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Abstract 

 

The academic formation of an individual with good study opportunities in Mexico begins 

approximately at 3 years of age and remains constant until graduation from high school. At this 

stage, there are learning periods, that include classes and homework, and evaluation periods, that 

covers exams and class presentations. Evaluation periods concentrate two or three daily exams 

during one week. The present project was designed to determine through cortisol concentrations if 

there are differences in the expression of stress between males and females in high school in a 

private school in the city of Puebla, Mexico. We recruited 14 female and 13 male adolescent 

volunteers between the ages of 17 and 18. We obtained two blood samples, the first one was taken 

during the class period and the second one was taken on the week of final evaluations of the 

semester. The blood was processed according to the instructions of an ELISA Bio-cortisol 

(MEXLAB) kit in order to determine serum cortisol concentrations, and according to a Bio-glucose 

(MEXLAB) kit to determine serum glucose concentrations. The results show that males have 

higher blood cortisol levels during the class and examination periods compared to females. We also 

show that cortisol levels in males are significantly higher during the examination period than during 

the class period; whereas females did not show differences in cortisol levels between periods. In 

the case of glucose levels, we observed differences related to sex but not differences related to the 

evaluated periods. These data suggest that school activities at the high school level generate more 

stress in males than in females. 
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Introduction 

The onset of adolescence is accompanied by 

cognitive and emotional changes, as well as by 

high academic and family demands, including 

homework and home responsibilities, and thus 

adolescents frequently identify school and 

family as sources of stress and worry.1 When 

stress emerges in the context of an educational 

process, it is usually referred to as academic 

stress and it is considered a great strain that 

students experience during learning periods. 

This academic stress can be a natural survival 

response in the academic environment, which 

involves different potential stressors, such as 

exams, class presentations, class participation, 

tutoring sessions, academic overload, 

classroom overcrowding, lack of time to 

complete the work, mandatory work, 

homework, group work, and competitiveness 

among classmates.2 In relation to an educational 

context, the classroom is an environment where 

children spend a great amount of time while 

growing up. From kindergarten until high 

school graduation, individuals undergo 

experiences that can be predictors of well-being 

and success in school.3  

Cortisol is the end product of the activity of the 

hypothalamic-pituitary-adrenal (HPA) axis and 

has been widely used as a stress biomarker,4 and 

it is thus considered the stress hormone. This 

hormone expresses an increase in its levels in 

the 20 – 45 minutes during which an individual 

gets up in the morning, followed by a gradual 

decrease throughout the day. Low or high 

cortisol concentrations can compromise the 

function of the HPA axis; however, when an 

individual experiences a real or perceived threat, 

cortisol is released, which reflects reactivity in 

the HPA axis3,5 that is important for the 

movement of physiological resources that are 

necessary to deal with challenges.6  

A previous study showed a significant increase 

in saliva cortisol concentrations during an 

examination week, which was related to the 

perception that periods of academic 

examination are commonly perceived by 

students as stressful experiences7 regardless of 

their frequency. The objective of the present 

study was to evaluate blood cortisol 

concentrations in third-year high school 

students and determine if there is sexual 

dimorphism, as has been described in university 

students, where males exhibit higher cortisol 

levels than females as a result of written and 

oral exams.8  

 

Materials and Methods 

This project was developed as part of the high 

school projects that aim to get adolescents 

involved in scientific activities. The high school 

students responsible for the project actively 

participated in its development under close 

supervision and previous training in the use of 

laboratory equipment. We invited 64 third-year 

high school students from the 2019-2020 school 

cycle of the Instituto Mexicano Madero Plantel 

Centro to participate in the project through 

informed and signed consent from their parents. 

Once these documents were obtained, the 

participants were instructed to arrive with 8 

hours of fasting in order to obtain a first blood 

sample through venipuncture at 7 hours on a 
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day of a week of regular academic activities, 

which include class sessions, homework, 

presentations, laboratory classes, tutoring, and 

sport activities, among others. We obtained 3 ml 

of blood from each participant, which was 

centrifuged at 4000 rpm for ten minutes to 

separate the serum from the cellular fraction. 

Serum samples were kept at 4 ºC and 

transported to the laboratory where they were 

frozen at -20 ºC until processing. The second 

sample was also taken with 8 hours of fasting at 

7 hours but on the third day of the week of final 

exams of the semester. The time elapsed 

between the obtention of the first and the 

second sample was of two weeks. 

Both samples were unfrozen and processed 

together. We followed the instructions of a Bio-

Cortisol and a Bio-Glucose (MexLab) kit in 

order to measure cortisol and glucose 

concentrations, respectively, using the ELISA 

technique. We used 25 l of serum in triplicate 

to measure cortisol concentrations and 10 l of 

serum, also in triplicate, to measure glucose 

concentrations.  

Glucose and cortisol concentration data were 

analyzed with a two-way ANOVA, and we 

considered as independent variables sex and 

activity period: 1) classes and 2) exams. 

Differences were considered significant when P 

< 0.05.  

 

Results  

Initially, 36 students participated in the study; 

however, 9 students did not complete their 

participation and thus the results of the study 

correspond to a sample of 14 females and 13 

males. Figure 1 shows the results of the glucose 

levels of the students. The data show a 

significant difference related to sex (F(1,50) = 

4.821, P = 0.0328). However, the multiple 

comparison analysis does not show differences 

between groups. There was no effect of 

academic activity period (F(1,50) = 0.6281, P = 

0.4318) or the interaction between variables 

(F(1,50) = 0.7899, P = 0.3784) on the levels of 

glucose. Figure 2 shows the results of the 

cortisol levels of the students (Sex: F(1,50) = 

163.9, P < 0.0001; Activity periods: (F(1,50) = 

59.76, P < 0.0001; Interaction: F(1,50) = 36.11, P 

< 0.0001). There were several differences when 

comparing the data. The first difference is an 

increase in cortisol levels in male students 

during the class period compared to female 

students during the same period (white bars). 

The second difference is an increase in cortisol 

levels in male students during the examination 

period compared to female students during the 

same period (black bars). Finally, the third 

difference is observed in male students 

exhibiting significantly higher cortisol levels 

during the examination period than during the 

class period (white bar and black bar of males). 

Differences were significant with P < 0.0001.  
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Figure 1. Blood glucose levels (mg/dl) of high school students during a class period and an examination 

period.  

 

Figure 2. Blood cortisol levels (ng/ml) of high school students during a class period and an examination 

period. Differences can be observed between males and females and between periods in males: 1) 

Cortisol concentrations are significantly higher in males than in females in the class period (*** P <  

0.0001) ; 2) Cortisol concentrations are significantly higher in males than in females during the 

examination period (&&& P < 0.0001); 3) There is an increase in cortisol levels in males during the 

examination period with respect to the class period (### P < 0.0001). Graph shows the mean  SEM; n 

= 14 females and 13 males.  
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Discussion 

The results of the present study show that there 

is sexual dimorphism in the expression of 

cortisol in the blood of high school students, in 

both the class and examination periods, without 

alterations in glucose levels. These results are 

similar to those previously reported in 

undergraduate medical students between 18 – 

30 years old.9 

In relation to sex, our results contrast with 

previous studies that mention that females 

express higher stress and a high emotional 

reactivity when taking an exam or doing a class 

presentation, among other academic activities, 

when compared to males.1,2 Nevertheless, the 

results of the present study are similar to those 

reported by Maestripieri, Baran, Sapienza et al.6 

who found that males exhibit higher cortisol 

concentrations than females before and after 

taking a computerized test. The authors suggest 

that the differences in the hormonal response to 

psychosocial stress largely depends on the 

subjectivity with which the stressful stimuli are 

interpreted as a result of variations in context, 

the participant’s personality, and the 

interindividual variability that is accentuated 

when the sample size is small. 

The high cortisol levels in males during the 

class period detected in the present study could 

be related to male adolescents being 

occasionally exposed to bullying by their peers 

during the school day.3 On the other hand, the 

high increase in cortisol levels during the 

examination period could be due to the fear of 

taking exams.9 Therefore, we agree with Preuss, 

Schoofs, Schlotz et al.10 in the idea that 

measuring cortisol levels several weeks before 

examinations and throughout the whole 

examination period could be a 

methodologically desirable strategy.  

Recent studies in adolescent rodents have 

shown that exposure to chronic stress causes 

substantial long-term changes in behavior and 

the function of the HPA axis in females with 

respect to males. Thus, adolescent females can 

benefit more from the environment in order to 

improve the lasting effects of stress. One 

example is related to female rats, unlike males, 

not showing adrenal gland hypertrophy induced 

by variable chronic stress or hypersecretion of 

corticosterone as a response to new stressors.11 

According to this, we suggest that the female 

participants of the present study use control 

strategies as a response to the stress generated 

by taking exams that they have developed 

throughout their primary and secondary 

education, and thus did not express changes in 

the release of cortisol during the examination 

period. Nevertheless, it is possible that there is 

a protective effect of estrogens, which could be 

evaluated in future studies.  

It has been suggested that the magnitude of the 

increase in cortisol in response to stress could 

differ between sexes in relation to the type of 

stressor.12 In this sense, it has been 

demonstrated that oral evaluations have a social 

stress component generated by an audience that 

listens to and judges the speaker, whereas 

written evaluations do not have this component. 

In addition, an anticipatory effect has been 

observed in the HPA response of male students, 

which implies that cortisol concentrations are 
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significantly high on the day before a written 

exam.8,10  

Even though not all stressful events are 

considered to be experienced in the same way 

or to have a negative impact on the health of an 

individual,13 students subjected to final 

examinations have been found to show a 

decrease in cortical plasticity compared to less 

stressful periods during the semester, which 

could be related to the increase in circulating 

cortisol levels.14 Thus, we suggest, first, that 

further studies on the subject are necessary and, 

second, to raise awareness in school 

administrators in order to avoid, to the extent 

possible, concentrating evaluation activities 

within short periods of time.  

Finally, and similarly to some previous 

studies,3,14 we recognize that the present study 

has some limitations that should be considered 

in future investigations: 1) The time elapsed 

between the moment each student gets up in the 

morning and the moment when the sample is 

taken should be similar between participants. 

We did not control for this variable in the 

present study, but we consider that females 

spend more time preparing for activities outside 

the home, and thus the time between the 

moment they got up and when the sample was 

taken was likely to be longer than that of males, 

which could explain the observed differences. 2) 

The results are based on a single sample taken 

in each period of academic activity, and thus 

analyzing cortisol levels throughout several 

days during both periods would be more 

informative, which implies considering taking a 

different kind of sample, such as saliva. 3) 

Acquiring the participation of a larger number 

of students (first and second year of high 

school), which is difficult because it depends on 

the authorization of the parents due to the age 

of students in high school. 4) Considering the 

fluctuations in sex hormones throughout the 

estrus cycle as a factor that contributes to the 

expression of stable cortisol levels under 

repetitive stressful conditions, such as several 

examination periods throughout the school 

cycle or academic formation.  

 

Acknowledgments 

The authors wish to thank Dr. Ilhuicamina 

Daniel Limón Pérez de León, QFB Olivia 

Reyes Castro and Biol. Dulce María Manuel 

Sánchez for his help with ELISA technique, 

Mrs. María Soledad Mendez Sánchez (nurse) 

for his help to obtain blood samples; Lic. Laura 

Edith Romero Franco and Dr. Pablo Tulio Silva 

Gómez for his help with the activities into 

Instituto Mexicano Madero Plantel Centro and 

especially to participants.   

 

 

 

 

 

 



Matzeri X. Rubalcaba S. et al. Medical Research Archives vol 8 issue 9. September 2020         Page 7 of 8 

 

Copyright 2020 KEI Journals. All Rights Reserved       http://journals.ke-i.org/index.php/mra 

References 

1. Flook L, Fuligni AJ. Family and school 

spillover in adolescents’ daily lives. Child Dev. 

2008;79(3):776-787. DOI: 10.1111/j.1467-

8624.2008.01157.x. 

 

2. Pozos-Radillo E, Preciado-Serrano L, 

Plascencia-Campos A, et al. Predictive study of 

academic stress with the irritable bowel 

syndrome in medicine students at a public 

university in Mexico. Libyan J Med. 

2018;13(1):1479599. doi: 

10.1080/19932820.2018.1479599. 

 

3. Oberle E, Schonert-Reichl KA. Stress 

contagion in the classroom? The link between 

classroom teacher burnout and morning cortisol 

in elementary school students. Soc Sci Med. 

2016;159:30-37. DOI: 

10.1016/j.socscimed.2016.04.031. 

 

4. Suh M. Salivary cortisol profile under 

different stressful situations in female college 

students: moderating role of anxiety and sleep. 

J Neurosci Nurs. 2018;50(5):279-285. doi: 

10.1097/JNN.0000000000000394. 

 

5. Fiocco AJ, Joober R, Lupien SJ. Education 

modulates cortisol reactivity to the trier social 

stress test in middle-aged adults. 

Psychoneuroendocrinology. 2007;32(8-

10):1158-1163. 

https://doi.org/10.1016/j.psyneuen.2007.08.00

8. 

 

6. Maestripieri D, Baran NM, Sapienza P, et al. 

Between- and within-sex variation in hormonal 

responses to psychological stress in a large 

sample of college students. Stress. 

2010;13(5):413-424. DOI: 

10.3109/10253891003681137. 

 

7. Murphy L, Denis R, Ward CP, et al. 

Academic stress differentially influences 

perceived stress, salivary cortisol, and 

immunoglobulin-A in undergraduate students. 

Stress. 2010;13(4):365-370. DOI: 

10.3109/10253891003615473. 

 

8. Helbig S, Backhaus J. Sex differences in a 

real academic stressor, cognitive appraisal and 

the cortisol response. Phys Behav. 2017;179:67-

74. DOI: 10.1016/j.physbeh.2017.05.027. 

 

9. Maduka IC, Neboh EE, Ufelle SA. The 

relationship serum cortisol, adrenaline, blood 

glucose and lipid profile of undergraduate 

students under examination stress. Afr Health 

Sci. 2015;15(1):131-136. doi: 

10.4314/ahs.v15i1.18. 

 

10. Preuss D, Schoofs D, Schlotz W, et al. The 

stressed student: Influence of written 

examinations and oral presentations on salivary 

cortisol concentrations in university students. 

Stress. 2010;13(3):221-229. DOI: 

10.3109/10253890903277579. 

 

11. Rincón-Cortés M, Herman JP, Lupien S, et 

al. Stress: Influence of sex, reproductive status 

and gender. Neurobiol Stress. 2019;10:100155. 



Matzeri X. Rubalcaba S. et al. Medical Research Archives vol 8 issue 9. September 2020         Page 8 of 8 

 

Copyright 2020 KEI Journals. All Rights Reserved       http://journals.ke-i.org/index.php/mra 

DOI: 10.1016/j.ynstr.2019.100155. 

 

12. Stroud LR, Salovery P, Epel ES. Sex 

differences in stress response: Social rejection 

versus achievement stress. Biol Psychiatry. 

2002;52: 318-327.  

 

13. Hoffman EA, Clark DB, Orendain N, et al. 

Stress exposures, neurodevelopment and health 

measures in the ABCD study. Neurobiol Stress. 

2019;10:1000157. doi: 

10.1016/j.ynstr.2019.100157. 

 

14. Concerto C, Patel D, Infortuna C, et al. 

Academic stress disrupts cortical plasticity in 

graduate students. Stress. 2017;20(2):212-216. 

DOI: 10.1080/10253890.2017.1301424. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


