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Abstract: Screen-based activities are associated with increased risk of obesity and contribute to
physical inactivity and poor dietary habits. The primary aim of this study was to examine the
associations among screen-based activities, physical activity, and dietary habits in school-aged
children in Guadalajara, Puerto Vallarta, and Mexico City, Mexico. The secondary aim was to examine
these associations across sex. The School Physical Activity and Nutrition survey was used to assess
screen-based activities (TV watching, video game use, computer use), physical activity, and dietary
habits. Organized activity/sports participation, unhealthy dietary habits, and household income
were correlated with screen-based activities. While TV watching was associated with decreased
participation in organized activity/sports participation, computer and video game use was associated
with increased organized activity/sports participation. Boys engaged in more TV watching and
video game use compared to girls. All screen-based activities were associated with age among boys;
whereas video game and computer use were associated with higher income among girls. These
findings suggest a need for sex- and age-specific strategies that acknowledge the differential use of
screen-based activities across sex and age. Future research should continue to identify underlying
correlates linking screen-based activities with health behaviors to inform strategies to reduce screen-
time in Mexican children.

Keywords: screen time; physical activity; diet; children; Hispanic

1. Introduction

Pediatric obesity is a critical public health challenge in Mexico; the prevalence of
obesity among Mexican children has reached 35.8% among Mexican girls and 34.1% among
Mexican boys [1]. An extensive body of literature has demonstrated that screen time signif-
icantly contributes to pediatric obesity and obesity-related disease risk factors including
hypertension and insulin resistance [2,3]. As technology has become a ubiquitous part
of everyday life, today’s youth are exposed to technology at a younger age and are the
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largest users of digital devices [4]. Nearly 30% of Mexican children own a smartphone,
56% access the internet on a daily basis, the adoption rate of video games is estimated at
90%, and about 50% have access to computers and tablets, respectively [5,6]. Global screen
time guidelines recommend that children should be limited to less than or equal to 2 h of
screen time per day [7,8]. However, the most recent National Health and Nutrition Survey
reported that 77.3% of Mexican children exceeded the 2-h screen time limit [9]. Given that
screen time significantly contributes to obesity, there is an urgent need to increase our
understanding of how screen time impacts obesity-related diet and physical activity be-
haviors among Mexican children to inform intervention strategies focused on reducing
screen time.

The relationship between screen time and obesity is driven in part by reduced physical
activity and overall increased energy intake [10,11]. Screen time significantly contributes to
overall sedentariness [12,13] and reduces energy expenditure, physical fitness, and muscle
strength [14,15], as it displaces time that may have otherwise be spent in physical activ-
ities [13,16,17]. Screen time also impacts diet as it is associated with increased snacking,
which typically consists of calorically dense, high fat, “junk” foods [18–22]. In addition,
many food advertisements during children’s programming focus on unhealthy foods,
which has been shown to have a negative impact on diet in children [17,23]. Despite this
growing body of literature, the evidence on how screen time impacts diet and physical
activity behaviors in Mexican children remains limited [24].

It has been hypothesized that some screen-based activities may be more deleterious
compared to others, suggesting that different types of screen-based activities may differen-
tially impact diet and physical activity behaviors; however, the majority of research to date
has focused solely on TV watching [25]. Furthermore, boys and girls may have different
preferences for screen-based activities and screen-based activities may differentially impact
health behaviors across sex [26,27]. Thus, the primary aim of this study was to examine
the associations among multiple screen-based activities (TV watching, videogame use,
and computer use), physical activity, and dietary habits, in a sample of school-aged chil-
dren in Guadalajara and Puerto Vallarta, Jalisco, and Mexico City, Mexico. The secondary
aim of this study was to examine whether associations among screen-based activities (TV
watching, videogame use, computer use), physical activity, and dietary habits differed
by sex.

2. Materials and Methods
2.1. Participants

Schools in Guadalajara (N = 12) and Puerto Vallarta (N = 5) were selected for par-
ticipation in this study by the State of Jalisco Secretary of Education. Schools in Mexico
City (N = 20) were selected based on their participation in another obesity-related study.
All children enrolled in third, fourth, and fifth grades at participating schools were eligible
for participation in the current study. Information about the study and informed consent
were sent home to parents with children. Parents interested in participating were asked
to return the signed consent form to school the next day. At each school, children with a
signed consent were guided through completing the child assent before they were enrolled
in the study. All procedures and instruments used in this study were approved by the
Institutional Review Board at the University of Houston.

2.2. Sociodemographic Data

A modified version of the fourth grade School Physical Activity and Nutrition (SPAN)
survey was sent home with children for parents to complete. This tool has been used
extensively for national surveillance on health behaviors including diet and physical
activity in schoolchildren. The first section on the SPAN includes questions regarding
demographic information on the child’s age, sex, and household income [28].
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2.3. Screen Time

Three items on the SPAN instrument were used to assess leisure screen-based activities.
These items assessed hours per day TV watching, playing video games, and recreational
computer use. Parents reported the number of hours spent in screen-based activities using
the following response options: 0 = My child does not watch TV, DVDs, or Movies/plays
video games/uses a computer recreationally, 1 = Less than 1 h, 2 = 1 h, 3 = 2 h, 4 = 3 h,
5 = 4 h, 6 = 5 h, and 7 = 6 h or more. These SPAN items have reported acceptable validity
and reliability for quantifying screen time [28,29].

2.4. Dietary Habits

Four items on SPAN instrument were also used to assess dietary intake the day prior
to determine regular food behaviors and meal patterns [28]. Unhealthy and healthy dietary
habits were assessed using three healthy food items: (1) fruit, (2) green salad, (3) vegetables;
and three unhealthy food items: (4) high-fat meats (hamburgers, hot dogs, sausage, bacon,
or ribs) (5) french fries or chips, and (6) sweets (rolls, doughnuts, cookies, brownies, pies,
or cakes). Healthy food items were assigned a score of 0 if they were not consumed, 1 if they
were consumed once, and 2 if they were consumed more than once during the previous
day. Scores for the three healthy food items were summed to calculate a healthy dietary
habits index score [30]. Unhealthy food items were assigned a score of 0 if they were not
consumed, −1 if they were consumed once, and −2 if they were consumed more than
once during the previous day. Scores for the three unhealthy food items were summed to
calculate an unhealthy dietary habits index score [30].

2.5. Physical Activity

Four items on the SPAN instrument were used to assess physical activity [28]: (1) Last
week, on which days did your child play outdoors for 30 min or more? (2) On most days,
how does your child get to school? (3) During the past 12 months, on how many sports
teams did your child play? (4) Does your child currently take part in any other organized
physical activities or take lessons, such as martial arts, dance, gymnastics, soccer, baseball,
or tennis? Items assessing participation in organized activities and sports were combined
to form one variable.

2.6. Analyses

Variables were analyzed descriptively by calculating frequencies or means and stan-
dard deviations as appropriate. The t-tests and Chi-square tests were used to test differences
by sex. Correlates of screen-based activities (TV watching, playing videogames, or com-
puter use) were analyzed using separate multiple ordinal regression models. Since more
than 40% of families did not report family income, we used two modeling strategies to
account for missing data: listwise deletion and multiple imputation estimations. Multiple
imputation was used to impute values for all of our missing analytical variables. Im-
putations were run using the Impute Missing Data Values function of SPSS version 22.
A detailed description of this process has been previously published [31]. Both modeling
strategies considered sex, age, active commuting to school, number of days playing outside,
participation in organized physical activities or sports, healthy eating index and unhealthy
eating index scores, as well as socioeconomic status as independent variables. To explore
differences in correlates between boys and girls, we conducted separate regression models
by sex. All models considered schools as the clustering variable. Final models were tested
for specification error, goodness of fit and collinearity. Differences between unadjusted
means and proportions and regression model estimates for main effects were considered
significant if p < 0.05. All analyses were run using STATA v14 SE (Stata Corp, College Sta-
tion, TX, USA). The multiple imputation sample was used to conduct the primary analysis
presented in this study. The same analyses were conducted using data from the complete
information sample and these findings are provided as Supplementary Information for
comparative purposes in Tables S1–S3.
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3. Results

Of the 1994 surveys originally collected, 874 had complete data for all outcomes
of interest and all investigated correlates. Compared to the original sample (N = 1994),
a higher proportion of children with complete (N = 874) data played videogames for
less than 2 h/day (69.9 vs. 59.8%) and engaged in more active transportation (56.9% vs.
43.1%), while a smaller proportion of children with complete data participated in organized
activities or sports (52.0% vs. 60.6%). A total of 51% of the sample were girls, with a mean
age of 9.6 (±1.0) years across the total sample. About one-third (34.8%) spent more than
2 h per/day TV watching. However, fewer children exceeded two-hours per day using a
computer (6.8%) or playing video games (5.8%). Boys spent more time playing videogames,
participating in organized activities or sports, spent more days playing outdoors and
had a higher unhealthy eating pattern score compared to girls (p < 0.05). Data were
imputed for a total of 824 additional cases, yielding 1698 cases for multiple imputation
estimations. No significant differences were found between the original sample and the
multiple imputation sample, and similar distributions of demographic variables were
observed in both samples. Further details on demographic characteristics are presented in
Table 1 for the total sample and across sex.

Table 1. Descriptive characteristics of the sample.

Multiple Imputation Sample (n = 1698)

Total Sample Females Males

% or Mean 95% CI % or Mean 95% CI % or Mean 95% CI

N (%) 53.5 (51.0, 56.0) 46.50 (44.0, 49.0)
Age (years, mean, SD) 9.6 (9.6, 9.6) 9.6 (9.6, 9.7) 9.6 (9.6, 9.7)
Television viewing (n, %)
My child does not watch TV 4.0 (3.1, 4.9) 4.8 (3.4, 6.2) 3.1 (1.9, 4.4)

Less than 1 h 11.3 (9.8, 12.8) 12 (9.8, 14.1) 10.5 8.3, 12.7)
1 h 22.0 (20.0, 23.9) 22.7 (19.9, 25.4) 21.1 (18.3, 24.0)
2 h 28.7 (26.6, 30.9) 28.5 (25.5, 31.5) 29.0 (25.8, 32.3)
3 h 18.6 (16.7, 20.4) 18.5 (15.9, 21.1) 18.6 (15.8, 21.4)
4 h 8.5 (7.2, 9.9) 8.2 (6.4, 10.0) 9.0 (6.9, 11.0)
5 h 2.7 (1.9, 3.4) 2.3 (1.3, 3.2) 3.1 (1.9, 4.3)
6 h or more 4.2 (3.3, 5.2) 3.2 (2.0, 4.3) 5.5 (3.9, 7.1)

Computer use (n, %)
My child does not use a computer 33.1 (30.9, 35.5) 34.3 (31.2, 37.4) 31.7 (28.4, 35.0)

Less than 1 h 25.2 (23.1, 27.3) 27.0 (24.0, 30.0) 23.2 (20.2, 26.2)
1 h 22.7 (20.7, 24.7) 21.2 (18.5, 23.9) 24.5 (21.4, 26.2)
2 h 11.1 (9.6, 12.6) 10.9 (8.8, 12.9) 11.3 (9.1, 13.5)
3 h 3.7 (2.8, 4.5) 3.4 (2.2, 4.6) 4.0 (2.5, 5.4)
4 h 1.6 (1.0, 2.2) 1.2 (0.5, 1.9) 2.0 (1.0, 3.0)
5 h 1.1 (0.6, 1.5) 1.1 (0.4, 1.9) 1.0 (2.6, 1.7)
6 h or more 1.6 (1.0, 2.2) 0.9 (0.2, 1.6) 2.4 (1.3, 3.5)

Playing videogames (n, %)
My child does not play videogames 47.7 (45.3, 50.1) 62.3 (31.2, 37.4) 30.9 (27.6, 34.2)

Less than 1 h 17.6 (15.7, 19.4) 17.6 (15.1, 20.1) 17.5 (14.9, 20.2)
1 h 17.5 (15.7, 19.3) 11.4 (9.3, 13.5) 24.5 (21.5, 27.5)
2 h 8.3 (7.0, 9.7) 4.8 (3.4, 6.2) 12.4 (10.1, 14.8)
3 h 3.8 (2.9, 4.7) 2.1 (1.1, 3.0) 5.8 (4.2, 7.5)
4 h 2.1 (1.4, 2.7) 0.8 (1.7, 1.4) 3.5 (2.2, 4.9)
5 h 0.1 (0.0, 0.1) 0.4 (0.0, 0.1) 1.0 (0.3, 1.7)
6 h or more 0.2 (0.2, 0.3) 0.3 (0.0, 0.1) 4.2 (2.8, 5.6)

Active transportation (n, %)
No 47.7 (45.2, 50.1) 47.2 (43.8, 50.5) 48.3 (44.7, 51.8)
Yes 52.3 (49.9, 54.7) 52.8 (49.5, 56.1) 51.7 (48.2, 55.3)
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Table 1. Cont.

Multiple Imputation Sample (n = 1698)

Total Sample Females Males

% or Mean 95% CI % or Mean 95% CI % or Mean 95% CI

Days of outdoor play in the past week
(mean, SD) 2.4 (2.2, 2.5) 2.1 (2.0, 2.7) 2.6 (2.5, 2.8)

Participation in organized activities or
sports (n, %)

No 44.7 (42.2, 47.1) 50.1 (46.3, 53.7) 38.4 (34.2, 42.6)
Yes 55.3 (52.9, 57.8) 49.9 (46.2, 53.7) 61.6 (57.4, 65.8)

Healthy food index score (mean, SD) 2.3 (2.2, 2.4) 2.3 (2.2, 2.4) 2.2 (2.1, 2.3)
Unhealthy food index score (mean, SD) 1.8 (1.7, 1.8) 1.7 (1.6, 1.8) 1.8 (1.7, 1.9)
Household income (n, %)

Less than MXN 5000 49.0 (44.6, 53.3) 49.4 (44.3, 54.5) 48.5 (43.3, 53.6)
MXN 5000–MXN 999,999 33.1 (29.4, 36.9) 32.6 (27.2, 38.0) 33.8 (29.8, 37.8)
MXN 10,000 or more 17.9 (15.4, 20.4) 18.0 (15.2, 20.8) 17.8 (13.5, 22.0)

Results of ordinal regression models for TV watching, video game use, and computer
use among the total sample are shown in Table 2 and sex stratified models are shown
in Table 3. Across the total sample, five correlates for computer use (three in girls and
two in boys), five correlates for TV watching (three in boys and two in girls), and seven
correlates for playing videogames (three in boys and four in girls) were identified. Common
correlates across all three screen activities were participation in organized activities or
sports, unhealthy dietary habits index score, and household income. No other measure of
physical activity was correlated with the three screen activities.

Table 2. Correlates among total sample for TV watching, video game, and computer use among
Mexican school age children (n = 1698).

TV Watching Video Game Use Computer Use

OR (95% CI) OR [95% CI] OR (95% CI)
Sex

Females 1.00 —- 1.00 —- 1.00 —-
Males 1.27 (1.02, 1.58) 3.87 (2.89, 5.20) 1.15 (0.97, 1.36)

Age (years) 1.11 (1.00, 1.23) 1.17 (1.08, 1.25) 1.33 (1.20, 1.46)
Active transportation

No 1.00 —- 1.00 —- 1.00 —-
Yes 1.14 (0.97, 1.33) 0.74 (0.58, 0.94) 0.68 (0.54, 0.87)

Days of outdoor play 0.98 (0.95, 1.01) 1.00 (0.96, 1.05) 1.02 (0.99, 1.06)
Participation in organized activities or sports

No 1.00 —- 1.00 —- 1.00 —-
Yes 0.80 (0.67, 0.94) 1.50 (1.19, 1.83) 1.25 (1.03, 1.51)

Healthy food pattern
(score) 0.88 (0.81, 0.95) 0.98 (0.90, 1.06) 0.97 (0.91, 1.04)

Unhealthy food pattern
(score) 1.28 (1.17, 1.41) 1.28 (1.15, 1.42) 1.17 (1.09, 1.25)

Household income
Less than MXN 5000 1.00 —- 1.00 —- 1.00 —-
MXN 5000–MXN 999,999 1.36 (1.11, 1.66) 1.38 (0.92, 2.08) 1.25 (0.91, 1.70)
MXN 10,000 or more 1.36 (0.95, 1.96) 1.95 (1.29, 2.93) 1.84 (1.33, 2.54)

p trend 0.035 0.01
OR = odds ratio; CI = confidence interval; numbers in bold indicate significant differences between boys and girls.
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Table 3. Correlates for TV watching, video game, and computer use across sex in Mexican school age children (females = 907,
males = 791).

TV Watching Video Game Use Computer Use

Females Males Females Males Females Males

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age (years) 1.06 (0.93, 1.21) 1.17 (1.02, 1.34) 1.15 (1.02, 1.30) 1.21 (1.05, 1.38) 1.39 (1.22, 1.58) 1.27 (1.11, 1.45)

Active transportation

No 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —-
Yes 1.15 (0.91, 1.45) 1.14 (0.86, 1.52) 0.80 (0.62, 1.02) 0.72 (0.50, 1.03) 0.75 (0.53, 1.05) 0.61 (0.47, 0.80)

Days of
outdoor play 1.00 (0.93, 1.08) 0.96 (0.92, 1.01) 0.98 (0.88, 1.09) 1.01 (0.94, 1.08) 1.03 (0.98, 1.08) 1.03 (0.96, 1.08)

Participation in organized activities or sports

No 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —-
Yes 0.84 (0.68, 1.02) 0.74 (0.55, 0.99) 1.65 (1.26, 2.17) 1.37 (1.14, 1.64) 1.20 (0.93, 1.54) 1.25 (0.97, 1.75)

Healthy food
index score 0.85 (0.77, 0.95) 0.91 (0.82, 1.01) 0.98 (0.88, 1.09) 0.98 (0.88, 1.08) 0.92 (0.82, 1.02) 1.03 (0.95, 1.11)

Unhealthy
food

index score
1.26 (1.12, 1.40) 1.31 (1.11, 1.54) 1.19 (1.07, 1.31) 1.37 (1.14, 1.64) 1.16 (1.06, 1.28) 1.17 (1.05, 1.31)

Household income

Less than
MXN 5000 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —- 1.00 —-

MXN
5000–MXN

999,999
1.30 (0.96, 1.77) 1.43 (1.01, 2.03) 1.59 (1.05, 2.39) 1.25 (0.70, 2.24) 1.40 (0.88, 2.23) 1.09 (0.70, 1.91)

MXN 10,000
or more 1.36 (0.73, 2.53) 1.38 (0.74, 2.56) 2.45 (1.54, 3.88) 1.57 (0.77, 3.19) 2.29 (1.46, 3.59) 1.48 (0.90, 2.45)
p trend 0.213 0.171 0.00 0.19 0.001 0.18

OR = odds ratio; CI = confidence interval; numbers in bold indicate significant differences between boys and girls.

3.1. TV Watching

Across the total sample, TV watching was positively associated with male sex, the un-
healthy dietary habits index score, and household income, and negatively associated with
participation in organized activities and sports and the healthy dietary habits index score.
Sex stratified models showed that for boys, TV watching was positively associated with the
unhealthy dietary habits index score and age and negatively associated with participation
in organized activities and sports. For girls, TV watching was positively associated with
the unhealthy dietary habits index score and negatively associated with the healthy dietary
habits index score.

3.2. Video Game Use

Across the total sample, playing videogames was positively associated with male
sex, age, participation in organized activities and sports, unhealthy eating pattern score,
and higher household income, while negatively correlated with active transportation.
Sex stratified models showed that for boys and girls, significant positive correlates for play-
ing videogames were age, participation in organized activities and sports, and unhealthy
dietary habits score. In contrast, playing videogames was positively associated with higher
household income in girls.

3.3. Computer Use

Across the total sample, computer use was positively associated with age, participa-
tion in organized activities and sports, unhealthy dietary habits index score, and higher
household income, while negatively correlated with active transportation. Sex stratified
models showed that for boys and girls, computer use was positively associated with age
and the unhealthy dietary habits index score. Additionally, computer use was positively
associated with higher household income in girls.
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4. Discussion

Given the rising rates of pediatric obesity in Mexican children, it is important to iden-
tify behaviors like screen-based activities that influence obesity-related behaviors including
physical activity and diet. Therefore, this study examined the associations among screen-
based activities (TV watching, videogame use, computer use), dietary habits, and physical
activity in school-aged children in Guadalajara and Puerto Vallarta, Jalisco, and Mexico City,
Mexico. We also examined differences in associations across sex. Our findings revealed
that unhealthy dietary habits, household income, and participation in organized sports and
teams were common correlates of all three screen-based activities examined. Information
gained from these findings can be used to inform future intervention strategies aimed at
reducing screen-use and improving diet and physical activity in an effort to address the
growing obesity pandemic in Mexico.

The negative associations between all three screen-based activities and unhealthy
dietary habits are consistent with other studies that have found that increased screen
time is associated with poor dietary habits [13,17,20,22,32,33]. Screen-based activities can
distract children from internal food cues, which can lead to unconscious overeating and
eating in the absence of hunger [17,20]. The marketing of unhealthy snack foods is another
potential underlying factor that may explain the relationship between screen use and poor
dietary habits. Studies have demonstrated that food and beverage advertisements can
lead to increased consumption of these items among children [19,33]. Mexico currently
has government regulations to limit the advertisements of unhealthy food and beverages
to children during peak viewing time among children [34,35]. However, there is little
evidence to demonstrate that current regulations limit children’s exposure to unhealthy
food advertisements or have an effect on diet behaviors in children [36]. For example,
studies conducted in Mexico still observed a higher prevalence of commercials focused
on food and beverages during children’s programming compared to programming for
the general audience (25.8% vs. 15.4%) and these commercials typically focused on sugar
drinks, sweets, and cereals with added sugar [37,38]. Stronger regulations are needed
to limit advertising sponsored by corporations, limit the use of persuasive techniques
(e.g., use of celebrities, free gifts), and regulate false health and nutrition claims made in
advertisements [36]. Given the emergence of social media, online gaming, and mobile
applications, these regulations should extend beyond television to include video games,
computer games, and mobile phone applications [36,39,40].

Our study also demonstrated that all screen-based activities were positively associated
with income. This was particularly true among girls, as video game and computer use
remained positively correlated with income among girls when correlates were examined
by sex. This is consistent with previous studies examining socioeconomic differences in
screen-time among Mexican youth that also found that children from higher socioeconomic
backgrounds reported higher access to screen devices including televisions, computers,
and gaming systems, which can be costly [9,41].

While we observed that all screen-based activities were correlated with participation
in organized activities or team sports, the direction of these relationships differed across
screen-based activities. TV watching was negatively associated with organized activities
or sports participation; however, when examined by sex, this relationship only remained
significant among boys. These findings support that time spent watching TV can replace
opportunities for engaging in physical activity, especially among boys [7,12]. In contrast to
TV watching, video game and computer use were positively associated with participation
in organized activities or sports teams. Income may be an underlying factor linking video
game and computer use with organized activity or sports teams given that families who
can afford video gaming or computer systems may also have the financial resources to
enroll their child in organized activities and team sports, which can also be costly [42].
This may be especially true in Mexico, where regular schools have very short school days
(4.5 h school days), precluding the inclusion of extra-curricular activities or sports as part
of daily school activities [43]. There is also evidence to support that youth who play sports
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video games in particular, engage in more real-life sports, suggesting that video games may
be self-socialization tools that impact beliefs and behaviors around real-life sports [44].

5. Strengths and Limitations

Strengths of this study include a sizable study population from three diverse geo-
graphic regions of Mexico. An additional strength includes the investigation of multiple
screen-based activities and physical activity types. The majority of studies to date have
focused on a singular screen-based activity while few have simultaneously examined
multiple screen-based activities [25]. Last, this study also examined relationships among
screen-based activities, diet, and physical activity behaviors by sex. There is a lack of
studies that have captured differences in screen time use by sex [45]. While this study’s
strengths have been noted, this study is not without limitations. Data on screen-based
activities, diet, and physical activity were collected using the SPAN survey, which is a
parent reported survey. Although parent reports of children’s behavior are a limitation,
the SPAN survey is a reliable tool and was culturally adapted and pilot tested prior to use
among this population. Another limitation includes the lack of complete data among the
total sample. However, the use of multiple imputation was appropriate in this study [46],
the same models were run for the complete population and multiple imputation sample,
and there were no significant differences found between the samples.

6. Conclusions

Findings from this study demonstrate that screen-based activities are associated with
unhealthy dietary habits, income, and participation in organized physical activity or sports
teams. Boys engaged in more overall use of screen-based activities, and screen-based
activities had a more deleterious impact on diet and physical activity behaviors among
boys, particularly older boys, compared to girls. These findings suggest that there is a need
to develop sex-specific strategies that acknowledge the differential use of screen-based
activities across sex. Our findings also suggest the need for age-specific strategies that
acknowledge differences in screen-based activities across age. More research is needed
to understand income as an underlying factor that influences screen-based activities as
different strategies for reducing screen-based activities may be needed for children from
higher verses lower income households. Future research should also continue to identify
correlates of screen-based activities to inform future strategies aimed at reducing screen-
time among this high-risk population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18136788/s1, Table S1: Descriptive characteristics of complete information sample,
Table S2: Correlates for TV watching, video game, and computer use among complete informa-
tion sample, Table S3: Correlates for TV watching, video game, and computer use across sex in
complete sample.

Author Contributions: Conceptualization, E.G.S., A.J., E.J., J.R.L.-T., L.O.-H., L.L. and R.E.L.; method-
ology, E.G.S., S.B., J.R.L.-T., L.O.-H., L.L. and R.E.L.; formal analysis, E.G.S. and A.J.; resources, E.H.;
writing—original draft preparation, E.G.S., A.J., E.H., L.L. and R.E.L.; writing—review and editing,
S.B., E.J., J.R.L.-T., and L.O.-H.; funding acquisition, R.E.L. All authors have read and agreed to the
published version of the manuscript.

Funding: The work was supported in part by a Fulbright-García Robles Core Scholar Program Award
from the Council for International Exchange of Scholars, Institute of International Education, and in
part by a grant from the National Cancer Institute of the NIH (1R13CA162816), both awarded to Lee.
This work is also a publication of the United States Department of Agriculture/Agricultural Research
Service (USDA/ARS) Children’s Nutrition Research Center, Department of Pediatrics, Baylor College
of Medicine, Houston, TX, and Dr. Soltero is supported in part by USDA/ARS cooperative agreement
#58-3092-0-001.

Institutional Review Board Statement: All procedures and instruments used in this study were
approved by the Institutional Review Board at the University of Houston (12057-01-781).

https://www.mdpi.com/article/10.3390/ijerph18136788/s1
https://www.mdpi.com/article/10.3390/ijerph18136788/s1


Int. J. Environ. Res. Public Health 2021, 18, 6788 9 of 10

Informed Consent Statement: Parent written informed consent and child assent were obtained from
all participants involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical concerns regarding privacy.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

References
1. Hernández-Cordero, S.; Cuevas-Nasu, L.; Morales-Ruán, M.C.; Méndez-Gómez Humarán, I.; Ávila-Arcos, M.A.; Rivera-

Dommarco, J.A. Overweight and obesity in Mexican children and adolescents during the last 25 years. Nutr. Diabetes 2017, 7, e247.
[CrossRef]

2. Robinson, T.N.; Banda, J.A.; Hale, L.; Lu, A.S.; Fleming-Milici, F.; Calvert, S.L.; Wartella, E. Screen media exposure and obesity in
children and adolescents. Pediatrics 2017, 140, S97–S101. [CrossRef] [PubMed]

3. Council on Communications and Media; Strasburger, V.C. Children, adolescents, obesity, and the media. Pediatrics 2011, 128,
201–208. [CrossRef] [PubMed]

4. Giovanelli, A.; Ozer, E.M.; Dahl, R.E. Leveraging technology to improve health in adolescence: A developmental science
perspective. J. Adolesc. Health 2020, 67, S7–S13. [CrossRef] [PubMed]

5. Prieto Álvarez, C.G. Educational technology in Mexico: Developing new tools for students in Latin American. User Exp. Mag.
2016, 16. Available online: https://uxpamagazine.org/educational-technology-in-mexico/ (accessed on 16 March 2021).

6. Piedras, E. ANÁLISIS | Las Telecomunicaciones También Son Cosa De Niños. Available online: https://www.forbes.com.mx/
analisis-las-telecomunicaciones-tambien-son-cosa-de-ninos/ (accessed on 19 May 2021).

7. Tremblay, M.S.; LeBlanc, A.G.; Kho, M.E.; Saunders, T.J.; Larouche, R.; Colley, R.C.; Goldfield, G.; Connor Gorber, S. Systematic
review of sedentary behaviour and health indicators in school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 98.
[CrossRef] [PubMed]

8. Bull, F.C.; Biddle, S.; Buchner, D.; Ferguson, R.; Foster, C.; Fox, K. Physical Activity Guidelines in the UK: Review and Recommendations;
School of Sport, Exercise and Health Sciences, Loughborough University: Loughborough, UK, 2010; pp. 1–72.

9. Argumedo, G.; Taylor, J.R.L.; Gaytán-González, A.; González-Casanova, I.; Villalobos, M.F.G.; Jáuregui, A.; Ulloa, E.J.; Medina, C.;
Miranda, Y.S.P.; Rodríguez, M.P.; et al. Mexico’s 2018 Report Card on Physical Activity for Children and Youth: Full report.
Rev. Panam. Salud Publica 2020, 44, e26. [CrossRef] [PubMed]

10. Chaput, J.P.; Klingenberg, L.; Astrup, A.; Sjödin, A.M. Modern sedentary activities promote overconsumption of food in our
current obesogenic environment. Obes. Rev. 2011, 12, e12–e20. [CrossRef]

11. Tremblay, M.S.; Carson, V.; Chaput, J.P.; Connor Gorber, S.; Dinh, T.; Duggan, M.; Faulkner, G.; Gray, C.E.; Gruber, R.;
Janson, K.; et al. Canadian 24-Hour Movement Guidelines for Children and Youth: An Integration of Physical Activity, Sedentary
Behaviour, and Sleep. Appl. Physiol. Nutr. Metab. 2016, 41, S311–S327. [CrossRef] [PubMed]

12. Couch, S.C.; Saelens, B.E. Factors associated with pediatric hypertension in Mexico. J. Am. Diet. Assoc. 2009, 109, 992–995.
[CrossRef]

13. Morales-Ruán Mdel, C.; Hernández-Prado, B.; Gómez-Acosta, L.M.; Shamah-Levy, T.; Cuevas-Nasu, L. Obesity, overweight,
screen time and physical activity in Mexican adolescents. Salud Publica Mex. 2009, 51 (Suppl. 4), S613–S620. [CrossRef]

14. Tremblay, M.S.; Leblanc, A.G.; Janssen, I.; Kho, M.E.; Hicks, A.; Murumets, K.; Colley, R.C.; Duggan, M. Canadian sedentary
behaviour guidelines for children and youth. Appl. Physiol. Nutr. Metab. 2011, 36, 59–64. [CrossRef] [PubMed]

15. Paalanne, N.P.; Korpelainen, R.I.; Taimela, S.P.; Auvinen, J.P.; Tammelin, T.H.; Hietikko, T.M.; Kaikkonen, H.S.; Kaikkonen, K.M.;
Karppinen, J.I. Muscular fitness in relation to physical activity and television viewing among young adults. Med. Sci. Sports Exerc.
2009, 41, 1997–2002. [CrossRef]

16. Cong, Z.; Feng, D.; Liu, Y.; Esperat, M.C. Sedentary behaviors among Hispanic children: Influences of parental support in a
school intervention program. Am. J. Health Promot. 2012, 26, 270–280. [CrossRef]

17. Gebremariam, M.K.; Bergh, I.H.; Andersen, L.F.; Ommundsen, Y.; Totland, T.H.; Bjelland, M.; Grydeland, M.; Lien, N. Are screen-
based sedentary behaviors longitudinally associated with dietary behaviors and leisure-time physical activity in the transition
into adolescence? Int. J. Behav. Nutr. Phys. Act. 2013, 10, 9. [CrossRef] [PubMed]

18. Bacardí-Gascón, M.; Díaz-Ramírez, G.; Cruz López, B.; López Zuñiga, E.; Jiménez-Cruz, A. TV food advertisements’ effect on
food consumption and adiposity among women and children in Mexico. Nutr. Hosp. 2013, 28, 1900–1904. [PubMed]

19. Falbe, J.; Rosner, B.; Willett, W.C.; Sonneville, K.R.; Hu, F.B.; Field, A.E. Adiposity and different types of screen time. Pediatrics
2013, 132, e1497–e1505. [CrossRef] [PubMed]

20. Falbe, J.; Willett, W.C.; Rosner, B.; Gortmaker, S.L.; Sonneville, K.R.; Field, A.E. Longitudinal relations of television, electronic
games, and digital versatile discs with changes in diet in adolescents. Am. J. Clin. Nutr. 2014, 100, 1173–1181. [CrossRef]
[PubMed]

http://doi.org/10.1038/nutd.2016.52
http://doi.org/10.1542/peds.2016-1758K
http://www.ncbi.nlm.nih.gov/pubmed/29093041
http://doi.org/10.1542/peds.2011-1066
http://www.ncbi.nlm.nih.gov/pubmed/21708800
http://doi.org/10.1016/j.jadohealth.2020.02.020
http://www.ncbi.nlm.nih.gov/pubmed/32718517
https://uxpamagazine.org/educational-technology-in-mexico/
https://www.forbes.com.mx/analisis-las-telecomunicaciones-tambien-son-cosa-de-ninos/
https://www.forbes.com.mx/analisis-las-telecomunicaciones-tambien-son-cosa-de-ninos/
http://doi.org/10.1186/1479-5868-8-98
http://www.ncbi.nlm.nih.gov/pubmed/21936895
http://doi.org/10.26633/RPSP.2020.26
http://www.ncbi.nlm.nih.gov/pubmed/32341689
http://doi.org/10.1111/j.1467-789X.2010.00772.x
http://doi.org/10.1139/apnm-2016-0151
http://www.ncbi.nlm.nih.gov/pubmed/27306437
http://doi.org/10.1016/j.jada.2009.03.015
http://doi.org/10.1590/S0036-36342009001000016
http://doi.org/10.1139/H11-012
http://www.ncbi.nlm.nih.gov/pubmed/21326378
http://doi.org/10.1249/MSS.0b013e3181a7f3a6
http://doi.org/10.4278/ajhp.100226-QUAN-60
http://doi.org/10.1186/1479-5868-10-9
http://www.ncbi.nlm.nih.gov/pubmed/23351357
http://www.ncbi.nlm.nih.gov/pubmed/24506366
http://doi.org/10.1542/peds.2013-0887
http://www.ncbi.nlm.nih.gov/pubmed/24276840
http://doi.org/10.3945/ajcn.114.088500
http://www.ncbi.nlm.nih.gov/pubmed/25240080


Int. J. Environ. Res. Public Health 2021, 18, 6788 10 of 10

21. Mazarello Paes, V.; Hesketh, K.; O’Malley, C.; Moore, H.; Summerbell, C.; Griffin, S.; van Sluijs, E.M.; Ong, K.K.; Lakshman, R.
Determinants of sugar-sweetened beverage consumption in young children: A systematic review. Obes. Rev. 2015, 16, 903–913.
[CrossRef]

22. Montoye, A.H.; Pfeiffer, K.A.; Alaimo, K.; Betz, H.H.; Paek, H.J.; Carlson, J.J.; Eisenmann, J.C. Junk food consumption and screen
time: Association with childhood adiposity. Am. J. Health Behav. 2013, 37, 395–403. [CrossRef]

23. Story, M.; French, S. Food advertising and marketing directed at children and adolescents in the US. Int. J. Behav. Nutr. Phys. Act.
2004, 1, 3. [CrossRef] [PubMed]

24. Marttinen, R.; Vernikoff, L.; Phillips, S.; Fletcher, N. Physical activity, screen time, and obesity. Calif. J. Health Promot. 2017, 15,
27–35. [CrossRef]

25. Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too much sitting: The population health science of sedentary behavior.
Exerc. Sport Sci. Rev. 2010, 38, 105–113. [CrossRef] [PubMed]

26. Van Der Horst, K.; Chin A Paw, M.J.; Twisk, J.W.; Van Mechelen, W. A brief review on correlates of physical activity and
sedentariness in youth. Med. Sci. Sports Exerc. 2007, 39, 1241–1250. [CrossRef] [PubMed]

27. Hawi, N.S.; Rupert, M.S. Impact of e-discipline on children’s screen time. Cyberpsychol. Behav. Soc. Netw. 2015, 18, 337–342.
[CrossRef]

28. Hoelscher, D.M.; Day, R.S.; Kelder, S.H.; Ward, J.L. Reproducibility and validity of the secondary level School-Based Nutrition
Monitoring student questionnaire. J. Am. Diet. Assoc. 2003, 103, 186–194. [CrossRef] [PubMed]

29. Pérez, A.; Hoelscher, D.M.; Springer, A.E.; Brown, H.S.; Barroso, C.S.; Kelder, S.H.; Castrucci, B.C. Physical activity, watching
television, and the risk of obesity in students, Texas, 2004–2005. Prev. Chronic Dis. 2011, 8, A61.

30. Lee, R.E.; Cubbin, C. Neighborhood context and youth cardiovascular health behaviors. Am. J. Public Health 2002, 92, 428–436.
[CrossRef] [PubMed]

31. Parker, N.; Atrooshi, D.; Lévesque, L.; Jauregui, E.; Barquera, S.; Taylor, J.L.; Lee, R.E. Physical activity and anthropometric
characteristics among urban youth in Mexico: A cross-dectional study. J. Phys. Act. Health 2016, 13, 1063–1069. [CrossRef]

32. Pearson, N.; Biddle, S.J. Sedentary behavior and dietary intake in children, adolescents, and adults. A systematic review. Am. J.
Prev. Med. 2011, 41, 178–188. [CrossRef]

33. Fleming-Milici, F.; Harris, J.L.; Sarda, V.; Schwartz, M.B. Amount of Hispanic youth exposure to food and beverage advertising
on Spanish- and English-language television. JAMA Pediatr. 2013, 167, 723–730. [CrossRef]

34. Camara de Diputados. Ley General de Salud. Available online: http://www.diputados.gob.mx/LeyesBiblio/pdf/142_190221.pdf
(accessed on 19 May 2021).

35. Diario Oficial de la Federacion. Lineamientos por los que se dan a Conocer los Criterios Nutrimentales y de Publicidad que
Deberán Observar los Anunciantes de Alimentos y Bebidas no Alcohólicas para Publicitar sus Productos en Televisión Abierta y
Restringida. SS. Available online: https://www.dof.gob.mx/nota_detalle.php?codigo=5340694&fecha=15/04/2014 (accessed on
19 May 2021).

36. Kelly, B.; Vandevijvere, S.; Ng, S.; Adams, J.; Allemandi, L.; Bahena-Espina, L.; Barquera, S.; Boyland, E.; Calleja, P.; Carmona-
Garcés, I.C.; et al. Global benchmarking of children’s exposure to television advertising of unhealthy foods and beverages across
22 countries. Obes. Rev. 2019, 20 (Suppl. 2), 116–128. [CrossRef]

37. Pérez-Salgado, D.; Rivera-Márquez, J.A.; Ortiz-Hernández, L. Food advertising in Mexican television: Are children more exposed?
Salud Publica Mex. 2010, 52, 119–126. [CrossRef] [PubMed]

38. Munguía, A.; Tolentino-Mayo, L.; Théodore, F.L.; Vandevijvere, S. Nutritional quality of hidden food and beverage advertising
directed to children: Extent and nature of product placement in Mexican television programs. Int. J. Environ. Res. Public Health
2020, 17, 3086. [CrossRef] [PubMed]

39. Smith, R.; Kelly, B.; Yeatman, H.; Moore, C.; Baur, L.; King, L.; Boyland, E.; Chapman, K.; Hughes, C.; Bauman, A. Advertising
placement in digital game design influences children’s choices of advertised snacks: A randomized trial. J. Acad. Nutr. Diet 2020,
120, 404–413. [CrossRef] [PubMed]

40. Boelsen-Robinson, T.; Backholer, K.; Peeters, A. Digital marketing of unhealthy foods to Australian children and adolescents.
Health Promot. Int. 2016, 31, 523–533. [CrossRef] [PubMed]

41. Ullmann, S.H.; Buttenheim, A.M.; Goldman, N.; Pebley, A.R.; Wong, R. Socioeconomic differences in obesity among Mexican
adolescents. Int. J. Pediatr. Obes. 2011, 6, e373–e380. [CrossRef]

42. Tandon, P.S.; Zhou, C.; Sallis, J.F.; Cain, K.L.; Frank, L.D.; Saelens, B.E. Home environment relationships with children’s physical
activity, sedentary time, and screen time by socioeconomic status. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 88. [CrossRef]

43. Jennings-Aburto, N.; Nava, F.; Bonvecchio, A.; Safdie, M.; González-Casanova, I.; Gust, T.; Rivera, J. Physical activity during the
school day in public primary schools in Mexico City. Salud Publica Mex. 2009, 51, 141–147. [CrossRef]

44. Adachi, P.J.; Willoughby, T. Does Playing Sports Video Games Predict Increased Involvement in Real-Life Sports Over Several
Years Among Older Adolescents and Emerging Adults? J. Youth Adolesc. 2016, 45, 391–401. [CrossRef]

45. Twenge, J.M.; Farley, E. Not all screen time is created equal: Associations with mental health vary by activity and gender.
Soc. Psychiatry Psychiatr. Epidemiol. 2021, 56, 207–217. [CrossRef] [PubMed]

46. Lee, K.J.; Tilling, K.M.; Cornish, R.P.; Little, R.J.A.; Bell, M.L.; Goetghebeur, E.; Hogan, J.W.; Carpenter, J.R. Framework for the
treatment and reporting of missing data in observational studies: The Treatment and Reporting of Missing Data in Observational
Studies framework. J. Clin. Epidemiol. 2021, 134, 79–88. [CrossRef] [PubMed]

http://doi.org/10.1111/obr.12310
http://doi.org/10.5993/AJHB.37.3.12
http://doi.org/10.1186/1479-5868-1-3
http://www.ncbi.nlm.nih.gov/pubmed/15171786
http://doi.org/10.32398/cjhp.v15i1.1886
http://doi.org/10.1097/JES.0b013e3181e373a2
http://www.ncbi.nlm.nih.gov/pubmed/20577058
http://doi.org/10.1249/mss.0b013e318059bf35
http://www.ncbi.nlm.nih.gov/pubmed/17762356
http://doi.org/10.1089/cyber.2014.0608
http://doi.org/10.1053/jada.2003.50031
http://www.ncbi.nlm.nih.gov/pubmed/12589324
http://doi.org/10.2105/AJPH.92.3.428
http://www.ncbi.nlm.nih.gov/pubmed/11867325
http://doi.org/10.1123/jpah.2015-0463
http://doi.org/10.1016/j.amepre.2011.05.002
http://doi.org/10.1001/jamapediatrics.2013.137
http://www.diputados.gob.mx/LeyesBiblio/pdf/142_190221.pdf
https://www.dof.gob.mx/nota_detalle.php?codigo=5340694&fecha=15/04/2014
http://doi.org/10.1111/obr.12840
http://doi.org/10.1590/s0036-36342010000200003
http://www.ncbi.nlm.nih.gov/pubmed/20485868
http://doi.org/10.3390/ijerph17093086
http://www.ncbi.nlm.nih.gov/pubmed/32365478
http://doi.org/10.1016/j.jand.2019.07.017
http://www.ncbi.nlm.nih.gov/pubmed/31892500
http://doi.org/10.1093/heapro/dav008
http://www.ncbi.nlm.nih.gov/pubmed/25769977
http://doi.org/10.3109/17477166.2010.498520
http://doi.org/10.1186/1479-5868-9-88
http://doi.org/10.1590/S0036-36342009000200010
http://doi.org/10.1007/s10964-015-0312-2
http://doi.org/10.1007/s00127-020-01906-9
http://www.ncbi.nlm.nih.gov/pubmed/32743778
http://doi.org/10.1016/j.jclinepi.2021.01.008
http://www.ncbi.nlm.nih.gov/pubmed/33539930

	Introduction 
	Materials and Methods 
	Participants 
	Sociodemographic Data 
	Screen Time 
	Dietary Habits 
	Physical Activity 
	Analyses 

	Results 
	TV Watching 
	Video Game Use 
	Computer Use 

	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

