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Abstract: Childhood obesity is a worldwide epidemic. Mediterranean diet (MD) is inversely asso-

ciated with childhood obesity, but the interaction with other environmental factors, such screen

time, might influence the health benefits of a high MD adherence in adolescents. The aim of the

present study was to assess whether an association between MD and screen time exists in European

adolescents. Moreover, we also explored whether sedentary time has a modulatory effect on the
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association between MD and adiposity. Adherence to the MD (24 h recalls), screen time (question-
naire), pubertal development, body mass index (BMI), fat mass index (FMI) and waist circumference
(WC) were evaluated in 2053 adolescents (54.7% females), aged 12.5-17.5 years. In females, MD ad-
herence was associated with lower BMI and FMI only when they were exposed to less than 338
min/day of screen time (81.8% of females); MD adherence was also associated with lower WC only
when females were exposed to less than 143 min/day of screen time (31.5% of females). No signifi-
cant MD-screen time interaction was observed in males. In conclusion, screen-time-based sedentary
behaviours had a modulatory effect in the association between MD adherence and adiposity in Eu-
ropean female adolescents.

Keywords: Mediterranean diet; sedentary time; adiposity; adolescents; gender and HELENA

1. Introduction

Childhood overweight and obesity’s prevalence has been rising worldwide in recent
years [1]. Recent studies showed that overall, European children continue to struggle with
high prevalence of obesity despite the effort in terms of prevention programs in previous
years [2]. Metabolic syndrome and type 2 Diabetes are more likely to occur in adulthood
in those children and adolescents where obesity is gradually establishing [3]. The Medi-
terranean dietary pattern is inversely associated with childhood obesity [4]. In fact, a high
Mediterranean diet (MD) adherence from an early age is related to a lower risk of over-
weight and obesity development in childhood [5]. However, the interaction with other
environmental factors, such as screen time, might influence the health benefits of a high
MD adherence in adolescents. Sedentary behaviours, such screen time and physical inac-
tivity were found to increase the risk of overweight and obesity in European adolescents
[6,7]. Current recommendations suggest limiting recreational screen time to less than 2 h
per day [8]. However, previous studies have shown that more than half of all children
exceed screen time recommendations [9-11]. Additionally, increasing sedentary time is
associated with unhealthy dietary patterns in European adolescents [12]. Furthermore,
there is a growing evidence of transition from the traditional MD pattern into consump-
tion of energy-dense foods, such as in the Western diets, especially in Mediterranean
countries [13-16].

Previous data showed an inverse association between MD adherence and sedentary
time, including screen time [17,18]. However, to our knowledge, a potential interaction
effect between MD and screen time on adiposity remains unknown. Therefore, the aim of
the present study is to assess whether an association between MD and sedentary time
exists in European adolescents in the Healthy Lifestyle in Europe by Nutrition in Adoles-
cence (HELENA) study. Moreover, we intend to explore whether sedentary time has a
modulatory effect on the association between MD and adiposity markers. We hypothesize
that high levels of screen time may attenuate the protective effect of MD adherence on
adiposity parameters.

2. Materials and Methods
2.1. Study Design and Population

HELENA is a multicentric and cross-sectional study. Description of the study sam-
pling and recruitment, standardization and harmonization methodology, data collection,
analysis strategies and quality control procedures was published elsewhere [19,20]. The
HELENA study was designed to obtain reliable and comparable information on adoles-
cents’ nutritional, environmental and health-related influences to prevent risk factors for
present and future nutrition-related chronic diseases [21]. Each one of the participating
countries involved in the HELENA study approved the protocol by the local Research
Ethics Committees and followed the ethical guidelines of the Declaration of Helsinki 1961
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(revision of 2000), the Good Clinical Practice and the legislation about clinical research in
humans [22]. A written consent was provided to the parents of all individuals participat-
ing in the study, which was read and signed. The present study comprises 2047 adoles-
cents (54.7% females), aged 12.5-17.5 years, with valid and specific data on adherence to
MD, screen time and adiposity. Description of the selection process is shown in a flow
chart (Figure 1).

HELENA study whole sample of
participants
N =4356

1248 participants not included

EEEE—
(no pubertal stage, FAS or missing data)

Participants with valid data
N=3108

77 participants not included
(no BMI, FMI and WC data)

A4

Y

Participants with adiposity data
N=3031

211 participants not included
(no screen time data)

4

A\

Participants with adiposity and screen
time data
N=2820

773 participants not included
(no Mediterranean Diet data)

A\

Participants with adiposity, screen
time and dietary data
N=2047

Figure 1. Flow chart of the sample selection process. Abbreviations: FAS, family affluence scale;
BMI, body mass index; FMI, fat mass index and WC, waist circumference.

2.2. Physical Examination and Adiposity Measurements

Anthropometric measurements were strictly controlled and performed following
standard protocols [23]. Body height was measured barefoot with a telescopic stadiometer
(SECA 225) to the nearest 0.1 cm. Body weight was measured in underwear and with no
footwear to the nearest 0.1 kg with an electronic scale (SECA 861, Hamburg, Germany).
Height and weight were measured in triplicate. Body mass index (BMI) was calculated by
dividing weight (kg) by the square of height (m) [24]. Waist circumference (WC) measure-
ments were performed with a non-elastic tape (SECA 200) to the nearest 0.1 cm at the mid-
point between the lowest rib and the iliac crest. Subscapular and tricipital skinfold thick-
nesses were measured in triplicate. In order to assess the contribution of fat mass relative
to body size, the body fat percentage was calculated using the Slaughter’s equation [25],
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and then, FMI was calculated as body fat in relation to height squared [FM (kg)/height
(m?)] [26]. Pubertal status was evaluated during a medical examination by a physi-
cian/paediatrician following the methodology described by Tanner and Whitehouse [27].
Pubertal status was categorized as Tanner stages from no sexual maturation (stage I) to
complete sexual maturation (stage V).

2.3. Dietary Intake and Mediterranean Diet Score (MDS) Assessment

The HELENA Dietary Assessment Tool (HELENA-DIAT) is a self-administered com-
puterized 24 h dietary recall used to collect all the adolescents’ dietary intake [28,29]. This
tool was first validated in Flemish adolescents [29] and then adapted to be implemented
in the participating centres of each country [30]. Participants provided twice dietary in-
formation through the HELENA-DIAT on 2 non-consecutive days within a space of 2
weeks. Previous authors considered this method as an useful procedure to evaluate the
dietary intake in European children and adolescents [31]. The multiple source method
(MSM) allowed us to calculate usual dietary intake of each individual, which enables the
possibility to correct the dietary information for between and within individuals” varia-
bility [32].

A Mediterranean diet score (MDS) was computed from the sum of 9 single subcom-
ponents that were described elsewhere [33]. In short, vegetables, fruits and nuts, cereals,
legumes, fish, dairy products (recommended during growth and development periods
[34]) and unsaturated to saturated fat ratio were considered healthy food subgroups of
MD, whereas meat products (including processed meat) and alcohol consumption were
classified as unhealthy factors. Therefore, a participant consuming a healthy MD-associ-
ated food group was designated with 1 point, whereas the unhealthy food subgroups con-
tributed with —1 points. A Mediterranean diet score (MDS), showing the degree of adhe-
sion to the MD for each individual, was developed using a 0-9 point scale, with low values
(0-4) indicating poor adherence and high values (5-9) greater adherence, respectively
[35,36]. Supplementary Table S1 shows the median intake in g/day by sex of each sub-
group from the MDS and the adherence levels to the MD.

2.4. Screen-Time-Based Sedentary Behavior Assessment

In order to report the habitual time devoted to screen time among adolescents, a val-
idated self-reported screen-time-based sedentary behaviours questionnaire was used [37].
The time spent in TV viewing, computer games, video games and internet for non-study
reasons during both week and weekend days was collected in categories in a scale ranging
from 0-240 min per day. The daily mean time for each category was obtained and the final
time was calculated summing weekdays and weekend days, obtaining the total screen
time in minutes per day (min/day). Lastly, a total sedentary time value was obtained by
summing up the time reported in each category. The weighted Cohen’s i-coefficients
were used to assess the test-retest reliability of the screen-time-based questionnaire used
in the HELENA study. The most common values observed were moderate, substantial or
almost perfect agreement (>0.7). Exceptionally, internet for study reasons showed 0.46 in
weekdays and 0.33 in weekends, respectively [38]. Furthermore, a sensitivity analysis was
carried out in order to discard potential disparities in the interaction models due to those
outlier individuals considered (or not) in the screen time variable.

2.5. Socioeconomic Status

The family affluence scale (FAS) is an indicator of material affluence, which ranges
from O (lowest) to 8 (highest) and further recategorized in low (0-2), medium (3-5) and
high (6-8) levels [39]. The scale considers parameters such as car ownership, having an
own bedroom, internet availability and computer ownership. This information was as-
sessed through a questionnaire, and it was used as a predictor of the adolescents’ health
outcomes [40].
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2.6. Statistical Analysis

The normality of the variables was assessed with the Shapiro-Wilk non-parametric
test. Not all variables followed a normal distribution, so the descriptive sex-specific char-
acteristics are shown as median and interquartile range (IQR) for continuous variables,
while categorical variables are shown as absolute and relative frequencies. Moreover,
Pearson’s chi-square statistical test was used to obtain comparative sex-related differences
for categorical variables; the Mann—-Whitney—Wilcoxon test was performed for continuous
variables. In order to observe the association between MD and screen time, sex-specific
multiple linear regression models were performed. First, a raw simple linear regression
model was constructed to observe associations between MD and screen time. Then, an
initial multiple linear regression model was performed considering energy intake, socio-
economic status and Tanner stage as confounders. A step-by-step algorithm was applied
to select the significant variables in a multivariate model to shortlist the independent var-
iables significantly associated with the adiposity parameters in the final model. Further-
more, a new multiple regression analysis was created to assess the association between
adiposity parameters and MD, adding the screen time interaction effect, the MD effect
alone and the abovementioned confounders. Finally, as we observed extreme values for
screen time in the highest end of the distribution, we performed a sensitivity analysis,
excluding the outliers in the top end of the distribution. Level of significance was set at p
<0.05. RStudio Version 1.2.5001 (RStudio Team (2015). RStudio: Integrated Development
for R. RStudio, Inc., Boston, MA, USA, URL http://www.rstudio.com/) was used to per-
form all statistical analyses.

3. Results
3.1. Descriptive Characteristics of the Study Sample

Table 1 shows the main characteristics of the HELENA participants included in the
present study. Summarizing, males had higher weight, height and WC (p < 0.001), and
lower FMI than females (all p <0.001). Moreover, males were more exposed to screen time
(p <0.001) and had higher energy intake (p < 0.001) than females, although females were
in more advanced pubertal stages than males (p < 0.001). Finally, there were no significant
differences regarding FAS and MDS.

Table 1. Demographics and behavioural characteristics of the Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) participants displayed by sex.

Total Male Female
1= 2047 n=925 n=1122 P
147 14.8 147
Age (years) (13.7-15.7) (13.7-15.7) (13.7-15.7) 0-590
. 165.9 170.1 162.4
Height (cm) (159.3-172.0)  (163.9-177.1)  (157.7-167.0) <0.001
58.4 615 55.8
Weight (k .001
eight (kg) (50.3-64.3) (52.3-68.9) (49.0-61.2) <0.00
21.1 211 211
2
BMI (kg/m?) (18.7-22.8) (18.6-22.8) (18.8-22.8) 0.282
71.8 73.8 70.2
.001
(66.2-75.8) (67.8-78.3) (65.0-74.4) <0.00
515 45 57
2
FMI (kg/m?) (3.1-6.3) (2.4-5.3) (4.0-6.8) <0.001
Pubertal stage [ (%)] <0.001
7 (0.3%) 7 (0.8%) 0 (0%)

134 (6.5%) 84 (9.1%) 50 (4.5%)
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I 502 (24.5%) 226 (24.4%) 276 (24.6%)

v 881 (43.0%) 381 (41.2%) 500 (44.6%)

v 523 (25.5%) 227 (24.5%) 296 (26.4%)
FAS [11 (%)] 0.112

Low 199 (9.7%) 76 (8.2%) 123 (11.0%)

Medium 1133 (55.3%) 519 (56.1%) 614 (54.7%)

High 715 (35.0%) 330 (35.7%) 385 (34.3%)

. 4 4 4
MDS * (points) (3-5) (3-5) (3-5) 0.071
, 2180.1 2517.9 1901.6

Energy intake (kcal/day) (1634.9-2569.7)  (1921.0-2984.3)  (1492.4-2244.9) <0.001
Screen time (min/day) 256.2 288.1 229.9 <0.001

(139.3-330.0) (171.4-367 4) (126.4-300.0)
Median values (p25-p75) expressed. Abbreviations: BMI, body mass index; WC, waist circumference; FMI, fat mass index;
FAS, family affluence scale; MDS, Mediterranean diet score. * Mediterranean diet score resulting from the sum of 9 food
subgroups compliance. Score ranging from 0-9 points. Significant values (p < 0.05) expressed in bold font.

The screen time distribution (min/day) between HELENA participants is shown in
Figure 2.

20
|

191 H boys
18.0 0O girls

15

18 118

10.7

52
a4 45
35
32
27 e
2.0 21 18
14 13 1.4 15
B 5y O
(=}

0-50 50-100 100-150 150-200 200-250 250-300 300-350 350-400 400-450 450-500 500-550 550-600 600-650 650-700 =700

Distribution of Sedentarism score by sex
10
1
@
@

Screen time (in minutes per day)

Figure 2. Distribution of screen time (% displayed) among HELENA participants by sex.

3.2. Association between MD Adherence and Screen-Time-Based Sedentary Behaviors

The associations between MD and screen time are shown in Table 2. The univariate
model (Model I) showed that MD and screen time were inversely associated in both males
and females (p < 0.001). These relationships were maintained in the initial multivariate
model (p < 0.001) and after adjusting by confounders (Model II; p < 0.001).

Table 2. Multiple linear regression models showing the associations of the Mediterranean diet
score (MDS) with screen time.

Screen Time (min/day)
Model 1= Model IT®

B p B p R?
Male 0.029
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MDS (point) -12.535 <0.001 -12.402 <0.001
Energy Intake
(kcal/day)
Female 0.016
MDS (point) -12.402 <0.001 -12.402 <0.001
Energy Intake
(kcal/day)
2 Model I, unadjusted model, studies the association between screen time and MDS. ® Model II
presents the variables statistically significant in relation to sedentary time as follows: an initial
model was constructed between screen time and MD considering Tanner stage, FAS categories
and energy intake as covariates. Furthermore, a step-by-step algorithm was applied to discard

non-significant associations. Only statistically significant variables are shown in the present table.
Significant values (p<0.05) expressed in bold font.

- 0.026 <0.001

3.3. Interaction between MD Adherence and Screen-Time-Based Sedentary Behaviors on
Adiposity

The interaction effects between MD and screen time on adiposity parameters by sex
group are displayed in Table 3. In males, the screen-time-MD interaction was not signifi-
cantly associated to any adiposity index. However, in females, there were significant in-
teraction effects between the screen time and MD on BMI (p < 0.05), WC (p <0.01) and FMI
(p <0.05) (Table 3).

Table 3. Multiple linear regression models of screen time and Mediterranean diet score (MDS) interaction and covariates
to predict body mass index, waist circumference and fat mass index displayed by sex.

Males (p-Values) Females (p-Values)
BMI (kg/m?) WC(cm) FMI(kg/m?) BMI(kg/m?) WC(ecm) FMI (kg/m?)
Covariates
Pubertal Stage
Im* 0.502 0.139 0.048 - - -
111 0.547 0.209 0.010 0.026 0.012 0.126
v 0.534 0.936 0.047 <0.001 <0.001 <0.001
\% 0.638 0.866 0.008 <0.001 <0.001 <0.001
FAS
Medium 0.048 0.604 0.045 <0.001 0.138 <0.001
High 0.024 0.695 0.019 <0.001 0.058 <0.001
Energy Intake (kcal/day) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Studied Variables
MDS (point) 0.049 0.260 0.198 0.043 0.160 0.042
Screen time: MDS 0.062 0.617 0.122 0.025 0.002 0.022

Abbreviations: BMI, body mass index; WC, waist circumference; FMI, fat mass index; FAS, family affluence scale; MDS
Mediterranean diet score. * Tanner II p-values were not considered to be estimated in the female group, as a statistically
small number of females were present in this stage for the current analysis. Significant values (p<0.05) expressed in bold

font.

In order to interpret the modulation effect of screen time on the relationship between
MD and adiposity indices in females, a set of figures is displayed in a matrix panel relating
to each adiposity index (Figure 3). A number of lines were drawn to represent the MD and
adiposity variables modulated by the distribution of the screen time. Most participants
were located in lower and central parts of the distribution, corresponding to 50-350
min/day (74.5% of the total population); considering this distribution, the impact of outli-
ers was carefully considered. Despite the observed screen time habits, those individuals
represented by a negative slope could benefit from the protective role of MD in relation
to adiposity indices when the MD adherence is high. Therefore, a high MD adherence was
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associated with lower BMI only in those females being exposed to screen time less than
338 min/day (81.8% of the total females). Moreover, high MD adherence was associated
with lower WC only in those females being exposed to screen time less than 143 min/day
(31.5% of total females). Finally, a high MD adherence was associated with lower FMI only
in those females being exposed to screen time less than 338 min/day (81.8% of total fe-

males).

2 BMI (kg/m?)

BMI

MD

bWC (cm)

Screen time

585
—-——= 4
————— 138

wc

MD
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< FMI (kg/m?)

Screen time

—_——— s
= "1 eeese 338
©

00 223

92
64

MD

Figure 3. Matrix panel of interaction models on  BMI (body mass index), > WC (waist circumfer-
ence), °FMI (fat mass index); and MD (Mediterranean diet) according to screen time modulation in
females. In order to design the representation of the distribution in HELENA adolescents, differ-
ent lines were traced as reference points to observe the slope of the studied population according
to the sedentary time. A positive gradient represents the MD acting as risk factor, while a negative
gradient shows the MD acting as protective factor.

3.4. Sensitivity Analysis for Screen-Time-Based Sedentary Behaviors Plausible Data

For the significant interaction models (females), sensitivity analysis was performed
considering screen time outliers (highest value: 856 min/day) vs. interaction models not
considering outliers (highest value: 632 min/day) on adiposity indices. Minimal differ-
ences were observed in the two interaction models of each adiposity parameter (3 < 0.001
vs. 3 <0.001 in BMI, WC and FMI).

4. Discussion

The main findings of the present study are the observed inverse association between
MD adherence and screen time, and the joint interaction effect between both factors on
adiposity in European female adolescents. Thus, the benefits associated with a high MD
adherence were only observed in those females with lower screen time. On the other hand,
no MD-screen-time interaction effect was observed in males.

In line with our findings, previous studies reported an inverse association between
MD adherence and sedentary time among youth. In a population of Mediterranean Euro-
pean adolescents, self-reported inactivity [41] was inversely related to MD adherence in
both sex groups [42]. In non-Mediterranean European adolescents, a low MD adherence
was associated with higher sedentary time, although their sedentary time assessment only
considered sitting time during weekdays [43].

To our knowledge, no other studies have examined screen time as modulatory factor
in the MD effect on adiposity indices. However, a combined effect of different lifestyle
patterns in cluster studies assessing their relationship to adiposity has been reported in
similar age populations [44—47]. Regarding the combined effect of unhealthy habits, in
European children, a cluster including high sedentary activities (including screen time),
low PA, sweet beverages and low fruits and vegetables intake was associated with high
BMI and WC [44]. Similar results were found in non-European children, where an un-
healthy cluster of TV viewing with energy dense foods was associated to high BMI [45].
Although we are considering cross-sectional studies, similar associations were also ob-
tained in longitudinal studies in European [46] and non-European children [45]. In the
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same way, associations between clusters of healthy lifestyle patterns and low levels on
adiposity indices were observed in Spanish youth [47].

Cluster analysis could be useful to evaluate the combined effect of environmental
and behavioural factors on overweight and obesity among children and adolescents
[47,48]. However, we found no studies that have considered the interaction effect between
the factors included. Yet, a recent study conducted in a large sample of adolescents
showed that screen time was associated with increased risk of overweight/obesity, regard-
less of being combined with other healthy or unhealthy behaviours [49]. This finding sug-
gests that high levels of screen time might mask the beneficial effects of a healthy diet,
such as the MD, on decreasing the obesity risk. Previous studies in children have reported
similar co-existing effects among behaviours [50,51], which supports the findings of our
study; low levels of PA might also counteract the beneficial effect of a healthy dietary
pattern [52].

It remains challenging to find the potential mechanisms responsible for gender dis-
parities in the obtained results. As in other studies in European adolescents [53], we found
that the time spent in screen time activities was higher in males than in females. However,
conflicting data were found in this regard [43]. Screen time could be an indicator of gender
variability, but further investigation is required to obtain comparable data to explain gen-
der differences in the present analysis. Another hypothesis that might explain the gender
differences could be the poorer sleep duration and thus increased adiposity in females
than males, previously observed in other similar age cohorts [54]. Short sleep duration
was already observed to be associated with increased adiposity biomarkers in HELENA
adolescents, particularly in females [55], and with lower dietary quality [56]. Further gen-
der differences were also observed in a cluster study comprising PA, sedentary behav-
iours and sleep duration according to endocrine, metabolic and immunological bi-
omarkers, which suggests new pathways to focus our future research [57].

In the current study, a sensitivity analysis was carried out in order to detect potential
differences in the results obtained considering vs. not considering outliers in the number
of hours of screen time. There were no significant differences between the two proposed
models assuming vs. not assuming those extreme values; therefore, the final results were
not affected by those specific differences in screen time.

In addition, different effect was observed in the studied adiposity indices depending
on the amount screen time, requiring less screen time in those females to obtain lower WC
levels than BMI and FMI, where higher levels were observed in those females with higher
screen time. Similar findings were observed in terms of BMI and WC differences in previ-
ous studies in adolescents [6].

The current study presents some limitations. Due to the cross-sectional nature of the
HELENA study, cause—effect relationships cannot be concluded. We assume the challeng-
ing task of collecting dietary data through the self-administered computerized 24 h die-
tary recall in adolescents; therefore, reliability of answer depends completely on the re-
sponders’ interpretation. Although the two non-consecutive days assessment of dietary
habits might not consider certain periods of time such as weekends or holidays, this
method has previously shown good validity and accuracy in similar populations [58]. An
identical situation occurs for the self-reported questionnaire to obtain measures of screen-
time-based sedentary behaviours, where we also acknowledge that screen time might
vary between weekdays and weekend days; yet, this method was adapted and validated
to be used in adolescents [37]. Additionally, other screen time devices such as tablets,
phones and consoles are becoming more dominant over the traditional TV viewing rou-
tines; so, future studies should consider them in their screen-time-based sedentary behav-
iours assessment. However, some strengths should also be acknowledged. Firstly, it is
important to highlight the high standard of implementation in terms of methodology and
design of the HELENA study [19,21], as well as the large number of sedentary behaviours
considered to estimate screen time in the present cohort of participants. Furthermore, da-
tasets with a large number of adolescents diversely recruited across Europe have been



Nutrients 2021, 13, 474

11 of 16

provided as a result of the multicentric nature of the HELENA study. This fact allows
researchers to focus their analysis on a population who is rarely studied, the adolescence
period, where early detection of adverse sedentary and dietary habits might influence
their health status in adulthood. Finally, little has been found in the literature considering
the same interaction approach, where screen time plays an important role in the associa-
tion of MD and adiposity among adolescents.

As we have observed, the negative association between screen time and MD adher-
ence on adiposity indices, joint public health implementation programs oriented to both,
avoiding excessive screen time and promoting the MD dietary pattern for primary pre-
vention of major chronic diseases, should be considered in the near future. In previous
childhood obesity prevention programs, the greatest changes were observed in sedentary
time [59]. At the same time, previous literature has shown that the most effective inter-
ventions to prevent childhood obesity are the ones combining diet and PA/sedentarism
[60]. The evidence of co-existing effects might help to understand how screen time and
dietary behaviours should be approached simultaneously in prevention programs.

5. Conclusions

Screen time and MD adherence are inversely associated in European adolescents.
Moreover, in females, screen time had a modulatory effect in the association between MD
adherence and adiposity in European adolescents. These findings support the idea of ap-
plying more personalized public health recommendations in reducing screen time to ben-
efit from the MD, in order to decrease the adiposity levels among youth.

Supplementary Materials: The following are available online at www.mdpi.com/2072-
6643/13/2/474/s1, Table S1: Mediterranean diet score (MDS) subgroups displayed in g/day and sex-
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