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 ABSTRACT 
 

Background: Poor sleep quality is common among medical students and has been 
associated with impaired learning, attention, and academic performance. Heart rate 
variability (HRV) provides a non-invasive measure of cardiac vagal modulation and 
may help explain the physiological pathway linking sleep and learning. Before a larger 
prospective study, protocol feasibility needed to be tested in a small student cohort. 
Objectives: This pilot study evaluated the feasibility and acceptability of assessing 
sleep quality, cardiac autonomic function, reaction time, and examination 
performance in undergraduate medical students. A secondary objective was to 
estimate preliminary effect sizes for planning a larger study. 
Methods: A single-center pilot observational study was conducted among 30 second-
year medical students. Sleep quality was assessed using the Pittsburgh Sleep Quality 
Index. Resting heart rate, blood pressure, and 5-minute heart rate variability were 
recorded under standardized morning conditions. Root mean square of successive 
differences between normal heartbeats (RMSSD) was selected as the primary HRV 
index. Reaction time was assessed using an attention task. Academic performance was 
measured using a summative academic examination. Feasibility outcomes included 
recruitment rate, retention rate, data completeness, HRV recording success, 
participant acceptability, and achievement of predefined progression criteria. 
Results: Twenty-eight students underwent the enƟre processes of study. In 29 out of 
30 sessions, completeness of data was 96.4 and technical acceptable HRV recordings 
were accomplished. There were all the predetermined progression criteria that were 
met. Control: There were sixteen poor and fourteen good sleepers. Sleep deprived 
individuals were less RMSSD, with a high resƟng heart rate, slower reacƟon Ɵme, and 
lower grades on academic tests. RMSSD, reacƟon Ɵme, and examinaƟon performance 
had large preliminary effect sizes. There was a negaƟve correlaƟon between sleep 
quality measured by PiƩsburgh Sleep Quality Index (PSQI) score and RMSSD and 
examinaƟon score. 
Conclusion: The protocol was viable, acceptable and fit to be extended to a larger 
prospecƟve study. Early evidence indicates that sleep quality could be linked with 
worse vagal modulaƟon and slower cogniƟve processing, and worse performance in 
physiology exams amongst medical students. 
Keywords: Sleep quality; Heart rate variability; RMSSD; Medical students; Reaction 
time; Academic performance; Pilot study; Feasibility study. 
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INTRODUCTION 

 

Medical students frequently experience poor sleep quality 
because of academic workload, examination stress, 
irregular routines, and extensive screen exposure. Sleep 
supports memory consolidation and cognitive 
performance through several neural processes, including 
restoration of attention networks and stabilization of 
newly acquired information. Experimental and 
observational studies show that insufficient amount of 
good quality sleep impairs vigilance, psychomotor speed, 
working memory, and executive function1,2. On the 
contrary, good sleep quality was associated with better 
academic performance among medical students3. 
Disturbance of sleep has been linked with reduced learning 
capacity and lower academic achievement in students1,4. 
One possible physiological pathway linking sleep with 
academic performance is autonomic nervous system 
regulation, which can be measured by measuring heart 
rate variability (HRV). HRV is a non-invasive marker of 
cardiac autonomic control. Time-domain measures such as 
the root mean square of successive differences between 
normal heartbeats, or RMSSD, mainly reflect 
parasympathetic modulation5,6. Reduced vagal modulation 
has been associated with stress, fatigue, and impaired 
cognitive control7,8. 
 The Pittsburgh Sleep Quality Index is widely used to 
assess sleep quality over the previous month and provides 
a validated method for classifying good and poor sleepers9. 
Reaction time testing provides a simple objective measure 
of processing speed and attention. The Deary-Liewald 
reaction time task is a validated computerized method for 
measuring simple and choice reaction time10. Combining 
these measures in medical students offers a way to study 
sleep, autonomic physiology, cognition, and learning 
within the same educational context. Yet fewer studies 
have included physiological measurements that may 
explain this relationship. Before conducting a larger study, 
a pilot phase was required to test recruitment, 
measurement feasibility, data quality, participant 
acceptability, and protocol burden. This pilot study 
therefore aimed to assess the feasibility of collecting sleep 
quality, HRV, reaction time, and academic performance 
data in undergraduate medical students. The secondary 
aim was to estimate preliminary effect sizes to guide 
sample size planning for a larger prospective study. 
 

MATERIAL & METHODS 
 

Study Design 
It was an observaƟonal, pilot and feasibility study involving 
one center, that took place in a four-week teaching block in 

physiology. The research was aimed to gauge the feasibility 
and protocol performance and to esƟmate some basic 
effect sizes, but the basic hypothesis was not to be tested. 
The choice of reporƟng was informed by recommendaƟons 
of pilot and feasibility research and STROBE principles of 
observaƟonal research11,12. 
 
Seƫng 
The locaƟon of the study was a group of medical students 
in their undergraduate school years. The data collecƟon 
was to be done during normal teaching weeks to determine 
whether the protocol would be able to work under normal 
educaƟonal condiƟons. 
 
ParƟcipants 
Medical second-year undergraduates were encouraged to 
join. Students were made aware that it was a voluntary 
exercise which did not affect academic assessment. The 
inclusion criteria consisted of the following: age 18 to 25 
years, willingness to sign informed consent in wriƟng and 
consent to use the scores of the physiology examinaƟon in 
research analysis. RestricƟons included known 
cardiovascular disease, known sleep disorder, acute febrile 
illness, taking beta-blockers, sƟmulants, sedaƟves, 
anƟdepressants and, other drugs known to produce effects 
on autonomic funcƟoning, smoking heavily, caffeine 
consumpƟon within three hours of tesƟng or vigorous 
exercise within 12 hours of tesƟng. 
 
Sample Size Justification 
A formal power calculation was not performed because 
this was a pilot feasibility study. A target sample of 30 
students was selected to assess recruitment, retention, 
measurement procedures, data completeness, and 
preliminary effect size estimates. Pilot study methodology 
recommends focusing on feasibility and estimation rather 
than definitive significance testing11. 
 
Progression Criteria 
The protocol was considered suitable for progression to a 
larger study if recruitment, retention, and data 
completeness rates are greater than 80% and there are no 
major adverse events during the whole process. 
 
Sleep Quality Assessment 
Sleep quality was assessed using the Pittsburgh Sleep 
Quality Index. The PSQI contains 19 self-rated items and 
generates seven component scores. The global score 
ranges from 0 to 21, with higher scores indicating poorer 
sleep quality. A global score greater than 5 was used to 
classify poor sleep quality9. 
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Physiological Measurements 
All physiological recordings were performed between 
08:00 and 10:00 AM in a quiet room. Participants were 
instructed to avoid caffeine, nicotine, heavy meals, and 
vigorous activity before testing. After 10 minutes of supine 
rest, a 5-minute heart rate recording was obtained. RR 
interval data were visually inspected before analysis. HRV 
analysis focused on RMSSD because it is a stable short-term 
measure of vagally mediated cardiac modulation and is 
recommended in psychophysiological research5,6. Resting 
heart rate was derived from the heart rate recording. Blood 
pressure was measured twice using an automated device, 
and the mean value was used for analysis. 
 
Reaction Time Assessment 
When tesƟng reacƟon Ɵme, the ruler drop test was 
conducted: this is a simple psychomotor response speed 
and hand-eye coordinaƟon field measure that is common 
and popular. One was made quite comfortable and with the 
dominant hand, which would not touch anything, the 
thumb and index finger would be aligned to the boƩom of 
a verƟcally hanging ruler. The researcher threw the ruler 
anywhere and any second and subjects were requested to 
embrace the ruler as fast as possible. In cenƟmeters, the 
length that the ruler fell prior to being discovered was 
taken. Each of them was subjected to five trials and the 
analysis of these trials was made through the mean value. 
The distance with which the reacƟon occurred was then 
used to calculate reacƟon Ɵme using the standard free-fall 
equaƟon. Ruler drop test is chosen as it is cheap, simple to 
use, has a minimal equipment requirement, and has been 
proven to be reliable and valid, as a reacƟon performance 
measure in educaƟonal and sports science applicaƟons12. 
 
Academic Performance 
Academic performance was assessed using the percentage 
score in a summative physiology examination administered 
at the end of the teaching block. The examination consisted 
of single-best-answer multiple-choice questions covering 
physiology content taught during the study period. 
 
Statistical Analysis 
Most of the data items were analyzed descriptively. 
Continuous variables were reported as mean and standard 
deviation. Categorical variables were reported as 
frequency and percentage. Feasibility outcomes were 
reported with proportions and 95% confidence intervals. 
Students were classified as good sleepers or poor sleepers 
using the PSQI cutoff. Preliminary group differences were 
summarized using mean differences and Cohen’s d effect 
sizes. Correlation coefficients were calculated to explore 
associations among PSQI score, RMSSD, heart rate, 
reaction time, and examination score. 

RESULTS 
 

Recruitment and Retention of Data 
Thirty-four students were approached out of which thirty 
students agreed to participate, giving a recruitment rate of 
88.2%. Twenty-eight participants completed all study 
procedures, (93.3%). Overall data completeness was 
96.4%. HRV recordings were technically acceptable in 29 of 
30 sessions, (96.7%). One recording was excluded because 
of movement artefact. No adverse events occurred during 
physiological recording or reaction time testing. 
 
Progression Criteria 
The enƟre planned feasibility and progress criteria were 
met. The recruiƟng percentage was 88.2 and this was 
higher than the target of 80. The retenƟon rate was 93.3, 
and it basically means that the majority of parƟcipants who 
were enlisted took part in the study procedures. The level 
of data completeness was high (96.4) with a small amount 
of missing data in measured variables. Recording of heart 
rate variability was found to be technically acceptable in 
96.7% of people. There were no reported adverse events 
and the feedback on parƟcipants showed that the study 
procedures were saƟsfactory. These results indicate that 
this protocol should be used in a bigger study. 
 A total of 30 undergraduate medical students took 
part in the study, and the mean age was 20.1 ± 1.3 years. 
The predefined PSQI cutoff was used to classify sixteen 
parƟcipants (53.3% poor sleepers) and fourteen (46.7% 
good sleepers). A total of 93.3% completed it. The 
distribuƟon of age and sex was similar between the two 
groups of sleep quality. These control results suggest that 
the pilot sample represented the appropriate choice to 
determine the feasibility results and esƟmate the iniƟal 
physiological correlaƟons. 
 IniƟal grouping of the measures revealed that there 
were differences between good and poor sleepers on 
autonomic, psychomotor and academic measures. There 
was lower cardiac vagal modulaƟon in poor sleepers 
compared to good sleepers as indicated by the lower values 
of RMSSD. Poor sleepers had a higher resƟng heart rate. 
The poor sleepers had a longer reacƟon Ɵme meaning that 
they respond slowly in terms of psychomotor responses. 
This group also had lower scores in physiology examinaƟon. 
RMSSD (d = 1.12) and reacƟon Ɵme (d = 0.88) and resƟng 
heart rate (d = 0.84) exhibited the largest effect size. These 
results indicate that these variables should be considered 
in the future in a larger, sufficiently powered study. 
 Exploratory correlaƟon analysis indicated correlaƟons 
between the quality of sleep and physiological variables. 
Otherwise, worse results of sleep quality as indicated in 
higher PSQI were linked to a lower value of RMSSD and 
physiology examinaƟon. ResƟng heart rate and reacƟon 
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Ɵme were also posiƟvely related with PSQI scores. These 
findings suggest that poorer sleep quality was related to 
lower parasympatheƟc modulaƟon, higher resƟng 
cardiovascular acƟvity, and slower psychomotor response. 
RMSSD had a posiƟve correlaƟon with examinaƟon score 
and reacƟon Ɵme had a negaƟve correlaƟon with 
examinaƟon score. Since it was pilot research, this should 
be extrapolated as preliminary esƟmates in the execuƟon 
of subsequent research. 
 The pilot phase has revealed problems with the 
procedures that was used to make changes in the strict 
study protocol. A difference between the test Ɵme resulted 

in the standardizaƟon of the recordings between 08:00-
10:00 AM. RMSSD was considered the main HRV outcome 
measure as it gave an understandable and transparent 
result of cardiac vagal-modulaƟon. The reacƟon Ɵme 
experiment was standardized to enhance consistency 
among them. A one week sleep diary was included to 
determine sleep behavior in the period up to the academic 
assessment. Pre-assessment variability was reduced by 
administering wriƩen instrucƟons on the preparaƟon of 
caffeine, exercise, and sleep. AddiƟonal slots were 
considered to allow assessment to be done with scheduling 
conflicts and beƩer retenƟon in the bigger study.  

 
Table 1: Feasibility Outcomes and Progression Criteria 

Outcome Predefined Threshold Observed Result Progression Decision 
Recruitment Rate >80% 88.20% Achieved 

Retention Rate >90% 93.30% Achieved 
Data Completeness >90% 96.40% Achieved 

HRV Recording Success >90% 96.70% Achieved 
Adverse Events None None Achieved 

Participant Acceptability Acceptable Acceptable Achieved 
 
Table 2: ParƟcipant CharacterisƟcs 

Variable Total Sample (n=30) 
Age (years), mean ± SD 20.1 ± 1.3 

Good Sleepers, n (%) 14 (46.7%) 
Poor Sleepers, n (%) 16 (53.3%) 

Completed Study, n (%) 28 (93.3%) 
Male, n (%) 13 (43.3%) 

Female, n (%) 17 (56.7%) 
 
Table 3: Preliminary Physiological and Academic Outcomes According to Sleep Quality. Values are presented as mean ± standard deviaƟon. 

Variable Good Sleepers (n = 14) Poor Sleepers (n = 16) Mean Difference Cohen's d 
RMSSD (ms) 45.8 ± 12.4 31.6 ± 10.8 14.2 1.12 

Resting Heart Rate (bpm) 69.5 ± 7.2 76.2 ± 8.5 -6.7 0.84 
Reaction Time (ms) 485 ± 40 521 ± 42 -36 0.88 

Examination Score (%) 76.4 ± 8.2 69.1 ± 9.5 7.3 0.73 
 
Table 4: Exploratory CorrelaƟons Between Sleep Quality, Physiological Variables, and Academic Performance. AbbreviaƟons: PSQI = 
PiƩsburgh Sleep Quality Index; RMSSD = Root Mean Square of Successive Differences; HRV = Heart Rate Variability. 

Variable Pair Correlation Coefficient (r) Direction 
PSQI Score and RMSSD -0.46 Moderate Negative 

PSQI Score and Physiology Examination Score -0.39 Moderate Negative 
PSQI Score and Resting Heart Rate 0.41 Moderate Positive 

PSQI Score and Reaction Time 0.37 Moderate Positive 
RMSSD and Examination Score 0.34 Weak-to-Moderate Positive 

Reaction Time and Examination Score -0.36 Weak-to-Moderate Negative 
 
Table 5: Summary of Protocol ModificaƟons Following Pilot Study 

Pilot Observation Modification Implemented in Definitive Study 

Variability in testing times Standardized testing between 08:00 and 10:00 AM 
Multiple HRV parameters increased complexity RMSSD selected as primary autonomic outcome 
Reaction time protocol required optimization Standardized reaction time procedure adopted 

Sleep behavior near examination period not captured One-week sleep diary added 
Inconsistent participant preparation Written instructions regarding caffeine, exercise, and sleep provided 

Scheduling conflicts occurred Backup assessment sessions incorporated 
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DISCUSSION 

 

The pilot study indicated that combined measurement, 
evaluaƟng sleep quality, cardiac autonomic performance, 
reacƟon Ɵme and physiology examinaƟon performance is 
valid in a group of undergraduate medical students. 
Success in recruitment, retenƟon, completeness of data 
and recording of HRVs surpassed predetermined levels of 
progression. Acceptability of parƟcipants was saƟsfactory, 
and there were no adverse events witnessed. The 
usefulness of the findings on the feasibility is that 
someƟmes physiological invesƟgaƟons conducted in 
learning environments may be challenged due to pracƟcal 
constraints. Learners are pressed in Ɵme, examinaƟons are 
tense, physiological measurements involve set-ups. In spite 
of these, the protocol had high retenƟon and high data 
completeness. This will sustain the development of a bigger 
prospecƟve research. 
 The iniƟal physiological results were in line with 
exisƟng sleep and autonomic physiology. Reduced RMSSD 
and elevated resƟng heart rate was indicated in poor 
sleepers. RMSSD is typically considered an indicator of 
cardiac vagal modulaƟon measured under controlled 
condiƟons [4,5]. Past HRV standards and 
psychophysiological guidelines advocate short-term HRV 
recording, under the condiƟon that posture, Ɵme of the 
day, breathing state, artefact correcƟon, and pre-test 
limitaƟons are factored into consideraƟon [4,5]. This 
relaƟonship is found between poor sleep quality and less 
RMSSD can be aƩributed to the fact that sleep disturbance 
and stress are both interconnected with an autonomic 
imbalance. In a meta-analysis study carried out by Kim et 
al., stress was found to correlate with decreased HRV, 
parƟcularly those related to parasympatheƟc acƟvity [6]. 
Academic stress is oŌen experienced among medical 
students, and this can be combined with insufficient sleep 
to negaƟvely affect autonomic control. 
 The response Ɵme results are also in line with the 
previous literature. Loss of sleep affects the ability to 
concentrate, be alert, and speed of motor acƟons [1,3]. In 
comparison to simple reacƟon Ɵme, reacƟon Ɵme needs 
more thinking since the students are expected to 
differenƟate between the sƟmuli, and choose the 
appropriate response. The reduced response Ɵme of poor 
sleepers is evidence that poor sleep can have an effect on 
cogniƟve processing speed potenƟally related to academic 
performance. The research results on scholasƟc 
performance might be viewed with some reservaƟons 
since hypothesis tesƟng was not powered. Nonetheless, 
the findings trend was sƟll in line with the previous 
research on medical students. Mirghani et al. indicated that 
academic performance was posiƟvely related with good 

sleep quality in medical students [10]. Evidence related to 
sleep loss and decreased learning capacity and academic 
performance was also reviewed by Curcio et al. [1]. The 
current pilot incorporates a physiological aspect by 
incorporaƟng RMSSD and reacƟon Ɵme. 
 The research added to the improvement of the 
protocols directly. The pilot study jusƟfied a more complex 
and defendable larger study design. To minimize mulƟple 
tests and enhance interpretability, RMSSD was chosen as 
the primary autonomic biomarker. As the primary cogniƟve 
measure, reacƟon-Ɵme was chosen since it exhibited 
beƩer conceptual relevancy when it comes to performance 
on exams. The pilot also demonstrated the necessity of 
strict schedule of recordings, beƩer instrucƟonal 
preparaƟon of pre-test, and inclusion of sleep diary (13-18). 
 The pilot study strengths involve physiological 
measures are standardized, there is high retenƟon, data 
completeness is high, and direct measurement of academic 
performance within a physiology course. Validated tools 
were also used in the study and the focus of the study was 
on effect size esƟmaƟon as opposed to overinterpretaƟon 
of staƟsƟcal significance. The limitaƟons are to be 
recognised. It had a small sample size and was limited to 
one insƟtuƟon. The quality of sleep was self-reported. No 
objecƟve measures of sleep like measures of acƟgraphy or 
polysomnography were taken. Considering the nature of 
the study as observaƟonal, the preliminarily associaƟons 
should be considered thus hypothesis-generaƟng. 
 Effect sizes recorded in this pilot should be adequate 
to warrant the inclusion of adequate sample size, in the 
larger study. It must incorporate data of sleep diary, strict 
adherence to HRV recording condiƟons, and moderaƟon of 
stress, caffeine, physical exercise, screen-Ɵme and baseline 
academic performance abiliƟes. Longitudinal would 
provide an opportunity to more effecƟvely assess changes 
in relaƟons over Ɵme between sleep and autonomic 
funcƟoning, cogniƟve processes and academic 
achievements. 
 

CONCLUSION 
 

This pilot and feasibility study showed that assessment of 
sleep quality, short-term recording of HRV and reacƟon 
Ɵme tesƟng and academic performance evaluaƟon were 
successfully combined in medical students in their 
undergraduate years. All the fixed progression criteria was 
met. There is iniƟal indicaƟon that sleep quality can be poor 
which may be correlated with reduced vagal modulaƟon, 
reduced processing speed, and reduced performance on 
physiology examinaƟon. These findings jusƟfy a further 
larger adequately powered prospecƟve study. 
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