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Abstract Background and aims: Increased screen exposure is associated with unhealthy eating
behaviours and obesity. Screen time (ST) changes from pre-school to school age, and associations
with dietary patterns (DP) and obesity remain unknown. We, therefore, analysed ST changes
from 4 to 7 years of age, associated factors, and the relation with DP and obesity.
Methods and results: We included 4531 children evaluated at 4 and 7 years, as part of the Gen-
eration XXI birth cohort (Porto, Portugal). ST was assessed for weekdays and weekend, and
average daily time was estimated. Associations between covariates and ST changes, and between
ST changes and 3 DP previously identified (Energy-dense foods, Snacking, and Healthier) were
estimated by odds ratios (OR) and 95% confidence interval (95%CI), using adjusted multinomial
regression models. From 4 to 7 years, 31.5% of the children decreased their ST, 21.8% increased,
16.5% maintained low (�60 min), and 30.2% maintained high (61e120 min or >120 min) ST. Af-
ter adjustment, lower maternal education (OR Z 2.33, 95%CI:1.82e2.99) and lower family in-
come (OR Z 1.72, 95%CI:1.35e2.21) were associated with higher odds of increasing ST, while
being a girl was associated with 35% decreased odds of increasing ST. Children that increased
and those that maintained high ST showed greater odds of presenting a Snacking DP at 7 years
(OR Z 2.34, 95%CI:1.64e3.35) and (OR Z 2.65, 95%CI:1.89e3.72), respectively. No statistically
significant differences were found regarding changes in ST and the child’s BMI.
Conclusion: Children increasing screen exposure during this period were more frequently from
lower socioeconomic strata and presented unhealthier DP.
ª 2023 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico II University. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Early childhood high-screen exposure can negatively
impact children’s and adolescents’ health [1,2], having
been linked to a higher prevalence of violence and
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aggression [3], learning problems and poor school per-
formance [4,5], and obesity [6,7]. The relationship between
screen exposure and weight gain has been well docu-
mented in children and adolescents [8]. Three mechanisms
are thought to explain the effects of screen time (ST) on
obesity. Firstly, this sedentary behaviour reduces the time
that children are enrolled in more active physical activities
that promote energy expenditure [9]; secondly, as a result
of food marketing and advertising [14], it promotes food
consumption, namely larger portions of food, increased
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consumption of high-density foods, rich in fat, free sugars
or salt [10e12] and decreased consumption of fruits and
vegetables [13]. Finally, shorter sleep duration has also
been linked to screen media exposure, excessive energy
consumption and obesity [8]. Sleep deprivation can cause
changes in the appetite-regulating hormones and increase
hunger [15], and behavioural hypotheses such as “less
sleep e more time to eat” have been discussed [16].

The American Academy of Paediatrics (AAP) recom-
mends that the total media time should be limited to no
more than 2 h of quality programming per day [2], and the
Canadian Paediatric Society (CPS) and World Health Or-
ganization (WHO) both recommend that screen-related
sedentary behaviours should not exceed the maximum of
1 h per day for children aged 2e4 years [17,18]. However,
evidence shows that many children do not meet these
recommendations [19e23]. According to the Portuguese
National Food, Nutrition and Physical Activity Survey in
2015e2016, 37% of children and adolescents aged 3e14
years spend more than 2 h per day on weekdays watching
television (TV), and this prevalence increases to 71% on
weekends [24]. Moreover, data from 3e4-year-old Portu-
guese children showed that children spend an average of
92 min/day on weekdays and 167 min/day on weekends
using screen digital media devices [25].

Although several studies have estimated the prevalence
of high ST at different ages and the association with
obesity, to our knowledge, few examined children’s ST
changes, specifically from preschool to school age [26,27].
Previous cross-sectional studies have reported a positive
association between ST and unhealthier dietary patterns
(DP), mainly in adolescents and adults [28e30] but also in
children [31]. However, there is no information on the
association between changes in ST during childhood and
DP. As habits and routines are easily created and estab-
lished at early ages, overexposure to screens increases the
likelihood of overuse later in life [32], and the establish-
ment of eating habits and food choices in childhood may
also persist into adulthood [33,34]. Understanding how ST
patterns evolve and their impact on children’s DP can
provide essential data on the early behavioural anteced-
ents of obesity [26]. Therefore, this study aimed to analyse
changes in ST (TV and electronic games) from 4 to 7 years
of age and associated factors, and its association with DP
and obesity at 7 years.

2. Methods

2.1. Participants

The present study was conducted within Generation XXI, a
population-based birth cohort of new-borns and their
mothers, recruited between April 2005 and August 2006,
at each of the five maternity units of level III in the Porto
Metropolitan Area [35,36]. Of the invited mothers, 91%
agreed to participate, resulting in a total sample of 8647
children and 8495 mothers evaluated at baseline. The
whole cohort was invited to attend follow-up re-evalua-
tions, namely at ages 4, 7, 10 and 13 years.
The project Generation XXI was conducted according to
the principles of the Declaration of Helsinki, and all pro-
cedureswere approved by the Portuguese Authority of Data
Protection and the Ethical Committee of the São João Hos-
pital. At baseline and follow-up evaluations, parents or legal
tutors of each participant signed an informed consent form.

Of the 8647 children evaluated at baseline, 7459 were
re-evaluated at the age of 4 and 6889 at the age of 7. After
the exclusion of children with incomplete information on
ST, at either 4 or 7 years, a subsample of 4966 subjects was
considered eligible for the present study. From these, we
excluded subjects with incomplete information on vari-
ables of interest: DP at 7 years (n Z 119), children’s body
mass index (BMI) (n Z 46 and n Z 13 at 4 and 7 years,
respectively), maternal educational level (n Z 22), chil-
dren’s sedentary activities at 7 years (n Z 19), income at 4
years (n Z 74), children’s participation in sports (n Z 17
and nZ 16 at 4 and 7 years, respectively), children’s active
playtime at 7 years (nZ 26), mother’s parity (nZ 81), and
children’s sleep duration at 4 years (n Z 2). A total of 4531
children were used in the final analysis.

2.2. Data collection

Data at 4 and 7 years of age were collected using struc-
tured and standardized questionnaires answered by the
primary caregivers (usually mothers), which trained in-
terviewers applied in face-to-face interviews.

The amount of time, in hours: minutes (min), spent
watching television (or playing video games) was evaluated
using an open question, separately for weekdays and
weekend days. The average daily time was computed and
recoded into min per day, and participants were classified
into three categories:�60min, 61e120min, and>120min.
STchanges from 4 to 7 years of agewere assessed through a
computed variable with four categories: maintaining a low
ST (�60 min), maintaining a high ST (maintaining in the
category 61e120min or the category>120min), decreasing
ST (changing to a category of lower duration) or increasing
ST (changing to a category of higher duration).

Dietary intake of the child’s diet over the previous 6
monthswas evaluated through a 35 and 38-itemqualitative
food frequency questionnaire (FFQ) at 4 and 7 years of age,
respectively [37]. Caregivers were asked how many times,
on average, children had consumed each food item, using
nine frequency options. Items were then combined into
eleven food groups: dairy; meat and meat products; fish;
eggs; vegetables; fruits; cereals; salty snacks; sweets and
pastry; sugar-sweetened beverages (SSB); and fat spread.

Three DP were previously identified in 4-year-old chil-
dren through latent class analysis, described elsewhere
[38]. Briefly, the DP definition included four conceptual
levels: maternal socio-economic position at 12 years,
maternal socioeconomic and demographic characteristics
at the child’s delivery, family characteristics at the child’s 4
years, and maternal characteristics and behaviours at the
child’s 4 years, as well as children’s dietary intake evalu-
ated by the FFQ. The three DP identified were: “Energy-
dense foods” (EDF) characterized by higher consumption
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of EDF (including sweets, SSB, pizza, burgers and pro-
cessed meat); “Snacking” characterized by low consump-
tion of foods consumed at main meals (vegetables, fish,
meat, eggs, rice, pasta, potatoes and fruit) and intermedi-
ate in snacks (bread, milk, yoghurt, crips, pizza, burger,
salty pastry and SSB); and “Healthier” characterized by
higher consumption of healthy foods (vegetable soup,
vegetables on the plate and fish), and lower in unhealthy
ones (processed meat, crisps, pizza, burger, salty pastry,
sweets and SSB) [38].

In both evaluations, children’s anthropometric mea-
surements were performed according to standard proced-
ures by experienced examiners. Weight was measured
using a digital scale to the nearest 0.1 kg, in underwear,
without shoes, and body height wasmeasured using a fixed
stadiometer to the nearest 0.1 cm, without shoes, from the
top of the head to the bottom of the feet. Children’s BMIwas
calculated and then converted into age- and sex-specific
standard deviation (SD) scores (BMI Z-scores), according to
the WHO growth charts [39]. As the prevalence of under-
weight was very low at both 4 and 7 years (0.5% corre-
sponding to 24 and 23 individuals, respectively), the
“underweight” BMI Z-score category was merged with the
“normal weight” category. Thus, BMI Z-score categories at 4
years were defined as: normal weight/underweight, � þ1
SD; at risk of overweight, þ1 < SD � þ2; overweight,
þ2 < SD � 3; and obesity, > þ3 SD. At 7 years, cut points
were: normal weight/underweight, � þ1 SD; overweight,
þ1 < SD � þ2; and obesity, > þ2 SD.

Children’s sex and maternal characteristics were
retrieved from the baseline. Mother’s characteristics ana-
lysed included mother’s parity (categorized as 1st preg-
nancy, 2nd pregnancy, and 3rd or further pregnancy), age,
and education level (�9, 10e12 or >12 completed years of
formal schooling). Maternal pre-conception BMI was
computed using self-reported weight before pregnancy
(reported at study baseline) and height (measured, derived
from clinical records or self-reported) and classified ac-
cording to the WHO BMI cut-offs: underweight and
normal weight (BMI<25 kg/m2), overweight (BMI
25e30 kg/m2) and obesity (BMI>30 kg/m2) [40].

Family structure, number of siblings living with the
child, and monthly available income in euros (�1000,
1001e1500, and >1500) were assessed at the 4-year-
follow-up evaluation. Children’s participation in sports
(yes or no), and children’s sleep duration (the difference
between the hour that the child goes to sleep and the hour
the child wakes up), categorized as less than or �10 h per
night, were also obtained at the 4-year follow-up evalua-
tion. Other covariates were obtained in 7-year-follow-up
evaluation: children’s active playtime (average daily time
spent playing, running, riding a bicycle), classified as
�60 min/day or >60 min/day.

2.3. Statistical analyses

The characteristics of participants were presented as mean
and standard deviation (SD) for continuous variables and
as absolute (n) and relative frequencies (%) for categorical
variables. Proportions were compared using the chi-square
test and means through analysis of variance (ANOVA).

Using multinomial logistic regression models, associa-
tions between family and child characteristics and changes
in ST between 4 and 7 years were estimated by crude and
adjusted odds ratio and 95% confidence intervals. The
models were adjusted for different variables according to
the outcome. When the outcome was changes in ST, the
reference category was ‘Maintained low’ and the model
included the child’s sex, mother’s parity, child’s partici-
pation in sports, maternal age, and household income. Due
to the high correlation between the mother’s education
and household income, the model including the mother’s
education was not adjusted for income, and vice versa. For
models with DP as the outcome (Healthier DP as refer-
ence), adjustments were made for maternal education and
children’s active playtime. For outcome nutritional status,
the reference category was normal weight/underweight,
and adjustments were maternal education, children’s sex,
and children’s active playtime.

Statistical analyses were performed using the
IBM�SPSS� Statistics software (IBM Corp. Released 2020.
IBM SPSS Statistics for Windows, Version 27.0. Armonk,
NY: IBM Corp), and the significance level was fixed at 0.05.

3. Results

Family and child characteristics are described in Table 1.
About half the children were male (51.2%), and the ma-
jority corresponded to the mother’s first pregnancy
(58.6%). Mothers’ mean age (SD) was 29.79 years (5.20) at
baseline, and 41.3% had up to 9 years of education. At 4
years of age, most children did not have siblings (45.8%)
and lived with both parents (88.9%). Regarding the
household income at 4 years, 46.4% earned >1500 euros
per month, while a quarter of the sample (25.2%) earned
less than 1000 euros per month.

At 4 years of age, 68.2% of the children included in the
analysis were exposed to screens for more than 1 h per
day, and 27.9% of those were exposed to more than
120 min/day (Table 2). Associations between family and
child characteristics and ST at 4 years showed that ST over
120 min/day was more frequent among boys, children
with obesity, those not practicing sports, and sleeping less
than 10 h/night. Children with ST over 120 min/day had
younger mothers. Excessive ST was also more frequent
among those with lower maternal education, lower
household income, and no siblings living with the child.
No differences were found for maternal pre-conception
BMI and family structure.

Between 4 and 7 years, 16.5% of children maintained a
low ST (�60 min), 30.2% maintained a high ST (main-
taining in the category 61e120 min or in the category
>120 min), 21.8% increased their ST, and 31.5% decreased it
(Table 2). The proportion of children maintaining low ST
(�60 min) was higher among girls (p < 0.001), normal-
weight children (p < 0.002), those doing sports
(p < 0.001) and sleeping �10 h/night at 4 years
(p Z 0.011), and among children whose mothers had



Table 1 Family and child characteristics of the sample.

n (%)

Child characteristics at birth
Child’s sex
Female 2210 (48.8)
Male 2321 (51.2)

Mother’s parity
First pregnancy 2654 (58.6)
Second pregnancy 1513 (33.4)
Third or further pregnancy 364 (8.0)

Maternal characteristics
Age, mean (SD) 29.79 (5.20)
Pre-conception BMI
Normal weight or underweight 1697 (67.7)
Overweight 579 (23.1)
Obesity 232 (9.3)

Missings 2023
Education
�9 years 1871 (41.3)
10e12 years 1295 (28.6)
>12 years 1365 (30.1)

Family and house characteristics (at 4 years)
Household income (euros/month)
�1000 1143 (25.2)
1001e1500 1284 (28.3)
>1500 2104 (46.4)

Family structure
Both parents 4030 (88.9)
Single parent 465 (10.3)
Other family structure 36 (0.8)

Number of siblings
None 2075 (45.8)
1 1948 (43.0)
2 or more 508 (11.2)

SD, standard deviation.
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higher education and higher household income at 4 years
(p < 0.001).

Table 3 summarizes the crude and adjusted associations
between family and child characteristics and changes in ST
between 4 and 7 years. After adjustment for all variables in
the table and using the category ‘Maintained low’ as the
reference in the outcome variable, we found that boys
were more likely to change their ST, either increasing
(OR Z 1.53; 95%CI 1.26e1.86) or decreasing (OR Z 1.39;
95% CI 1.16e1.67) and were also more likely to maintain
high ST (OR Z 1.60; 95%CI 1.33e1.92). Children who did
not practice sports showed 73% greater odds of decreasing
their ST (OR Z 1.73; 95% CI 1.41e2.12) and 33% greater
odds of maintaining high ST (ORZ 1.33; 95% CI 1.08e1.64).
Regarding the maternal age, for each additional 5 years of
mothers’ age, children were 13% less likely to maintain a
high ST (OR Z 0.87; 95% CI 0.79e0.97). The lower the
mother’s education (�9 years: OR Z 2.33; 95% CI
1.82e2.99) and the family income (�1000V/month:
OR Z 1.72; 95% CI 1.35e2.21), the greater the odds for
children to increase their ST.

Considering the association between changes in ST and
DP at 7 years (Table 4), children that increased or main-
tained a high ST between 4 and 7 years of age were more
likely to present an Energy Dense-foods or a Snacking DP.
After adjustment for maternal education and children’s
active playtime, and when compared to maintaining low
ST, all the other three categories (maintained high,
increased, and decreased) were associated with increased
odds of following an Energy Dense-foods or a Snacking DP.
Still, associations were stronger for those maintaining high
or increasing ST between 4 and 7 years. Children who
maintained a high ST showed 142% greater odds of
following an Energy Dense-foods DP (OR Z 2.42; 95% CI
1.98e2.95) and 165% great odds of having a Snacking DP
(OR Z 2.65; 95% CI 1.89e3.72). Associations for the cate-
gory of increased ST were 2.13 (95% CI 1.73e2.64) and 2.34
(95% CI 1.64e3.35), respectively. Regarding the associa-
tions between changes in ST between 4 and 7 years and
child’s BMI at 7 years (Table 4), although no statistically
significant differences were found (p Z 0.192), we found a
lower prevalence of overweight and obesity among those
who maintained a low ST.

4. Discussion

In our sample, about 28% of 4-year-old children spent
more than 2 h per day watching television or playing video
games, thus exceeding the AAP guidelines. However,
considering the CPS and WHO guidelines of less than
60 min per day, over two-thirds did not adhere to ST
recommendations. Additionally, children increasing or
maintaining a high ST from 4 to 7 years of age were more
frequently from a lower socioeconomic strata and were
more likely to follow unhealthier DPs at 7 years.

This study focused on ST changes between preschool
and school age, representing a critical time in children’s
lives and future health [41]. In Portugal, although it is not
mandatory, children aged of 3 and older can be enrolled in
the public pre-school network and, once they turn 6 years
old, they can enroll in the first cycle of schooling. From 4 to
7 years of age, just about one-third of the children
decreased their ST, a smaller proportion maintained low,
and half of the sample maintained high (30%) or increased
(22%) ST exposure. Roberts and Foehr [27] examined how
media exposure varies with age and found that media
exposure begins early, increases until children start school
(around 6e7 years), drops off briefly, and increases again
around the age of 11e12. The decrease of ST from pre-
school to school age in some children is more likely due to
the needs of the school and school-related activities, as
well as the school television-free environment, which
translates into less time available for the media [27].
However, in Certain and Kahn’s longitudinal study [26],
television viewing levelled off instead of declining from 3
to 7 years of age, attributed to the continuing environ-
mental influences and the development of child prefer-
ences or habits. ST appears to maintain a role in children’s
daily lives, suggesting that higher ST in early childhood is
associated with higher ST at school age [41].

Consistent with previous work [42,43], our results show
that lower maternal educational level and lower house-
hold income were associated with greater odds of
increasing ST. Also, a systematic review by Gebremariam
et al. [44] reported an inverse relationship between



Table 2 Associations between family and child characteristics and screen time at 4 years and changes in screen time from 4 to 7 years of age.

Screen Time at 4 years Changes in Screen Time from 4 to 7 years

�60 min 61e120 min >120 min Maintained low Maintained high Decreased Increased

n (%) p-value n (%) p-value

Total 1442 (31.8) 1826 (40.3) 1263 (27.9) 749 (16.5) 1367 (30.2) 1426 (31.5) 989 (21.8)
Child characteristics
Child�s sex
Female 772 (34.9) 865 (39.1) 573 (25.9) <0.001 428 (19.4) 623 (28.2) 695 (31.4) 464 (21.0) <0.001
Male 670 (28.9) 961 (41.4) 690 (29.7) 321 (13.8) 744 (32.1) 731 (31.5) 525 (22.6)

Child’s BMI
Normalweight/underweight 1006 (32.3) 1271 (40.8) 841 (27.0) <0.001 540 (17.3) 938 (30.1) 969 (31.1) 671 (21.5) 0.002
Risk of overweight 317 (32.7) 383 (39.5) 269 (27.8) 156 (16.1) 272 (28.1) 309 (31.9) 232 (23.9)
Overweight 89 (28.2) 136 (43.0) 91 (28.8) 36 (11.4) 119 (37.7) 93 (29.4) 68 (21.5)
Obesity 30 (23.4) 36 (28.1) 62 (48.4) 17 (13.3) 38 (29.7) 55 (43.0) 18 (14.1)

Participation in sports
Yes 1082 (34.6) 1275 (40.7) 774 (24.7) <0.001 575 (18.4) 944 (30.2) 907 (29.0) 705 (22.5) <0.001
No 360 (25.7) 551 (39.4) 489 (34.9) 174 (12.4) 423 (30.2) 519 (37.1) 284 (20.3)

Sleep duration
<10 h/night 439 (29.4) 604 (40.4) 451 (30.2) 0.015 217 (14.5) 491 (32.9) 468 (31.3) 318 (21.3) 0.011
�10 h/night 1003 (33.0) 1222 (40.2) 812 (26.7) 532 (17.5) 876 (28.8) 958 (31.5) 671 (22.1)

Family and parents’ characteristics
Maternal age (years), mean (SD) 30.27 (5.01) 29.85 (5.08) 29.15 (5.50) <0.001 30.40 (4.72) 29.46 (5.11) 29.65 (5.39) 29.99 (5.33) <0.001
Mother’s pre-conception BMI
Normalweight/underweight 541 (31.8) 680 (40.1) 476 (28.0) 0.552 280 (16.5) 498 (29.3) 539 (31.8) 380 (22.4) 0.767
Overweight 175 (30.2) 223 (38.5) 181 (31.3) 84 (14.5) 177 (30.6) 182 (31.4) 136 (23.5)
Obesity

Missings: 2023
78 (33.6) 85 (36.6) 69 (29.7) 34 (14.7) 74 (31.9) 66 (28.4) 58 (25.0)

Mother’s education
�9 years 551 (29.4) 708 (37.8) 612 (32.7) <0.001 240 (12.8) 587 (31.4) 586 (31.3) 458 (24.5) <0.001
10e12 years 389 (30.0) 523 (40.4) 383 (29.6) 204 (15.8) 382 (29.5) 427 (33.0) 282 (21.8)
>12 years 502 (36.8) 595 (43.6) 268 (19.6) 305 (22.3) 398 (29.2) 413 (30.3) 249 (18.2)

Household income (euros/month)
�1000 359 (31.4) 402 (35.2) 382 (33.4) <0.001 158 (13.8) 336 (29.4) 364 (31.8) 285 (24.9) <0.001
1001e1500 356 (27.7) 535 (41.7) 393 (30.6) 172 (13.4) 413 (32.2) 414 (32.2) 285 (22.2)
>1500 727 (34.6) 889 (42.3) 488 (23.2) 419 (19.9) 618 (29.4) 648 (30.8) 419 (19.9)

Family structure
Both parents 1267 (31.4) 1652 (41.0) 1111 (27.6) 0.114 663 (16.5) 1225 (30.4) 1279 (31.7) 863 (21.4) 0.438
Single parent 163 (35.1) 162 (34.8) 140 (30.1) 81 (17.4) 134 (28.8) 135 (29.0) 115 (24.7)
Other family structure 12 (33.3) 12 (33.3) 12 (33.3) 5 (13.9) 8 (22.2) 12 (33.3) 11 (30.6)

Number of siblings
None 618 (29.8) 844 (40.7) 613 (29.5) 0.046 312 (15.0) 649 (31.3) 660 (31.8) 454 (21.9) 0.185
1 660 (33.9) 779 (40.0) 509 (26.1) 353 (18.1) 573 (29.4) 608 (31.2) 414 (21.3)
2 or more 164 (32.3) 203 (40.0) 141 (27.8) 84 (16.5) 145 (28.5) 158 (31.1) 121 (23.8)

Proportions were compared using the Chi-square test and means through analysis of variance (ANOVA).
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Table 3 Multinomial regression model for the associations between family and child characteristics at 4 years and changes in screen time
between 4 and 7 years.

Maintained high Decreased Increased Maintained high Decreased Increased

Crude OR (95% CI)a Adjusted OR (95% CI)a

Child’s Sex
Female 1 1 1 1 1 1
Male 1.59 (1.33e1.91) 1.40 (1.17e1.68) 1.51 (1.25e1.83) 1.60 (1.33e1.92) 1.39 (1.16e1.67) 1.53 (1.26e1.86)

Mother’s parity
First pregnancy 1 1 1 1 1 1
Second pregnancy 1.01 (0.83e1.22) 0.95 (0.79e1.15) 0.96 (0.78e1.18) 1.02 (0.69e1.50) 1.21 (0.83e1.76) 1.13 (0.76e1.67)
Third or further
pregnancy

0.98 (0.69e1.40) 1.21 (0.86e1.70) 1.36 (0.95e1.95) 1.04 (0.84e1.29) 0.96 (0.78e1.18) 0.87 (0.69e1.09)

Child’s participation in sports
No 1.48 (1.21e1.82) 1.89 (1.55e2.31) 1.33 (1.07e1.66) 1.33 (1.08e1.64) 1.73 (1.41e2.12) 1.15 (0.92e1.44)
Yes 1 1 1 1 1 1

Maternal age
(per 5 years)

0.84 (0.78e0.91) 0.87 (0.80e0.95) 0.93 (0.84e1.02) 0.87 (0.79e0.97) 0.90 (0.82e1.00) 1.00 (0.90e1.12)

Mother’s education (years)
�9 1.87 (1.52e2.32) 1.80 (1.46e2.23) 2.34 (1.86e2.94) 1.67 (1.33e2.11)b 1.55 (1.23e1.95)b 2.33 (1.82e2.99)b

10-12 1.43 (1.14e1.80) 1.55 (1.24e1.93) 1.69 (1.32e2.16) 1.28 (1.02e1.62)b 1.38 (1.09e1.74)b 1.67 (1.29e2.15)b

>12 1 1 1 1 1 1
Household income (euros/month)
�1000 1.44 (1.15e1.81) 1.49 (1.19e1.86) 1.80 (1.42e2.29) 1.28 (1.01e1.62)c 1.28 (1.01e1.62)c 1.72 (1.35e2.21)c

1001e1500 1.63 (1.31e2.02) 1.56 (1.25e1.93) 1.66 (1.31e2.09) 1.50 (1.20e1.87)c 1.41 (1.13e1.76)c 1.62 (1.27e2.05)c

>1500 1 1 1 1 1 1
a The reference category of the outcome is “Maintained low”. Adjusted models included all variables in the table.
b Adjusted for all variables in the table, except household income.
c Adjusted for all variables in the table, except the mother’s education.
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socioeconomic position and the presence of a TV in the
children’s bedroom, parental modelling for TV viewing,
parental co-viewing and having meals in front of the TV,
highlighting the impact of parental behaviours, attitudes,
and beliefs on children’s ST habits. For example, Rek et al.
[45] showed that role modelling is crucial in developing
children’s media habits. Both parents’ own media habits
and their opinion and beliefs on children’s appropriate
daily ST, as well as their formal education, seems to impact
parents’ behaviour in terms of education significantly and
therefore affect children’s media exposure.

Socioeconomic status, characterized in our study by the
household income and parental education, is an important
confounding factor of the association between ST and DP.
Higher-income families usually own more televisions,
video players and computers [48], and research shows that
higher-educated adults spend less time watching TV than
lower-educated adults [49]. Higher socioeconomic status is
also associated with healthier eating choices [50]. Thus,
children from lower socioeconomic position families are at
higher risk for the potential negative health outcomes of
excessive ST and improving parents’ screen behaviours
might also improve their children’s SB.

Of the child factors assessed, the male sex was associ-
ated with higher odds of increasing ST or maintaining a
high ST exposure. This sex difference, with boys being
more likely to have higher ST, is consistent with previous
studies [43,46e48]. Two factors can partly explain this: on
the one hand, parent-child interactions might differ ac-
cording to the child’s sex [43]; on the other hand, girls may
take part in more activities, such as homework and
extracurricular cultural activities, besides screen behav-
iours [48].

Surprisingly, children who did not practice sports
showed greater odds of reducing their ST. Several studies
in children have demonstrated a small but a significant
inverse association between ST and physical activity [6,51].
Likewise, another study has shown that ST during child-
hood is not a significant predictor of physical activity [52].
One explanation for our findings may be that children who
had a higher ST at 4 years decreased it when they entered
school age because they were enrolled in other activities
that not included practicing sports.

Furthermore, we aimed to study the associations be-
tween ST and DPs. Our results suggest that children that
increased their ST or maintained a high ST from preschool
to school age were more likely to present unhealthier DPs
e either Snacking or EDF. Similar results among children
and adolescents suggest that TV viewing is associated with
unhealthier DPs, frequently characterized by high con-
sumption of sweets, salted snacks, and soft drinks, after
adjusting for covariates of interest [29e31,53]. Also, some
studies show that a Mediterranean DP was inversely
associated with ST, both among 4-year-old children [54]
and adolescents aged 12e17 years [29]. Potentially, screens
exposure interferes with satiety and hunger signs, leading
to an overconsumption of low-nutrient high-energy foods
due to the less pronounced regulation of food consump-
tion when eating while doing other things, such as
watching television or playing videogames [55,56].

In our study, there was no significant association be-
tween ST and obesity, although higher ST was more
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frequent among children with obesity. For example, Sorrie
et al. [19] reported that preschool children engaged in
screen activities (watching television or playing games) for
more than 2 h per day were more likely to be overweight
or obese compared to those who spent less than 2 h.
However, in our study, when analysing changes in ST,
although not statistically significant, a greater prevalence
of obesity among those who reduced ST was found. This
tendency may be explained by reducing ST as an inter-
vention strategy for weight control. A randomized
controlled trial showed that reducing children’s ST has
resulted in less BMI gain, indicating a potential causal
relationship between screen media viewing and weight
gain and suggesting that reducing children’s ST may be a
promising intervention approach to prevent childhood
obesity [57].

The current study is not without limitations. Firstly, no
information about the context of screen use (parenting
style and media use, media in the child’s bedroom, num-
ber of screens) or a direct measure of advertisement were
available, which would have been essential covariates to
include in the analysis. Another limitation is that we did
not address the content of children’s viewing, only the
average daily time. Therefore, it is not possible to distin-
guish between educational versus entertainment televi-
sion. Also, both children’s dietary intake and ST were
reported by their caregivers. Thus, the possibility of mis-
reporting cannot be discarded. Diet was assessed through
an FFQ, and therefore, estimation of dietary intake using
frequency and not quantity could be argued as a limitation
[58]. However, a reasonable validity and reliability of the
FFQ data was supported with comparison with 3-day food
diaries [38]: participants from the EDF pattern identified
based on FFQ data presented significantly higher energy
according to the food diaries, than the snacking and
Healthier DP; and participants from the Snacking DP pre-
sented significantly lower fibre levels. The data we ana-
lysed in the present paper was collected about ten years
ago, and therefore, ST patterns might have changed,
namely, there may have been an increase in the use of
tablets and mobile devices among children aged 5 and
younger, since 2014 [59]. Consistent with population-
based studies, our study is affected by losses of follow-up
and exclusions due to missing data. Nevertheless, we
compared the characteristics of the included and excluded
participants. For mother’s age, mother’s parity, mother’s
educational level and household income, the magnitude of
the differences was small, according to Cohens’ D and
Cramer’s V effect size (supplementary material).

Strengths of our study include being the first one, to our
knowledge, to evaluate changes in ST from preschool to
school age and its predictors using a longitudinal design in
Portuguese children. Because ST patterns are modifiable
behaviours and preschool is critical in children’s lives, in-
terventions to prevent the poor outcomes associated with
screen overexposure should be considered at an early age.
Another vital aspect of our study is the use of DP to assess
the associations between ST and food consumption,
instead of looking at isolated food groups, which allows us
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to examine children’s overall diet. DPs used in this study
were identified using latent class analysis, which is an
appropriate methodology for categorical variables com-
mon in data from FFQ [60,61]. Moreover, using a posteriori
DPs is an essential strength as they consider the different
effects and interactions among food components [58]. This
study is part of Generation XXI, a population-based cohort
with a large sample size, conducted by experienced re-
searchers with procedures in place to warrant the quality
of the data assessment, thus reducing the risk of bias and
supporting the validity of the results.

In conclusion, the results of our study suggest that
preschool children are highly exposed to screens, and
there is a positive association between ST and unhealthier
food consumption. Also, screen exposure seems to persist
into childhood, and lower parental education level, lower
household income, and male child sex increased the like-
lihood of maintaining high or increasing ST from pre-
school to school age.

Our findings may be of interest to policymakers, re-
searchers, and public health professionals and may pro-
vide valuable insights for the design of intervention
programmes addressing childhood ST patterns. Given
that children overexposed to screens tend to remain so in
the future and that this behaviour is associated with
several poor health outcomes, future interventions
should promote awareness among parents and care-
givers. Future research should examine the effect of TV
content and food advertising to which children are
exposed, as well as parental influences and the family TV
environment.
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