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ABSTRACT

Introduction: this study examined the effects of Body Mass Index (BMI) on Cardiorespiratory Capacity (CRC) and 
explored the relationship between CRC and Academic Performance (AP) among female medical ex-students at 
Prince Sattam bin Abdul Aziz University (PSAU). Understanding these associations could highlight the role of physical 
fitness in academic success.
Methods: a sample of 150 female ex-students, aged 23,3±0,6 years, was categorized into normal weight (BMI 
18,5–24,9 kg/m²) and overweight (BMI 25–29,9 kg/m²) groups. BMI was calculated to determine weight status, CRC 
was assessed using the 20-m shuttle run test (VO2max), and AP was evaluated through academic grades (AG) and 
academic abilities (AA) using the Spanish Test of Educational Abilities. Statistical analyses included independent 
t-tests and Pearson’s correlation.
Results: normal-weight participants demonstrated significantly higher CRC (VO2max = 55,3 ±4,9 mL.kg-¹.min-¹) than 
overweight participants (50,8 ±4,2 mL.kg-¹.min-¹, p=0,03). Additionally, normal-weight participants scored higher 
in both AA (58,82 ±9,7 vs. 59,64 ±10,04, p=0,04) and AG (3,4 ±0,6 vs. 3,7 ±0,5, p=0,032). BMI negatively correlated 
with CRC (r = -0,20, p=0,024), while CRC positively correlated with AA (r = 0,18, p=0,015) and AG (r = 0,24, p=0,043).
Conclusions: higher CRC was associated with better academic performance, while increased BMI correlated with 
lower CRC. The findings suggest that promoting physical fitness may be beneficial for academic success among 
female medical students at PSAU.

Keywords: Cardiorespiratory Capacity; Academic Performance; Body Mass Index; Medical Students; Physical Activity; 
Weight Status.
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RESUMEN

Introducción: el estudio examinó el efecto del Índice de Masa Corporal (IMC) sobre la Capacidad 
Cardiorrespiratoria (CCR) y exploró la relación entre la CCR y el Rendimiento Académico (RA) en exalumnas 
de medicina de la Universidad Prince Sattam bin Abdul Aziz (PSAU). Este análisis busca resaltar el rol del 
estado físico en el éxito académico.
Métodos: se evaluaron 150 exalumnas (edad media de 23,3±0,6 años), categorizadas en dos grupos: peso 
normal (IMC 18,5–24,9 kg/m²) y sobrepeso (IMC 25–29,9 kg/m²). El IMC determinó el estado de peso; la CCR 
fue medida mediante la prueba de 20 metros (VO2max), y el RA fue evaluado a través de calificaciones 
académicas (CA) y habilidades académicas (HA) usando el Test Español de Habilidades Educativas. Se 
emplearon pruebas t de muestras independientes y coeficientes de correlación de Pearson.
Resultados: las participantes con peso normal presentaron una CCR significativamente mayor (VO2max = 
55,3 ±4,9 mL.kg-¹.min-¹) que las de sobrepeso (50,8 ±4,2 mL.kg-¹.min-¹, p=0,03). Además, el grupo de 
peso normal obtuvo puntajes más altos en HA (58,82 ±9,7 vs. 59,64 ±10,04, p=0,04) y CA (3,4 ±0,6 vs. 3,7 
±0,5, p=0,032). Se observó una correlación negativa entre IMC y CCR (r = -0,20, p=0,024), y una correlación 
positiva entre CCR y HA (r = 0,18, p=0,015) y CA (r = 0,24, p=0,043).
Conclusiones: la mayor CCR se asoció con mejor rendimiento académico, mientras que el incremento en IMC 
se correlacionó con menor CCR. Estos hallazgos sugieren que promover el estado físico puede ser beneficioso 
para el éxito académico de las estudiantes de medicina en PSAU.

Palabras clave: Capacidad Cardiorrespiratoria; Rendimiento Académico; Índice de Masa Corporal; Estudiantes 
de Medicina; Actividad Física; Estado de Peso.

INTRODUCTION 
Cardio-respiratory Capacity (CRC) is related to health outcome, its relationship with Academic Performance 

(AP) is of great interest. Many factors affect AP such as; fitness, socio-economic condition, prompting, 
intelligence and sleep pattern.(1,2) Previous studies stated that there was positive correlation between CRC and 
AP in children and young teenagers.(3,4) In university students, there is a decrease in physical activity (PA), this 
is the main reason for increase in body weight. Moreover, cognitive function is strongly related to CRC, increase 
CRC leads to improved cognitive function and memory hence, enhancing AP.(5) 

Performance in academic life is how to achieve educational goal through attaining the academic abilities 
(AA) and academic grades (AG). Universities and colleges are very important fields to examine health related 
conditions to meet the demand of future profession and lifestyle for each student.(6) There is a close relationship 
between cardiorespiratory fitness (CRF) and Body Mass Index (BMI). The CRF is presumably regarded as an 
important element of physical fitness and it is described as the body’s ability to perform actively, it involves 
the exercise of large muscles for a longer period of time with an intensity ranging from moderate to high.(6,7) 

The students from medical college during their transition from adolescence to adulthood experience and 
unhealthy lifestyle probably because of little or no parental supervision, unhealthy diet habits or routine, no 
physical activities, less sleep and study related stress.(8,9) It has been evidently reported that high levels of BMI 
increase the chances of cardio metabolic disorders which further decreases life expectancy and other types of 
cancers. 

On the other hand, low levels of BMI also bring along a number of other disorders, particularly in females 
it increases the risk of periodic irregularities, weak immunization and osteoporosis.(10,11,12) A noticeable rate of 
obesity in female students are partially because of having a sedentary lifestyle, the socio-economic shift, too 
much use of screen, unhealthy eating patterns, sleep deprivation and lack of physical activities. Moreover, the 
shift from adolescence to adulthood, college to university also adds to weight change and a decrease in fitness 
in terms of cardiovascular and muscular fitness probably because of having an unhealthy lifestyle pattern which 
leads to negative health outcomes.(9) In comparison to obesity, the CRF impact on human health has not been 
taken into consideration although it is one of the most significant determinant of health condition. The term 
CRF means the capability of the circulatory system to supply oxygen to the muscles during physical activity. 

The level of CRF can be measured during different modes of exercises such as exercise on treadmill, step 
test or cycle ergometer.(13,14) James and Thomas(15) in their article stated that physical education programmes 
are designed to involve students physically and at the same time also teaches them fitness as a lifetime activity 
as it is connected to long-term health benefits. Mo-Suwan et al.(16) in their investigation found out that as much 
as the BMI level is high or low the GPA of the student is affected. Moreover, they found that high levels of BMI 
were connected to great risk of scoring a low GPA.

Weight status in students is associated with many factors as fast-food intake and sedentary lifestyle. 
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Too much intake of fast-food is associated with increase in body weight, that has a negative effect on AP. 
Additionally, sedentary lifestyle is common in academic life among university students and females were more 
likely to exhibit a reduced physical activity level, this will be affecting weight status and CRC. (17,18) Over weight 
students feel more strained than normal weight ones, i.e., they are more likely to have low self-esteem, 
particularly females.(19) Many other factors affect the academic performance level such as; psychological state 
and family. Consequently, healthy lifestyle may play important role to enhance AP.(20,21) 

Medical colleges have a number of courses with a lot of practical application that is required in these 
courses which takes a long time as compared to non-medical colleges.(22) Education in medical colleges is more 
challenging, this is because miscellaneous academic and clinical skills are required in addition to interpersonal 
skills. Recently students’ behaviour in daily life has changed with the development of technology, they have 
become less active because of too much use of electronic devices for collecting data.(23) 

Previous researches reported a positive correlation between physical fitness and AP in school children(24) 
and adolescents.(25) This correlation seems to be highest in late middle to early high school.(26,27) While other 
studies did not find significant correlation between fitness score and overall AP.(28) Moawd et al.(29) stated that 
CRC intervenes the correlation between PA and AP in moderate to high activity level and concluded that PA is an 
important requirement in academic life to achieve better CRC as well as to maintain healthy academic life and 
meet the future career requirements. Moreover, findings from Santana et al.(30) showed a positive association 
between CRC and AP, while further comprehending of the relationship of these key factors and its potential 
impact on AP is needed.

There is lack of researches that describe the relation of in university students especially in medical colleges, 
so this study is conducted to determine whether there is a correlation between physical fitness, CRC and AP. 
In addition to this, understanding of this relationship in medical female ex-students and the effect of weight 
status is also necessary.

Based on previous knowledge, the study hypothesized that weight status affects CRC which in turn affects 
AP. This study aims to investigate the effect of body mass index (BMI) on cardiorespiratory capacity (CRC) and 
the relationship between CRC and academic performance (AP) in medical female ex-students. The findings may 
assist medical college administrators in developing physical programs that help students maintain a healthy 
BMI, ultimately leading to improved academic performance.

METHODS
Study Design and Sample

The data of this study was obtained in January 2024 from the ex-students of medical college of Prince 
Sattam bin Abdulaziz University (PSAU), Saudi Arabia. All of the recruited participants were met the inclusion 
criteria: born in 1995-1996 and finished their final academic year without any fail or withdrawn, as well as free 
from any chronic disease. A total of one hundred and eighty five  female ex-students were voluntarily engaged 
in the study, aged 23,3± 0,6. A written informed consent was taken from students before beginning the study. 
Volunteers female ex-students were divided according to body mass index (BMI) into two groups; normal weight 
group (BMI from 18,5-24,9 kg/m2), (NW group; n=85); and overweight group (BMI from 25 to 29,9 kg/m2), (OW 
group; n=80). 

Sample Size
A proper sample size was detected using G-power software (version 3.1.9.2; Dusseldorf, Germany) earlier 

for data collection.  In independent t-test samples, a group-sample of 50 students was required (i.e., a total 
sample of 150 subjects) to achieve 90% power to detect differences between the means against the alternative 
of equivalent means using an F test with an alpha level of .05. Based on findings from a pilot study, the size of 
variation in the means was represented by their Standard Deviation (SD) which was 3.8. The common SD within 
a group was assumed to be 4,22. We recruited up to 180 subjects expecting that 20% of the student’s will be 
lost.

Outcome measures
A valid data for BMI, CRC, AA, and AG were included in the analysis. Measuring height by standing on a 

stadiometer (Seca, Hamburg, Germany) facing their back without shoes to nearest 0,5 cm and weight was 
measured o balance wearing light clothes using an electronic scale (BWB-800; Tanita, Tokyo, Japan) to nearest 
0,1kg.  BMI calculation by dividing weight (kg) by height (m) square.(32)

Cardio-Respiratory Capacity 
The Andersen intermittent shuttle-run test was used to assess CRC by determining the maximal oxygen 

uptake (VO2max) which is 10 minutes with a time for running that is 5 minutes. The test was done by running 
between two parallel lines 20 m apart in time to record beeps. The participants should touch the ground by one 
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hand and turn and run back. Beginning with slow speed then increase the speed gradually by closing the beeps 
to 15 seconds and 15 minutes’ rest. The test outcome focused on covering the most distance, then calculate 
maximal oxygen uptake (VO2max- VO2max= 18,38 + (0,03301*distance) - (5,92*sex) (girls=1) (r=0,84). Validity 
and reliability of this Andersen test were r = 0,64 and r = 0,84, respectively.(26) 

Academic Performance
Two components were assessed, AG: final cumulative total of the academic years from (0-5) and AA: verbal 

ability, numeric ability and reasoning ability, scores of these abilities were taken for every ability, and then 
calculate overall ability (range, 0–110) by summing the scores of the three abilities using Test of Educational 
Abilities (Spanish version of the Science Research Associates).(33)

Statistical Analysis
Statistical tests were conducted through the windows package of SPSS software, version 24 (SPSS Inc, 

Chicago, IL), P<.05 was the accepted significance level. The Kolmogorov-Smirnov test was used to approve data 
normality. Descriptive statistic was performed using means± standard deviation to assess the sample based on 
their CRC and AP. Two-tailed independent samples t-test was performed to determine the differences between 
normal and overweight students in their measures including age, weight, height, BMI, VO2 max, and AG & AA. 
The Pearson’s correlation coefficient was performed to assess the strength and direction of the relationship 
between the CRC and AP. 

RESULTS

Figure 1. Flow diagram of the study

As presented in Figure 1, the flow diagram of patients is presented. Out of 180 universities female medical 
ex-students, 30 did not meet the inclusion criteria. 150 students were randomized into normal weight students 
(75) and overweight students (75) groups, Then, 74 students from the normal weight group and 72 students 
from the overweight group completed the study and their results were analysed after assessment method.

Demographic data are described in table 1. Show no significant different between normal and overweight 
students in age, height (p>0,05) while significant difference in weight, BMI, and CRC (p<0,05). Also, academic 
performance variables including AA and AG had significant differences between normal and overweight students 
(p<0,05).
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Table 1. Baseline characteristics of both groups
Variables Normal weight

(n=74)
Over weight

(n=72)
p-value

Age, years 23,6 ±0,33 23,1 ±0,9 0,41
Weight, Kg 54,49 ±3,6 65,97 ±2,1 0,03
Height, cm 161,4 ±1,8 160,1 ± 1,3 0,52
Body mass index kg/m2 22,92 ±1,6 27,74 ±1,9 0,02*
VO2max, mL.kg-1.min-1 55,3 ±4,9 50,8 ±4,2 0,03*
Academic Abilities (AA) 58,82 ±9,7 59,64 ±10,04 0,04*
Academic Grades (AG) 3,4 ±0,6 3,7 ±0,5 0,032*
Note: BMI, Body Mass Index; CRC, Cardiorespiratory Capacity evaluated by estimated VO₂max; AA, 
Academic Abilities; AG, Academic Grades. *Significant difference.

Table 2. Correlations between cardiorespiratory Capacity and BMI, academic grades, and academic abilities
Variable Correlation coefficient p-value
BMI –0,20 0,024*
AA 0,18 0,015*
AG 0,24 0,043*

Note: BMI, Body Mass Index; AA, Academic Abilities; AG, Academic Grades. *Significant difference.

Table 2 shows the correlation between CRC and BMI, AG, and AA. A significant correlation was observed 
between CRC and all other variables (BMI and AP) (p<0,05). Negative correlation between CRC and BMI, while 
positive correlation between CRC and AP (AG and AA).

DISCUSSION 
The results of the present study support the hypothesis that weight status affects CRC which in turn affects 

AP in medical female ex-students. Previous literature proved that CRC has an influence on AP that is intervened 
by weight status, these findings suggested that students with higher BMI have lower CRC therefore, lesser AP 
over time.(31,32) In addition, it was suggested that there are hurdles to AP that occur between youth with high 
BMI, and those are moving away from about the normal weight.

Aerobic fitness is positively associated with both inhibitory control and math performance in adolescents, an 
increase in weight has opposite correlation with inhibitory control in youth. Therefore, the improvements in CRC 
are associated with BMI reduction along with better AP. The study concludes an inverse relationship between CRC 
and BMI and direct relationship between CRC and AP (AA and AG). In contrast(33) found no significant association 
between BMI and performance in school among primary school students. In addition, mental function and self-
esteem did not affect the relationship between BMI and performance in school. 

Previous studies have documented that high BMI worsen academic performance in students may be due 
to psychological maladjustment, teasing and feeling of social rejection.(34) Furthermore, it was speculated 
that improved aerobic fitness and metabolic adaptations by controlling weight status could enhance cognitive 
function and self-teem, thereby performance in academic life (35) These results could support the outcomes of 
the present study and support the importance of modifying lifestyle in university students for better AP and 
future career. 

A study by Kantomaa et al.(36) documented that high AP was related to PA, while low AP was related to obesity. 
Besides, childhood motor function affected the AP negatively in adolescents due to physical inactivity, and so 
childhood motor function and adolescents’ AP were related to physical activity and obesity. Also, a systematic 
review presented by Donnelly et al.(37) suggested a positive correlation between PA, CRC, cognitive function, 
and AP, they concluded that PA positively affect cognition other than brain construction and function, however, 
no data regulate the mechanisms and long-term effect. 

The results of the current study showed a positive association between CRC and AP, while further 
comprehending of the relationship of these key factors and its potential impact on AP is needed. Furthermore, 
Beltran-Valls et al. (23) investigated the intervention consequence of weight status on the relationship between 
CRC and AP in adolescents, opposite correlation between CRC and weight status was detected, which may affect 
AG and reasoning ability Cognitive function affects memory functioning, attention, planning and behaviour. CRC 
and motor skills may be inversely related to cognitive function and AP among children. Cognitive performance 
and physical fitness are greatly related to each other. Also, PA has an important role on cognitive and brain 
function due to a flow of neurological changes that affect the memory and skills.(38) Likewise, a review about CRC 
and motor skills with regard to cognitive function and AP in Children suggested that high CRC and motor skills 
may enhance cognitive function and AP but these suggestions depend principally on cross-sectional studies.(38) 
Moreover, the association between weight status and cognitive function and AP in children was investigated and 
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the results stated that higher BMI and greater adiposity were associated with lesser cognitive function, along 
with poorer AP.  In contrast, Ruiz et al.(39) concluded that PA improves cognitive performance with no regard 
to CRC and BMI, they noticed that cognitive function was similar across CRC and muscular strength and body 
weight categories.

Study Limitations and Implications
The limitation of this study was not comparing different gender to show the difference between them 

in fitness and AP. A lack of data testing the AP after routine PA in university students or alumni of medical 
collages was experienced. The findings of the study may have significant implications on AP that is importance 
to students, families, and society due to its connection with future career especially medical students and 
their employability and health. Data of the present study reveals that lifestyles modification and regular PA 
are of great concern and will help students, to successfully assist in the development of their society. Finally, 
developing educational programs for health promotion in academic life including regular physical activity are 
of great concern.

CONCLUSION
The BMI affects the CRC and there is a positive relation between CRC and AP noted in medical collage female 

ex-students. The findings showed a significant difference between normal and overweight groups regarding CRC, 
AA, and AG. Also, there were a negative correlation between CRC and BMI, however the correlation between 
CRC and AP (AA and AG) were positive. Thus, the data presented in this study highlights that enhancements in 
CRC can be seen by controlling weight status during academic life, which further leads to improved academic 
performance. Future direction regarding the comparison between medical with non-medical students, alumni 
and further investigation should be done by taking large sample data.

RECOMMENDATION
Based on the findings of this study, it is recommended that universities implement comprehensive physical 

activity programs and educational initiatives aimed at improving cardiorespiratory capacity (CRC) and 
managing body mass index (BMI) among students. Given the significant correlation between CRC and academic 
performance (AP), promoting regular exercise and healthy weight management can enhance both physical 
fitness and academic outcomes. Additionally, institutions should consider regular health screenings and provide 
support services to assist students in maintaining a healthy lifestyle. Future research should explore the effects 
of these interventions across diverse student populations to further understand their impact on long-term 
academic and health outcomes.
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