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Abstract 
 
Background: Medical training involves a long and exhaustive curriculum in which students are frequently 
evaluated by examinations. Pre-examination stress is a common condition faced by students prior to exams and 
is one of the most widely experienced problems for medical students. The aim of the study was to assess the 
effects of exam stress on autonomic nervous system functions of students through cardiovascular parameters and 
respiratory tests. 
Materials and Methods: The study group consisted of 29 second-year medical students. This cross-sectional study 
was carried out from February to March 2020 at Harran University, Turkey. The parameters used were oxygen 
saturation, pulse rate (PR), systolic (SBP) and diastolic blood pressure (DBP), and pulmonary function tests. Data 
were collected four times during an exam period (10 days, 7 days, and 1 hour before the exam and 1 hour after 
the exam). 
Results: There was a statistically significant difference between the measurements of PR, SBP, and DBP at different 
times (p˂0.001; p=0.001; p=0.003, respectively). When the average values of the measurements of Forced vital 
capacity (FVC), forced expiratory volume in 1 second (FEV1), peak expiratory flow (PEF), and vital capacity (VC) at 
different times were compared, it was found that there was a statistically significant difference between the 
groups (p˂0.001; p= 0.006; p˂0.001; p˂0.001, respectively). As a result of the sympathetic nervous system 
induction, hemodynamic and respiratory tests increased gradually until the examination. The results of correlation 
analysis showed a negative relationship between PR, and FVC, FEV1, VC. 
Conclusions: It is evident that medical students undergo stress during their pre-exam period. It is thought that 
constant exposure to stress can disrupt the homeostatic balance in the long term and may be risk factor for 
cardiovascular and respiratory diseases. 
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Öz. 
 
Amaç: Tıp eğitimi, öğrencilerin sık sık sınavlarla değerlendirildiği uzun ve kapsamlı bir müfredata sahiptir. Sınav 
öncesi stres, öğrencilerin sınavlardan önce karşılaştıkları yaygın bir durumdur ve özellikle tıp öğrencilerinin en 
müzdarip olduğu sorunlardan biridir. Çalışmanın amacı, sınav stresinin öğrencilerin otonom sinir sistemi 
aktivitelerine etkisini kardiyovasküler parametreler ve solunum testleri ile değerlendirmektir. 
Materyal ve Metod: Çalışmaya ikinci sınıf tıp öğrencilerinden 29 kişi dahil edildi. Bu kesitsel çalışma, Şubat-Mart 
2020 tarihleri arasında Harran Üniversitesi, Türkiye'de gerçekleştirildi. Kullanılan parametreler; oksijen 
satürasyonu, nabız hızı (PR), sistolik (SBP) ve diyastolik kan basıncı (DBP) ve solunum fonksiyon testleri idi. 
Veriler öğrencilerin sınav döneminde dört farklı zamanda toplandı. (Sınavdan 10 gün, 7 gün ve 1 saat önce ve 
sınavdan 1 saat sonra). 
Bulgular: Sınav döneminde farklı zamanlarda ölçülen PR, SBP ve DBP arasında istatistiksel olarak anlamlı fark vardır 
(sırasıyla p˂0.001; p=0.001; p=0.003). Zorlu vital kapasite (FVC), birinci saniyedeki zorlu ekspiratuar hacim (FEV1), 
pik ekspiratuar akım (PEF) ve vital kapasitenin (VC) ortalama değerleri karşılaştırıldığında, gruplar arasında 
istatistiksel olarak anlamlı bir fark tespit edilmiştir (sırasıyla p˂0.001; p = 0.006; p˂0.001; p˂0.001). Sempatik sinir 
sistemi indüksiyonu sonucunda sınav anına kadar hemodinamik parametreler ve solunum testleri kademeli olarak 
arttı. Yapılan korelasyon analizinin sonuçları PR ile FVC, FEV1, VC arasında negatif bir ilişki olduğunu gösterdi. 
Sonuç: Tıp öğrencilerinin sınav öncesi dönemde stres altında oldukları açıktır. Sürekli olarak strese maruz kalmanın 
uzun vadede homeostatik dengeyi bozabileceği, kardiyovasküler ve solunum yolu hastalıkları için bir risk faktörü 
olabileceği düşünülmektedir. 
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Introduction 
Stress can be defined as the body’s reaction to a change 
that requires physical, mental, and emotional harmony or 
reaction (1). While mild stress levels have beneficial ef-
fects on cognitive performance, constantly high levels of 
stress exposure can lead to anxiety and depression (2). 

The main components of the stress system are corticot-
ropin-releasing hormone (CRH) and locus coeruleus-nore-
pinephrine-autonomic systems, as well as their environ-
mental effectors (3). As a result of the activation of the 
stress system, physiological and behavioral changes are 
seen in the body. The neuroendocrine response, which 
covers a range of coordinated responses, is provided by 
the autonomic nervous system and Hypothalamus-Pitui-
tary Gland-Adrenal (HPA) axis. The basic endocrine res-
ponse, which occurs in the state of stress, begins with the 
release of CRH from the hypothalamus. CRH causes the 
release of adrenocorticotropic hormone (ACTH) from the 
anterior pituitary, and ACTH affects the adrenal cortex, 
causing glucocorticoid release. In short, stressors trigger 
the activation of the autonomic nervous system and HPA 
axis through mechanisms involving the hypothalamus 
and brainstem. Thus, the HPA axis activates the sympat-
hetic system, leading to changes in pulse rate, blood pres-
sure, respiratory rate and depth, reaction time, and body 
temperature (4,5). 
Physiological control of changes that vital importance in 
respiratory and pulse rate is carried out by complex fac-
tors such as baroreflex, chemoreflex and hormones (6). 
Respiratory sinus arrhythmia (RSA) is one of the impor-
tant physiological interactions between breathing and cir-
culation. The heart rate increases during inspiration and 
decreases during expiration. RSA increases respiratory 
gas exchange by synchronizing the heartbeat and breat-
hing rhythm. Therefore, the distribution of heartbeats 
within each respiratory cycle can critically affect the ven-
tilation and perfusion (7). Stress-related activity of RSA 
changes depending on the type of stress factors. It was 
found that RSA magnitude decreased in cognitive activi-
ties where sympathetic discharges (high cognitive cont-
rol) were effective, and RSA increased in cognitive activi-
ties where emotional stimuli (low cognitive control) were 
effective (8,9). 
Medical education involves long-term training to enable 
graduates to become professional medical personnel. Du-
ring training, the curriculum is broad, and students are as-
sessed through regular examinations (10). Students work 
for long hours to succeed, often beyond their stress-cau-
sing mental thresholds and physical strengths. For this re-
ason, it is accepted that medical students are under 
stress, especially before exams (11). 
Stress in the pre-exam period is one of the main problems 
that medical students worldwide experience. In studies 
where the physiological and psychological effects of 
exams, as acute stressors, are investigated, medical fa-
culty students are preferred as subjects (5). The purpose 

of this study is to evaluate the effects of medical students’ 
stress on the autonomic nervous system functions during 
the academic exam period (before and after exams) thro-
ugh cardiovascular parameters and respiratory tests. 
 
Materials and Methods 
Experimental Design and Participants 
The study group consisted of 29 second-year medical stu-
dents—11 males and 18 females. This cross-sectional 
study was carried out from February to March 2020 at 
Harran University, Şanlıurfa, Turkey. All subjects were 
within the age group of 18 to 21 years old. Participants 
with a history of neurological or psychiatric disorders, ta-
king medicines that affect emotional status and endocri-
nological profile, or addiction to tobacco or alcohol were 
excluded from the study (11). This study was approved by 
the Harran University Clinical Research Ethics Committee 
(No: HRU/20.02.21). Informed and written consent was 
also obtained from the volunteers. 
At the beginning of the study, the height and weight of 
the participants were measured and their body mass in-
dexes (BMI) were calculated. The physiological parame-
ters analyzed in the study—heart rate, systolic, and dias-
tolic blood pressure, oxygen saturation, and pulmonary 
function test—were measured at four different times 
(Each different measurement time was defined as a 
group). The first measurement was taken 10 days before 
the exam, the second was taken 7 days before the exam, 
the third was taken 1 hour before the exam, and the final 
measurement was taken 1 hour after the exam. The me-
asurements were taken in a quiet room to alleviate any 
emotional or psychological stresses experienced by the 
students. Before the measurements were taken, partici-
pants rested in a sitting position for 5 minutes. 
 
Cardiovascular Parameters 
A digital automatic sphygmomanometer (Braun, Frank-
furt, Germany) was used to record the systolic blood pres-
sure (SBP, mmHg), diastolic blood pressure (DBP, mmHg), 
and pulse rate (PR, beats per minute) of the participants. 
The blood pressure and pulse rate of the right arm were 
assessed in a sitting position. The formulas used to calcu-
late mean arterial pressure (MAP, mmHg) and pulse pres-
sure (PP, mmHg) were as follows: MAP = DBP + 1/3(SBP – 
DBP) and PP = SBP – DBP. Rate pressure product (RPP), 
defined as the myocardial oxygen uptake index, helped 
the evaluation of the myocardial stress of the participants 
(12). RPP was calculated using the following formula 
(13,14): RPP = (PR × SBP) /1000. Oxygen saturation 
(SpO2%) was monitored noninvasively for 1 minute from 
the index finger of the participants with a pulse oximeter 
(Nonin Onyx II, Minnesota, USA). 
 
Pulmonary Function Test  
Pulmonary function test measurements were carried out 
using a portable spirometer device (MiniSpir, Roma, 
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Italy). The best of three maneuvers compatible with each 
other was chosen. Forced vital capacity (FVC), forced 
expiratory volume in 1 second (FEV1), the ratio of forced 
expiratory volume in 1 second to forced vital capacity 
(FEV1/FVC), peak expiratory flow (PEF), forced expiratory 
flow 25–75% (FEF25–75), and vital capacity (VC) values 
were recorded. The maximum voluntary ventilation 
(MVV) values were recorded computationally. 
 
Statistical Analysis 
Statistical analysis was performed using the SPSS 20.0 
package program (SPSS Inc., Chicago, IL, USA). The mini-
mum necessary sample size (n:28) was determined by 
power analysis (with an effect size of 0.55, an α error pro-
bability of 0.05 and an actual power of 0.80) using G-
Power program (Version 3.1.9.4, Germany). The norma-
lity of continuous variables was tested by the Kolmogo-
rov-Smirnov test. All data were presented as the mean ± 
standard deviation. A repeated measures ANOVA was 
used for the statistical analysis of the parameters measu-
red at four different times. The differences between the 
two groups were determined by Post-Hoc LSD test. Cor-
relation between the hemodynamic and respiratory para-
meters was analyzed with Pearson correlation analysis. A 
value of p<0.05 was considered to indicate a statistically 
significant difference. 
 
Results 
A total of 29 subjects participated in this study, of which 
11 were male and 18 were female. The mean age was 
20.17±0.17 years, mean height was 1.69±0.02 m, and 
mean BMI was 22.16±0.51 kg/m2.  
The data for the hemodynamic parameters, measured at 
four different times (10 days, 7 days, and 1 hour before 
the exam and 1 hour after the exam), were shown in 
Table 1. There was a statistically significant difference 
between the measurements of PR, SBP, and DBP at diffe-
rent times (p˂0.001; p= 0.001; p= 0.003, respectively). Ac-
cording to the partial eta-squared analysis, 82.9% of the 
change in PR, 44.4% of the change in SBP, and 40.6% of 
the change in DBP explain the increasing stress. When PR, 
SBP, and DBP levels measured at different time periods 
were examined, it was found that while it increased line-
arly up to 1 hour before the exam, it decreased after 1 
hour (Fig. 1). While there was a statistically significant dif-
ference between the measurements of MAP and RPP va-
lues at the four measurement points (p˂0.001; p˂0.001; 
respectively), there was no statistically significant diffe-
rence in PP value between the groups (p= 0.628). Accor-
ding to the partial eta-squared analysis, exam stress was 
responsible for 58.52% of the change in MAP and 80.4% 
of the change in RPP. Peak values were found in the me-
asurement of the cardiovascular parameters, which was 
accepted as the highest stress period, 1 hour before the 
exam. SpO2 was found to be at the same level, on ave-

rage, at all times (98%), and there was no statistically sig-
nificant difference between the groups (p= 0.513).  
The data for the participants’ pulmonary function test re-
sults were summarized in Table 2. Overall, a gradual inc-
rease was found in all parameters (excluding FEV1/FVC) 
until the measurements taken on the day of the exam. In 
the measurement taken after the exam, the average va-
lues of these variables decreased compared to those ta-
ken 1 hour before the exam. When the average values of 
the measurements of FVC, FEV1, PEF, VC, and MVV at dif-
ferent times were compared, it was found that there was 
a statistically significant difference between the groups 
(p˂0.001; p= 0.006; p˂0.001; p˂0.001; p= 0.006, respecti-
vely). According to the partial eta-squared analysis, exam 
stress was responsible for 59.1% of the change in FVC, 
37.8% of the change in FEV1, 67.5% of the change in PEF, 
63.8% of the change in VC and 37.8% of the change in 
MVV. When FVC, FEV1, and VC levels measured at diffe-
rent time periods were examined, it was found that while 
it increased linearly up to 1 hour before the exam, it dec-
reased after 1 hour (Fig. 2). It is clear that the PR, and FVC, 
FEV1 and VC values increased with the effect of exam 
stress. The results of correlation analysis showed a nega-
tive relationship between PR, and FVC, FEV1, VC (PR-FVC; 
r:-0.452, p<0.001; PR-FEV1; r:-0.388, p<0.001; PR-VC; r:-
0.414, p<0.001) (Fig. 3).  
It was found that people with high PR had a lower FVC, 
FEV1, and VC, while people with low PR had a greater FVC, 
FEV1, and VC. 
 
Discussion 
Stress is a phenomenon experienced during a long and 
strenuous medical education. Long working hours, frequ-
ent exams, a competitive environment, and a lack of so-
cial activities are some of the causes of stress. The high 
prevalence of stress among medical students is a source 
of concern, as it may cause psychological and behavioral 
changes in students and affect learning and their profes-
sional life after graduation (15,16). Students are under 
more stress than the moment of exam application as they 
prepare for an exam. This offers an important time for ob-
servation to examine the stress experienced and its ef-
fects (17). This study aimed to investigate the effects of 
stress on the autonomic nervous system activities before 
and after an exam. 
Stress directly or indirectly affects the brain stem, and the 
levels of catecholamines are increased through sympat-
hetic nervous system stimulation. The main effect on the 
heart systems, as a result of activation of α1, β1, and β2 
receptors, is an increase in heart rate and blood pressure 
(18). In the present study, the significant increase in PR, 
SBP, and DBP values of the students one hour before the 
exam, compared to a week before the exam, can be exp-
lained as the sympathoadrenal response to stress. 
 
 



Taşkın                               Cardiorespiratory response to exam stress 

   Harran Üniversitesi Tıp Fakültesi Dergisi (Journal of Harran University Medical Faculty) 2021;18(1):138-144. 
DOI: 10.35440/hutfd.898077                                            
                                                                

141 

 

 

Table 1. Cardiovascular response to exam stress at different time periods. 
Variable 10 days before 7 days before 1 hour before 1 hour after  p-value/partial eta-squared Significance 
PR (bpm) 84.93±13.71 84.89±13.78 104.79±13.78 88.58±13.98 ˂0.001 / 0.829 †     §     ¶ 
SPO2 (%) 98.51±0.68 98.24±0.68 98.37±0.56 98.20±0.86 0.513 / 0.083  
SBP (mmHg) 124.65±13.82 120.31±13.54 128.58±11.99 124.31±11.62 0.001 / 0.444 § 
DBP (mmHg) 74.06±10.20 71.03±9.85 79.48±11.96 77.37±12.32 0.003 / 0.406 †      §      || 
PP (mmHg) 50.58±10.07 49.29±11.81 49.10±11.02 46.93±7.63 0.628 / 0.064  
MAP (mmHg) 90.93±10.51 87.45±9.74 95.85±10.79 93.02±11.55 ˂0.001 / 0.585 *      †      §      || 
RPP 10.61±2.25 10.22±2.06 13.45±2.01 10.99±1.97 ˂0.001 / 0.804 †      §      ¶ 

The data represent as mean ± SD. p-value significance from repeated measures (Wilks’ Lambda) analysis: The signifi-
cantly different (p<0.05) groups are flagged with *, †, §, || and ¶. *, 10 days before vs. 7 days before; †, 10 days before 
vs. 1 hour before; §, 7 days before vs. 1 hour before; ||, 7 days before vs. 1 hour after; ¶, 1 hour before vs. 1 hour after. 
PR: Pulse rate, SpO2: Oxygen saturation, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, PP: Pulse pressure, 
MAP: Mean arterial pressure, RPP: Rate pressure product. 
 
Table 2. Pulmonary function tests measured 10 days, 7 days, and 1 hour before the exam and 1 hour after the exam. 

Variable 10 days before 7 days before 1 hour before 1 hour after  p-value/partial eta-squared Significance 
FVC 4.04±0.98 4.20±0.99 4.34±1.03 4.22±0.99 ˂0.001 / 0.591 *      †      ‡      §      ¶ 
FEV1 3.54±0.83 3.63±0.82 3.74±0.84 3.69±0.80 0.006 / 0.378 †      ‡      § 
FEV1/FVC 88.31±8.89 86.74±5.89 86.64±5.83 87.89±5.25 0.285 / 0.133  
PEF 5.40±1.44 6.39±1.92 7.08±1.94 7.03±2.05 ˂0.001 / 0.675 *      †      ‡      §      || 
FEF25–75 4.14±1.08 4.06±0.99 4.19±0.91 4.28±0.90 0.252 / 0.143  
VC 3.83±0.76 4.10±0.90 4.23±0.94 4.18±0.94 ˂0.001 / 0.638 *      †      ‡      § 
MVV 124.20±29.09 127.05±28.99 130.96±29.57 129.37±28.34 0.006 / 0.378 †      ‡      § 

The data represent as mean ± SD. p-value significance from repeated measures (Wilks’ Lambda) analysis. The signifi-
cantly different (p<0.05) groups are flagged with *, †, ‡, §, ||, and ¶. *, 10 days before vs. 7 days before; †, 10 days 
before vs. 1 hour before; ‡, 10 days before vs. 1 hour after; §, 7 days before vs. 1 hour before; ||, 7 days before vs. 1 
hour after; ¶, 1 hour before vs. 1 hour after. FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second, 
FEV1/FVC: The ratio of forced expiratory volume in 1 second to forced vital capacity, PEF: Peak expiratory flow, FEF25–
75: Forced expiratory flow 25–75%, VC: Vital capacity, MVV: Maximum voluntary ventilation. 
 

 
Figure 1. Comparison of hemodynamic parameters before and after the exam period 
 Hemodynamic parameters measured 10 days, 7 days, and 1 hour before the exam and 1 hour after the exam. PR: Pulse rate, SBP: Systolic blood 
pressure, DBP: Diastolic blood pressure. The significantly different (p<0.05) groups are flagged with †, §, ||, and ¶. †, 10 days before vs. 1 hour before; 
§, 7 days before vs. 1 hour before; ||, 7 days before vs. 1 hour after; ¶, 1 hour before vs. 1 hour after. 
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Figure 2. Comparison of respiratory parameters before and after the exam period 
Respiratory tests measured 10 days, 7 days, and 1 hour before the exam and 1 hour after the exam. FVC: Forced vital capacity, FEV1: Forced expiratory 
volume in 1 second, VC: Vital capacity. The significantly different (p<0.05) groups are flagged with *, †, ‡, §, and ¶. *, 10 days before vs. 7 days before; 
†, 10 days before vs. 1 hour before; ‡, 10 days before vs. 1 hour after; §, 7 days before vs. 1 hour before; ¶, 1 hour before vs. 1 hour after. 
 

 
Figure 3. Correlation analysis between PR, and FVC, FEV1, VC 
FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second, VC: Vital capacity,  
PR: Pulse rate 
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The autonomic nervous system plays a vital role in the re-
gulation of MAP through the baroreceptor reflex (19). As 
the exam approached, a significant increase in MAP value 
was detected linearly with increasing stress. The decrease 
observed in the mean PR, SBP, DBP, and MAP values after 
the exam, compared to the pre-exam values, can be exp-
lained by the decrease in cardiac output and peripheral 
arteriolar resistance as a result of decreased sympathetic 
discharges after the exam (19). It has been reported that 
mental arithmetic stress, physical stress (13), and exam-
period stress (12) cause a significant increase in RPP. In 
our study, RPP was found to increase significantly with 
the effect of exam stress, reaching a peak value 1 hour 
before the exam. It is thought that a similar increase in 
PR, SBP and RPP may facilitate coronary perfusion, al-
lowing the effect of acute mental stress to be tolerated 
without causing any cardiovascular damage (13). 
Oxygen saturation measurement in peripheral blood is a 
commonly used noninvasive practice to assess pulmonary 
and cardiovascular integrity (20). In our study, the SpO2 
value was found to be 98% at all measurement points, 
and exam stress did not cause hypoxemia. This situation 
is thought to be balanced with hemodynamic and respi-
ratory changes in response to stress. 
Autonomic nerves regulate airway functions through 
their effects on airway smooth muscle, bronchial vessels, 
and mucous glands (21). In stress studies, an increase in 
sympathetic stimulation due to stress induction is gene-
rally confirmed by an increase in heart rate. However, 
there is no consistent relationship between studies on 
average lung function changes. Contrary to studies repor-
ting that there is a decrease in lung function in the pre-
sence of strong sympathetic induction (22) and a positive 
correlation between sympathetic excitation and respira-
tory resistance (20), there is a study reporting the pre-
sence of a positive correlation between post-stress epi-
nephrine levels and PEF (23). In our study, it was determi-
ned that exam stress caused an increase in lung function. 
It was found that spirometry tests, such as FVC, FEV1, PEF, 
MVV, and VC, done on the participants gradually increa-
sed until the exam and reached the highest level in the 
last measurement before the exam. This may be caused 
by bronchodilation through beta adrenergic receptors. 
Many stress factors also cause an increase in ventilation 
in humans. As a result of changes in breathing depth and 
frequency, minute ventilation is increased (24). In this 
study, the fact that the test stress caused a statistically 
significant change in MVV and VC can be interpreted as a 
sign of an increase in ventilation capacity. The absence of 
a relationship between groups at the FEV1/FVC ratio may 
be due to the fact that the subjects in our study did not 
have any respiratory problems. 
Exam stress affects the hemodynamic parameters (25,26) 
and respiratory functions of the participants. Medical stu-
dents with high PR have a lower FVC, FEV1, and VC, and 
conversely, medical students with low PR have a higher 

FVC, FEV1, and VC. The presence of a negative correlation 
between PR and FEV1, FVC, and VC indicates that physio-
logical compensation occurs through the dynamic ba-
lance between the respiratory cycle and PR. It is thought 
that RSA, baroreflex, chemoreflex, and hormones contri-
bute to this physiological compensation mechanism. Cog-
nitive task that require high and low cognitive control 
have been shown to affect RSA activity differently 
(8,27,28). High RSA magnitude is associated with lower 
respiratory rate and respiratory activities, which are cha-
racterized by increased tidal volume (8). Although the 
type of cognitive function (arithmetic or emotional) af-
fects RSA activity, the person's adaptation to stress and 
its different intensity from cognitive task may be determi-
nant of RSA activity. 
Limitations  
The small number of participants and lack of biochemical 
parameters that confirm the stress status are limitations 
of this study. 
CONCLUSION 
It is a general conclusion proved that exams were one of 
the strongest stress factors for medical students. This 
study found that exam stress caused an increase in sym-
pathetic activity, which led to a significant increase in 
pulse, blood pressure, and lung respiratory functions. The 
increase in sympathetic stimulation resulting from stress 
induction, as well as the continuous increase in hemody-
namic activity and its inability to compensate in the long 
term, may be a risk factor for cardiovascular diseases.  
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