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INDEPENDENT AND COMBINED INFLUENCE OF HEALTHY LIFESTYLE
FACTORS ON ACADEMIC PERFORMANCE IN ADOLESCENTS: DADOS

STUDY
Abstract.

BACKGROUND. Few studies have analyzed the combined effect of lifestyle factors
on academic performance (AP) in adolescents. The aim of this study was to analyze the
independent and combined effects of weight status, screen time, sleep quality, daily
meal frequency, cardiorespiratory fitness and physical activity (PA) on AP in

adolescents.

METHODS. A total of 262 adolescents (13.9+£0.3 years) from the DADOS study were
included in the analysis. Weight status was assessed through body mass index (kg/m?).
Participants completed questionnaires to evaluate screen time, sleep quality and daily
meal frequency. Cardiorespiratory fitness was assessed by the 20-m shuttle run test. PA
was evaluated by a wrist-worn GENEActiv accelerometer. AP was assessed through the

final academic grades and a validated questionnaire.

RESULTS. Non-overweight status, low screen time, good sleep quality and proper
meal frequency showed independent, positive influence on AP. Moreover, adolescents
achieving at least 3 healthy lifestyles were more likely to be in the high-performance
group for academic grades than those achieving < 1 (math OR: 3.02-9.51, language OR:

3.51-6.76 and grade point average OR: 4.22-9.36).

CONCLUSIONS. Although individual healthy lifestyles are independently and
positively associated with AP, the cumulative effect of multiple healthy lifestyles have a

stronger impact.



INTRODUCTION

A healthy lifestyle during adolescence improves physical and cognitive health with
potential benefits on academic performance (AP) (1). AP refers to educational goals that
students have to reach in a particular period of time (2), and is usually assessed through
academic grades or using standardized tests of academic abilities or achievement.
Although AP seems to be strongly related to cognition, it also involves non-cognitive
skills such as motivation, effort, attitude, interest, family support, personality or
teaching influence (3). Successful AP during adolescence is considered a strong

predictor of future health, wealth, employability and social triumph (4,5).

Prior research has widely analyzed the impact of healthy lifestyle factors on AP
during childhood and adolescence (1). For instance, high screen time or an overweight
and obesity status have been related to several brain areas with impairments in cognition
and associated with lower school performance (6-8). On the other hand, proper sleep
has shown to improve brain plasticity and memory consolidation (9) leading to better
AP in children and adolescents (10). Following adequate dietary patterns, such as
regular five-meal-a-day or not skipping breakfast has also been related to high school
performance in this age population (11). Results from recent reviews suggest that high
levels of physical fitness, particularly cardiorespiratory fitness (CRF), might positively
influence adolescents’ AP by altering brain structure, plasticity and improving attention,
memory and cognitive function (12). In accordance, scientific literature examining the
relationship between physical activity (PA) and AP has stated that PA increases
concentration, self-esteem and self-discipline with improvements in academic

performance indicators (12,13).

Interestingly, it has been previously suggested that individual healthy lifestyles

may not act in isolation in their influence on AP (1). However, to date only three studies



have examined the combined effect of multiple healthy lifestyle factors on AP in
children (14,15) and adolescents (16) showing a positive relationship. Although
previous research also included a wide range of healthy lifestyle factors, it would be
interesting to include objective measures of physical activity (i.e., accelerometry), valid
measures of sleep, or an overall academic performance measurement. Therefore, given
the paucity of knowledge and the need for valid and objective lifestyle measurements,
more studies are necessary to clarify the cumulative effect of a cluster of healthy
lifestyles on AP in adolescents, which would help to design more effective school-based

programs to improve AP.

Thus, the aim of the present study was to analyze the independent and combined
effect of healthy lifestyle factors (i.e., weight status, screen time, sleep quality, daily

meal frequency, CRF and PA) on AP in adolescents.

METHODS

Study design and sample selection

This study is part of the DADOS (Deporte, ADOlescencia y Salud) research project, a
3-year longitudinal study aimed to analyze the influence of PA on health, academic
performance and psychological wellness through adolescence. All participants were
recruited from secondary schools located in Castellon (Spain) and met the general
DADOS inclusion criteria: born in 2001, enrolled in second grade of secondary school
and free of any chronic disease. The results presented in this study belong to baseline
data obtained between February and May of 2015. A total of 262 adolescents aged 13.9
+ 0.3 years (48% girls) completed the baseline assessment with valid data for weight

status, screen time, sleep quality, daily meal frequency, CRF, PA and AP.



Adolescents and their parents or guardians were informed of the nature and
characteristics of the study, and all provided a written informed consent. The DADOS
study protocol was designed in accordance with the ethical guidelines of the Declaration
of Helsinki 1961 (last revision of Fortaleza, Brazil, 2013) and approved by the Research

Ethics Committee of the University Jaume I of Castellon (Spain).
Healthy lifestyles factors

Body weight status. Measures of weight and height were assessed in duplicate by trained
members of the DADOS research group following standardized procedures (17). Body
mass index (BMI) was calculated as weight/height square (kg/m”). Participants were
classified into normal weight and overweight or obese, according to the international

age- and sex-specific BMI cut-offs proposed by Cole et al. (25).

Screen time. Screen time was assessed using the HELENA (Healthy Lifestyle in Europe
by Nutrition in Adolescence) sedentary questionnaire, designed ad hoc (18). For both,
weekdays and weekend days, adolescents reported the number of hours spent on
television, videogames, internet and mobile phone. Seven possible answers were
available for each item: no time, <30 min, >30 to <60 min, >1 to <2 h, >2 to <3 h, >3 to
<4 h, and >4 h. Total screen time for weekend and weekdays was calculated adding the
mean time of each screen-based activity. The overall time was established as follows:
1/7 x (2 x weekend day + 5 x weekday), and participants under the sex-specific 25th

percentile were categorized as low screen time.

Sleep quality. Sleep quality was assessed through the Spanish version of Pittsburgh
Sleep Quality Index (PSQI) questionnaire (19). It includes 19 questions that assess 7
components of sleep quality: subjective sleep quality, sleep duration, sleep latency,

habitual sleep efficiency, sleep disturbance, use of sleep medication, and daytime



dysfunction. The 7 component scores are rated on a 3-point ascending scale. The global
score of the PSQI (Cronbach’s a = 0.81) was used in the analysis as the sum of all
component scores ranging from 0 to 21. According to Buysse et al. the PSQI
questionnaire provides a sensitive measure to identify good sleep quality if total PSQI

score is < 5 (20).

Daily meal frequency. Daily meal eating frequency was assessed through the question
“Do you usually have the following meals?: 1) breakfast, 2) morning snack, 3) lunch, 4)
afternoon snack, and 5) dinner”. Possible answers for each meal were dichotomous
(yes/no), and the number of meals per day was calculated by adding affirmative
answers, with a final score ranging from 0 to 5. According to Jadskeldinen et al. (21),

five-meal-a-day was considered as the optimal daily meal frequency pattern.

Cardiorespiratory fitness. CRF was assessed using the 20-m Shuttle Run Test as
described by Léger et al. (22). The final score computed as the number of stages
completed (precision of 0.5 stages) was used in the analyses. Participants with CRF >

sex-specific 75th percentile were categorized as high CRF.

Physical activity. Levels of PA were objectively measured using the GENEActiv
accelerometer. This device provides a reliable (coefficient of variation intra- and inter-
instrument of 1.4% and 2.1%, respectively) (23) and valid assessment of PA in young
people (r = 0.925, P = 0.001) (24). Participants were instructed to wear the
accelerometer on their non-dominant wrist for at least 6 consecutive days (including
sleeping and water-based activities). At least 4 complete days including 2 weekend days
were included in the analysis. Accelerometers were programmed to collect data at a
sampling frequency of 100 Hz and stored in gravity (g) units. The raw acceleration
output was aggregated in 1-second epochs using the GENEActiv postprocessing PC

software (version 2.2; GENEActiv). By combining all registered days for each



participant and using the Excel macro provided by the commercial brand to summarize
the data, PA was expressed as average minutes per day in light, moderate, and vigorous
PA. Participants with vigorous PA > sex-specific 75th percentile were categorized as

high vigorous PA.

Healthy lifestyle index. A healthy lifestyle index ranging from 0 to 6 was specifically
defined for our sample according to the number of factors fulfilled by each adolescent:
1) Optimal weight status (non-overweight or non-obese); 2) Low screen time; 3) Good
sleep quality; 4) Optimal daily meal frequency; 5) high levels of CRF and 6) high levels

of vigorous PA.

Academic performance

AP was assessed by two components: academic grades and a standardized test of
academic abilities. The final academic grades from the 1st course of secondary school
were provided by each school’s secretary office on a ten-point scale. Individual grades
for math and language, and grade point average (GPA) were used in the analyses. GPA
was defined as the single average for geography and history, natural science, math,
Spanish, Catalan, English and physical education. In addition, participants completed
the Spanish version of Science Research Associates Test of Educational Abilities which
evaluates three basic skills: verbal ability (command of language), numeric ability
(speed and precision in performing operations with numbers and quantitative concepts),
and reasoning ability (aptitude to find logical ordination criteria in sets of numbers,
figures or letters). This battery test provides three complexity levels based on the age
range of the sample. The present study used level three, which is designed for
adolescents aged 14—18 years. This test was performed in a limited time period: 10 min
for 2 activities of verbal ability, 11 min for 1 activity of numeric ability, and 6 min for 1

activity of reasoning ability. The alpha scores for its reliability have been reported to be



0.74 for verbal ability, 0.87 for numerical ability, and 0.77 for reasoning (25).
Participants were classified in high AP (=50th of the median) and low AP (<50th of the

median) for each AP indicator.

Covariates

Pubertal stage. Pubertal stage was self-reported according to the 5 stages defined by
Tanner and Whitehouse (26). It is based on external primary and secondary sexual
characteristics, which are described by the participants using standard pictures

according to Tanner instructions.

Socioeconomic status. The Family Affluence Scale (FAS) developed by Currie and
collaborators (27) was used as a proxy of socioeconomic status (SES; ranging from 0 to
8), which is based on material conditions in the family such as car ownership, bedroom

occupancy, computer ownership and home internet access.

Statistical analysis

Study sample characteristics are presented as mean + standard deviation (SD) and
percentages for continuous and categorical variables. All variables were checked for
normality using both graphical (normal probability plots) and statistical (Kolmogorov-
Smirnov test) procedures. As preliminary analyses did not show a significant interaction
of sex with the study variables in relation to AP (all P>0.10), all analyses were

performed with the total sample.

Sex differences were assessed using ¢-test for continuous variables and chi-
square test for nominal variables. The independent associations between individual
healthy lifestyle factors and AP using dichotomized variables were analyzed by binary

logistic regression adjusting for sex, pubertal stage and SES.



One-way analysis of covariance (ANCOVA), with a Bonferroni post hoc test,
were used to investigate whether AP indicators differed depending on the number of
healthy lifestyle factors achieved. The analyses were adjusted for sex, pubertal stage and
SES. Additionally, logistic regression was conducted to examine the likelihood of
achieving high AP depending on the number of healthy lifestyle factors achieved, after
adjustment for sex, pubertal stage and SES. For these analyses, the following categories
of achieved healthy lifestyle factors (independent variable) were used: < 1, 2, 3, 4 and >
5. Logistic regression analyses were repeated using a dichotomous independent variable
according to the number of achieved healthy lifestyle factors (< 3 vs. > 4). All the
analyses were performed using the IBM SPSS Statistics for Windows version 22.0

(Armonk, NY: IBM Corp), and the level of significance was set to p<0.05.
RESULTS

Descriptive characteristics of the study population by sex are presented at Table 1.
Overall, boys were taller, showed better sleep quality (4.2 vs. 5.5; p<0.001), higher meal
frequency (4.6 vs. 4.4; p<0.05), higher CRF (9.0 vs. 6.2; p<0.001) and were more
physically active than girls according to moderate and vigorous PA (all p<0.001). Boys
and girls did not significantly differ in weight status and screen time (20.0 vs 20.6
kg/m®, and 4.7 vs. 5.0 h/day; all P>0.05). Regarding AP, no differences were found
between boys and girls, except for numeric ability that was better in boys (14.8 vs. 12.0;

p<0.001).

The independent associations of individual healthy lifestyle factors with AP are
shown in Table 2. Non-overweight, low screen time (<25th percentile), good sleep
quality (PSQI scores < 5) and optimal daily meal frequency (five-meal-a-day) were
positively associated with likelihood of achieving high academic grades (=50th of the

median) after adjusting for sex, pubertal stage and SES. Regarding academic abilities,



non-overweight or non-obese adolescents had 3.17 times the odds of achieving high

numeric ability.

Figure 1 shows the differences in AP indicators according to the healthy lifestyle
index, after adjustment for sex, pubertal stage and SES. Overall, adolescents with a
healthy lifestyle index > 4 showed higher academic grades than those with a healthy

lifestyle index < 2.

The combined effect of weight status, screen time, sleep quality, daily meal
frequency, CRF and vigorous PA on AP is shown in Table 3. Logistic regression
analysis showed that adolescents with a healthy lifestyle index > 3 were more likely to
be in the high-performance group for academic grades. In terms of odds ratios,
adolescents with a healthy lifestyle index > 5 were 9.51, 6.76 and 9.36 times more likely
of achieving high academic grades in math, language and GPA, respectively. The
association of healthy lifestyle index and academic abilities was only significant for
reasoning with a healthy lifestyle index of 3 (OR = 2.85; 95% CI = 1.17-6.92), and for
numeric ability with a healthy lifestyle index of 4 (OR = 3.05; 95% CI = 1.15-8.10).
Results from logistic regression analysis using a dichotomous healthy lifestyle index
(<4 vs. >4) are illustrated in Figure 2. Similarly, adolescents with a healthy lifestyle

index >4 were more likely to show higher academic grades (OR: 2.08 — 2.25).

DISCUSSION

This study supports prior research by confirming the independent, positive influence of
non-overweight and non-obese status, low screen time, good sleep quality and proper
meal frequency on high AP in adolescents. In addition, our results show that academic
grades are higher in adolescents with a healthy lifestyle index > 4 comparing with those

achieving < 2 healthy lifestyle factors. The main finding of the present study reveals



that the combined effect of a cluster of healthy lifestyles factors (healthy lifestyle index)
including non-overweight or non-obese status, low screen time, good sleep quality,
optimal daily meal frequency, high CRF and high vigorous PA had a stronger impact on

AP than their respective individual effects.

In the present study, healthy lifestyle factors showed independent and combined
associations with academic grades, but not with academic abilities. These divergent
results for academic performance indicators may be partially explained by several
issues: 1) academic grades represent the student progression over a whole school year,
while academic abilities are measurements from standardized tests which assess specific
abilities in a single time point; 2) unlike academic abilities’ test, which mainly requires
good cognitive skills, the multidimensional nature of academic grades also involves
emotional and social factors (i.e., effort, teacher influence, attitude) (3); 3) academic
grades, but not abilities, have shown to be determinant for college selection and
admission (4), which might increase adolescents’ motivation and effort to achieve
higher grades; and 4) it is likely that teachers assign better grades to healthier
adolescents because of their higher school attendance and commitment to long-term

educational goals (5,28).

The results about the independent associations of the studied healthy lifestyle
factors with AP in adolescents concur with previous research showing that non-
overweight status (29), low screen time (30), good sleep quality (10) and optimal daily
meal frequency (11) were independently and positively associated with AP. Conversely,

CRF and vigorous PA were not independently associated with AP.

The association between weight status and AP might be partially explained by
psychological and behavioral disturbances (e.g., isolation, bullying, low self-

confidence) common in obese children and adolescents (31). In addition, overweight-



derived health problems may increase school absenteeism (28), while other related
behaviors (e.g., poor sleep, unhealthy dietary patterns, low levels of PA) could also
negatively influence academic results (2,29). Regarding screen time, our findings could
be partially explained by the hypotheses of time and energy displacement which
suggests that screen time replaces other activities such as verbal interaction or sleep,
with adverse consequences over AP (32). Interestingly, prior research revealed that
screen time for entertainment, particularly internet usage, was negatively related with
AP in adolescents, but positively associated when used for educational purposes (33),
highlighting the importance of the usage purpose when analyzing screen-based
activities. Concerning sleep, previous scientific evidence suggested that poor sleep
quality was associated with sleepiness, which may have negative effects on attention,
memory and learning abilities (9). Finally, with respect to the regular consumption of
five-meal-a-day, the facilitated blood glucose response after each meal, might help
cognitive processes with improvements in academic results (11,34). In addition, prior
literature suggested that food insecurity (i.e., insufficient financial resources to access to
a varied and balanced diet) may lead to irregular meal patterns and insufficient nutrients
intake, negatively influencing physical and mental health (i.e., psychological and
emotional well-being), which in turn, might affect alertness, school attendance and

achievement (35).

Although CRF and vigorous PA showed no association with AP on an individual
level, recent literature has stated multiple benefits of high levels of CRF and vigorous
PA on AP (12,13), which are related with changes in brain structure and function (36),
as well as with better cognitive skills (37). Thus, since healthy lifestyle factors seems

not to act in isolation, it is likely that on a combined level, both factors may contribute



to AP. Therefore, these factors were included in the healthy lifestyle index to examine

combined associations.

The combined effect analysis revealed that adolescents with a healthy lifestyle
index > 4 showed higher scores in academic grades compared with those with an index
< 2. Moreover, adolescents with a healthy lifestyle index >3 had increased likelihood of
achieving high AP. To date only three studies have analyzed the combined influence of
diverse health-related factors on AP (14—16); however, none of them has investigated
the influence of the six healthy lifestyle factors included in this study. Martinez-Gomez
et al. (16) noted similar results in a sample of 1825 Spanish adolescents - girls meeting
3 or 4 recommendations for health behaviours including indicators of PA, TV viewing,
sleep duration and fruit consumption, were 1.75 and 3.18 times more likely to achieve
better results in math and language respectively, compared with those meeting 0-1
health behaviours. Another study performed in the United States, analyzed 14 “health
assets” (related to weight status, PF, diet, PA, screen time, smoking, well-being and
sleep quality) concluding that children fulfilling more health recommendations were
more likely to achieve goals for math, reading and writing (15). In a recent study,
Faught et al. found that children fulfilling from 7 to 9 lifestyle recommendations
(including PA, TV viewing, sleep duration and 6 items related to dietary patterns)
showed higher odds of achieving better results for math, reading and writing (14). Our
results could be explained by the cumulative effect of each individual healthy lifestyle
factor on AP. The reasons underlying the positive relationship between these factors and
AP cannot be elucidated in the current study. However, a possible explanation could be
that the cumulative effect of the factors included in the healthy lifestyle index might
improve attention, concentration, memory and cognitive functioning, which, in turn,

may result in higher academic outcomes in adolescents.



An important question to mention is the possible reverse causation. Academic
success could also positively influence health status by improving adolescents’
knowledge about healthy lifestyles, as well as, psychological (e.g., self-esteem, personal
control) and social aspects (38). Therefore, further longitudinal studies are needed to
shed light on the bidirectional relationship between healthy lifestyles and AP in

adolescents.

Strengths and limitations

Unfortunately, the cross-sectional design of the present study does not allow us to
establish causal relationships. A second limitation was the use of self-reported data (i.e.,
screen time, sleep quality and daily meal frequency). The properties of self-reported
health information in adolescents have been poorly examined; nonetheless, self-reported
measures related to non-compromising topics have demonstrated good reliability (39).
Moreover, the present study did not include measures of nutritional status, using daily
meal frequency as a proxy of regular meal pattern. Additionally, most of the participants
were physically active, which could limit the generalizability of our findings to other
populations. Finally, the use of an standardized test of academic abilities and academic
grades, although socially valid measures of AP, can be subject to biases. This study
have several strengths such as the relatively large and age-matched sample of
adolescents (13.9 + 0.3 y), the use of validated and standardized tests to assess weight
status, sleep quality, CRF and academic abilities, and the inclusion of objective
measures of PA by accelerometry. In addition, the statistical analyses were controlled
for SES which is relevant given its relation with health status (40) and academic

performance (2).

CONCLUSIONS



In summary, the results of our study suggest that although individual healthy lifestyle
factors are independently and positively associated with AP, the cumulative effect of
multiple healthy lifestyle factors have a stronger impact on AP. Our findings are of
paramount importance because of the key role of AP on future work achievement (4)
and health status (5). Health and education professionals could benefit from
collaborating to achieve both improved health status, and academic performance.
Further prospective research analyzing the combined effect of several healthy lifestyles
on cognition in different specific populations are needed for a better understanding of

the mechanisms involved.
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Figure 1. Differences in academic performance indicators according to the healthy
lifestyle index using ANCOVA, after adjustment for sex, pubertal stage and
socioeconomic status. Estimated marginal means with their 95% Confidence Intervals

are presented. <1 (n=31),2 (n=69),3 (n=85),4 (n=49) and > 5 (n = 28).

* indicates significant differences (P < 0.05) with the first group (healthy lifestyle index
< 1); * indicates significant differences (P < 0.05) with the second group (healthy

lifestyle index = 2).



Figure 2. Logistic regression model predicting high academic performance (>50th of
the median) according to the healthy lifestyle index (<4 vs. >4). Analysis adjusted for
sex, pubertal stage and socioeconomic status. OR: Odds ratio; CI: Confidence Intervals.

Reference (OR = 1.00): adolescents with a healthy lifestyle index <4 (n = 185).



