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Abstract
This study aimed to identify the association of recommended dairy intake with several dietary habits, obesity, physical fitness (PF), physical
activity (PA), screen time and sleep. Population data were derived from a health survey on a representative sample of 177 091 children aged
8–17 years. Dairy intake and dietary habits were evaluated using questionnaires (KIDMED index). Participants were characterised as ‘dairy
products consumers’ based on whether they met current recommendations for milk or dairy consumption (e.g. if they consumed two yogurts
and/or 40 g cheese and a cup of milk daily). Participants who did not consume the above-mentioned quantities were characterised as ‘non-
consumers.’ Anthropometric and PF data were obtained by trained investigators. PA status, screen time and sleeping habits were assessed
through self-completed questionnaires. Boys and girls consuming recommended dairy products were 25 % (95 % CI: 0·71, 0·79) and 43 %
(95 % CI: 0·51, 0·64) less likely to have low performances in cardiorespiratory fitness tests, Participants from both sexes classified as dairy prod-
ucts consumers had lower odds of central obesity by 10 % (95 % CI: 0·86, 0·95), as compared with non-consumers. Moreover, recommended
dairy products consumers had lower odds for insufficient sleep by 8 % (95 % CI: 0·89, 0·96) in boys and 14 % (95 % CI: 0·83–0·90) in girls, for
inadequate PA levels by 15 % (95 % CI: 0·77, 0·93) in boys and 16 % (95 % CI: 0·76, 0·90) in girls and for increased screen time by 11 % (95 % CI:
0·83, 0·95) in boys and 9 % (95 % CI: 0·85, 0·97) in girls than no-consumers. In conclusion, recommended dairy intake is associated with less
obesity, better PF and a healthier lifestyle profile.
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Accumulating evidence suggests that childhood is a crucial
period duringwhich long-term healthy or unhealthy dietary hab-
its are created and established that are commonly tracked into
later in life(1). Unhealthy dietary habits could contribute to the
development of obesity, type 2 diabetes mellitus, CVD and
sub-optimal immunity in children(2). Dairy products can be
important in diversifying the diet as they are nutrient-dense
and provide high-quality protein and micronutrients in an
easily absorbable form that can benefit both nutritionally vul-
nerable people and healthy people when consumed in appro-
priate amounts(3). Dairy products constitutes a major source of
dietary energy for children; it provides a plethora of nutrients
to aid the body’s development and growth, especially in bone
health(4). Specifically, dairy products such as cheese, yogurt
and milk contain micronutrients (e.g. vitamin B and vitamin D),
macronutrients (e.g. proteins) and enzymes; bioavailability of

some nutrients, such as Ca, is high compared with that in other
foods in the diet(4). Although there are no global recommenda-
tions for milk or dairy consumption (most developed countries
recommend two-three servings per day for children and adoles-
cents), an elevated percentage of schoolchildren worldwide are
not meeting country-specific recommended daily intakes, espe-
cially among adolescents, which may lead to unfavourable long-
term health implications(5,6). It has been suggested that there is a
neutral or inverse association between dairy products consump-
tion and indicators of obesity, hypertension and incidence of
dental caries among schoolchildren(5,7,8), while a recent review
proposes that dairy products do not play a significant role in the
development of childhood obesity, although they do make a
crucial contribution to children’s nutrient intake(9). Scientific evi-
dence indicated that dairy products are important for linear
growth and bone health during childhood(5).
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Studies among schoolchildren showed a favourable associa-
tion between higher intake of dairy products and cardiorespira-
tory fitness (CRF)(10,11).Available data indicated that in childhood
higher dairy product intakewas associatedwith higher intakes of
fruits, vegetables and cereals(12), while inadequate milk intake in
adolescence was associated with skipping breakfast and con-
sumption of processed foods(13). Moreover, a study in children
suggested that those with less sedentary behaviours and
increased physical activity (PA) consumed more dairy
products(14).

The potential associations of dairy intake with metabolic (e.g.
obesity and physical fitness (PF)) and lifestyle (e.g. diet, physical
and sedentary activities) indices have not been studied in large,
representative, country-wide studies in children.

Therefore, the present study aimed to explore the associa-
tions of recommended dairy product intake with several dietary
habits, obesity, PF, PA, screen time and sleep taking into consid-
eration several potential confounders, in an extensive, national
representative sample of schoolchildren aged 8 to17 years.

Materials and methods

Study population

The data were derived from a population-representative, nation-
wide, school-based health survey in Greece, under the aus-
pices of the Ministry of Education. We collected nutritional,
anthropometric, PA, screen and sleep time and PF data along
with information on age and sex. Children and adolescents
(n 177 091, aged 8 to 17 years) from public and private schools
participate in the study (participation rate was almost 40 %
of the total student population of Greece). Parents were
informed in writing for this school health survey and gave
their written consent.

Assessment of demographic and anthropometric data

Demographic information of students (e.g. school, class, sex and
date of birth) was obtained from the school records. Children’s
body weight, height and waist circumference were measured in
the morning using a standardised procedure. Specifically, body
weight was measured in the standing upright position with
electronic scales with a precision of 100 g (children wear little
clothing). Standing height was determined to the nearest 0·5 cm
with the child’s weight being equally distributed on the two
feet, head back and buttocks on the vertical land of the height
gauge. BMI was calculated as the ratio of body weight to the
square of height (kg/m2). Waist circumference was measured
at the midpoint between the lower margin of the least palpable
rib and the top of the iliac crest, using a flexible measure to the
nearest 0·1 cm. BMI status (e.g. normal-weight, overweight and
obese) was classified using the International Obesity Task Force
age- and sex-specific BMI cut-off criteria(15). Central obesity was
defined as waist circumference:height ratio≥ 0·5(16). Physical
Education professionals performed all anthropometric measure-
ments. Since the collected datawere part of the obligatory school
curriculum, students’ verbal informed consent was considered
sufficient.

Assessment of physical fitness levels

The Euro-fit PF test battery was used to evaluate children’s PF
levels(17). Given that PF constitutes a significant factor for a
healthier life, the Euro-fit tests form a complete fitness package
that evaluates strength, speed, muscle endurance, flexibility and
cardiorespiratory endurance(17). The battery consists of five tests,
i.e. (a) amulti-stage 20m shuttle run test, to estimate aerobic per-
formance; (b) a maximum 10 × 5 m shuttle run test to evaluate
speed and agility; (c) a sit-ups test in 30 s, to measure the endur-
ance of the abdominal and hip-flexor muscles; (d) a standing
long jump, to evaluate lower body explosive power and (e) a
sit and reach test to measure flexibility. All fitness tests were
administered during the Physical Education class by Physical
Education professionals, whowere instructed through a detailed
manual of operations and followed a standardised procedure of
measurements to minimise the inter-rate variability among schools.
Moreover, participants’ performance in PF tests was evaluated
based on PF normative age- and sex-specific values for 6–18-
year-old Greek boys and girls(18). Specifically, for each of the five
PF tests applied, a performance≤ 25th percentile was considered
as low between the 25th and 75th as average and≥ 75th as high(18).

Assessment of dietary habits

Children’s dietary, PA and sedentary habits were recorded via
the use of an electronic questionnaire that was completed at
school with the assistance of the teachers and/or Information
Technology professors. Students’ dietary habits were assessed
using the KIDMED (Mediterranean Diet Quality Index for chil-
dren and adolescents)(19). This index contains sixteen YES or
NO questions, including dietary habits that are under the princi-
ples of the Mediterranean diet (MD) dietary pattern and the gen-
eral dietary guidelines for youth and habits that undermine them.
Questions denoting a negative connotation concerning a high-
quality diet are assigned a value of −1, while those with a pos-
itive aspect are assigned a value of þ1. Thus, the total KIDMED
score ranges from 0 to 12 and is classified into three levels:≥ 8,
suggesting an optimal adherence to the MD (sufficient dietary
habits); 4–7, suggesting an average adherence to the MD and
an improvement needed to adjust dietary intake to guidelines
(relatively sufficient dietary habits) and≤ 3, suggesting a low
adherence to the MD and generally a low diet quality (insuffi-
cient dietary habits).

Dairy products consumption

Participants were characterised as ‘dairy products consumers’ if
they answered the question ‘Takes two yogurts and/or some
cheese and a cup ofmilk, daily’, based onwhether theymet current
recommendations for milk or dairy consumption(5). Specifically, in
the current study participants were characterised as ‘dairy products
consumers’ if they consumed three servings, daily (e.g. two yogurts
and/or 40 g cheese and a cup of milk, or three cups of milk, etc.).
Participants who did not consume the above-mentioned quantities
were characterised as ‘non-consumers.’ In most developed
countries, the current recommendations for children and ado-
lescents call for the consumption of two-three servings of
dairy products per day(5).
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Assessment of self-reported physical activity and
sedentary time

Patterns of PA were also self-reported. The questionnaire used
had been previously validated(20) and included simple closed-
type questions regarding children’s frequency, time and intensity
of participation in (a) school-related PA (including activity dur-
ing Physical Education classes; (b) organised sports activities and
(c) PA during leisure time. Children who participated in moder-
ate to vigorous PA for at least 60 min per day were considered as
meeting the recommendations for PA.

Weekly time spent in sedentary activities (e.g. TV viewing,
playing with the computer or/and console games and use of
the Internet for non-study reasons) was also calculated for
each student (via multiplying the weekly frequency of partici-
pation with the duration per bout of participation in sedentary
activities). In the current study, screen viewing was used as a
proxy for sedentary behaviours. Using the threshold of
two hours per day, as per current guidelines, students were
classified as sedentary or not, i.e. exceeding (>2 h/d) or not
(≤ 2 h/d)(21).

Sleep time was self-reported. Children who were sleeping at
least 9 h daily and adolescents who were sleeping at least 8 h
daily were classified as meeting the recommendations for suffi-
cient sleep. Children and adolescents sleeping less than the rec-
ommended hours were classified as having insufficient sleep(22).

Ethical approval

Ethical approval for the health survey was granted by the Ethical
Review Board of the Ministry of Education and the Ethical
Review Committee of Harokopio University.

Statistical analyses

Descriptive statistics were expressed as mean ± standard
deviation or frequency (percentages). The χ2 test evaluated asso-
ciations between the categorical variables, and the Student’s
t test were applied to evaluate differences in mean values of nor-
mally distributed variables. (The effect size for the t test for inde-
pendent samples was calculated using Cohen’s d.) To assess the
potential effect of several dietary habits on the ‘NO’ v. ‘YES’ rec-
ommended dairy products consumption, binary logistic regres-
sion analysis was implemented and OR with the corresponding
95 % CI were calculated, adjusted for confounders. Furthermore,
aiming to assess the potential effect of several metabolic indices
(e.g. total and central obesity and PF) and lifestyle factors such as
screen time, sleeping time and PAon the category (NOor YES) of
recommended dairy products consumption, hierarchical binary
logistic regression analysis with Enter as the selected Method
was implemented and OR with the corresponding 95 % CI were
calculated to obtain adjusted association of covariates while con-
trolling for confounding. The distribution of the independent
variables in the models was done with scientific criteria. The
Hosmer and Lemeshow’s goodness-of-fit test was calculated
to evaluate the model’s goodness-of-fit, and residual analysis
was implicated using the dbeta, the leverage and Cook’s distance
D statistics to identify outliers and influential observations. All

statistical analyses were performed using the SPSS version
23.0 software forWindows (SPSS Inc). The statistical significance
level from two-sided hypotheses was set at P-value< 0·05.

Result

A total of 177 091 children and adolescents (aged 8 to 17 years)
participated in the study. Themajority (81·4 %) of them classified
as dairy products consumers (81·2 % boys v. 81·5 % girls,
P= 0·071). The proportion of girls meeting dairy products con-
sumption recommendations declined with age, while we found
a slight increase in dairy products intake with age among boys.
Basic descriptive statistics of the total sample are presented in
Table 1. Significant differences between girls and boys were
recorded in anthropometric variables, dietary habits, PA, screen
time and PF measurements (all P-values< 0·001).

Dairy products consumers (Table 2) had better anthropomet-
ric and PF results, better KIDMED score, reduced screen time
and more sleeping time in comparison with non-consumers of
the same sex (all P-values< 0·001).

Unadjusted binary logistic regression analysis showed that
being a dairy products consumer was associated with decreased
odds of skipping breakfast, consuming fast food and sweets fre-
quently and consuming baked goods or pastries for breakfast
(negative dietary behaviours) and increased odds of eating fruits,
vegetables, fish, pasta or rice regularly, pulses more than once
weekly and uses olive oil at home (positive dietary behaviours)
in both sexes (Table 3, model 1). After adjusting for covariates
such as age, BMI and waist circumference, the recommended
dairy product intake remained significantly associated with food
habits previously reported (Table 3, model 2). Further adjust-
ment for PA, screen and sleeping time did not significantly
change the results (Table 3, model 3).

Taking into consideration that dairy products consumers
had a healthier lifestyle profile in comparison with non-con-
sumers, hierarchical binarylogistic regression analyses (3 mod-
els) were applied to explore the potential associations of
included factors on recommended dairy product intake (NO
v. YES) in both sexes. The initial analysis (Table 4, model 1)
showed that being a dairy products consumer decreased the
odds of being overweight/obese or centrally obese by almost
15 % in both sexes, adjusted for age and dietary habits. After
further adjustment for inadequate (<60 min daily moderate
to vigorous PA) PA levels, increased screen time (>2 h/d)
and insufficient (<8–9 h/d) sleeping status (Table 4, model
2), the results showed that dairy consumers had lower odds
for insufficient sleep by 8 % in boys and 14 % in girls, for inad-
equate PA levels by 15 % in boys and 16 % in girls and for
increased screen time by 11 % in boys and 9 % in girls.
Finally, when PF measurements were included in the analysis,
it was shown that recommended dairy product consumers
presented decreased odds of low PF than non-consumers in
both sexes (Table 4, model 3), adjusted for KIDMED score.
For example, boys and girls consuming recommended dairy
products were 25 % (95 % CI: 0·71, 0·79) and 43 % (95 % CI:
0·51, 0·64) less likely to have low performances in CRF tests.
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Discussion

The most significant findings of the study are (a) schoolchildren
from both sexes whowere classified as dairy products consumers
had less obesity, better CRF and strength and (b) recommended
dairy products intake was associated with increased odds of
healthy dietary habits (e.g. consumption of olive oil, fruits, vege-
tables and etc.), increased PA levels and adequate sleep.

The majority of the participants of this study (81·4 %) were
characterised as dairy products consumers (consumed at least
two yogurts and/or 40 g cheese and a cup of milk daily) with
no differences found between sexes. Although there are
differences in daily dairy recommendations among countries,
it is considered that a significant percentage of schoolchildren
fail to meet the recommended intake of dairy products(5).
According to a review study, the proportion of schoolchildren
meeting national dairy products consumption recommendations

tends to decline with age through childhood and early adoles-
cence(5), although males consume significantly more than
females(5,6). In the current study, this is the case only for girls.
To the contrary, we observed a slight increase in dairy products
intake with age among boys. Potentially, factors not investigated
in the present study could explain this finding.

Over the last few decades, several studies have proposed that
increased consumption of dairy products may aid in the preven-
tion of body weight gain and/or changes in body composition,
while others found no significant association (at least among
children) between dairy products consumption and bodyweight
and/or fat percentages(5,6,23,24). Our findings showed that dairy
products consumers had lower odds of total and central obesity
by 10 %, in both sexes. Due to the inconsistent reports from sci-
entific studies, dairy products continue to be the subject of
intense debate concerning their potential association with
obesity in children and adolescents(6).

Table 1. Baseline characteristics (mean ± SD) of the study participants
(Mean values and standard deviations)

Total (n 177 109) Boys (n 90 821) Girls (n 86 288)

P-value Effect sizeMean SD Mean SD Mean SD

Age (years) 11·3 2·3 11·3 2·3 11·3 2·4 0·369 0·01
Height (cm) 149 13·5 150 14·5 148 12·3 <0·001 0·14
Weight (kg) 44·5 14·2 45·5 15·2 43·5 12·9 <0·001 0·14
BMI (kg/m2) 19·7 3·8 19·8 3·8 19·5 3·7 <0·001 0·07
Waist circumference (cm) 70·4 10·7 71·6 11·1 69·2 10·2 <0·001 0·22
Waist:height ratio 0·30 0·46 0·32 0·47 0·28 0·45 <0·001 0·09
KIDMED score (0, 12)* 6·7 2·4 6·7 2·4 6·8 2·4 <0·001 0·03
Physical activity (h/week) 9·4 5·5 10·4 5·9 8·4 5·2 <0·001 0·35
Screen time (h/week) 8·6 8·5 9·3 8·8 7·8 7·8 <0·001 0·19
Sleeping time weekdays (h/d) 8·6 1·6 8·6 1·6 8·7 1·6 <0·001 0·03
20 m shuttle run (stages) 31·1 18·6 36·2 20·6 25·4 13·9 <0·001 0·58
Standing long jump (cm) 117 55·7 124 59·3 110 50·5 <0·001 0·26
Sit and reach (cm) 15·4 8·3 13·2 7·6 17·7 8·3 <0·001 0·55
Sit-Ups in 30 s (n) 19·7 5·7 20·6 5·8 18·7 5·3 <0·001 0·32
10 × 5-m shuttle run (sec) 21·5 3·4 21·0 3·4 22·1 3·3 <0·001 0·32

* KIDMED score (≤ 3: insufficient dietary habits, 4–7: relatively sufficient dietary habits,≥ 8: sufficient dietary habits. P-values and effect sizes for differences between boys and girls.

Table 2. Anthropometric and behavioural characteristics (mean ± SD) in the two dairy intake groups, in boys and girls (8 to 17 years)
(Mean values and standard deviations)

Daily dairy intake

Boys Girls

Yes No

P-value Effect size

Yes No

P-value Effect sizeMean SD Mean SD Mean SD Mean SD

Age (years) 11·3 2·2 11·3 2·3 0·212 0·01 11·2 2·2* 11·4 2·4 <0·001 0·10
BMI (kg/m2) 19·7 3·8 20·0 4·0 <0·001 0·08 19·4 3·6* 19·9 3·9 <0·001 0·12
Waist circumference (cm) 71·4 11·0 72·1 11·6 <0·001 0·07 69·0 10·0* 70·2 10·7 <0·001 0·11
Waist:height ratio 0·32 0·47 0·35 0·47 <0·001 0·07 0·28 0·45* 0·31 0·46 <0·001 0·08
KIDMED score (0–12) 7·1 2·2 4·9 2·4 <0·001 0·91 7·2 2·2* 5·0 2·3 <0·001 0·92
Physical activity (h/week) 10·6 5·9 9·9 6·0 <0·001 0·10 8·5 5·2* 7·9 5·2 <0·001 0·11
Screen time (h/week) 9·2 8·7 9·8 9·2 <0·001 0·07 7·6 7·8* 8·5 7·7 <0·001 0·10
Sleeping time (h/d) 8·6 1·6 8·4 1·7 <0·001 0·12 8·7 1·6* 8·4 1·7 <0·001 0·14
20 m shuttle run test (laps) 36·5 20·7 34·3 20·1 <0·001 0·21 25·7 13·9* 24·3 13·6 <0·001 0·07
Standing long jump (cm) 126 59·4 121 58·5 <0·001 0·05 111 50·6* 106 50·2 <0·001 0·06
10 × 5-meter shuttle run (sec) 20·8 3·4 21·2 3·5 <0·001 0·08 21·9 3·3* 22·2 3·3 <0·001 0·07
Sit-Ups in 30 sec (n) 20·8 5·8 20·1 5·8 <0·001 0·11 18·9 5·3* 18·3 5·3 <0·001 0·09
Sit and reach (cm) 13·4 7·6 12·9 7·6 <0·001 0·04 17·8 8·2* 17·4 8·3 <0·001 0·05

* P-values< 0·001 for differences between boys and girls dairy consumers.
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In the current study, recommended dairy intake was favour-
ably associated with average/high PF levels, in both sexes, even
after adjustment for several covariates. For example, boys and
girls who consumed recommended dairy products were 25 %
and 43 % less likely to have low performances in the CRF test,
while participants from both sexes had 14 % lower odds for
low performance in the explosive power test. These results
are in agreement with findings of a favourable association
between CRF and higher intake of milk(10) and higher con-
sumption of dairy products with higher CRF in children and
adolescents(11). Moreover, prospective data have shown a
favourable association of milk consumption in childhood with
physical performance later in life(25). Numerous metabolically
active nutrients naturally existing in dairy products such as
proteins (especially leucine), and vitamins B2 and B12 could
provide a basis for interpreting the independent association,
at least in part, between dairy products intake and PF(24,26).
As dairy products intake has been previously presented to
be part of a more favourable lifestyle pattern in children
and adolescents(27), increased PA levels recorded in the cur-
rent study for schoolchildren with higher dairy products con-
sumption could also provide a basis, but no explanation, for
interpreting the favourable association between dairy prod-
ucts consumption and PF. Further study is required to confirm
these associations.

Our results showed that dairy product consumers had
increased odds of healthy dietary habits such as eating vegeta-
bles more than once a day, consuming fish, pasta or rice regu-
larly, eating pulses more than once weekly and uses olive oil
at home and lower odds of unhealthy dietary habits such as regu-
lar sweet consumption, frequent fast food intake and skipping
breakfast. In line with the present results, a study among
Dutch children and adolescents reported that higher dairy prod-
uct consumption was associated with higher intakes of fruits,
vegetables and cereals(12). Moreover, a study among Brazilian
adolescents aiming to identify factors associatedwith inadequate
milk consumption reported that among others, skipping break-
fast and consumption of processed foods were independently
associated with inadequate milk intake(13). Also, the present
study is in line with a study among Australian children which
revealed that dairy intake was associated with higher intakes
of bread, cereals, fruit and vegetables(28). Finally, a review study
concluded that yogurt consumption is associated not only with
dietary patterns and lifestyles (e.g. physically active≥ 2 h/week)
but alsowith better diet quality (e.g. higher consumption of fruits
and vegetables and whole grains) and healthier metabolic pro-
files (e.g. body weight), while dairy consumers compared with
low or non-consumers presented better compliance with dietary
guidelines(29). The previous findings suggest that the consump-
tion of dairy products might be a marker for better diet quality.

Table 3. Results from logistic regression models were used to evaluate the association of children’s (8 to 17 years) dietary habits with dairy products
consumption (NO v. YES)
(Odd ratio and 95 % confidence intervals)

Predictors

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Boys
Skips breakfast (NO v. YES) 0·64 0·61, 0·63 0·64 0·62, 0·67 0·65 0·63, 0·68
Fast food consumption (<= 1/week v. >1/week) 0·79 0·76, 0·83 0·79 0·76, 0·82 0·79 0·76, 0·83
Consumes sweets/candies more than twice a day (NO v. YES) 0·80 0·77, 0·83 0·79 0·76, 0·82 0·80 0·77, 0·84
Has commercially baked goods or pastries forbreakfast (NO v. YES) 0·94 0·90, 0·98 0·95 0·91, 0·99 0·96 0·92, 0·99
Takes a fruit or fruit juice everyday (NO v. YES) 1·78 1·71, 1·85 1·78 1·71, 1·86 1·74 1·67, 1·82
Has a second fruit every day (NO v. YES) 1·54 1·49, 1·60 1·55 1·49, 1·61 1·50 1·45, 1·56
Has fresh or cooked vegetables regularly once a day (NO v. YES) 1·43 1·38, 1·48 1·44 1·39, 1·49 1·42 1·37, 1·47
Has fresh or cooked vegetables more than once a day (NO v. YES) 1·42 1·36, 1·48 1·43 1·37, 1·50 1·40 1·34, 1·46
Consumes fish regularly (at least 2–3/week) (NO v. YES) 1·48 1·43, 1·53 1·48 1·43, 1·53 1·45 1·40, 1·50
Eats pulses >1/week (NO v. YES) 1·44 1·38, 1·49 1·43 1·38, 1·48 1·40 1·34, 1·45
Eats pasta or rice almost every day (NO v. YES) 1·38 1·34, 1·43 1·37 1·33, 1·42 1·37 1·32, 1·42
Consumes nuts regularly (at least 2–3/week) (NO v. YES) 1·39 1·34, 1·44 1·39 1·34, 1·43 1·36 1·31, 1·41
Uses olive oil at home (NO v. YES) 2·01 1·93, 2·24 2·01 1·91, 2·23 2·01 1·91, 2·23
Has cereals or grains (bread, etc.) for breakfast (NO v. YES) 1·72 1·65, 1·78 1·71 1·64, 1·77 1·68 1·62, 1·74

Girls
Skips breakfast (NO v. YES) 0·59 0·56, 0·61 0·60 0·57, 0·62 0·61 0·59, 0·64
Fast food consumption (<= 1/week v. >1/week) 0·78 0·74, 0·82 0·78 0·75, 0·82 0·81 0·77, 0·85
Consumes sweets/candies more than twice a day (NO v. YES) 0·76 0·73, 0·80 0·78 0·75, 0·82 0·81 0·78, 0·85
Has commercially baked goods or pastries forbreakfast (NO v. YES) 0·94 0·90, 0·98 0·95 0·90, 0·99 0·96 0·92, 0·99
Takes a fruit or fruit juice everyday (NO v. YES) 1·75 1·67, 1·83 1·73 1·65, 1·81 1·68 1·61, 1·86
Has a second fruit every day (NO v. YES) 1·54 1·49, 1·60 1·52 1·47, 1·57 1·47 1·41, 1·52
Has fresh or cooked vegetables regularly once a day (NO v. YES) 1·45 1·40, 1·50 1·45 1·40, 1·50 1·44 1·39, 1·49
Has fresh or cooked vegetables more than once a day (NO v. YES) 1·41 1·35, 1·47 1·40 1·34, 1·46 1·36 1·31, 1·42
Consumes fish regularly (at least 2–3/week) (NO v. YES) 1·50 1·44, 1·55 1·48 1·43, 1·54 1·44 1·39, 1·50
Eats pulses >1/week (NO v. YES) 1·47 1·41, 1·52 1·48 1·42, 1·53 1·43 1·37, 1·48
Eats pasta or rice almost every day (NO v. YES) 1·38 1·33, 1·44 1·36 1·31, 1·41 1·37 1·32, 1·42
Consumes nuts regularly (at least 2–3/week) (NO v. YES) 1·46 1·41, 1·51 1·42 1·37, 1·47 1·39 1·34, 1·44
Uses olive oil at home (NO v. YES) 1·91 1·74, 2·09 1·91 1·74, 2·10 1·89 1·81, 2·07
Has cereals or grains (bread, etc.) for breakfast (NO v. YES) 1·62 1·57, 1·69 1·61 1·55, 1·68 1·59 1·53, 1·65

Model 1: unadjusted; model 2: adjusted for age, BMI and waist circumference; model 3: model 2þ screen time, sleeping hours and physical activity
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Participants of the current study who consumed dairy products
had lower odds of increased screen time (>2 h/d) and inadequate
PA levels by 10% and 15%, respectively, than non-consumers. A
recent study among European children suggested that those with
a healthy lifestyle, especially regarding sedentary behaviours and
PA over time, consumed more milk and yogurt(14). Among adoles-
cents, inadequate milk intake was independently associated with
physical inactivity(26), while results among young adults speculated
that consumption of dairy foods significantly differed by PA level
with the most active group consuming more servings per day for
dairy products(30). Review studies proposed that schoolchildren
exposed to higher advertising time and TV viewingweremore pre-
disposed to poorer diet quality(31,32).

Dairy product consumers had lower odds of insufficient sleep
duration (<8–9 h/d) by 11 % as compared with non-consumers.
Dietary habits are significantly associated with sleep duration
andmay play a significant role in themediation of the association
between sleep and health among schoolchildren(33). A review
study supports the notion that there is a relationship between
short sleep duration and lower intakes of healthy foods(34).

The study was performed in a wide range of ages (8 to
17 years), examined a very large part of the schoolchildren popu-
lation and explored several covariates. Although dietary habits and
PA were self-reported, the questionnaires that have been used had
been previously validated in studies among children and adoles-
cents(15,35). Moreover, regarding the KIDMED questionnaire, a
recent study among Portuguese children and adolescents revealed
that this index had an acceptable reproducibility and validity(36).

Limitations include the fact that possible confounding factors,
such as energy intake, ethnicity and socio-economic status, have
not been evaluated. Moreover, because of the large sample size,
statistical significance can easily be achieved (for this reason
effect sizes were presented in Tables 1 and 2). Accordingly,
our results could be interpreted with consideration of their prac-
tical or public health importance. Furthermore, the KIDMED
score is not fully independent of dairy consumption. This is a
cross-sectional, observational study, so causality cannot be
assigned. Dietary habits, sleeping time and sedentary time were
self-reported, therefore subject to desirable reporting bias.
Nevertheless, participant responses were anonymous; as a
result, they had no reason to misreport.

The results of this nationwide, representative health research
in schoolchildren showed that recommended dairy products
consumption was associated with better PF and lower odds of
total and central obesity. Also, recommended dairy intake was
associated with increased odds of healthy dietary habits such
as consumption of olive oil, fruits, vegetables, increased PA lev-
els and adequate sleep. This knowledge could be supportive of
recommendations to ensure healthier dietary habits in children
and adolescents.
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OR 95% CI OR 95% CI OR 95% CI

Boys R2= 0·12 R2= 0·19 R2= 0·43
Age (per 1 year) 1·00 0·99, 1·01 1·02 1·01, 1·03 1·01 1·00, 1·02
Total obesity (normalweight v. overweight/obese) 0·86 0·81, 0·92 0·90 0·85, 0·95 0·91 0·86, 0·98
Central obesity (NO v. YES) 0·85 0·80, 0·91 0·89 0·84, 0·94 0·90 0·86, 0·95
Sleeping hours (sufficient v. insufficient) 0·91 0·85, 0·97 0·92 0·89, 0·96
Screen time (acceptable v. increased) 0·88 0·83, 0·92 0·89 0·83, 0·95
Physical activity (adequate v. inadequate) 0·83 0·78, 0·88 0·85 0·77, 0·93
Cardiorespiratory fitness (average/high v. low) 0·75 0·71, 0·79
Sit ups in 30 s (average/high v. low) 0·83 0·80, 0·87
Standing long jump (average/high v. low) 0·86 0·83, 0·90
Sit and reach (average/high v. low) 0·93 0·90, 0·96
10 × 5 m shuttle run test (average/high v. low) 0·86 0·82, 0·90

Girls R2= 0·11 R2= 0·20 R2= 0·44
Age (per 1 year) 0·95 0·94, 0·96 0·99 0·98, 0·99 0·99 0·98, 0·99
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Central obesity (no v. yes) 0·88 0·83, 0·94 0·89 0·83, 0·94 0·90 0·86, 0·96
Sleeping hours (sufficient v. insufficient) 0·85 0·80, 0·89 0·86 0·83, 0·90
Screen time (acceptable v. increased) 0·91 0·87, 0·96 0·91 0·85, 0·97
Physical activity (adequate v. inadequate) 0·83 0·78, 0·88 0·84 0·78, 0·90
Cardiorespiratory fitness (average/high v. low) 0·57 0·51, 0·64
Sit ups in 30 s (average/high v. low) 0·85 0·82, 0·88
Standing long jump (average/high v. low) 0·86 0·83, 0·89
Sit and reach (average/high v. low) 0·93 0·90, 0·96
10 × 5 m shuttle run test (average/high v. low) 0·86 0·82, 0·90

R2, R Square Nagelkerke; model 1: adjusted for age and BMI group and Central obesity and dietary habits; model 2: model 1þ screen time, sleeping hours and physical activity;
Model 3: model 3þ physical fitness measurements levels.

Recommended dairy intake in school age children 2051

https://doi.org/10.1017/S0007114521005006  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521005006


the manuscript was written by K. D. T., and all authors com-
mented on previous versions of the manuscript. All authors read
and approved the final manuscript.

There is no funding source.
All authors agree with the manuscript and declare that the

content has not been published elsewhere.
The authors declare that they have no conflict of interest. This

article does not contain any studies with human participants or
animals performed by any of the authors.

References

1. Craigie AM, Lake AA, Kelly SA, et al. (2011) Tracking of obesity-
related behaviours from childhood to adulthood: a systematic
review. Maturitas 70, 266–284.

2. Schroder H (2007) Protectivemechanisms of theMediterranean
diet in obesity and type 2 diabetes. J Nutr Biochem 18, 149–160.

3. Food and Agriculture Organization of the United Nations
(2007) Milk and Dairy Products in Human Nutrition –

Questions and Answers. http://www.fao.org/fileadmin/
user_upload/newsroom/docs/Milk%20and%20Dairy%20Q&A.
pdf (accessed February 2020).

4. National Health and Medical Research Council (2013)
Australian Dietary Guidelines; National Health and Medical
Research Council. Canberra: NHMRC.

5. Dror DK&Allen LH (2014) Dairy product intake in children and
adolescents in developed countries: trends, nutritional contri-
bution, and a review of association with health outcomes.
Nutr Rev 72, 68–81.

6. Baird DL, Syrette J, Hendrie GA, et al. (2012) Dairy food intake
of Australian children and adolescents 2–16 years of age: 2007
Australian National Children’s Nutrition and Physical Activity
Survey. Public Health Nutr 15, 2060–2073.

7. Dror DK (2014) Dairy consumption and pre-school, school-age
and adolescent obesity in developed countries: a systematic
review and meta-analysis. Obes Rev 15, 516–527.

8. Willett W, Rockström J, Loken B, et al. (2019) Food in the
anthropocene: the EAT-lancet commission on healthy diets
from sustainable food systems. Lancet 393, 447–492.

9. Dougkas A, Barr S, Reddy S, et al. (2019) A critical review
of the role of milk and other dairy products in the development
of obesity in children and adolescents. Nutr Res Rev 32,
106–127.

10. Moschonis G, van den Heuvel E, Mavrogianni C, et al. (2016)
Associations of milk consumption and vitamin B&x2082; and
B12 derived from milk with fitness, anthropometric and bio-
chemical indices in children. The healthy growth study.
Nutrients 8, 634.

11. Moreno LA, Bel-Serrat S, Santaliestra-Pasías A, et al. (2015)
Dairy products, yogurt consumption, and cardiometabolic risk
in children and adolescents. Nutr Rev 73, 8–14.

12. Campmans-Kuijpers MJ, Singh-Povel C, Steijns J, et al. (2016)
The association of dairy intake of children and adolescents with
different food and nutrient intakes in the Netherlands. BMC
Pediatr 16, 2.

13. SilvaBJ, EliasBC,Mais LA, et al. (2019)Factors associatedwith inad-
equate milk consumption among adolescents: National School
Health Survey – Pense 2012. Rev Paul Pediatr 38, e2018184.

14. Santaliestra-Pasías AM, González-Gil EM, Pala V, et al. (2020)
Predictive associations between lifestyle behaviours and dairy
consumption: the IDEFICS study. Nutr Metab Cardiovasc Dis
30, 514–522.

15. Cole T, Bellizzi M, Flegal K, et al. (2000) Establishing a standard
definition for child overweight and obesity worldwide:
international survey. BMJ 320, 1240–1243.

16. Browning LM, Hsieh SD & Ashwell M (2010) A systematic
review of waist-to-height ratio as a screening tool for
the prediction of cardiovascular disease and diabetes: 0·5 could
be a suitable global boundary value. Nutr Res Rev 23, 247–269.

17. European tests of physical fitness (1993) Eurofit: Handbook for
the Eurofit Tests of Physical Fitness. 1st ed. Council of Europe,
1–75.

18. Tambalis KD, Panagiotakos DB, Psarra G, et al. (2015) Physical
fitness normative values for 6–18-year-oldGreek boys and girls,
using the empirical distribution and the lambda, mu, and sigma
statistical method. Eur J Sport Sci 24, 1–11.

19. Serra-Majem L, Ribas L, Ngo J, et al. (2004) Food, youth and the
Mediterranean diet in Spain. Development of KIDMED,
Mediterranean Diet Quality Index in children and adolescents.
Public Health Nutr 7, 931–935.

20. Grigorakis DA, Georgoulis M, Psarra G, et al. (2016) Prevalence
and lifestyle determinants of central obesity in children. Eur J
Nutr 55, 1923–1931.

21. Colley RC, Wong SL, Garriguet D, et al. (2012) Physical activity,
sedentary behaviour and sleep in Canadian children: parent-
report v. direct measures and relative associations with health
risk. Health Rep 23, 45–52.

22. Paruthi S, Brooks LJ, D’Ambrosio C, et al. Consensus statement
of the American academy of sleep medicine on the recom-
mended amount of sleep for healthy children: methodology
and discussion. J Clin Sleep Med 12, 1549–1561.

23. Nezami M, Segovia-Siapco G, Beeson WL, et al. (2016) Asso-
ciations between Consumption of Dairy Foods and Anthropo-
metric Indicators of Health in Adolescents. Nutrients 8, 427.

24. Lu L, Xun P, Wan Y, et al. (2016) Long-term association
between dairy consumption and risk of childhood obesity: a
systematic review and meta-analysis of prospective cohort
studies. Eur J Clin Nutr 70, 414–423.

25. Birnie K, Ben-Shlomo Y, Gunnell D, et al. (2012) Childhood
milk consumption is associated with better physical perfor-
mance in old age. Age Ageing 41, 776–784.

26. Manios Y, Moschonis G, Dekkers R, et al. (2017) Vitamin B2,
vitamin B12 and total homocysteine status in children and their
associations with dietary intake of B-vitamins from different
food groups: the Healthy Growth Study. Eur J Nutr 56,
321–331.

27. Tambalis KD, Panagiotakos DB, Psarra G, et al. (2019)
Association of cardiorespiratory fitness levels with dietary hab-
its and lifestyle factors in schoolchildren. Appl Physiol Nutr
Metab 44, 539–545.

28. Rangan AM, Flood VM, Denyer G, et al. (2012) Dairy consump-
tion and diet quality in a sample of Australian children. J AmColl
Nutr 31, 185–193.

29. Panahi S, Fernandez MA, Marette A, et al. (2017) Yogurt, diet
quality and lifestyle factors. Eur J Clin Nutr 71, 573–579.

30. Jago R, Nicklas T, Yang SJ, et al. (2005) Physical activity and
health enhancing dietary behaviors in young adults:
Bogalusa Heart Study. Prev Med 41, 194–202.

31. Pettigrew S, Jongenelis M, Miller C, et al. (2017) A path analysis
model of factors influencing children’s requests for unhealthy
foods. Eat Behav 24, 95–101.

32. Westerlund L, Ray C & Roos E (2009) Associations between
sleeping habits and food consumption patterns among
10–11-year-old children in Finland. Br J Nutr 102, 1531–1537.

33. Kruger AK, Reither EN, Peppard PE, et al. (2014) Do sleep-
deprived adolescents make less-healthy food choices? Br J
Nutr 111, 1898–1904.

2052 K. D. Tambalis et al.

https://doi.org/10.1017/S0007114521005006  Published online by Cam
bridge U

niversity Press

http://www.fao.org/fileadmin/user_upload/newsroom/docs/Milk%20and%20Dairy%20Q&A.pdf
http://www.fao.org/fileadmin/user_upload/newsroom/docs/Milk%20and%20Dairy%20Q&A.pdf
http://www.fao.org/fileadmin/user_upload/newsroom/docs/Milk%20and%20Dairy%20Q&A.pdf
https://doi.org/10.1017/S0007114521005006


34. Dashti HS, Scheer FA, Jacques PF, et al. (2015) Short sleep dura-
tion and dietary intake: epidemiologic evidence, mechanisms,
and health implications. Adv Nutr 6, 648–659.

35. Serra-Majem L, García-Closas R, Ribas L, et al. (2001) Food pat-
terns of Spanish schoolchildren and adolescents: the enKid
Study. Public Health Nutr 4, 1433–1438.

36. Rei M, Severo M & Rodrigues S (2021) Reproducibility and
validity of the Mediterranean Diet Quality Index (KIDMED
Index) in a sample of Portuguese adolescents. Br J Nutr 126,
1737–1748.

Recommended dairy intake in school age children 2053

https://doi.org/10.1017/S0007114521005006  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521005006

	Recommended dairy intake is associated with healthy dietary habits, better physical fitness, less obesity and a healthier lifestyle profile in school age children
	Materials and methods
	Study population
	Assessment of demographic and anthropometric data
	Assessment of physical fitness levels
	Assessment of dietary habits
	Dairy products consumption
	Assessment of self-reported physical activity and sedentary time
	Ethical approval
	Statistical analyses

	Result
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


