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There is a lack of evidence regarding the relationship between students’ academic achievements in
various secondary school (gymnasium) subjects and factors such as sports participation, physical
activity, sedentary behavior, physical health indicators, mental health indicators, sleep quality,

eating habits, smoking, alcohol consumption, and the frequency of consuming healthy and unhealthy
foods. The aim of our study was to address this research gap by examining how final secondary school
(gymnasium) exam scores in Mathematics, Native Languages, Foreign Languages, and Biology are
associated with healthy lifestyle habits, mental health, and physical health. This cross-sectional and
retrospective study included 397 undergraduate students, aged 19 to 24 years, from three universities
in Lithuania. We evaluated various health and lifestyle factors among students, including body mass
index (BMI), waist circumference, and systolic blood pressure. Additionally, we assessed their levels

of physical activity and sedentary behavior, as well as sleep quality, perceived stress, and symptoms

of depression. We also measured indicators of well-being, such as vigor and happiness, and examined
their habits regarding alcohol consumption, smoking, breakfast consumption, and overeating. Finally,
we looked at the frequency of their consumption of both healthy and unhealthy food products. We
collected data on students’ academic achievements in their final exams for Mathematics, Native
Language, Foreign Languages, and Biology based on standardized national secondary school
(gymnasium) graduation examinations. General linear modeling (GLM) indicated that moderate to
vigorous physical activity, sedentary behavior, and sleep quality did not significantly associate with
academic achievement in secondary school (gymnasium) graduation examinations. Mathematics exam
performance from secondary school (gymnasium) was most significantly associated with lower sugar
consumption in coffee or tea and non-smoking habits during the first two years of university education.
In Native Language tests, females generally outperformed males, and their performance was linked

to higher levels of happiness at the entrance to university studies. Conversely, in Foreign Language
exams, males outperformed females, and their performance was also associated with abstaining from
alcohol and consuming fewer boiled potatoes during the entrance years of university. For Biology exam
performance, there was a positive correlation with the consumption of fresh and canned vegetables,
lower sugar intake in coffee or tea, and more frequent breakfast consumption. Our findings indicated
that factors such as physical activity, sedentary behavior, sleep quality, and most psychological aspects
measured at the time of university entry—except for happiness—were not consistently linked to
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academic performance as reflected in final secondary school (gymnasium) graduation examinations.
Instead, the exam results showed modest but systematic relationships with specific health-related
factors assessed during university entry. These factors include body composition, dietary habits, and
lifestyle behaviors such as smoking, alcohol consumption, and breakfast patterns. Additionally, we
observed significant gender differences in these associations. These findings do not imply causality, but
suggest that lifestyle and psychological characteristics at the start of university may be linked to prior
academic achievement patterns.
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Abbreviations

BMI Body mass index

MET Metabolic equivalent of task

MVPA  Moderate-to-vigorous physical activity

PA Physical activity

PSQI Pittsburgh sleep quality index
PSS Perceived stress scale

SB Sedentary behavior

SBP Systolic blood pressure
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There is no doubt that both physical and mental health and well-being is influenced by the complex of factors
such as physical activity "1, balanced nutrition '3, adequate rest and especially sleep ¢, avoidance of
prolonged sitting 1718, emotional and impulse control *!°, as well as non-smoking, abstinence from alcohol
consumption, engagement in cognitive leisure activities and meditation *°.

Physical activity has systemic effects that extend beyond improved cardiovascular and metabolic health.
It also involves direct molecular signaling between muscles and the brain, a process known as muscle-brain
crosstalk 2. The factors released during exercise, now referred to as exerkines, play a vital role in brain plasticity,
emotional regulation, and stress resilience >, Global health authorities, including the WHO, now emphasize that
even light to moderate physical activity, when performed regularly, can significantly lower the risks associated
with chronic diseases and improve cognitive and emotional outcomes in both children and adults *. A national-
level study involving over 6,000 individuals in Lithuania indicated that increased physical activity levels were
linked to reduced depression and stress, enhanced emotional intelligence, and improved logical reasoning,
regardless of age or sex *. Furthermore, engaging in physical activity has been associated with improved long-
term maintenance of executive functions and memory, suggesting it may help reduce age-related cognitive
decline ©.

Research indicates that not all types of exercise offer the same benefits for psychological and cognitive
enhancement. Activities that involve coordination and social interaction—like dance, martial arts, or team
sports—seem to enhance emotional intelligence and cognitive flexibility more effectively than repetitive or
solitary forms of exercise 8. Minimal adherence to generic physical activity guidelines may not lead to significant
short-term changes, particularly in individuals with obesity or metabolic dysfunction . Furthermore, recent
findings show that leisure-time physical activity, as opposed to occupational effort, is consistently associated
with better mood and emotional well-being across all age groups !°, reinforcing the importance of voluntary,
intrinsically motivated movement in promoting sustained mental health.

It has been clearly demonstrated that total physical activity is favourably associated with physical,
psychological/social, and cognitive health indicators in school-aged children and youth 2!. Despite clear
evidence of a positive relationship between physical activity and mental and brain health 2*>611:21 there is no
clear evidence that physical activity has a significant direct impact on students’ academic achievements '8. For
example, one study might find improvements in Math and reading, and another study might find improvements
in reading and spelling but not Math and reading. Similar inconsistencies were found when comparing girls and
boys 8. Recent studies indicate that physical activity and aerobic fitness can moderately predict proficiency in
Mathematics and the Italian language 2.

According to research, the consumption of less healthy food groups is associated with poorer academic
achievement in elementary schoolchildren 2. For example, as found by Bleiweiss-Sande et al., greater intake of
less healthy food groups (such as sweet snacks, salty snacks, and sweetened beverages) was associated with lower
standardized Foreign Language test scores 2. However, a recent comprehensive analysis by the EAT-Lancet
Commission showed that there is little high-quality, strong causal evidence regarding the effects of an individual
food on cognitive function across the life course %%,

Despite the previous studies, there is still insufficient evidence regarding the relationship between students’
academic achievements in various subjects of secondary school (gymnasium) graduation examinations and
factors such as sports participation, physical activity, sedentary behavior, and indicators of physical health
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(including body mass index. BMI). Additionally, the connection between academic success and mental health
indicators (such as depression, vigor, perceived stress, and happiness), as well as sleep quality, eating habits,
smoking, alcohol consumption, and the frequency of consuming healthy versus unhealthy foods, remains
unclear. Moreover, there is a notable gap in research focusing on older students (aged 19-24 years) and the
connection between the academic performance of secondary school (gymnasium) graduation examinations
and factors such as physical activity, physical health, healthy nutrition, and mental well-being at the entrance
to university studies. The purpose of our study was to investigate the relationship between graduation exam
scores—in Mathematics, Native Language, Foreign Languages, and Biology—taken at the end of secondary
school (gymnasium) education, and healthy lifestyle habits, as well as mental and physical health, and overall
well-being during the early years of higher education.

Materials and methods

Sample

A total of 397 healthy first- and second-year bachelor’s students participated in this cross-sectional study, and
none of them were taking any medication. None of the participants reported a diagnosis of autism, Asperger’s
syndrome, or ADHD. The group consisted of 308 females and 89 males, whose mean ages were 23.4 and 21.8 years,
respectively. Statistical comparison showed a non-significant trend toward an age difference (p=0.066). Students
were randomly selected from three universities in Lithuania, specifically from first- and second-year bachelor’s
programs in Health Sciences, Law, and Sports Science. Our objective was to recruit an approximately equal
number of students from each university. In practice, the distribution was fairly balanced, with about 30-35%
of the total sample representing each university. Participants were selected using a convenience sampling
method, with random selection applied at the course level. Entire classes or student groups from the chosen
study programs were invited to participate. The selection of courses was based on their accessibility and the
willingness of instructors to permit data collection during class sessions. The inclusion criteria for participants in
the study were as follows: they had to be first-year bachelor’s students enrolled in Health Sciences, Law, or Sports
Science programs; self-report good health; not be taking any medications; and have no self-reported diagnosis
of autism, Asperger’s syndrome, or ADHD. The exclusion criteria included individuals taking medication, any
self-reported diagnosis of autism, Asperger’s syndrome, or ADHD, being older than 25 years, and refusal to
provide informed consent.

Measures

Final exam results were self-reported and referred to standardized national secondary school (gymnasium)
graduation examinations, typically taken at the age of 18 or 19. All other data—including electronic questionnaire
responses and physiological measurements—were collected later, during the participants’ first and second year of
university studies in 2024, when participants were typically between 19 and 24 years old. Thus, the study design
combines retrospective academic data with cross-sectional health-related data collected at a single time point.
This approach allowed us to explore whether academic performance during secondary school (gymnasium)
was associated with current health-related behaviors, mental well-being, and physical characteristics in early
university students.

Data collection took place during scheduled seminar sessions in university classrooms from 10:00 a.m. to
2:00 p.m. During these sessions, students completed an electronic questionnaire on-site that covered various
topics, including physical activity, sports participation, sedentary behaviors, diet, sleeping habits, mood and
well-being, academic achievements, and perceived stress. Standardized equipment was used to measure body
weight and height (height was measured using a stadiometer), enabling the calculation of Body Mass Index
(BMI) by dividing body weight in kilograms by the square of height in meters. Body weight was measured
using a Tanita BC-420MA foot-to-foot bioelectrical impedance analyzer (Tanita Corporation, Tokyo, Japan).
Additionally, blood pressure and waist circumference were measured using a tape measure. Blood pressure was
measured three times using an automated digital monitor (model: Omron M6 Comfort, Omron Healthcare Co.,
Kyoto, Japan). This approach ensured efficient and consistent data collection in a controlled academic setting.

Academic achievements

Participants provided their final scores from the state graduation exams, which they had completed at the end
of secondary school (gymnasium) education, typically at the age of 18 or 19. These exams covered subjects
including Mathematics, the Native Language (Lithuanian), a Foreign Language, and Biology. In Lithuania,
these nationally standardized exams are administered by the National Examination Center and are graded on a
100-point scale, with the minimum passing score set at 16 points.

Physical activity (PA) and sedentary behavior (SB)

Physical activity (PA) and sedentary behavior (SB) of the participants were determined by the Danish Physical
Activity Questionnaire (DPAQ). The DPAQ was adapted from the International Physical Activity Questionnaire
(IPAQ) and differs from it by referring to PA in the past 24 h (for 7 consecutive days) instead of the past 7 days.
The selected activities were listed on the PA scale at nine levels of physical exertion in metabolic equivalents
(METs), ranging from sleep or inactivity (0.9 MET) to highly strenuous activities (> 6 METs). Each level (A=0.9
MET, B=1.0 MET, C=1.5 METs, D=2.0 METs, E=3.0 METs, F=4.0 METs, G=5.0 METs, H=6.0 METs, and
I>6 METs) was described using examples of specific activities of that particular MET level and a small drawing.
The PA scale was constructed so that the number of minutes (15, 30, or 45) and hours (1-10) spent at each MET
activity level on an average 24-h weekday could be filled out. This allowed for a calculation of the total MET time,
representing 24 h of sleep, work, and leisure time on an average weekday 2>2°.
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Exercise and sports habits

To determine sports habits, we asked a question, ‘Are you currently exercising?’ The respondents had to indicate
their sport habits on a scale from 1 to 4, where 1 is “I don’t exercise”; 2 is “I exercise by myself”; 3 is “I exercise in
a gym/health center”; 4 is “I am in professional sports”. To evaluate exercise and sports habits, participants were
asked the question: “Are you currently exercising?” They could choose from one of four options regarding their
physical activity: 1. Participants who selected “I don't exercise” reported no regular physical activity. 2. Those
who chose “I exercise by myself” engaged in self-directed activities such as walking, running, cycling, or home
workouts without formal supervision. In this study, regular exercise was defined as participating in physical
activity at least 2 to 3 times per week, in accordance with standard physical activity guidelines (at least 150 min
per week). 3. Participants who selected “I exercise in a gym or health center” reported exercising in structured
environments, such as fitness clubs or gyms, either independently or under supervision, with a minimum
frequency of 2 to 3 sessions per week. 4. Those opting for “I participate in professional sports” were involved in
competitive or professional-level sports, training under coaches, and participating in organized competitions,
typically with high-frequency training schedules.

Sleep quality

The sleep quality of participants was assessed by the Pittsburgh Sleep Quality Index (PSQI). The PSQI was
developed by Buysse et al. 27 and is a self-report assessment tool that evaluates sleep quality over a one-month
period. A global score and seven component scores can be derived from the scale. The component scores are
the following: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of
sleeping medications and daytime dysfunction. Each component is scored on a scale from 0-3, with the total
score ranging from 0-21, where a higher score describes poorer sleep quality. A total PSQI score greater than
5 has been validated as being highly sensitive and specific in distinguishing good from poor sleepers across a

number of populations 2.

Perceived stress

The 10-item Perceived Stress Scale (PSS-10) was used to measure the participants’ perceived stress levels .
The PSS-10 asks the participants to answer 10 questions about their feelings and thoughts in the past month
on a five-point scale ranging from 0-4. Total scores ranged from 0 to 40. Higher scores indicate higher levels of
perceived stress.

Mood

Vigour and depression of the participants were assessed by using the Lithuanian-language version of the Brunel
Mood Scale (BRUMS-LTU), which consists of 24 items designed to assess tension, depression, anger, vigour,
fatigue and confusion. In this case, we used only the Vigour subscale, whose items were energetic, active, lively
and alert. Participants responded on a five-point Likert scale, where 0=not at all, 1 =a little, 2=moderately,
3 =quite a bit and 4 = extremely, with total possible subscale scores ranging from 0-16 30:31,

Happiness

The Happiness index was assessed by using the question ‘Are you happy in life?” with response options on
a 10-point scale from 1 (“very unhappy”) to 10 (“very happy”). We did not provide a specific definition of
“happiness” in the questionnaire; instead, participants were asked to rate their overall happiness according to
their own subjective understanding. This approach to assessing happiness has also been used in our previous
research 2.

Harmful habits

To identify harmful habits, the respondents had to indicate their smoking habits on a scale from 1 to 4, where 1
is “I have never smoked”; 2 is “I smoke occasionally”; 3 is “I smoke every day”; 4 is “I used to smoke, but quit”
Alcohol consumption was assessed using a 7-point self-report frequency scale. Participants were asked: “How
often do you consume alcoholic beverages?” The response options ranged from 1 to 7, where 1 indicated “never”,
2 indicated “rarely (less than once a month)”, 3 indicated “once a month’, 4 indicated “2-3 times a month”, 5
indicated “once a week’, 6 indicated “several times a week’, and 7 indicated “daily” This scale allowed us to
capture a wide range of alcohol use frequencies, from abstinence to daily consumption.

Eating habits

The frequency of consuming healthy and unhealthy food products were determined by questions prepared
by using the nutrition section of the Finbalt Health Monitor questionnaire from an international adult study
conducted in Lithuania in 1994 33, To understand eating habits, respondents were asked about the frequency
of consumption of certain products (fish, red meat, processed meat, fresh vegetables, canned vegetables, fresh
fruits, sweets, chocolate, sweetened drinks, sugar in coffee or tea, pasta, rice, porridge, poultry, fast food, boiled
potatoes, fried potatoes, eggs, biscuits, cakes, other dairy products, yogurt) over the past week. Possible responses
were "Never," "1-2 days," "3-5 days," and "6-7 days."

Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics, version 22 (IBM Corp., Armonk, NY, USA).
The normality of the data distribution was assessed using the Shapiro-Wilk test, which is appropriate for
evaluating normality in small to moderate sample sizes. To investigate gender differences, independent samples
t-tests were employed for continuous variables (where variances were equal), while chi-square (x?) tests were
used for categorical variables. A significance level of p<0.05 was established for all analyses. To investigate
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the relationships between lifestyle, behavioral, psychological, and dietary factors and academic performance
in secondary school (gymnasium) graduation examinations in four subjects—Mathematics, Native Language,
Foreign Language, and Biology—a structured, multi-step general linear modeling (GLM) approach was utilized.
The dependent variables were the self-reported academic grades for each subject. Independent variables
included demographic indicators (e.g., gender, body mass index), systolic blood pressures, waist circumference,
measures of physical activity and sedentary behavior (MVPA, SB), health-related behaviors (e.g., smoking status,
alcohol consumption, breakfast habits, overeating), psychological indicators (Pittsburgh Sleep Quality Index,
perceived stress, depression, vigor, happiness), and the frequency of consumption of various food groups. In
the first step, univariate linear regressions were performed to assess the individual relationships between each
predictor and academic outcomes. For each regression, unstandardized coefficients (B), standardized coefficients
(Beta), p-values, and the Akaike Information Criterion (AIC) were calculated. Predictors with a p-value below
0.10 were retained for further model building. In the second step, the selected variables were examined for
multicollinearity using the variance inflation factor (VIF), with a conservative cutoff of VIF<2, along with a
Pearson correlation matrix to ensure that no pairwise correlations exceeded 0.80. No multicollinearity was
observed, and all candidate predictors were retained. In the third step, a multivariable linear regression model was
constructed for each academic subject using the eligible predictors. Each final model included unstandardized
and standardized coefficients, corresponding p-values, and overall model fit statistics, including AIC, R?, and
adjusted R Finally, to enhance model parsimony and protect against overfitting, variables with p>0.05 were
sequentially excluded, and the models were re-estimated at each step. Only statistically significant (p <0.05) and
conceptually meaningful predictors were retained in the final models.

Results

The percentages of women with a normal BMI (18.5-25 kg/m?) were 70.8% and 69.7%, respectively (p>0.05),
and 15.9% and 20.2%, respectively, had overweight (>25-29.9 kg/m?) (p>0.05). Additionally, 3.9% and
7.9% of the participants had a BMI of 30 kg/m? and above, respectively (p>0.05). Underweight individuals
(BMI < 18.5 kg/m?) accounted for 9.4% of women and 2.2% of men (p <0.05). Hence, BMI showed no gender
dependency (x*=7.5, p=0.55).

The descriptive data of students are shown in Table 1. Men exhibited significantly higher BMI, SBP, and waist
circumference, yet they were more physically active than women. Additionally, men demonstrated the lower
stress level and better sleep quality than women. Interestingly, men consumed red and processed meat, poultry,
and fried potatoes statistically significantly more often per week than women. Moreover, men were more prone
than women to drink sugary beverages and consume fast food (Table 1).

In secondary school (gymnasium) graduation examinations, men predominantly performed better in the
Foreign Language exam, whereas women excelled in the Native Language exam; no significant differences were
observed between men and women in the Biology and Mathematics exams (Table 2).

Multivariable general linear models (GLMs) were used to identify lifestyle, psychological, and dietary
predictors of academic achievement across four subjects: Mathematics, Native Language, Foreign Language, and
Biology. Initially, a multivariable model (Step 3) was constructed for each subject using all relevant predictors
selected through univariate screening and multicollinearity diagnostics (Table 3). Non-significant predictors
were removed to enhance model simplicity, leading to a final model that included only statistically significant
predictors (p <0.05).

Mathematics: In the Step 3 model, five predictors were included. A higher sugar intake from coffee or tea
during the early years of university was significantly associated with lower Mathematics grades (p=0.0065)
obtained in secondary school (gymnasium), while non-smoking status among university students was associated
with higher past academic performance in secondary school (gymnasium) (p=0.0128). Associations with
canned vegetables, fresh vegetables, and fresh fruits were positive but not statistically significant. The model
demonstrated a moderate fit (AIC =3094.45; R>=0.100; Adjusted R?=0.087). The final model retained two
predictors: sugar intake from coffee or tea (showing a negative association, p=0.0008) and non-smoking status
(showing a positive association, p=0.0085). This final model had a slightly reduced fit (AIC=3103.79; R2=0.059;
Adjusted R?=0.053).

Native language: The Step 3 model included eight predictors. Female gender was significantly associated
with higher grades in secondary school (gymnasium) graduation examinations (p=0.0003), along with biscuit
consumption (positive association, p=0.0124), happiness (positive association, p=0.0479), and egg intake
(negative association, p=0.0274) at the entrance to university studies. Depression, overeating, red meat intake,
and BMI were not found to be significant. The model demonstrated reasonable explanatory power (AIC = 3461.04;
R%=0.112; Adjusted R2=0.093). In the final model, only gender (positive association, p <0.0001) and happiness
(positive association, p=0.0033) remained significant. Model fit decreased slightly (AIC =3468.62; R?=0.065;
Adjusted R?=0.060).

Foreign language: The Step 3 model included four predictors. Female gender was negatively associated
with achievement in secondary school (gymnasium) graduation examinations (p =0.0013), while non-drinking
alcohol had a positive association (p=0.006) at the entrance to university studies. Boiled potato consumption also
showed a negative association (p=0.0397). Pasta and rice intake exhibited a positive but non-significant trend
(p=0.067). The model demonstrated modest fit (AIC=3151.45; R*=0.070; Adjusted R?=0.059). In the final
model, three predictors remained significant: gender (negative association, p=0.0005), non-drinking alcohol
(positive, p=0.0106), and boiled potatoes (negative, p=0.0398). Model fit remained comparable (AIC =3152.86;
R2=0.061; Adjusted R2=0.053).

Biology: The Step 3 model included eight predictors. Fresh vegetable intake (positive association,
p=0.0003), canned vegetable intake (positive, p=0.0051), breakfast consumption (positive, p=0.0231), non-
smoking (positive, p=0.0293), and sugar in coffee or tea (negative, p=0.0334) at the entrance to university

Scientific Reports |

(2026) 16:6536 | https://doi.org/10.1038/s41598-026-37324-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Standard

Gender, mean | deviation
Indicators Women | Men | Women | Men | Women vs men, p-value*
Number 308 89
Age, years 234 21.8 6.2 47 | 0.066
BMI, kg/m? 22.4 24 4.3 3.8 0.002
SBP, mm/Hg 116.1 1245 | 129 13.1 0.001
Waist circumference, cm 75 84.4 11.2 12.7 | <0.0001
MVPA, min/week 147.5 1952 | 137.2 153.8 0.005
SB, min/day 603.4 552.7 | 296.2 272.1 0.148
Sleeping time, h 9.1 8.8 1.6 1.6 0.161
Time to go to bed, h 23.2 23.6 1.3 1.3 | 0.02
Pittsburgh Sleep Quality Index 5.03 4.02 2.7 23| 0.005
Perceived stress 20.9 17.3 6.9 7.2 | <0.0001
Depression 5.41 4.7 4.1 3.97 0.234
Vigour 7.35 9.35 32 3.3 | <0.0001
Happiness 7.18 7.57 1.7 1.7 0.08
Non-smoking, % 47.7 48.3 >0.05#
Non-drinking alcohol 143 21.3 >0.05#
Breakfast eating, % 61 52.8 >0.05#
Overeating, % 20.1 23.6 >0.05#
Non-exercise, % 48.7 16.9 <0.05#
I exercise independently, % 351 472 <0.05#
I exercise at the sports and fitness center, % 11 10.1 >0.05#
I exercise professionally, % 5.2 25.8 <0.05#
Fish, times per week 0.57 0.58 0.65 0.7 0.88
Red meat, times per week 1.05 1.51 0.77 0.88 | <0.0001
Processed meat, times per week 1.13 1.43 0.85 0.87 | 0.006
Fresh vegetables, times per week 1.8 1.76 0.85 0.89 | 071
Canned vegetables, times per week 0.93 1 0.75 0.78 0.52
Fresh fruits, times per week 1.49 1.49 0.87 0.84 0.98
Sweets, chocolate, times per week 1.31 1.13 0.8 0.78 0.057
Sweetened drinks, times per week 0.76 1.1 0.71 0.84 0.001
Sugar in coffee or tea, times per week 0.43 0.62 0.98 0.97 | 0.098
Pasta, rice, times per week 1.06 1.3 0.67 0.84 0.006
Porridge, times per week 0.9 1.04 0.86 092 | 0.18
Poultry, times per week 1.27 1.49 0.75 0.81 | 0.017
Fast food, times per week 0.71 1 0.54 0.61 | <0.0001
Boiled potatoes, times per week 0.71 0.73 0.61 0.67 | 0.76
Fried potatoes, times per week 0.42 0.58 0.51 0.52 | 0.017
Eggs, times per week 1.01 1.11 0.85 0.98 0.38
Biscuits, cakes, times per week 1.26 1.17 0.81 0.86 0.37
Other dairy products, yogurt, times per week | 1.24 1.31 0.81 0.88 | 049

Table 1. Averages and standard deviations of indicators of healthy living for women and men. * Independent
samples of T test; # p values of chi-square.

studies were all statistically associated with earlier secondary school (gymnasium) achievements. Additionally,
egg consumption (negative, p=0.0097) and higher BMI (negative, p=0.0215) were significant as well. Pasta
and rice intake showed a positive but non-significant trend (p=0.0919). This model exhibited the strongest
performance overall (AIC=2300.44; R>=0.185; Adjusted R?=0.159). The final model retained four significant
predictors: canned vegetables (positive association, p=0.0072), fresh vegetables (positive, p=0.0124), sugar in
coffee or tea (negative, p=0.0173), and breakfast consumption (positive, p = 0.0385). Model fit decreased slightly
(AIC=2311.4; R?=0.124; Adjusted R2=0.110).

Discussion

The key findings of the research are summarized as follows: 1. Moderate to vigorous physical activity (MVPA),
sedentary behavior, and sleep quality assessed among university students significantly reflected overall academic
achievement in earlier stages of education (gymnasium). However, a higher body mass index (BMI) was
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Standard
Gender Mean deviation
Subject Women | Men | Women | Men | Women | Men | Women vs men p value*
Mathematics 260 77 36.9 41.1 |24.8 24.5 | 0.197
Native Language | 294 88 65.4 539 |222 24.9 |0.0001
Foreign Language | 262 85 66.8 76.1 |23.6 20.7 | 0.001
Biology 213 50 62.9 61.6 |20.2 223 |0.68

Table 2. The exam results of secondary school (gymnasium) graduation examinations (averages and
standard deviations) in Mathematics, Native Language, Foreign Language, and Biology for women and men. *
Independent samples of T test.

Subject Model | Predictor Direction | p-value |AIC |R? Adj. R?
Mathematics Step 3 | Sugar in coffee or tea | Negative 0.0065 | 3094.4 | 0.100 | 0.087
Non-smoking Positive 0.0128
Canned vegetables Positive 0.0556
Fresh vegetables Positive 0.1283
Fresh fruits Positive 0.2042
Final | Sugar in coffee or tea | Negative 0.0008 | 3103.7 | 0.059 | 0.053
Non-smoking Positive 0.0085
Native Language | Step 3 | Gender (female) Positive 0.0003 | 3461.0 | 0.112 | 0.093
Biscuits Positive 0.0124
Eggs Negative 0.0274
Happiness Positive 0.0479
Final | Gender (female) Positive <0.0001 | 3468.6 | 0.065 | 0.060
Happiness Positive 0.0033
Foreign Language | Step 3 | Gender (female) Negative 0.0013 | 3151.4 | 0.070 | 0.059
Non-drinking alcohol | Positive 0.006
Boiled potatoes Negative 0.0397
Final | Gender (female) Positive 0.0005 | 3152.8 | 0.061 | 0.053
Non-drinking alcohol | Positive 0.0106
Boiled potatoes Negative 0.0398
Biology Step 3 | Fresh vegetables Positive 0.0003 | 2300.4 | 0.185 | 0.159
Canned vegetables Positive 0.0051
Eggs Negative 0.0097
BMI Negative 0.0215
Breakfast eating Positive 0.0231
Non-smoking Positive 0.0293
Sugar in coffee or tea | Negative 0.0334
Final | Canned vegetables Positive 0.0072 | 2311.4 | 0.124 | 0.110
Fresh vegetables Positive 0.0124
Sugar in coffee or tea | Negative 0.0173
Breakfast eating Positive 0.0385

Table 3. Multivariable general linear models identifying significant lifestyle, dietary, and psychological
predictors of academic achievement in secondary school (gymnasium) graduation examinations across four
subjects. For each academic subject, both the initial multivariable model (Step 3) and the final optimized
model are presented. Only predictors with p-values < 0.05 were retained in the final models. Positive or
negative associations indicate the direction of effect on academic performance. AIC = Akaike Information
Criterion; R2= coefficient of determination.

associated with lower performance in past biology exams, while waist circumference and blood pressure showed
no significant relationship with school results. 2. Overeating was not related to secondary school (gymnasium)
performance, but having breakfast was positively linked to higher scores in past Biology exams. Additionally,
non-smoking was associated with better performance in both Mathematics and Biology in secondary school
(gymnasium), while abstaining from alcohol correlated with higher scores in the Native Language exam. 3.
Psychological factors, including perceived stress, depression, and vigor at the entrance to university studies, were
not associated with performance in secondary school (gymnasium) graduation examinations. However, feelings
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of happiness among university students were strongly linked to better performance in past Native Language
exams. 4. Consuming fresh and canned vegetables was positively associated with past scores in mathematics
and biology, and fresh fruit intake was linked to better performance in Mathematics. Furthermore, drinking
unsweetened coffee or tea was positively associated with both Mathematics and Biology scores at earlier
educational stages. Conversely, egg consumption was negatively associated with performance in Biology and
Native Language exams, while boiled potato consumption was negatively associated with Foreign Language
exam results. 5. Finally, gender had a significant influence on performance in secondary school (gymnasium)
graduation examinations, with female students outperforming males in Native Language exams, whereas males
performed better in Foreign Language exams. Thus, the results of the final general linear model indicate that
Mathematics examination performance in secondary school (gymnasium) graduation examinations was most
strongly linked to lower sugar consumption in coffee or tea and to non-smoking. Performance in secondary school
(gymnasium) graduation examinations in Native Language was correlated with gender, showing that females
tended to outperform males, as well as being associated with higher levels of happiness. In Foreign Language
examinations, males outperformed females, and performance was also related to alcohol abstinence and lower
consumption of boiled potatoes at the entrance to university studies. Biology examination performance, there
was a positive correlation with the consumption of fresh and canned vegetables, lower sugar intake in coffee or tea,
and more frequent breakfast consumption at the entrance to university studies. We identified that the interactions
between secondary school (gymnasium) graduation examination achievements and healthy lifestyle and health
indicators at the entrance to university studies are likely mutual. That is, lifestyle could have had the influence
on academic performance, just as well-performing students could have had healthier lifestyle, such as healthy
eating habits, good stress managing, not smoking, going to bed on time and monitoring their body weight. For
example, it was found that well-performing students are characterized by better executive function -6, such as
ignoring or hiding various temptations. Therefore, it can be assumed that they find it easier to resist unhealthy
food. The final results of our general linear model indicate that performance in the Mathematics secondary
school (gymnasium) graduation examination is most strongly linked to lower sugar consumption in coffee or
tea at the entrance to university studies. Additionally, performance in the Foreign Language secondary school
(gymnasium) graduation examination was found to correlate with reduced consumption of boiled potatoes at
the entrance to university studies. Conversely, Biology secondary school (gymnasium) graduation examination
performance demonstrated a positive correlation with the intake of both fresh and canned vegetables, as well as
lower sugar consumption in coffee or tea at the entrance to university studies.

Tapia-Serrano et al. identified three key factors of healthy behavior in children from preschool to adolescence,
namely physical activity, screen time, and sleep duration 6. One of the latest systematic reviews indicated a small
but positive association between adherence to all three recommendations of the 24-h movement guidelines
(regular physical activity, reduced screen time, and optimal sleep duration) and enhanced academic achievement
in children and adolescents *’. Other researchers also have found positive correlations between meeting these
movement behavior recommendations and improved mental health indicators among children and adolescents
38

In our study, students’ secondary school (gymnasium) graduation examination achievements were not
significantly associated with moderate-to-vigorous physical activity (MVPA), sitting time, or sleep quality as
measured by the Pittsburgh Sleep Quality Index at the entrance to university studies.

Systemic analyses clearly show that physical activity, diet, and other behavioral interventions significantly
improve cognitive process and achievements at school, especially in Mathematics, in obese or overweight
children and adolescents ***°. Sneck et al. *! conducted an extensive meta-analysis and revealed that enhancing
physical activity among children results in better performance in Mathematics *!. A recent meta-analysis
revealed that although physical activity breaks increase children’s physical activity and time spent on tasks
during lessons, they do not significantly impact cognitive functions (attention components, working memory
and executive functions) and academic achievements (Mathematics and reading) *2. A comprehensive systematic
analysis suggested that classroom-based physical activity may positively impact academic outcomes **. Another
meta-analysis demonstrated that physical activity enhances classroom behaviors and positively influences
various aspects of academic achievement, particularly Mathematics-related skills, reading, and composite
scores in children * The findings of meta-analyses indicated that school-based physical activity interventions
are an effective strategy for enhancing language-related skills in children and adolescents *°>. However, studies
investigating the links between physical activity, fitness, physical education, and academic achievement have
reported mixed results 2241424541 For instance, one study might find improvements in Math and reading, while
another found improvements in reading and spelling but not in Math and reading. Similar inconsistencies were
observed when comparing girls and boys *°.

Additionally, Gallotta et al. > discovered that physical activity and aerobic fitness can moderately predict
proficiency in Mathematics and the Native Italian Language. The relationship between MVPA and academic
achievement may not be direct but may be mediated by cardiorespiratory fitness, cognitive flexibility, and
inhibition via cardiorespiratory fitness. Physical activity interventions aimed at improving academic achievement
should focus on enhancing cardiorespiratory fitness and executive function *°. A recent systematic analysis
showed that no definitive conclusions can be made about the significant impact of physical activity and motor
competence on cognitive functions, as many various factors distort this interaction *’. Finally, one of the most
comprehensive umbrella reviews showed that physical activity has the most benefits on cognitive functioning
during the early and late periods of the lifespan 8. However, our research does not encompass this age group,
because our subjects were undergraduate students.

Our previous research showed that logical thinking of adults was not associated with sleep, moderate-
to-vigorous physical activity (MVPA), impulsivity, subjective health, or components of a healthy lifestyle 7.
Additionally, according to another our previous research, women in professional sports solved the fewest logic
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tasks 8. We also concluded that females and males with the highest emotional intelligence have the highest
MVPA, while logical thinking is not associated with MVPA . Our previous study showed that 10 weeks of
yoga training does not improve cognitive functions in older adults *°. Thus, these findings from our study align
with the data presented in this article, indicating that physical activity is not associated with logical thinking, as
exemplified by Mathematical achievement in this study.

It is firmly established that nutrition serves as a pivotal lifestyle factor capable of modifying the risk of
future cognitive impairment and dementia '>!°. Extensive systematic analysis underscores the significant
influence of diet on children’s learning success, particularly in relation to food insufficiency, iron deficiency and
supplementation, micronutrient adequacy, and the importance of breakfast >°. While school feeding programs
have improved micronutrient status, increased enrollment, and enhanced attendance among students, their
impact on growth, cognitive abilities, and academic achievement remains limited °'. Other studies indicated that
a two-year healthy eating initiative improved Math and literacy skills in children *2. In conclusion, there remains
a notable dearth of experimental research exploring the influence of nutrition on students’ learning outcomes.
Our studies, we believe, complement previously cited research by demonstrating that, as shown by our study
data, performance in past Mathematics and Biology secondary school (gymnasium) graduation examinations
were directly associated with the consumption of fresh and canned vegetables, and inversely associated with
sugar intake from coffee and tea at the entrance to university studies. Other scientific studies have demonstrated
that the glycemic index, influenced by complex carbohydrates in undergraduate diets, can enhance specific types
of information processing >*. More specifically, their findings indicate that certain macronutrients—particularly
complex carbohydrates and fiber—may play a significant role in modulating social cognition and emotional
processing. This highlights the importance of diet as a relevant factor in psychological well-being >

Studies have shown that cognition can be influenced by factors such as hypertension, dyslipidemia, midlife
obesity, diabetes mellitus, smoking, physical inactivity, depression, and low levels of education >!. Our GLM
analysis did not reveal any significant associations between secondary school (gymnasium) graduation
examination performance and either systolic blood pressure or waist circumference at the entrance to university
studies. There is often an inverse relationship between BMI, mental health, and cognition: both obesity and BMI
that is too low can negatively affect mental health *. Additionally, mood is one of the indicators of psychological
well-being and mental health . This supports our findings of a strong correlation between Native Language
exam scores and happiness. It is surprising that performance in none of the exams was significantly associated
with perceived stress, depression, or vigor. It is clear that some limitations of our study may have influenced our
findings. Furthermore, we should also consider the complex and dynamic interactions among cognitive abilities,
logical reasoning, emotional intelligence, mental health, genetic factors, personality traits, and healthy lifestyle
behaviors, as these may serve as potential influencing factors.

Limitations

The limitations of this study include its reliance on self-reported data regarding lifestyle factors and dietary
habits, which may be prone to recall bias or inaccuracies. For example, we did not provide a specific definition of
“happiness” in the questionnaire; instead, participants rated their overall happiness based on their own subjective
understanding. Furthermore, the study may not have accounted for all potential confounding variables that could
affect academic performance, such as socioeconomic status or study habits. A significant limitation is the time
gap between the academic performance data (collected at the end of secondary school) and the current health-
related measurements at the entrance to university studies. This gap restricts causal interpretation and allows
for the observation of associations rather than direct effects. This limitation is particularly important for lifestyle
indicators that tend to change rapidly during the transition from secondary school (gymnasium) to university.
For example, sleep patterns can vary significantly, which may help explain why our study found no significant
associations with secondary school (gymnasium) graduation examination performance. A longitudinal
actigraphy study demonstrated that students’ total sleep time and mid-sleep timing shifted notably during this
transition, showing a clear circadian phase shift observed over a five-year period *’. This highlights that lifestyle
factors, such as sleep, can fluctuate considerably during this critical transition, which could be a key reason
our study did not find significant associations with secondary school (gymnasium) graduation examination
performance. One limitation of our study is the modest sample size, which did not allow for reliable comparisons
among subgroups within the three study programs: Health Sciences, Law, and Sports Science. This limitation
is significant because previous research has indicated that lifestyle habits can vary considerably across different
fields of study. For instance, students in Health Sciences tend to adopt healthier behaviors—such as reduced
screen time, lower levels of sedentary activity, and greater adherence to the Mediterranean diet—compared
to their peers in non-Health Science disciplines >%. Additionally, the sample was predominantly composed of
women. Future research could address these limitations by using more objective measures of lifestyle factors
and dietary habits, such as accelerometer data for physical activity and dietary assessments conducted by trained
professionals. The cross-sectional design of this study also limits the ability to draw conclusions about causality
or long-term effects. Therefore, future longitudinal and interventional studies, similar to those conducted in
primary school settings 22, are necessary to better understand the long-term impact of lifestyle and dietary habits
on academic achievement. Additionally, longitudinal studies could provide insights into the long-term effects of
lifestyle and dietary habits on academic performance. Moreover, exploring the underlying mechanisms driving
the observed associations, such as physiological or psychological factors, could deepen our understanding of the
relationships among lifestyle, diet, and academic achievement.
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Conclusions

Our findings show that factors such as physical activity, sedentary behavior, sleep quality, and most psychological
aspects measured when students entered university—except for happiness—were not consistently linked to
their prior academic performance, as reflected in their secondary school (gymnasium) graduation examination.
Instead, these exam results exhibited modest yet systematic links with various health-related traits assessed at
university entry, including body composition, dietary habits, and lifestyle choices like smoking, alcohol use,
and breakfast routines. Notably, we also found gender differences in these associations. These findings do not
suggest cause-and-effect relationships, as the academic results preceded the health and behavioral assessments.
Instead, they imply that certain lifestyle and psychological traits present at the start of university may be related
to earlier academic achievement patterns. Importantly, no single factor stood out as a key predictor, highlighting
that academic success likely results from complex interactions among biological, behavioral, psychological, and
social factors. This underscores the importance of future research adopting comprehensive models that include
cognitive, motivational, and socioeconomic factors to better understand the broader influences shaping student
performance at different educational stages.
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author, Daiva Majauskiene.

Received: 17 March 2025; Accepted: 21 January 2026
Published online: 28 January 2026

References

1. Zhao, C. et al. Dietary patterns, physical activity, sleep, and risk for dementia and cognitive decline. Curr Nutr Rep. 7(4), 335-345.
https://doi.org/10.1007/513668-018-0247-9 (2018).

2. Pedersen, B. K. Physical activity and muscle-brain crosstalk. Nat Rev Endocrinol. 15(7), 383-392. https://doi.org/10.1038/s41574-0
19-0174-x (2019).

3. Bull, E C. et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 54(24),
1451-1462. https://doi.org/10.1136/bjsports-2020-102955 (2020).

4. Skurvydas, A. et al. Physical activity, stress, depression, emotional intelligence, logical thinking, and overall health in a large
Lithuanian from October 2019 to June 2020: Age and gender differences adult sample. Int J Environ Res Public Health. 18(23),
12809. https://doi.org/10.3390/ijerph182312809 (2021).

5. Chow, L. S. et al. Exerkines in health, resilience and disease. Nat Rev Endocrinol. 18(5), 273-289. https://doi.org/10.1038/s41574-0
22-00641-2 (2022).

6. Erickson, K. I, Donofry, S. D., Sewell, K. R., Brown, B. M. & Stillman, C. M. Cognitive aging and the promise of physical activity.
Annu Rev Clin Psychol. 18, 417-442. https://doi.org/10.1146/annurev-clinpsy-072720-014213 (2022).

7. Skurvydas, A. et al. Do physical activity, BMI, and wellbeing affect logical thinking?. Int ] Environ Res Public Health. 19(11), 6631.
https://doi.org/10.3390/ijerph19116631 (2022).

8. Skurvydas, A. et al. What types of exercise are best for emotional intelligence and logical thinking?. Int ] Environ Res Public Health.
19(16), 10076. https://doi.org/10.3390/ijerph191610076 (2022).

9. Zlibinaite, L., Skurvydas, A., Kilikeviciene, S. & Solianik, R. Two months of using global recommendations for physical activity had
no impact on cognitive or motor functions in overweight and obese middle-aged women. ] Phys Act Health. 18(1), 52-60. https://
doi.org/10.1123/jpah.2020-0055 (2020).

10. Skurvydas, A. et al. Mood profile in men and women of all ages is improved by leisure-time physical activity rather than work-
related physical activity. BMC Public Health 24(1), 546. https://doi.org/10.1186/s12889-024-17806-5 (2024).

11. Raghuveer, G. et al. Cardiorespiratory fitness in youth: An important marker of health: A scientific statement from the American
Heart Association. Circulation 142(7), e101-e118. https://doi.org/10.1161/CIR.0000000000000866 (2020).

12. Scarmeas, N., Anastasiou, C. A. & Yannakoulia, M. Nutrition and prevention of cognitive impairment. Lancet Neurol. 17(11),
1006-1015. https://doi.org/10.1016/S1474-4422(18)30338-7 (2018).

13. Malesza, I. J. et al. High-fat, Western-style diet, systemic inflammation, and gut microbiota: A narrative review. Cells 10(11), 3164.
https://doi.org/10.3390/cells10113164 (2021).

14. Puri, S., Shaheen, M. & Grover, B. Nutrition and cognitive health: A life course approach. Front Public Health. 11, 1023907. https:
//doi.org/10.3389/fpubh.2023.1023907 (2023).

15. Tapia-Serrano, M. A. et al. Prevalence of meeting 24-hour movement guidelines from pre-school to adolescence: A systematic
review and meta-analysis including 387,437 participants and 23 countries. ] Sport Health Sci. 11(4), 427-437. https://doi.org/10.1
016/j.jshs.2022.01.005 (2022).

16. Chekroud, S. R. et al. Association between physical exercise and mental health in 1-2 million individuals in the USA between 2011
and 2015: A cross-sectional study. Lancet Psychiatry 5(9), 739-746. https://doi.org/10.1016/52215-0366(18)30227-X (2018).

17. Dempsey, P. C. et al. New global guidelines on sedentary behaviour and health for adults: Broadening the behavioural targets. Int
] Behav Nutr Phys Act. 17(1), 151. https://doi.org/10.1186/s12966-020-01044-0 (2020).

18. Laborde, S., Dosseville, F. & Allen, M. S. Emotional intelligence in sport and exercise: A systematic review. Scand ] Med Sci Sports.
26(8), 862-874. https://doi.org/10.1111/sms.12510 (2016).

19. Song, S., Stern, Y. & Gu, Y. Modifiable lifestyle factors and cognitive reserve: A systematic review of current evidence. Ageing Res
Rev. 74, 101551. https://doi.org/10.1016/j.arr.2021.101551 (2022).

20. Poitras, V. J. et al. Systematic review of the relationships between objectively measured physical activity and health indicators in
school-aged children and youth. Appl Physiol Nutr Metab. 41(6 Suppl 3), S197-5239. https://doi.org/10.1139/apnm-2015-0663
(2016).

21. Donnelly, J. E. et al. Physical activity, fitness, cognitive function, and academic achievement in children: A systematic review. Med
Sci Sports Exerc. 48(6), 1197-1222. https://doi.org/10.1249/MSS.0000000000000901 (2016).

22. Gallotta, M. C. et al. Academic achievement and healthy lifestyle habits in primary school children: An interventional study. Front
Psychol. 22(15), 1412266. https://doi.org/10.3389/fpsyg.2024.1412266.PMID:39105149;PMCID:PMC11298431 (2024).

23. Bleiweiss-Sande, R. et al. Associations between food group intake, cognition, and academic achievement in elementary
schoolchildren. Nutrients 11(11), 2722. https://doi.org/10.3390/nul1112722 (2019).

24. Dalile, B. et al. The EAT-Lancet reference diet and cognitive function across the life course. Lancet Planet Health. 6(9), €749-e759.
https://doi.org/10.1016/52542-5196(22)00123-1 (2022).

Scientific Reports |

(2026) 16:6536 | https://doi.org/10.1038/s41598-026-37324-1 nature portfolio


https://doi.org/10.1007/s13668-018-0247-9
https://doi.org/10.1038/s41574-019-0174-x
https://doi.org/10.1038/s41574-019-0174-x
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.3390/ijerph182312809
https://doi.org/10.1038/s41574-022-00641-2
https://doi.org/10.1038/s41574-022-00641-2
https://doi.org/10.1146/annurev-clinpsy-072720-014213
https://doi.org/10.3390/ijerph19116631
https://doi.org/10.3390/ijerph191610076
https://doi.org/10.1123/jpah.2020-0055
https://doi.org/10.1123/jpah.2020-0055
https://doi.org/10.1186/s12889-024-17806-5
https://doi.org/10.1161/CIR.0000000000000866
https://doi.org/10.1016/S1474-4422(18)30338-7
https://doi.org/10.3390/cells10113164
https://doi.org/10.3389/fpubh.2023.1023907
https://doi.org/10.3389/fpubh.2023.1023907
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1016/S2215-0366(18)30227-X
https://doi.org/10.1186/s12966-020-01044-0
https://doi.org/10.1111/sms.12510
https://doi.org/10.1016/j.arr.2021.101551
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.3389/fpsyg.2024.1412266.PMID:39105149;PMCID:PMC11298431
https://doi.org/10.3390/nu11112722
https://doi.org/10.1016/S2542-5196(22)00123-1
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

25.
26.
27.
28.

29.
. Terry, P. C,, Lane, A. M. & Fogarty, G. J. Construct validity of the Profile of Mood States — Adolescents for use with adults. Psychol

31.
32.

33.
34.

35.
36.

37.

38.

39.

40.
41.
42.

43.

44,

45.

46.

47.

48.

49.

50.
51.
52.

53.
54.

55.
56.
57.

58.

Aadahl, M. & Jorgensen, T. Validation of a new self-report instrument for measuring physical activity. Med Sci Sports Exerc. 35(7),
1196-1202. https://doi.org/10.1249/01.MSS.0000074446.02192.14 (2003).

Matthiessen, J. et al. Comparison of the Danish Physical Activity Questionnaire with a validated position and motion instrument.
Eur ] Epidemiol. 23(5), 311-322. https://doi.org/10.1007/s10654-008-9228-4 (2008).

Buysse, D. ], Reynolds, C. E, Monk, T. H., Berman, S. R. & Kupfer, D. J. The Pittsburgh Sleep Quality Index: A new instrument for
psychiatric practice and research. Psychiatry Res. 28(2), 193-213. https://doi.org/10.1016/0165-1781(89)90047-4 (1989).
Carpenter, J. S. & Andrykowski, M. A. Psychometric evaluation of the Pittsburgh Sleep Quality Index. J Psychosom Res. 45(1),
5-13. https://doi.org/10.1016/s0022-3999(97)00298-5 (1998).

Cohen, S., Kamarck, T. & Mermelstein, R. A global measure of perceived stress. ] Health Soc Behav. 24(4), 385-396 (1983).

Sport Exerc. 4(2), 125-139. https://doi.org/10.1016/S1469-0292(01)00035-8 (2003).

Terry, P. C. et al. Physical activity and healthy habits influence mood profile clusters in a Lithuanian population. Sustainability.
14(16), 10006. https://doi.org/10.3390/su141610006 (2022).

Skurvydas, A. et al. Leisure-time physical activity improves happiness, health, and mood profile better than work-related physical
activity. PLoS ONE 19(7), €0307744. https://doi.org/10.1371/journal.pone.0307744 (2024).

Grabauskas, V. et al. Health behaviour among Lithuanian adult population (Lithuanian University of Health Sciences, 2015).
Diamond, A. & Lee, K. Interventions shown to aid executive function development in children 4 to 12 years old. Science 333(6045),
959-964. https://doi.org/10.1126/science.1204529 (2011).

Cho, I., Hosseini-Kamkar, N., Song, H. ]. & Morton, J. B. Culture, executive functions, and academic achievement. Front Psychol.
14, 1100537. https://doi.org/10.3389/fpsyg.2023.1100537 (2023).

Perpifia Marti, G., Sidera, F, Senar Morera, F. & Serrat, S. E. Executive functions are important for academic achievement, but
emotional intelligence too. Scand J Psychol. 64(4), 470-478. https://doi.org/10.1111/sjop.12907 (2023).

Bao, R. et al. Is adherence to the 24-h movement guidelines associated with greater academic-related outcomes in children and
adolescents? A systematic review and meta-analysis. Eur ] Pediatr. 183(5), 2003-2014. https://doi.org/10.1007/s00431-024-0546
1-2 (2024).

Sampasa-Kanyinga, H. et al. Combinations of physical activity, sedentary time, and sleep duration and their associations with
depressive symptoms and other mental health problems in children and adolescents: A systematic review. Int ] Behav Nutr Phys
Act. 17(1), 72. https://doi.org/10.1186/s12966-020-00976-x (2020).

Martin A, Booth JN, Laird Y, Sproule ], Reilly JJ, Saunders DH. Physical activity, diet and other behavioural interventions for
improving cognition and school achievement in children and adolescents with obesity or overweight. Cochrane Database Syst Rev.
2018;1(1):CD009728. https://doi.org/10.1002/14651858.CD009728.pub3.

Martin A, Saunders DH, Shenkin SD, Sproule J. Lifestyle intervention for improving school achievement in overweight or obese
children and adolescents. Cochrane Database Syst Rev. 2014;(3):CD009728. https://doi.org/10.1002/14651858.CD009728.pub2.
Sneck, S. et al. Effects of school-based physical activity on mathematics performance in children: A systematic review. Int ] Behav
Nutr Phys Act. 16(1), 109. https://doi.org/10.1186/512966-019-0866-6 (2019).

Masini, A. et al. Evaluation of school-based interventions of active breaks in primary schools: A systematic review and meta-
analysis. J Sci Med Sport. 23(4), 377-384. https://doi.org/10.1016/j.jsams.2019.10.008 (2020).

Watson, A., Timperio, A., Brown, H., Best, K. & Hesketh, K. D. Effect of classroom-based physical activity interventions on
academic and physical activity outcomes: A systematic review and meta-analysis. Int ] Behav Nutr Phys Act. 14(1), 114. https://do
i.0rg/10.1186/512966-017-0569-9 (2017).

Alvarez-Bueno, C. et al. Academic achievement and physical activity: A meta-analysis. Pediatrics 140(6), €20171498. https://doi.o
rg/10.1542/peds.2017-1498 (2017).

Martin-Martinez, C., Valenzuela, P. L., Martinez-Zamora, M. & Martinez-de-Quel, O. School-based physical activity interventions
and language skills: A systematic review and meta-analysis of randomized controlled trials. J Sci Med Sport. 26(2), 140-148.
https://doi.org/10.1016/j.jsams.2022.12.007 (2023).

Visier-Alfonso, M. E. et al. Fitness and executive function as mediators between physical activity and academic achievement. J
Sports Sci. 39(14), 1576-1584. https://doi.org/10.1080/02640414.2021.1886665 (2021).

Hill, P.]. et al. The influence of motor competence on broader aspects of health: A systematic review of the longitudinal associations
between motor competence and cognitive and social-emotional outcomes. Sports Med. 54(2), 375-427. https://doi.org/10.1007/s4
0279-023-01939-5 (2024).

Erickson, K. L et al. Physical activity, cognition, and brain outcomes: A review of the 2018 Physical Activity Guidelines. Med Sci
Sports Exerc. 51(6), 1242-1251. https://doi.org/10.1249/MSS.0000000000001936 (2019).

Cekanauskaité, A. et al. A 10-week yoga practice has no effect on cognition, but improves balance and motor learning by attenuating
brain-derived neurotrophic factor levels in older adults. Exp Gerontol. 138, 110998. https://doi.org/10.1016/j.exger.2020.110998
(2020).

Taras, H. Nutrition and student performance at school. ] Sch Health. 75(6), 199-213. https://doi.org/10.1111/j.1746-1561.2005.00
025.x (2005).

Jomaa, L. H., McDonnell, E. & Probart, C. School feeding programs in developing countries: Impacts on children’s health and
educational outcomes. Nutr Rev. 69(2), 83-98. https://doi.org/10.1111/§.1753-4887.2010.00369.x (2011).

Aurino, E., Gelli, A, Adamba, C., Osei-Akoto, I. & Alderman, H. Food for thought? Experimental evidence on the learning
impacts of a large-scale school feeding program. ] Hum Res. 58(1), 74-111. https://doi.org/10.3368/jhr.58.3.1019-10515R1 (2023).
Ugartemendia, L. et al. Influence of diet on mood and social cognition: A pilot study. Food Funct. 11(9), 8320-8330 (2020).
Kivipelto, M., Mangialasche, F. & Ngandu, T. Lifestyle interventions to prevent cognitive impairment, dementia and Alzheimer
disease. Nat Rev Neurol. 14(11), 653-666. https://doi.org/10.1038/s41582-018-0070-3 (2018).

Balasubramanian, P. et al. Obesity-induced cognitive impairment in older adults: A microvascular perspective. Am J Physiol Heart
Circ Physiol. 320(2), H740-H761. https://doi.org/10.1152/ajpheart.00736.2020 (2021).

Gross, J. J., Uusberg, H. & Uusberg, A. Mental illness and well-being: An affect regulation perspective. World Psychiatry 18(2),
130-139. https://doi.org/10.1002/wps.20618 (2019).

Urner, M., Tornic, J. & Bloch, K. E. Sleep patterns in high school and university students: A longitudinal study. Chronobiol Int.
26(6), 1222-1234 (2009).

Marendi¢, M., Aranza, D., Aranza, L, Vladislavi¢, S. & Kol¢i¢, 1. Differences between Health and Non-Health Science Students in
Lifestyle Habits, Perceived Stress and Psychological Well-Being: A Cross-Sectional Study. Nutrients 16(5), 620 (2024).

Acknowledgements
The authors wish to thank the participants for their participation in this study.

Author contributions

D.M. conceived and designed the study, conducted the research, analyzed the data, reviewed the screening ques-
tionnaires, wrote the manuscript, and had final responsibility for the content of the paper. T.A., E.S., R.Z., and
M.G. conducted the research. N.I. and R.D. conducted the research and analyzed the data. D.V. conducted the

Scientific Reports|  (2026) 16:6536

| https://doi.org/10.1038/s41598-026-37324-1 nature portfolio


https://doi.org/10.1249/01.MSS.0000074446.02192.14
https://doi.org/10.1007/s10654-008-9228-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/s0022-3999(97)00298-5
https://doi.org/10.1016/S1469-0292(01)00035-8
https://doi.org/10.3390/su141610006
https://doi.org/10.1371/journal.pone.0307744
https://doi.org/10.1126/science.1204529
https://doi.org/10.3389/fpsyg.2023.1100537
https://doi.org/10.1111/sjop.12907
https://doi.org/10.1007/s00431-024-05461-2
https://doi.org/10.1007/s00431-024-05461-2
https://doi.org/10.1186/s12966-020-00976-x
https://doi.org/10.1002/14651858.CD009728.pub3
https://doi.org/10.1002/14651858.CD009728.pub2
https://doi.org/10.1186/s12966-019-0866-6
https://doi.org/10.1016/j.jsams.2019.10.008
https://doi.org/10.1186/s12966-017-0569-9
https://doi.org/10.1186/s12966-017-0569-9
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1016/j.jsams.2022.12.007
https://doi.org/10.1080/02640414.2021.1886665
https://doi.org/10.1007/s40279-023-01939-5
https://doi.org/10.1007/s40279-023-01939-5
https://doi.org/10.1249/MSS.0000000000001936
https://doi.org/10.1016/j.exger.2020.110998
https://doi.org/10.1111/j.1746-1561.2005.00025.x
https://doi.org/10.1111/j.1746-1561.2005.00025.x
https://doi.org/10.1111/j.1753-4887.2010.00369.x
https://doi.org/10.3368/jhr.58.3.1019-10515R1
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.1152/ajpheart.00736.2020
https://doi.org/10.1002/wps.20618
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

research, analyzed the data, reviewed the screening questionnaires, and wrote the manuscript. A.S. (Sidlausk-
iené) and A.S. (Sarkauskiene) conducted the research and wrote the manuscript. A.S. (Skurvydas) conducted the
research, analyzed the data, reviewed the screening questionnaires, and wrote the manuscript. All authors read
and approved the final manuscript.

Funding
The authors declare that no financial support was received for the research, authorship, and/or publication of
this article.

Declarations

Competing interests
All other authors declare no competing interests.

Ethical approval

All participants were informed about the purpose of the research. The study received ethical approval from the
Human Research Ethics Committee at Klaipéda University (Protocol No. STIMC-BTMEK-09). Participants
were informed that the information provided in the anonymous survey would be used for the purposes of this
study. We followed ethical standards for research with human subjects (Declaration of Helsinki) and obtained
written informed consent from all participants involved in the study.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-026-37324-1.

Correspondence and requests for materials should be addressed to D.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2026

Scientific Reports |

(2026) 16:6536 | https://doi.org/10.1038/s41598-026-37324-1 nature portfolio


https://doi.org/10.1038/s41598-026-37324-1
https://doi.org/10.1038/s41598-026-37324-1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿The relationship between secondary school exam performance and lifestyle behaviors at the onset of university education
	﻿Materials and methods
	﻿Sample
	﻿Measures
	﻿Academic achievements
	﻿Physical activity (PA) and sedentary behavior (SB)
	﻿Exercise and sports habits
	﻿Sleep quality
	﻿Perceived stress
	﻿Mood
	﻿Happiness
	﻿Harmful habits
	﻿Eating habits
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations
	﻿Conclusions
	﻿References


