruit more frequently. PES children also ate more ﬁsh and seafood, vegetables, mixed
dishes, and sweet biscuits and pastries. SS children ate
fewer sandwiches and hamburgers, and drank less soft
drinks.
Discussion
The present study assesses the extent to which school
lunch attendance is linked to differences in children’s diets
in France. It also provides a point of reference for future
evaluations of the efﬁciency of the new regulations on
school meal composition for improving food intakes of
children who eat school lunches.
Study strengths and weaknesses
All our analyses were based on a national sample of
schoolchildren aged 3–17 years. The exclusion of 27 % of
children from the initial sample may have an impact on the
generalization of our results to France as a whole, but not
on the relationship we observed between school lunch
attendance and the dietary intakes of children. Strict
inclusion criteria were applied for the children considered
in the ﬁnal sample in order to avoid misclassiﬁcation by
school lunch attendance frequency or school type. In
addition, we compared the intakes of children within a
school context (e.g. excluding children on holiday) in
order to account for the fact that different time constraints
can lead to different food habits(25,26).
Our study presents some weaknesses. First, we chose to
study the overall diet of children using a food group
approach since the new regulations are based on target
food groups. However, we acknowledge that a dietary
pattern approach would have allowed us to more

effectively consider their overall diet. Second, we cannot
rule out a potential differential memory bias in food
reporting for school lunches since some children may not
have taken the 7 d diary and the photographic food portion booklet to school. This bias may have been stronger
for younger children(27). Nevertheless, children were
initially trained to ﬁll in the food record by the interviewer
during the ﬁrst visit and parents were asked to have a copy
of the school menu at home. In addition, the time interval
between eating and recording was limited to a few hours.
All of these elements would help the children to more
accurately report their consumption(27–31). Finally, since
our ﬁndings are based on a cross-sectional study, we
cannot draw any conclusions on the causal link between
eating lunches provided by schools and the overall dietary
intakes of children.

School lunch attendance and dietary intakes
We investigated the relationship between school lunches
and dietary intakes at both meal and individual levels in
order to more effectively describe the links between
school lunch attendance and the overall dietary intakes of
schoolchildren.
First, we showed that, in France, foods eaten at lunchtime at the school canteen differed from those eaten at
other locations. Among the differences pointed out, some
were in accordance with the national recommendations
on school meal composition (more fruit, ﬁsh and seafood,
dairy products and vegetables, and fewer sandwiches, soft
drinks, chocolate and confectionery) whereas others
highlighted needs for improvement (more sweet biscuits
and pastries, ice cream and dairy desserts, pizzas and
savoury pastries). Second, we conﬁrmed that most of the
differences in dietary intake found at the meal level
remained at the individual level when accounting for the
lunchtime diet. However, some differences in dietary
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PES children (n 463)
SLA never (n 180)
Fq/week

SLA regular (n 187)

95 % CI

Fq/week

95 % CI

Fq/week

95 % CI

1·47, 2·12
4·28, 5·66

1·78
4·78

1·47, 2·10
4·09, 5·47

1·81
5·18

1·58, 2·04
4·61, 5·75

1·48, 2·07
3·71, 4·97

2·23
5·05

1·89, 2·58
4·30, 5·80

2·46
5·31

0·22, 0·43
0·67, 1·13

0·47
1·05

0·31, 0·62
0·79, 1·31

1·96, 2·44
2·99, 3·64

2·15
2·86

0·93, 1·31
1·57, 2·05

SLA never (n 192)
P value†

SLA occasional (n 114)

SLA regular (n 299)

Fq/week

95 % CI

Fq/week

95 % CI

Fq/week

95 % CI

P value†

0·81
0·35

1·22
3·33

0·97, 1·46
2·75, 3·90

1·29
3·35

0·97, 1·61
2·70, 4·00

1·59
4·02

1·40, 1·79
3·49, 4·55

0·05‡
0·39‡

2·17, 2·75
4·75, 5·87

0·001‡
0·02‡

1·24
3·15

0·85, 1·62
2·44, 3·86

1·72
3·83

1·36, 2·08
3·18, 4·48

1·74
4·29

1·52, 1·97
3·87, 4·72

0·13‡
0·30‡

0·35
0·99

0·26, 0·45
0·85, 1·13

0·34
0·87

0·25
0·70

0·16, 0·34
0·53, 0·86

0·39
1·00

0·26, 0·52
0·80, 1·19

0·34
0·78

0·27, 0·42
0·66, 0·89

0·40
0·05

1·87, 2·43
2·56, 3·17

2·03
2·96

1·81, 2·24
2·71, 3·21

0·20‡
0·09

1·99
3·20

1·76, 2·22
2·91, 3·49

2·12
3·40

1·86, 2·38
2·99, 3·80

2·17
3·29

1·98, 2·36
3·06, 3·53

0·68‡
0·61

1·12
1·81

0·90, 1·33
1·53, 2·09

1·31
1·86

1·15, 1·47
1·65, 2·07

0·32
0·91

0·89
1·64

0·70, 1·08
1·38, 1·90

0·87
1·53

0·67, 1·06
1·28, 1·78

1·12
1·86

0·97, 1·27
1·65, 2·06

0·37
0·28

1·70, 2·27
3·59, 4·52

2·01
4·45

1·70, 2·32
3·92, 4·98

1·55
3·65

1·33, 1·77
3·30, 4·00

0·005
0·01

1·68
3·59

1·32, 2·04
2·96, 4·21

1·65
3·50

1·34, 1·96
3·00, 3·99

1·60
3·93

1·44, 1·76
3·61, 4·26

0·61‡
0·47

0·97, 1·35
1·65, 2·24

1·33
2·26

1·12, 1·55
1·99, 2·54

1·62
2·56

1·44, 1·79
2·32, 2·81

<0·0001‡
0·001‡

0·95
1·72

0·76, 1·13
1·45, 1·99

0·93
1·85

0·74, 1·16
1·47, 2·23

1·16
1·98

1·01, 1·30
1·75, 2·20

0·07‡
0·59‡

1·80, 2·52
6·14, 7·77

2·86
8·87

2·37, 3·35
7·64, 10·10

2·63
8·12

2·20, 3·06
7·26, 8·98

0·09
0·06

2·44
6·94

1·95, 2·94
5·72, 8·17

2·23
7·14

1·76, 2·69
6·15, 8·12

3·08
8·53

2·76, 3·41
7·86, 9·20

0·01
0·25‡

2·01, 2·53
3·75, 4·62

1·83
3·71

1·57, 2·09
3·32, 4·09

2·36
4·23

2·19, 2·54
3·97, 4·49

0·003
0·01

1·99
3·84

1·78, 2·21
3·49, 4·20

2·10
3·80

1·79, 2·41
3·36, 4·24

2·34
4·05

2·16, 2·52
3·75, 4·35

0·03‡
0·71

3·89, 5·23
7·03, 9·21

5·82
10·51

5·18, 6·46
9·44, 11·59

6·32
10·68

5·73, 6·91
9·78, 11·59

0·0001‡
0·001‡

4·08
8·18

3·41, 4·75
7·23, 9·14

3·97
8·00

3·25, 4·69
6·67, 9·33

4·47
8·51

4·08, 4·87
7·86, 9·16

0·65
0·40

1·93, 2·41
3·38, 4·00

2·25
3·57

1·99, 2·51
3·19, 3·94

1·96
3·56

1·76, 2·16
3·27, 3·86

0·10
0·45‡

2·04
3·28

1·79, 2·28
2·95, 3·61

2·10
3·66

1·79, 2·42
3·24, 4·08

2·12
3·48

1·94, 2·30
3·21, 3·75

0·88‡
0·41

0·30, 0·50
0·52, 0·81

0·37
0·63

0·25, 0·49
0·46, 0·81

0·34
0·48

0·25, 0·44
0·36, 0·60

0·43‡
0·04‡

0·30
0·55

0·19, 0·42
0·40, 0·69

0·26
0·42

0·15, 0·37
0·29, 0·56

0·26
0·51

0·20, 0·33
0·41, 0·61

0·87
0·58

1·35, 2·17
3·51, 5·05

2·13
4·96

1·66, 2·60
4·04, 5·88

2·21
5·14

1·97, 2·44
4·61, 5·68

0·007‡
0·04‡

1·18
3·35

0·90, 1·47
2·76, 3·95

1·44
4·05

1·03, 1·84
2·95, 5·14

1·87
4·21

1·61, 2·13
3·69, 4·72

0·002‡
0·05‡

0·30, 0·55
0·94, 1·67

0·58
1·66

0·40, 0·77
1·21, 2·11

0·64
1·70

0·52, 0·76
1·40, 2·00

0·001‡
0·001‡

0·09
0·38

0·05, 0·14
0·24, 0·51

0·37
0·94

0·23, 0·51
0·59, 1·29

0·39
0·81

0·30, 0·48
0·66, 0·96

0·0001‡
0·0001‡

0·33, 0·58
1·23, 1·66

0·56
2·01

0·29, 0·83
1·61, 2·41

0·54
1·66

0·44, 0·65
1·46, 1·85

0·22
0·02

0·71
1·86

0·52, 0·90
1·66, 2·06

0·57
1·89

0·40, 0·75
1·58, 2·20

0·72
2·06

0·57, 0·86
1·82, 2·30

0·33
0·54‡

0·17, 0·33
0·41, 0·67

0·22
0·45

0·12, 0·33
0·30, 0·60

0·21
0·47

0·11, 0·32
0·34, 0·60

0·51‡
0·64

0·53
1·08

0·39, 0·66
0·83, 1·32

0·38
0·86

0·24, 0·51
0·66, 1·06

0·29
0·64

0·21, 0·37
0·52, 0·77

0·003‡
0·005‡

0·42, 0·66
0·93, 1·33

0·80
1·45

0·59, 1·01
1·15, 1·75

0·72
1·61

0·57, 0·87
1·40, 1·83

0·002
0·0001‡

0·60
1·22

0·45, 0·76
1·01, 1·42

0·78
1·25

0·60, 0·96
1·00, 1·51

0·76
1·44

0·66, 0·87
1·30, 1·58

0·04‡
0·11‡
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Yoghurt and cottage cheese
Lunchtime eating frequency
1·79
Overall eating frequency
4·97
Cheese
Lunchtime eating frequency
1·78
Overall eating frequency
4·34
Eggs and egg-based products
Lunchtime eating frequency
0·33
Overall eating frequency
0·90
Meat
Lunchtime eating frequency
2·20
Overall eating frequency
3·31
Poultry and game
Lunchtime eating frequency
1·12
Overall eating frequency
1·81
Meat products
Lunchtime eating frequency
1·99
Overall eating frequency
4·05
Fish and seafood
Lunchtime eating frequency
1·16
Overall eating frequency
1·95
Bread and bread products
Lunchtime eating frequency
2·16
Overall eating frequency
6·95
Pasta, rice and wheat
Lunchtime eating frequency
2·27
Overall eating frequency
4·19
Vegetables
Lunchtime eating frequency
4·56
Overall eating frequency
8·12
Potatoes and potato-based products
Lunchtime eating frequency
2·17
Overall eating frequency
3·69
Legumes and chestnuts
Lunchtime eating frequency
0·40
Overall eating frequency
0·67
Fresh fruit
Lunchtime eating frequency
1·76
Overall eating frequency
4·28
Fruit in syrup and stewed fruit
Lunchtime eating frequency
0·42
Overall eating frequency
1·30
Pizza and savoury pastries
Lunchtime eating frequency
0·46
Overall eating frequency
1·45
Sandwiches and hamburgers
Lunchtime eating frequency
0·25
Overall eating frequency
0·54
Mixed dishes
Lunchtime eating frequency
0·54
Overall eating frequency
1·13

SLA occasional (n 96)

SS children (n 605)

School lunch attendance and dietary intakes
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Table 3 Average lunchtime eating frequency and average overall eating frequency of twenty-one food-groups (Fq/week and 95 % confidence intervals), and relationship with the level of school
lunch attendance*, among the 1068 schoolchildren aged 3–17 years selected from the second French national food consumption survey (INCA2, 2006–2007)

PES, pre-school and elementary school; SS, secondary school; SLA, school lunch attendance.
*SLA: never = 0 lunches/week; occasional = 1–2 lunches/week; regular = 3–5 lunches/week.
†P value for at least one significant difference between the three levels of SLA (‡ denotes P value testing the linear association between the food-group intake and the three levels of SLA from never to regular). For PES
children, the test is adjusted for child’s age (in years) and gender, region, number of adults in the households, child caregiver’s educational level and working status. For SS children, the test is adjusted for child’s age
(in years) and gender, type of settlement in which the household was located, household wealth index and child caregiver’s educational level.

0·0001‡
0·002‡
0·45, 0·76
2·26, 3·20
0·61
2·73
0·65, 1·11
2·95, 4·49
0·88
3·72
1·27, 1·92
3·57, 5·01
0·02‡
0·11‡
0·86, 1·49
3·10, 4·66
1·17
3·88

0·64
3·72

0·41, 0·88
2·64, 4·80

0·56
3·02

0·40, 0·72
2·34, 3·70

1·59
4·29

4·85, 5·41
0·08‡
13·11, 14·97 0·02‡
5·13
14·04
4·23, 5·13
11·08, 13·75
4·68
12·42
3·88, 4·76
10·37, 12·66
4·32
11·52
0·19
0·54
5·18, 5·77
14·33, 16·32
5·47
15·33
5·13, 5·86
14·45, 16·40
4·74, 5·44
13·53, 15·78
5·09
14·66

5·50
15·43

0·51‡
0·36‡
1·13, 1·43
2·35, 2·92
1·28
2·64
0·81, 1·35
1·79, 2·82
1·08
2·31
0·70, 1·25
1·79, 2·57
0·98
2·18
0·07‡
0·55‡
1·24, 1·67
2·56, 3·30
1·46
2·93
1·03, 1·58
2·21, 3·25
0·90, 1·38
2·29, 3·16
1·14
2·72

1·31
2·73

1·02, 1·28
6·85, 8·00
1·15
7·42
0·55, 0·88
5·55, 7·22
0·71
6·39
0·44, 0·76
5·53, 6·85
0·60
6·19
0·0001‡
0·005‡
0·66, 1·04
8·31, 9·81
0·85
9·06
0·58, 0·98
7·78, 9·66
0·78
8·72
0·22, 0·42
6·92, 8·21

95 % CI
Fq/week
95 % CI
Fq/week
95 % CI
Fq/week
P value†
95 % CI
Fq/week
95 % CI
Fq/week
95 % CI
Fq/week

SLA regular (n 187)
SLA occasional (n 96)
SLA never (n 180)

0·32
7·56

Sweet biscuits and pastries
Lunchtime eating frequency
Overall eating frequency
Ice cream and dairy desserts
Lunchtime eating frequency
Overall eating frequency
Water
Lunchtime eating frequency
Overall eating frequency
Soft drinks
Lunchtime eating frequency
Overall eating frequency

SLA regular (n 299)
SLA occasional (n 114)
SLA never (n 192)

SS children (n 605)
PES children (n 463)

Table 3 Continued

0·0001‡
0·17‡

C Dubuisson et al.
P value†
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intake found at the meal level were no longer observed at
the individual level. This could be partly explained by a
loss of statistical power due to a lower sample size at
the individual level compared with the meal level, but also
by compensatory dietary intakes during weekend
lunches(24,25). Finally, we tested the relationship between
school lunch attendance and overall food-group eating
frequencies. Dietary habits differ from one meal to another
and from one day to another according to time constraints
(school days or not)(25,26,32) and conviviality(33). Therefore,
consumption during other meals, in different locations or
on non-school days, may attenuate the relationship of
school lunch with the overall dietary intakes of schoolchildren. Combining the results of the individual lunchtime
and overall eating frequencies provided further information
on the relationships between school lunch attendance and
overall food intake. When differences pointed out at
lunchtime were weaker or reversed for overall food intake,
these could suggest that the differences associated with
school lunch attendance were counterbalanced during the
other meals of the week. This situation was observed for
instance for pasta, rice and wheat in SS children. It implies
that a regulation aiming to improve school lunch composition needs fostering through educational support. However,
when signiﬁcant associations observed at lunchtime became
stronger when overall food intake was accounted for, this
could mean that children ate consistently more (or less)
frequently the given food group across all meals. This
therefore could be interpreted as school lunch attendance
being associated with different food habits in children.
Depending on their age, schoolchildren regularly attending
school canteens more often consumed stewed fruit, ﬁsh and
seafood, vegetables, mixed dishes in addition to sweet biscuits and pastries. Stewed fruit and fruit in syrup, as well as
sweet biscuits and pastries, are indeed common desserts in
school lunches(34). They also consumed soft drinks and
sandwiches less frequently than schoolchildren who never
ate at the school canteen.
Several studies have already highlighted the inﬂuence
of school canteens on children’s dietary habits, with regard
to either the total diet, including weekend days(35–38), or
only the school-day diet(18,19,39). Our ﬁndings also suggest
that diet as a whole is associated with school lunch
attendance. Acknowledging the cross-sectional design of
our study, the linear trend observed between school lunch
attendance and dietary intake for most of food groups
further supports the hypothesis of an inﬂuence of school
lunch attendance on overall dietary intake. Therefore,
even though it is not possible to conclude from our data
that there is a causal impact of eating school lunch on the
overall diet of schoolchildren based on cross-sectional
results, our ﬁndings are in agreement with others which
show that school lunch intakes can contribute signiﬁcantly
to overall diet(37). However, the weaker relationship in SS
children may be explained by the food choice available in
SS canteens, which provides SS children the opportunity to
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choose the foods they like or are used to eating, and that
are less likely to be healthy options(36,40). SS children have
more opportunities than younger children to select the
foods they want to eat outside school, which enables them
to more easily counterbalance their food intake at the school
canteen. For these reasons, a more restrictive food choice at
school lunch combined with educational support would be
necessary to improve the overall diet of SS children.
Because of national speciﬁcities in school catering and
lunch patterns, it is difﬁcult to go further in the comparison
of our ﬁndings with international studies dealing with
school canteen participation and dietary intakes of
children(15,19,35–42). However, most of these studies support our ﬁndings, which show both beneﬁcial (more
vegetables, dairy products, ﬁsh and less soft drinks and
sandwiches) and deleterious (more sweet and savoury
snacks) aspects of school lunch on food intake. Focusing
on the French situation, data from the former French
INCA1 survey carried out in 1998–1999 showed similar
differences in food intake with school lunch at both meal
and individual levels(43). Since some of the food intake
differences observed at lunchtime seemed to contribute to
the overall diet, we hypothesize that the new regulations
could contribute to improving children’s diet at school in
particular, and their whole diet on a more general level.
Indeed, all the foods offered at schools will be affected
by the regulations since vending machines on school
premises have been banned(7) and neither competitive
foods nor packed lunches are allowed in French school
canteens. However, it should be pointed out that school
lunch participation remains low in children with underprivileged backgrounds (about 40 % v. 76 % in children
with less underprivileged backgrounds)(3), whose dietary
habits have been identiﬁed as being less in line with the
national recommendations(20,23,32). From a public health
point of view, the effectiveness of the recent national
regulations will therefore also depend on an increase in
the school lunch participation of these children.

Conclusion
Lunchtime dietary intakes differ between the school
canteen and other locations, with the differences being
both potentially beneﬁcial and deleterious. Some of these
differences remain when considering the whole diet
whereas others seem to be counterbalanced during the
out-of-school meals, mostly in SS children. School meals
are therefore likely to be a valuable opportunity to promote a healthy diet in children. The new national regulations on school meal composition contribute further to this
trend provided that they are supported by educational
measures, particularly in SS children. It would be beneﬁcial to enable schoolchildren from underprivileged
families to beneﬁt more from these regulations, by ﬁnding
a way to enhance their school lunch participation.
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Appendix
Details of the twenty-four food groups

Food group

Foods included

Yoghurt and cottage cheese
Cheese
Eggs and egg-based products
Meat
Poultry and game
Meat products

Plain and flavoured yoghurts and similar products, cottage cheese and petit-suisse

Fish and seafood
Bread and bread products
Pasta, rice and wheat
Vegetables
Potatoes and potato-based products
Legumes and chestnuts
Fresh fruit
Fruit in syrup and stewed fruit
Pizzas, savoury pastries
Sandwiches and hamburgers
Mixed dishes
Soups
Ice cream and dairy desserts
Chocolate and confectioneries
Sweet biscuits and pastries
Water
Fruits juices
Soft drinks

Lamb, beef, pork, veal meat and offal
Poultry, rabbit, game
Ham, sausages, dried sausages, chitterling sausages, blood sausages, pâtés, terrines, rillettes
and foie gras
Fish, fish products, shellfish and molluscs
Bread, cripsbread/toasted bread
Pasta, rice, bulgur, semolina, etc. including whole cereal products
Potatoes cooked with or without fat

Pizzas, quiches, savoury pies, tarts, fritters, crepes, vol-au-vents, savoury biscuits and pastries
Baguette sandwiches, hamburgers and hot dogs, other sandwiches
Home-made and store-bought meat-based dishes, pasta or potato-based dishes, cheese-based
dishes, vegetable-based dishes, etc.
Soups and broths
Chocolate tablets, chocolate bars, chocolate paste and candies
Biscuits, cakes, pastries, pies, tarts, doughnuts, crepes and waffles, croissant-like pastries
Plain and sparkling mineral water, tap water, spring water
Beverages with fruits, sodas and colas, other soft drinks
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