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Abstract: School Lunch programs are a common strategy to address social inequalities in food access
among children, especially food insecurity. The aim of this study was to evaluate the dietary intake
and lifestyle habits of children aged 10–12 years enrolled in the School Lunch Program in Greece.
A cross-sectional survey of fifth and sixth grade students, School Lunch recipients (n = 609) and control
subjects (n = 736), collected data on sociodemographic, nutritional and lifestyle habits via self-reported
questionnaires during May–October 2019. Despite enrollment in the School Lunch Program children
in this group reported consuming less meals during the day (3.47 ± 1.38 vs. 3.65 ± 1.35, p = 0.002).
No differences were seen in intakes of energy and macronutrients, however School Lunch recipients
reported lower intakes of cereals/potatoes and legumes but higher fruit intake (2.32 ± 1.59 vs. 1.97 ± 1.72,
p < 0.05). School Lunch recipients reported 42min/d and 28min/d higher screen-time during weekdays
and weekends, respectively. Linear regression highlighted that dietary quality was not associated with
School Lunch enrollment but rather sleep duration and screen time had a stronger influence on dietary
habits. Enrollment in a School Lunch Program was linked to sustained differences in sedentary lifestyle
habits but less so in dietary habits.

Keywords: School Lunch; eating habits; sedentary lifestyle; school-aged children

1. Introduction

A key focus of school level nutritional policies is ensuring that children at school have
access to healthy, nutritious foods through the promotion of a healthy food environment [1].
To that extent, two policies are the most commonly employed, (i) the regulation of foods
available for purchase in school canteens and/or (ii) the provision of school meals, either
free or with a small cost [1,2]. School Lunch, the most effective of all policies, is often seen
as a strong political commitment in the fight of childhood obesity and is often introduced
in countries/states with an extensive portfolio of public health measures [3].

The effectiveness of school meals in improving dietary habits is often linked to their
capacity to safeguard children against the purchase of less healthy food alternatives from
vendors outside and inside the school, even in the presence of regulations around foods in
the school canteen [1,4]. However, the strong argument in favor of school meals is that they
can alleviate socioeconomic inequalities in food and health, as it is the children in the lower
socioeconomic classes that benefit the most from being enrolled in a school meal program [5–8].

Over the past decade, the economic crisis has undermined children’s health, dispro-
portionately affecting the families of children from the most vulnerable groups both at
home and at school, increasing their risk of any form of malnutrition [8–10]. With food
security on the rise, the Greek government introduced School Lunches as a state interven-
tion in 2016 in an effort to ensure access to sufficient nutritious food for children affected
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by the economic crisis [11]. The National School Lunch Program was initially launched
as a pilot among areas of high deprivation and was expanded in 2018 to cover 1227 pri-
mary schools around Greece (Ministerial Decision for 2018 Φ.14/ΦM/133730/∆1/2018,
ΦEK 3508/B/21-8-2018). The program, which operates in public schools only, offers one
hot meal (lunch) daily to each student, following a biweekly meal plan designed by the
Agricultural University of Athens according to the principles of the Mediterranean diet and
the National Food Based Guidelines. Public schools can opt to be enrolled in the program
in the beginning of each academic year based on socio-economic indicators of the vicinity
such as of poverty and parental unemployment. For schools enrolled in the program, meals
are provided to all children irrespectively of the household socioeconomic status, as long
as their parents/guardians have given their written consent and indicative information on
food allergies or intolerances of their children.

State driven nutrition interventions are a recent development in Greece, mainly after
the economic crisis. School-level nutrition interventions are so far rare, as public schools
do not include any structured food provision at any time during the day, unlike other
European countries. Monitoring and evaluation of these new developments in nutrition
policy is important, especially in countries with limited history in such initiatives. Previous
data from the evaluation of the state Food Bank initiative, implemented in the framework
of the Fund for European Aid to the Most Deprived (FEAD), provided with important data
on the dietary habits, nutritional intake and lifestyle determinants of the most deprived
in Greece and identified potential areas of improvement [12]. So far, there is a critical gap
in characterizing the dietary habits and lifestyle determinants of children enrolled in the
School Lunch Program to guide its design, future implementation and even the need for a
structured approach in food provision as part of the school environment.

The present study aimed to better characterize the dietary habits, nutritional intake
and lifestyle determinants of children enrolled in the School Lunch Program in Greece as
compared to an age matched control from the same vicinity.

2. Materials and Methods

A cross sectional study was carried out in 2019 during the May–June and September–
October time-periods. The research methodology followed, was approved by the Agri-
cultural University of Athens Research Committee on Research Ethics and Conduct
(28, 10-05-19) and the Hellenic Ministry of Education, Department of Primary Educa-
tion (Φ.14/ΦM/46270/50452/∆1, 02-04-19) as required by the Greek law for any study
conducted in the school environment, during formal school hours.

2.1. Participants and Study Design

The study design included the following protocol. A list of schools provided by
the Ministry of Education was used to identify schools across Greece that participated
in the School Lunch Program as of September 2019. Schools were selected based on the
geographical distribution of the Greek population. An important inclusion criterion was
the coexistence of schools participating in the School Lunch Program and control schools
in the same vicinity. The Ministry of Education was provided with clearance to enter the
schools which was approved by the principal of each school individually. Participant
recruitment was carried out in two stages. After receiving written clearance from the
school principal, researchers organized a screening visit in the school. During the screening
visit, researchers provided the students with the parent and student questionnaires gave
instructions for completion and explained the study process to the students. At this time,
students were also provided with a consent form to be filled by the parent/legal guardian.
Parents were asked to approve the questionnaire as part of their consent form and to fill
the parent questionnaire.

Students were asked to return the consent form and parent questionnaires filled within
3 days. Consent forms were collected by the teachers and stored in a sealed envelope
and researchers received the anonymous questionnaires separately. After 3 days, students
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were invited to participate in the study by returning the written consent form and the
parent questionnaires. The student questionnaires were all self-reported and students were
instructed to fill them alone without any help from the parents. For 44% of the schools,
students were invited to complete the questionnaires in the classroom in the presence of a
researcher (researcher-assisted arm) while for the remaining 56% of the schools, students
were instructed to fill the questionnaires at home (at-home arm). In both arms, the students
filled the questionnaires alone. School allocation to researcher-assisted or home-based data
collection was done randomly. The only differentiation between the two study arms is the
collection of anthropometry data which were self-reported for the home-based arm and
researcher measured in the researcher assisted arm.

The study recruited 1345 participants (45.1% boys), from five regions of Greece (i.e., Attica,
Macedonia, Peloponnesus, Thessaly, Thrace, and Crete). The study had a participation rate of
30.1%, based on the number of students who returned a signed consent form. School Lunch
recipients (n = 609) were recruited in the May–June from 45 schools and control participants
(n = 736) were recruited in the September–October period from 24 schools from the same
regions and vicinity. Participants were school-age children enrolled in the fifth and sixth grade
(i.e., aged 11 to 12 years old) and their parents.

2.1.1. Dietary Assessment

Dietary assessment was based on a semi-quantitative food frequency questionnaire
(FFQ) which contained 48 food groups commonly used in the local cuisine and was
validated for the study age group as a self-completed tool [13]. The FFQ included a picture
of an indicative portion size per food group, which was used to quantify the portion size
usually consumed by the children (quantification relative to the indicative portion size).
A separate set of questions were used to evaluate intake of specific foods, especially whole
wheat bread, low fat dairy products, and sugar free soft drinks. Participants were asked
to report their usual intake over the past month as ‘daily’, ‘3–6 times per week’, ‘2 times
per week’, ‘once a week’, ‘1–2 times per month’, and ‘seldom/never’.

Quantitative analysis of the FFQ into energy, macronutrient, fiber and sodium intake
was performed using data from the USDA National Nutrient Database [14] and Hellenic
Health Foundation [15]. Diet quality expressed as intakes of key food groups in portion
per day was performed against the National Nutrition Guide [16].

Over- and under-reporting was assessed using the Goldberg cut-off. [17]. In particular,
Basal Metabolic Rate (BMR) was calculated using the Schofield equations and all energy
intake to BMR ratios <1.16 and > 2.65 were excluded from the analysis. [18].

Mediterranean diet adherence was evaluated via the KIDMED score (Mediterranean
Diet Quality Index for children) [19], which includes 16 dichotomous questions resulting
to a score of 0–16. The score is then grouped in classes of ≥8, 4–7, and ≤3, indicative of
good, average, and low adherence to the principles of the Mediterranean Diet, respectively.

2.1.2. Anthropometric Data

For the schools that participated in the researcher-assisted arm, a trained researcher
measured anthropometry at the time of the interview (approximately 2 h after the first
meal and before the consumption of mid-day snack). Weight was measured with the
use of a digital scale (Tanita TBF 300). Students were dressed but removed their shoes.
One kilogram was subtracted from all subjects to account for clothing. Standing height was
measured using a portable stadiometer (Leicester height-measure) to the nearest 0.1 cm
without shoes, with the head positioned according to the Frankfort plane position. In the
at-home arm, all anthropometry was self-reported.

Body mass index (BMI) was calculated by dividing weight (kg) by standing height
squared (m2). Obesity, overweight and underweight among children were evaluated using
sex and age appropriate z-scores on the WHO growth charts [20].
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2.1.3. Sedentary Lifestyle Evaluation

Sedentary lifestyle was assessed via sleep duration, studying duration, and screen
time. All sedentary lifestyle habits were assessed separately for weekdays and weekends.
Children were asked to report the hours spent in front of a screen, the hours spent studying
for school or other extra-curricular activities. Sleep duration was calculated via questions
about their falling asleep and waking up cycle. Children were also asked to report any
mid-day naps. Watching television/DVD/movies and/or recreational usage of games
consoles/computer was defined as screen time. Children were also asked to report having
access to screen (mobile, TV, computer, etc.) in their own bedroom.

2.1.4. Socio-Economic Status (SES)

An adaptation of the Family Affluence Scale (FAS) [21] was used to define family SES
as it has been previously validated and used in Greece [22]. The original FAS evaluates:
(i) the number of cars per family, (ii) whether each child in the family has his/her own
bedroom, (iii) the number of personal computers their family owns, and (iv) the days spent
on family vacation the past 12 months (to identify higher-SES families in affluent countries).
In the current study, parents and children provided data on the first three components
of the FAS. However, the Ministry of Education, Department of Primary Education did
not allow for the collection of information on family vacation. Hence the adapted FAS
score used in this study assumed days spend in vacation to be zero for all participants. As
a result, the adapted FAS score in this study is used purely to detect differences among
participants and not as an absolute value.

2.1.5. Parental Data

Information on socio-economic and demographic characteristics, such as parents’ age,
current weight and height, years of education, annual family income, employment status,
and profession were collected via a questionnaire, which was attached to the consent
form. Parents were also asked about the children’s nutrition information (e.g., children
preferences on foods, frequency of meals consumed with the family, and the frequency of
meals ‘out of home’, who is cooking at home, etc.). Parental dietary habits were assessed
using the MedDietScore questionnaire, a measure of adherence to the Mediterranean
Diet [22]. Parental obesity and overweight were estimated from self-reported values of
body weight and height using standard cut-off values: obesity (BMI ≥ 30.0 kg/m2) and
overweight (BMI = 25.0–29.9 kg/m2) according to the WHO classification [23].

2.2. Statistical Analysis

Normal distribution of all continuous variables was tested with P-P test plots and graphi-
cally assessed by histograms. Continuous variables are expressed as mean ± standard devia-
tion for variables following normal distribution and median and (Quartile 1, Quartile 3) values
if not normally distributed. Differences between groups were tested through independent
samples t-test and Mann–Whitney U test for normally and non-normally distributed variables
accordingly. Linear regression models were used to measure the relationship between dietary
habits and sedentary lifestyle parameters. All models were adjusted for residency location, age,
sex, socioeconomic level, daily energy intake, and BMI classification. Estimated associations
are described in terms of β coefficients and 95% confidence intervals (linear regression models).
Collinearity diagnostics were performed using variance inflation factor (VIF) and tolerance
values. Significance level was set at 5%. Statistical analysis was performed by SPSS package,
version 16.1 (SPSS Inc., Chicago, IL, USA). A sensitivity analysis was performed to check for
differences between the two arms of data collection (at-home vs. researcher-assisted).

3. Results

Students recruited were primarily female (54.9%) from primarily urban (~75% for both
population groups, p = 0.924). Children recruited in both groups were 11.45 ± 0.5 years old
as per study design without any difference between the two groups (p = 0.54, data not
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shown). No differences were seen in the mean household SES between the two groups
(Table 1). In both population groups, mothers were the main responders for the parental
questionnaire (~81%). The mean age of mothers was 41.8 ± 5.2 years with slightly younger
mothers in the School Lunch group, while no difference was seen in the age of fathers
between the two groups with a study mean age of fathers of 45.5 ± 5.8 years (Table 1).
Parents in the control group reported higher educational level (in years) compared to the
School Lunch group (p = 0.02 for both parents).

Table 1. Sociodemographic and anthropometric characteristics of children and their parents per
population group.

Characteristics School Lunch Group Control Group p

Children (n) 595 736

Weight (kg) 43.86 ± 10.82 41.55 ± 9.57 <0.001
Height (cm) 149.47 ± 8.97 147.33 ± 8.44 <0.001

BMI (kg/m2) 19.18 ± 3.44 19.37 ± 3.68 0.35
Underweight % (n) 14.6 (78) 10.7 (73)

<0.001
Normal weight % (n) 84.1 (451) 82.8 (565)

Overweight % (n) 0.6 (3) 0.7 (5)
Obese % (n) 0.7 (4) 5.7 (39)
SES (2–16) 6.45 ± 1.62 6.35 ± 1.89 0.52

Parents (n) 203 305

Mothers n (%) 165 (80.8) 247 (81.0)
Mothers’ age (years) 41.02 ± 5.46 42.26 ± 5.05 0.01
Fathers; age (years) 46.49 ± 5.77 45.57 ± 5.84 0.88

Mothers’ education (years of school) 13.30 ± 3.09 14.09 ± 3.77 0.02
Fathers’ education (years of school) 12.64 ± 3.18 13.45 ± 3.90 0.02

BMI of mothers (kg/m2) 25.08 ± 4.50 24.14 ± 4.17 0.02
BMI of fathers (kg/m2) 25.52 ± 3.41 27.23 ± 5.27 0.52

p refers to comparisons between School Lunch and Control group; p-values are derived via the independent
samples t-test.

Although child BMI did not differ between the two groups (p = 0.35); a BMI z-score
indicative of underweight was more common for children in the School Lunch group,
while children in the control group had 8-times higher prevalence of BMI z-score indicative
of obesity (Table 1). As far as parental BMI is concerned, no differences were observed
in mean BMI of fathers, but mothers in the School Lunch group had higher BMI than the
mothers in the Control group (p = 0.02). No differences in reported weight, height, and
calculated BMI z-score were documented between self-reported (at home collection) and
measured values (researcher-assisted collection) (data not shown).

Children in the School Lunch groups consumed fewer meals daily (p = 0.02) and were
less likely to consume breakfast daily (p = 0.03) compared to the control group (Table 2).
The latter was mainly due to differences in the frequency of breakfast consumption among
boys (p = 0.0012) as no differences were seen for girls. Children in the School Lunch group
were more likely to have a TV in their own bedroom and spend more hours watching
TV or playing video games both during the week and the weekend (p = 0.03, ≤0.001,
respectively). Gender was an important factor behind those differences as both male and
female students in the School Lunch group reported higher weekday screen time compared
to the Control group (p < 0.001, data not shown) but girls in the Control group reported the
lowest screen time during both weekdays and weekends to all other groups. No differences
were observed concerning the hours spent studying during the week and weekends, or the
frequency of having a habit of watching TV whilst eating meals (Table 2).

The majority of children in both groups showed good adherence to the Mediterranean
Diet (School Lunch: 56.4%, Control: 59.6%, p = 0.63). Low adherence to the Mediterranean
Diet was only reported by 12.5% and 12% of the children in the School Lunch and control
group, respectively (Figure 1).
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Table 2. Eating habits and sedentary lifestyle characteristics of the population.

School Lunch Group Control Group p

Boys
(n = 269)

Girls
(n = 326)

Total
(n = 595)

Boys
(n = 331)

Girls
(n = 405)

Total
(n = 736)

School Lunch
vs. Control

Number of eating occasions (times/day) 3.41 ± 1.36 3.52 ± 1.41 3.47 ± 1.38 3.67 ± 1.36 3.64 ± 1.33 3.65 ± 1.35 0.02

Having breakfast (times per week) 4.90 ± 2.37 5.04 ± 2.36 4.98 ± 2.37 5.28 ± 2.27 5.17 ± 2.31 5.22 ± 2.29 0.06

Eating breakfast daily (%) 49.0 53.0 51.2 58.8 55.1 56.7 0.026

Having meal with family, father or mother (%)

Rarely 4.7 8.2 6.6 5.5 5.3 5.4

0.22

1–2 times/week 16.7 16.3 16.5 22.1 22.1 22.1

3–4 times/week 15.6 12.2 13.7 16.3 14.0 15.0

5–6 times/week 17.9 12.5 14.9 8.6 11.0 9.9

Daily 45.1 50.8 48.3 47.2 47.6 47.4

Having TV in the bedroom (%) 41.6 33.4 * 37.1 36.8 27.0 * 31.4 0.03

Having PC/video game player in the bedroom (%) 61.4 55.4 58.1 51.1 58.5 * 55.2 0.30

Studying hours (weekdays) 2.07 ± 1.11 2.25 ± 1.16 * 2.17 ± 1.14 2.13 ± 1.02 2.27 ± 1.12 2.21 ± 1.08 0.57

Studying hours (weekends) 2.19 ± 2.11 2.22 ± 2.31 2.21 ± 2.22 2.22 ± 2.26 2.13 ± 1.54 2.17 ± 1.90 0.74

TV/video game weekdays (h) 2.32 ± 2.74 2.10 ± 2.47 2.20 ± 2.59 1.58 ± 1.30 1.46 ± 0.99 1.52 ± 1.14 <0.001

TV/video game weekends (h) 3.87 ± 2.83 3.50 ± 2.86 3.66 ± 2.85 3.59 ± 2.49 2.85 ± 1.77 * 3.19 ± 2.16 0.001

Having meal while watching TV or playing
video games (times) (%)

Rarely 30.9 31.5 31.2 37.5 33.8 35.5

0.99

1–2 times/week 34.0 32.8 33.3 26.8 31.6 29.4

3–4 times/week 16.0 14.8 15.4 13.2 12.2 12.7

5–6 times/week 5.5 6.3 5.9 5.8 7.1 6.5

Daily 13.7 14.5 14.1 16.3 15.3 15.7

Results are presented as the mean ± SD for the normally distributed variables and as P50 (P25, P75) for non-normally distributed variables.
p refers to comparisons between total School Lunch and Control group, * p < 0.05 indicates significant difference between boys and girls
within each group. p-values are derived via the independent samples t-test or Mann–Whitney U for continuous variables and chi-square
for nominal variables.

Nutrients 2021, 13, x FOR PEER REVIEW 7 of 15 
 

 

 
Figure 1. Adherence to Mediterranean Diet of children participants. 

Dietary intake, daily energy, and carbohydrates and protein intake were similar for 
children in the two groups and both intakes were within the range of respective recom-
mendations (Table 3). Fat consumption and SFA, PUFA, and MUFA intakes were similar 
for both populations. Children in the School Lunch group consumed higher amounts of 
sodium (p = 0.08) and lower amounts of total sugars (Table 3) irrespective of the total sugar 
source (sugars from fruits, p = 0.08; sugars from dairy, p = 0.02; sugars from other sources, 
p < 0.01, data not shown). Sex was a differentiating factor in dietary intake only the case 
of energy intake (p < 0.01), sodium (p < 0.01), and calcium (p < 0.01), with boys in the control 
group having different intakes compared to the girl in the same group (Table 3). 

Table 3. Daily energy, macronutrients, sodium, calcium, fibers, and sugars intake of children participants, according to 
population group and gender 

 School Lunch Group Control Group  

 Boys 
(n = 101) 

Girls 
(n = 97) 

Total 
(n = 197) 

Boys 
(n = 129) 

Girls 
(n = 156) 

Total 
(n = 285) p 

Total Energy 
(kcal) 

2163(1549,3746)2028(1490,2785) 2060(1511,3438)2236(1597,3170)1873(1340,2494) * 1977(1498,2700) 0.13

Total carbs (% en) 45.3(39.9,51.64) 46.1 ± 9.1 45.3(39.9,51.6) 44.9(39.3,0.6) 46.0 ± 8.8 45.6 ± 8.5 0.77
Total protein (% 

en) 15.3(13.6,16.8) 14.7 ± 2.9 15.1 ± 3.1 15.4(13.7,17.3) 15.0 ± 3.1 15.2 ± 2.9 0.72

Total fat (% en) 41.8 ± 7.9 41.9 ± 7.3 41.8 ± 7.6 41.4(38.5,46.3) 41.9(37.9,45.3) 41.7 ± 6.1 0.84
SFA (% en) 14.4(12.3,17.2) 14.3(12.5,16.3) 14.7 ± 3.7 14.8(12.3,16.7) 13.89(12.04,16.46) 14.5 ± 3.5 0.64

PUFA (% en) 4.92 (4.2,5.6) 5.1(4.2,5.9) 5.0(4.2,5.6) 4.9 ± 1.1 5.2 ± 1.4 5.1 ± 1.3 0.80
MUFA (% en) 18.4 ± 5.1 17.8(15.6,20.9) 18.6 ± 5.1 17.62(15.9,20.6) 18.7(15.9,21.6) 18.0(15.9,21.0) 0.82

Total sodium (mg) 1899(1268,3212)1726(1193,2412) 1762(1258,2831)1949(1288,2840) 1533(997,2224) * 1618(1153,2443) 0.08
Total calcium 

(mg) 1392(888,2096) 1234(854,1674) 1303(871,1889) 1215(875,2183) 1063(691,1611) * 1150(809,1819) 0.13

Total fiber (g/d) 4.5 ± 1.4 4.7 ± 1.2 4.6 ± 1.3 4.3(3.6,5.2) 4.6 ± 1.2 4.4(3.7,5.3) 0.61
Total sugars (% 

en) 22.4(19.0,28.6) 23.3(18.9,29.5) 22.8(18.9,28.9) 21.8(18.3,25.7) 23.0(18.4,27.1) 22.9 ± 7.2 0.22

Results are presented as the mean ± SD for the normally distributed variables and as P50 (P25, P75) for non-normally 
distributed variables. p refers to comparisons between total School Lunch and Control group, * p < 0.05 indicates significant 
difference between boys and girls. p-values are derived via the independent samples t-test for the normally distributed 

Figure 1. Adherence to Mediterranean Diet of children participants.



Nutrients 2021, 13, 493 7 of 13

Dietary intake, daily energy, and carbohydrates and protein intake were similar for chil-
dren in the two groups and both intakes were within the range of respective recommendations
(Table 3). Fat consumption and SFA, PUFA, and MUFA intakes were similar for both popula-
tions. Children in the School Lunch group consumed higher amounts of sodium (p = 0.08) and
lower amounts of total sugars (Table 3) irrespective of the total sugar source (sugars from fruits,
p = 0.08; sugars from dairy, p = 0.02; sugars from other sources, p < 0.01, data not shown). Sex
was a differentiating factor in dietary intake only the case of energy intake (p < 0.01), sodium
(p < 0.01), and calcium (p < 0.01), with boys in the control group having different intakes
compared to the girl in the same group (Table 3).

Table 3. Daily energy, macronutrients, sodium, calcium, fibers, and sugars intake of children participants, according to
population group and gender.

School Lunch Group Control Group

Boys
(n = 101)

Girls
(n = 97)

Total
(n = 197)

Boys
(n = 129)

Girls
(n = 156)

Total
(n = 285) p

Total Energy (kcal) 2163(1549,3746) 2028(1490,2785) 2060(1511,3438) 2236(1597,3170) 1873(1340,2494) * 1977(1498,2700) 0.13

Total carbs (% en) 45.3(39.9,51.64) 46.1 ± 9.1 45.3(39.9,51.6) 44.9(39.3,0.6) 46.0 ± 8.8 45.6 ± 8.5 0.77

Total protein (% en) 15.3(13.6,16.8) 14.7 ± 2.9 15.1 ± 3.1 15.4(13.7,17.3) 15.0 ± 3.1 15.2 ± 2.9 0.72

Total fat (% en) 41.8 ± 7.9 41.9 ± 7.3 41.8 ± 7.6 41.4(38.5,46.3) 41.9(37.9,45.3) 41.7 ± 6.1 0.84

SFA (% en) 14.4(12.3,17.2) 14.3(12.5,16.3) 14.7 ± 3.7 14.8(12.3,16.7) 13.89(12.04,16.46) 14.5 ± 3.5 0.64

PUFA (% en) 4.92 (4.2,5.6) 5.1(4.2,5.9) 5.0(4.2,5.6) 4.9 ± 1.1 5.2 ± 1.4 5.1 ± 1.3 0.80

MUFA (% en) 18.4 ± 5.1 17.8(15.6,20.9) 18.6 ± 5.1 17.62(15.9,20.6) 18.7(15.9,21.6) 18.0(15.9,21.0) 0.82

Total sodium (mg) 1899(1268,3212) 1726(1193,2412) 1762(1258,2831) 1949(1288,2840) 1533(997,2224) * 1618(1153,2443) 0.08

Total calcium (mg) 1392(888,2096) 1234(854,1674) 1303(871,1889) 1215(875,2183) 1063(691,1611) * 1150(809,1819) 0.13

Total fiber (g/d) 4.5 ± 1.4 4.7 ± 1.2 4.6 ± 1.3 4.3(3.6,5.2) 4.6 ± 1.2 4.4(3.7,5.3) 0.61

Total sugars (% en) 22.4(19.0,28.6) 23.3(18.9,29.5) 22.8(18.9,28.9) 21.8(18.3,25.7) 23.0(18.4,27.1) 22.9 ± 7.2 0.22

Results are presented as the mean ± SD for the normally distributed variables and as P50 (P25, P75) for non-normally distributed variables.
p refers to comparisons between total School Lunch and Control group, * p < 0.05 indicates significant difference between boys and girls.
p-values are derived via the independent samples t-test for the normally distributed variables and via the Mann–Whitney U-test for skewed
variables. % en: values are expressed as % of the daily energy intake.

At the food group level, children in the School Lunch Program consumed more cereals–
potatoes (p = 0.02) and legumes (p = 0.02), than the Control group but also reported higher
intakes of fruits (p = 0.03). Both reported average intakes of cereals–potatoes, legumes,
vegetables, dairies, fish and seafood, oils-nuts and eggs lower than recommended according
to the National Nutrition Guide [16]. Fruit intake was below recommendation only for the
control group but not the School Lunch group (Table 4).

A linear regression analysis (Table 5) suggests that participating in the School Lunch
Program had no effect on the dietary choices of the children participated in the study.
However, the time spent on screens during the week showed a positive association with
fast food consumption and the screen time during the weekend was negatively associated
with the KIDMED score but positively with the number of portions of fruit consumed (all
associations adjusted for sex, BMI, SES, and geographical location of the school). Similarly,
sleep duration during the weekends was positively associated with the KIDMED score
irrespectively of the screen time during the same days. For every hour of extra sleep
during the weekend the intake of legumes reported was 0.23 portions higher and the
exact same association was seen for sleep duration during the week and these associations
were independent amongst them. Sleep duration during the week was also associated
with better nutritional habits in terms of nuts and soft drinks consumption. None of the
models reached statistical significance for fish and egg consumption. Interestingly, meat
consumption was negatively associated with SES status.
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Table 4. Daily intake from food groups in the School Lunch and the Control group and in comparison with the National Nutrition Guide.

National Nutrition Guide School Lunch Group (Portions/Day) Control Group (Portions/Day) p

Cereals-Potatoes (rice, pasta, breakfast cereals, bread, pastries, toast, crackers, potatoes) 5–6 portions/day 1.40(0.93,2.36) 2.12 ± 1.40 0.02

Legumes (lentils, beans, chickpeas) at least 3 portions/week (0.43 portions /day) 0.27(0.13,0.53) 0.33(0.13,0.53) 0.02

Fruits (raw, dried, fresh juices) 2–3 portions /day 2.29 ± 1.59 1.66(0.90,2.53) 0.03

Vegetables (raw and cooked) 2–3 portions /day 0.67(0.40,1.10) 0.83(0.40,1.37) 0.15

Dairy (milk, yogurt, cheese, dairy products) 3–4 portions /day 1.03(0.50.1.74) 1.19(0.73,1.73) 0.18

Meat (beef, beef, chicken, turkey) 2–3 portions/week (0.36 portions /day) 0.40(0.27,0.66) 0.40(0.27,0.80) 0.32

Fish and Seafood 2–3 portions/week (0.36 portions /day) 0.13(0.03,0.27) 0.13(0.03,0.27) 0.85

Fast foods - 0.49(0.30,0.90) 0.53(0.26,0.96) 0.91

Oils and Nuts (nuts, olive oil, butter, margarine) 3–4 portions /day 2.67 ± 1.56 2.55 ± 1.40 0.46

Eggs 4–7 portions/week (0.78 portions /day) 0.27(0.07,0.53) 0.27(0.07,0.53) 0.43

Soft drinks - 0.03(0.03,0.13) 0.03(0.00,0.13) 0.05

Sweets (sugar, honey, jam, chocolate) - 1.26(0.80,1.93) 1.180(0.70,2.00) 0.62

Results are presented as the mean ± SD for the normally distributed variables and as P50 (P25, P75) for non-normally distributed variables. p refers to comparisons between School Lunch and Control group,
p-values are derived via the independent samples t-test for the normally distributed variables and via the Mann–Whitney U-test for skewed variables.

Table 5. Linear regression models to evaluate sociodemographic, anthropometric, and dietary habits factors with KIDMED and food categories consumption.

KIDMED Fruits Vegetables Legumes Fast Food Meat Cereals Nuts Soft Drinks Sweets

β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI)

School Lunch enrollment 0.042
(−0.463 to 0.864)

0.027
(−0.496 to 0.718)

−0.06
(−0.276 to 0.254)

−0.016
(−0.168 to 0.135)

−0.122
(−0.616 to 0.038)

−0.052
(−0.242 to 0.111)

−0.110
(−0.759 to 0.879)

0.60
(−0.298 to 0.879)

0.111
(−0.015 to 0.129)

0.046
(−0.886 to 1.788)

Periphery 0.004
(−0.105 to 0.111)

−0.038
(−0.120 to 0.072)

0.029
(−0.034 to 0.050)

−0.046
(−0.031 to 0.017)

−0.016
(−0.058 to 0.046)

0.009
(−0.026 to 0.030)

0.076
(−0.032 to 0.103)

0.056
(−0.052 to 0.134)

−0.080
(−0.018 to 0.005)

−0.031
(−0.258 to 0.165)

Sex 0.123
(−0.116 to 1.275)

0.018
(−0.553 to 0.699)

0.041
(−0.201 to 0.346)

−0.048
(−0.206 to 0.108)

−0.025
(−0.397 to 0.278)

−0.024
(−0.212 to 0.151)

0.108
(−0.117 to 0.764)

0.154
(0.135 to 1.348) *

−0.089
(−0.120 to 0.029)

0.103
(−0.375 to 2.382)

SES −0.049
(−0.254 to 0.128)

0.041
(−0.129 to 0.223)

−0.006
(−0.080 to 0.074)

−0.002
(−0.045 to 0.043)

0.059
(−0.056 to 0.134)

−0.159
(−0.107 to −0.005) *

0.050
(−0.082 to 0.165)

0.025
(−0.137 to 0.204)

0.046
(−0.014 to 0.028)

−0.074
(−0.587 to 0.188)

Screen time weekdays −0.194
(−0.641 to 0.025)

0.067
(−0.209 to 0.399)

−0.045
(−0.161 to 0.105)

0.072
(−0.050 to 0.102)

0.238
(0.032 to 0.360) *

−0.037
(−0.104 to 0.072)

−0.044
(−0.260 to 0.168)

−0.028
(−0.341 to 0.248)

0.031
(−0.031 to 0.042)

0.024
(−0.588 to 0.751)

Screen time weekends −0.268
(−0.445 to −0.064) *

0.034
(−0.147 to 0.205) *

−0.071
(−0.103 to 0.051) *

−0.027
(−0.050 to 0.038)

−0.102
(−0.145 to 0.044)

0.162
(−0.008 to 0.094)

0.055
(−0.089 to 0.158)

0.029
(−0.141 to 0.199)

−0.017
(−0.023 to 0.019)

−0.064
(−0.516 to 0.257)

Sleep duration weekdays −0.102
(−0.623 to 0.117)

0.116
(−0.084 to 0.600)

0.065
(−0.086 to 0.212)

0.237
(0.047 to 0.218) *

−0.009
(−0.196 to 0.172)

−0.018
(−0.111 to 0.087)

0.134
(−0.020 to 0.460)

0.164
(0.097 to 0.759) *

−0.177
(−0.090 to −0.009) *

−0.033
(−0.925 to 0.579)

Sleep duration weekends 0.165
(0.014 to 0.180) *

−0.056
(−0.106 to 0.047)

0.003
(−0.033 to 0.034)

0.227
(0.011 to 0.049) *

−0.018
(−0.047 to 0.036)

0.029
(−0.018 to 0.027)

−0.035
(−0.067 to 0.040)

0.026
(−0.058 to 0.090)

0.115
(−0.002 to 0.017)

−0.026
(−0.202 to 0.136)

Energy intake 0.159
(0.00 to 0.001) *

0.258
(0.00 to 0.001) *

0.246
(0.00 to 0.00) *

0.010
(0.00 to 0.00)

0.004
(0.00 to 0.00) *

0.375
(0.00 to 0.00) *

0.369
(0.00 to 0.001) *

0.592
(0.001 to 0.001) *

0.307
(0.00 to 0.00) *

0.459
(0.001 to 0.002) *

BMI category 0.029
(−0.267 to 0.395)

−0.036
(−0.366 to 0.224)

0,158
(0.005 to 0.262) *

0.048
(−0.050 to 0.097)

−0.026
(−0.118 to 0.129)

−0.027
(−0.102 to 0.069)

0.015
(−0.186 to 0.229)

0.050
(−0.172 to 0.399)

−0.040
(−0.045 to 0.025)

0.006
(−0.622 to 0.676)

* p < 0.05 indicates significant difference; CI, Confidence interval.
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4. Discussion

This study is the first to evaluate the dietary and lifestyle habits of children enrolled in
the national School Lunch Program in Greece and compare them with an age-socioeconomic
status–matched control population of non-recipients. At the same time, this is one of the
few epidemiological studies reporting the eating habits of children in Greece after the
economic crisis, covering urban and rural environments representative of the population
distribution within Greece.

The most important finding of our study is children enrolled in the School Lunch
Program did not report any differences in Mediterranean Diet adherence or the intake of
the majority of macronutrients as compared to control subjects. On the other hand, children
in the School Lunch group reported lower likelihood of daily breakfast consumption
and lower intakes of cereals and legumes, but higher fruit intake, similar to the results
reported by adult recipients of the equivalent FEAD program in Greece [12]. However,
when adjusted for potential confounders, those differences were shown to be independent
on the School Lunch enrollment and more likely to be attributed to differences in sedentary
lifestyle parameters (namely screen time, sleep duration) and socioeconomic status. In
fact, the most apparent difference between the two groups were the larger duration of time
spend in front of a screen both during the week and the weekend for children in the School
Lunch group.

Although large differences were not observed in the dietary habits of the two groups,
it is important to highlight that when dietary quality is assessed, both groups showed great
room for improvement. For both groups, intakes of energy, carbohydrates, and protein are
within the recommended range from EFSA indicating a general food security [24–26]. On
the other hand, intakes of total fat were higher than the 20–35% of the total daily energy in-
take according to EFSA, as were SFA [26]. PUFA intakes were lower than the recommended
limits and MUFA intakes were within the range of recommendations [26]. Intakes of total
sugars were also higher than the 10% of the total daily energy recommended by WHO [27].
On the other hand, sodium intakes were below the 2g/day EFSA recommendation for
the specific age-group [28]. Similarly, as shown in Table 4, only meat intake is within the
recommended levels and intakes of cereal-potatoes, legumes, vegetables, dairy, seafood
and eggs should all be improved. At the level of food groups, the School Lunch group
did show larger deviation from the recommendation and hence a lower diet quality, with
the exception of fruit intake, in which those in the School Lunch group showed higher
adherence to the guidelines. These data are in agreement with previous reports in the same
population [29], that indicate a range of ‘hidden sources’ of sodium and SFA especially
dairy products (feta cheese) in school-aged children in Greece. Similarly, higher intakes of
fruit and vegetables among the lower socioeconomic classes are reported in Greece and
Europe attributed to an already high consumption of domestically produced foods [30,31].
Previous analyses of School Lunch Programs showed larger consumptions of meat and
fish among the students enrolled in such programs and consumption of larger portions a
finding that was not confirmed in our analysis [8], potentially linked to the menu employed
in the Greek School Lunch Program which was designed according to the Mediterranean
Diet principles.

The second important finding of the study is that children in the School Lunch group
were more likely to be classified as underweight compared to the control group. This effect
is further enhanced if sex-specific prevalence is calculated, where it becomes apparent
that boys are disproportionately affected and especially boys in the School Lunch group
(Underweight prevalence in School Lunch group: 26.5% in boys and 4.5% in girls; Control
group: 18.1% in boys and 4.6% in girls, Table 1). At the same time, only the 1.3% of
children in the School Lunch group and 6.4% in the Control group were classified as
overweight/obese, when studies carried prior to the economic crisis reported a very
different picture with 4.2% underweight and 41.2% overweight/obese prevalence [32].
This BMI redeployment suggests as 10-fold reduction in overweight/obesity prevalence.
Similar BMI redeployments and underweight prevalence of ~9–10% have previously been
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reported from an epidemiological study conducted in the midst of the economic crisis in
2015 in a similar population [33]. However, due to the nature of the study, such findings
will need to be further investigated in nationally representative samples to be confirmed.
More specifically, future studies would need to address any potential self-selection bias or
the likelihood of miss-reporting of weight and heigh values through direct measurements.
In the current study, both self-reported and measured values of weight and height were
used and although a sensitivity analysis did not show any significant differences between
the two methodologies used, the study could still be susceptible to miss-reporting.

In terms of lifestyle characteristics, half the population of our study reported sharing
at least on meal daily with the family, father or mother (Table 1). Interestingly, the majority
of the children (approx. 60%) in both groups also reported a rare occurrence (less than once
a week) of having a meal in front of a screen (Table 1). As food consumption in front of a
screen is associated with lower diet quality [34] and higher obesity prevalence [35–38], this
indicates the existence of healthy family eating habits in the majority of the households
studied, potentially linked to the traditional Mediterranean lifestyle and a slower transition
towards more westernized eating habits. Similarly, a slow transition in screen viewing
habits was also seen as reported time spent in front of screen has remained unchanged in
comparison to data from ~10 years ago [32,38].

Another important finding in our study is the substantial increase in proportion of school
aged children reporting high adherence to the Mediterranean Diet. Only a small proportion of
children in our study (~10%) reported low adherence to the Mediterranean Diet, a significant
change to the findings of studies like GRECO and PANACEA reporting large prevalence of
low adherence to the Mediterranean Diet prior to the economic crisis [32,39]. This positive
transition has been reported previously [40] and—when assessed together with other lifestyle
parameters—shows a tendency towards a more traditional lifestyle with the potential to
improve health.

Contrary to the positive changes in Mediterranean Diet adherence and screen viewing,
around 50% of children in the School Lunch group and more than 40% of children in the
Control group reported skipping breakfast frequently a finding unchanged over time [33].
What is more, children in the School Lunch group were still more likely to have less meals
during the day (47% reported having 1–3 meals), a finding which suggests a potentially
persistent impact of financial necessity towards meal skipping [41].

When studying the results of the current survey in the larger context, our findings are
in agreement with previous reports highlighting the capacity of School Lunch Programs to
alleviate social disparities in food and nutrition seen in students receiving either a school
lunch or breakfast [4–7]. This study was designed as a cross-sectional comparison between
children who were enrolled in the School Lunch Program versus children in the same
vicinity that did not receive such an intervention. Operating under the hypothesis that
the School Lunch Program is available to children at an increased risk of undernutrition,
based on unemployment and deprivation data, the study aimed to provide an indication of
the capacity of the School Lunch Program to address said risk. Our findings indicate clear
differences in lifestyle parameters such as screen time between the two groups but less
clear differences in the nutritional habits. The lack of such differences could be interpreted
as a success for the program to remove the risk of undernutrition but it could also be due to
no prior differences between the two groups, in which case the program has limited to no
impact. Unfortunately, the lack of longitudinal data does not allow for the measurement of
the direct impact on the School Lunch Program on dietary intakes of its recipients. However,
it could be stipulated that the School Lunch Program is at least partially contributing to this
lack of difference in the dietary intake of children. Previous results from a similar analysis
in adults receiving state food-bank aid showed that differences in dietary intakes persisted
despite being enrolled in the program, which was attributed to the low contribution of the
food bank program to the daily energy intake [12].

This study is not free of limitations. The combination of researcher assisted on site
and self-reported data collection at home has the capacity to introduce errors. The major
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concern for these types of errors were deliberate or involuntary mistakes in dietary exposure
assessment. To remedy such errors, the Goldberg cut-offs were employed to identify
and exclude extreme values. In fact, there was a larger proportion of extreme values in
the at-home module as opposed to the researcher-assisted module mainly due to poor
understanding of the FFQ completion (issues with serving size declaration, data not shown).
The second limitation is linked with the choice of dietary assessment methods. The choice
of a semi-quantitative FFQ, although suitable for the purpose of the study, does not allow
for a detailed analysis of the specific foods consumed. Despite potential errors in their
accuracy, the use of self-reported anthropometric data and self-reported dietary intake data
through a semi quantitative FFQ should not be considered as a substantial source of bias
in this analysis, as the main objective was to identify differences between two population
groups assessed under the same conditions and using the same tools.

5. Conclusions

This is the first in-depth analysis of the dietary and lifestyle characteristics of school-
aged children in the post-economic crisis Greece. Overall, children reported low adherence
to the National Dietary Guidelines, but dietary choices which were in line with the Mediter-
ranean Diet. Children receiving a school lunch show little to no difference in dietary habits
to their age and vicinity matched counterparts. Differences in lifestyle habits however
persist. In fact, sleep duration and screen time were highlighted as the main contributors
towards differences in dietary habits.
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