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Introduction

Sleep disturbance influences well-being and quality 
of life (O’Leary, Small, Panaite, Bylsma, & Rotten-
berg, 2017) and is commonly associated with mood 
disorders and medical illnesses (Choudhary, Kis-
hanrao, Dadarao Dhanvijay, & Alam, 2016; Liu et al., 
2016). Poor sleep quality increases the risk for obe-
sity, diabetes, high blood pressure, coronary heart 
disease and stroke (Liu et al., 2016). Also, physical 
problems such as obstructive sleep apnea syndrome 

cause sleep disorders and thereby increase mortality 
(Devita et al., 2018; Liu et al., 2016). Sleep distur-
bances are quite common in the general population 
suggesting the need for paying more attention (Liu 
et al., 2016).

The disorders can also arise in healthy popula-
tion owing to a variety of reasons including occupa-
tional stress and demands (Leitaru, Kremers, Hag-
berg, Bjorklund, & Kwak, 2019). Shift workers and 
emergency response personnel, military and trans-
portation industry personnel frequently experience 
poor sleep quality (Babson, Blonigen, Boden, Dre-
scher, & Bonn-Miller, 2012; Giorgi, Mattei, Notarni-
cola, Petrucci, & Lancia, 2018). Impaired sleep qual-
ity subsequently affects job performance, especially 
when a cognitive resource is needed (Giorgi et al., 
2018). Consequently, the probability of accidents 
and job errors may increase and therefore, loss of 
work productivity would ensue (Liu et al., 2016). 
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ABSTRACT
To assess the association of sleep quality with reaction time and aiming accuracy in young healthy individuals, we performed a one-group cross-
sectional study in an outpatient clinic of the Department of Physical Medicine and Rehabilitation at a University Hospital. Overall, 32 young men at the 
age range of 18 to 24 years were recruited from the university students. All participants were healthy people with no important physical or psychological 
problems. Quality of sleep was assessed using the Pittsburgh Sleep Quality questionnaire. Reaction time and aiming accuracy were measured with 
electrical reaction timer and tremometer, respectively. Quality of sleep was significantly correlated with reaction time and aiming accuracy (all p values < 
0.001). In reaction time Pearson’s correlation coefficients were 0.882, 0.868, 0.824, and 0.894 for the association of sleep quality with simple auditory 
stimuli, simple visual stimuli, choice, and the number of errors, respectively. In aiming accuracy the coefficients were 0.823, 0.828, and 0.853 for total 
time, error time, and number of errors, respectively. To our knowledge, there has been no research published in the literature for the effect of sleep quality 
on aiming accuracy. Our results showed that the quality of sleep is obviously correlated with reaction time and aiming accuracy. The relations are positive 
and highly significant. Healthy young men with a higher quality of sleep respond faster to external stimuli and have greater concentration and aiming 
accuracy. Improving the quality of sleep enhances cognitive performance.
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The relation between cognitive performance and 
sleep quality has been investigated in patients with 
physical or mental illnesses. For example, inefficient 
or short-time sleep, and prolonged sleep latencies 
impair memory and executive functions in patients 
with refractory focal epilepsy more than healthy 
people (Chakravarty et al., 2019). Longitudinal as-
sessments in patients with obstructive sleep apnea 
syndrome indicated that continuous positive airway 
pressure improves cognitive function and psycho-
motor speed compared to the patients not undergo-
ing the intervention (Devita et al., 2018). Also, long 
term follow-ups of patients with obstructive sleep 
apnea subjected to peritoneal dialysis showed that 
treatment with continuous positive airway pressure 
restores cognitive function and the quality of life 
(Park, Chang, & Kang, 2018). 

There has been increasing interest in the associ-
ation between poor sleep quality and cognitive per-
formance among healthy people, as well. Positive 
correlations have been recognized between the qual-
ity of sleep and cognitive function in elderly people 
(Hunter et al., 2018). Studies showed that schooling 
sleep hygiene improves insights, planning, attention 
and episodic memory in healthy old participants (de 
Almondes, Leonardo, & Moreira, 2017). A study on 
young athletes showed that short-term sleep depri-
vation is negatively associated with reaction time 
(Taheri & Arabameri, 2012). Overall, fewer studies 
have been carried out to assess the effects of sleep 
disturbance on cognitive performance among young 
healthy population. 

Executive function, visio-spacial ability, lan-
guage, memory,  attention and arousal, decision and 
response time, mood and effect are among usual 
cognitive assessments in studies of sleep quality in 
healthy individuals (Della Monica, Johnsen, Atzori, 
Groeger, & Dijk, 2018; Tsapanou et al., 2017). Fur-
thermore, there are a large number of objective and 
subjective outcomes for measuring the quality of 
sleep (Benitez & Gunstad, 2012; Farrahi Moghadd-
am, Nakhaee, Sheibani, Garrusi, & Amirkafi, 2012; 
Forner-Cordero, Umemura, Furtado, & Goncalves, 
2018; Khosravifar, Bandi, Alavi, & Javadi, 2015). 
Some variables of interest correlate with age. Mood 
and arousal improve, while response time slows 

with age (Della Monica et al., 2018). Sex also affects 
the results of some measurements (Della Monica et 
al., 2018; Morris, Rohay, & Chasens, 2018).

Young people constitute active sub-population in 
any community. However, relatively few studies have 
examined the effects of poor sleep quality on cogni-
tive performance of young healthy adults. The exact 
pattern and magnitude of the effect are uncertain and 
further studies have been recommended to quantify 
the association (Benitez & Gunstad, 2012; Della Mon-
ica et al., 2018). In addition, evaluation of the data is 
complicated by a lack of uniformity in these studies. 
The populations, outcomes, and procedures used for 
the measurements vary among studies. Moreover, 
while aiming accuracy is critical in the evaluation of 
motor performance, we did not find relevant studies 
to assess the relation between aiming accuracy and 
sleep quality. It should be noticed that aiming accu-
racy differs between men and women, too (Sykes Tot-
tenham, Saucier, Elias, & Gutwin, 2005). 

We conducted a study to assess the relationship 
between sleep quality and cognitive performance in 
young healthy individuals. Our hypothesis was that 
the quality of sleep is associated with reaction time 
and aiming accuracy. We also tried to minimize the 
confounding effect of sex and age by selecting men 
of a narrow age range.

METHODS

Design and setting
From June 2018 for 6 months we performed a 

one-group cross-sectional study. The study was con-
ducted in an outpatient clinic of the Department of 
Physical Medicine and Rehabilitation at a Univer-
sity Hospital. The Hospital was a large referral and 
subspecialty center.

Participants
We recruited participants from students of med-

icine, nursing, and paramedics of the university. At 
first, students were informed through the universi-
ty website. They were invited to participate in the 
study as volunteers. Overall, 78 students were regis-
tered as potential participants. Next, we interviewed 
and examined the students for their eligibility. EKG, 
blood, and urine chemistries were obtained to en-
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sure that the sample is drug-free. A psychiatrist in-
terviewed individuals and two of the authors carried 
out detailed physical examinations and determined 
eligibility. Participants also filled in a questionnaire 
on past medical history. Nine individuals were ex-
cluded from the pool of volunteers. Of the 69 stu-
dents, 32 were randomly selected and included in 
the study. They were instructed to attend the study 
examinations according to a time schedule. Three 
people did not attend the assessment visits and were 
immediately substituted with the next three volun-
teers. At the beginning of the visit, participants filled 
in the Pittsburgh Sleep Quality Index (PSQI). Then, 
they underwent the assessments for time reaction 
and aiming accuracy. All individuals gave written 
informed consent before the assessments.

Eligibility criteria
We included young men in the age range of 18 

to 24 years. We excluded participants with a history 
or known diagnosis of significant or chronic diseas-
es with impact on sleep quality such as psychiatric, 
neurological, endocrinological, and cardiovascular 
problems. Other exclusion criteria were: alcohol and 
nicotine use within the last three months, high caf-
feine intake, any history or current use of narcotics 
and psychiatric medications, and incomplete collec-
tion of data or the absence of needed specimens. 

Outcome measures
Quality of sleep
We used the PSQI to measure sleep quality. The 

self-report questionnaire can be completed within 
5 minutes.  It serves as a standard instrument with 
good test-retest reliability and validity as a Cron-
bach’s alpha of 0.83, a sensitivity of 89.6%, and 
specificity of 86.5%. The questionnaire consists of 
19 items measured on a 4 point scale ( 0 to 3) for 
assessing sleep quality within the last month (Mor-
ris et al., 2018). The items are organized into 7 sub-
scales asking about perceived sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency, 
sleep disturbances (e.g., noise), use of sleeping med-
ication, and daytime dysfunction (sleepiness and 
concentration). Total score ranges between 0 (very 
good) to 21 (very poor sleep quality). A total score 
of more than 5 represents poor sleep quality (Gao et 

al., 2018; Morris et al., 2018).
In a study on the diagnostic value of PSQI, the 

questionnaire was translated from English to Per-
sian and back to English (Farrahi Moghaddam et al., 
2012). Then, 125 psychiatric patients and 133 con-
trols filled in the questionnaire. The Cronbach’s al-
pha coefficients for the total sample, group patient, 
and group control were 0.77, 0.52, and 0.78, respec-
tively. Also, PSQI scores were significantly correlat-
ed with general health questionnaire-12 (r = 0.54, 
p < 0.001). The sensitivity and specificity of the in-
strument for a PSQI cutoff value of 5 in patients with 
insomnia were 94% and 72%. 

In another study, the reliability and validity of 
the Persian version of the PSQI and Epworth Sleepi-
ness Scale questionnaires were evaluated in patients 
with depression. Cronbach’s alpha of the PSQI ques-
tionnaire was 0.821, and evaluations showed a sig-
nificant correlation between the two questionnaires 
(Khosravifar et al., 2015).

Eventually, we decided to use PSQI because of 
its diagnostic accuracy, ease of use, and correlation 
with other instruments.

Reaction time
Visual and auditory reaction times were mea-

sured by using an electrical reaction timer (RT9110, 
Sinapsycho Inc.). The device provides auditory and 
visual color-based stimuli. The participants re-
sponded to the stimuli by pressing a button. In sim-
ple form stimulation, the participant responded to a 
visual or an auditory stimulus; and in choice form, 
the examinee was asked to respond to one type while 
not respond to the other. The order and timing of 
the stimuli were randomly scheduled by the device. 
At first, participants were briefed regarding the pro-
cedure. Then, they carried out some practice trial 
and finally performed the actual test. Each stimulus 
was delivered for 10 times and the average of the re-
action times was calculated. We recorded the simple 
visual, simple auditory, and choice reaction times, 
as well as the number of errors.

Aiming accuracy
Assessment of aiming accuracy was carried out 

using a tremometer (PM-AP20881, Sinapsycho Inc.). 
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The device has a metal plate with 10 different sized 
holes, arranged according to their diameter. Partic-
ipants should insert a hand-held, metal-tipped pen 
into the holes from the largest to smallest one. They 
were asked to do their best not to contact the stylus 
and the wall of the holes. Each contact was alarmed 
by the device beeping and recorded as an error. The 
number of errors, duration of contacts, and the over-
all duration of the test was measured and saved by 
the tremometer. Examinees were briefed and al-
lowed to carry out some practice trial, too.

Ethical considerations
The study was conducted in full compliance 

with the Helsinki Declaration. Ethics approval was 
obtained from the review boards of the University. 
All individuals gave signed consent. A study inves-
tigator explained the rationale of the research and 
the aims to eligible people. All participants were in-
formed that they are free to withdraw from the study 
at any time. Examinees did not pay any money for 
the tests.

Sample size and statistical analyses
We estimated that a sample size of 26 was need-

ed to achieve 80% statistical power to detect a stan-
dardized effect size of 50% at a two-tailed statistical 
significance level of 0.05. We added more 6 volun-
teers to keep test powers high and included 32 par-
ticipants. 

Data are presented as mean (SD) for continuous 
and as numbers and proportions for categorical vari-
ables. The normality of the outcome variables was 
examined with the Kolmogorov-Smirnov test. Cor-
relations were calculated by Pearson’s coefficients 
and 95% confidence intervals were estimated. The 
level of significance was set at 0.05. Statistical analy-
ses were done with Statistical Package for the Social 
Sciences, version 19.0 (IBM Inc, Chicago, IL, USA).

RESULTS

A total of 32 young men completed the study 
tests. Table 1 shows the baseline characteristics of 
the study sample. Participants were high compliant 
and they underwent comprehensive clinical evalu-
ations for free. For several equivocal situations, a 
consensus committee decided for the diagnosis. Our 
analytical sample included healthy people with no 
obvious physical or mental disorders influencing 
the results of the study. We did not have missing 
data in our dataset. Kolmogorov-Smirnov test of 
normality did not show significant departure from 
normality for the measurements. Table 2 shows the 
correlations of sleep quality with reaction time and 
aiming accuracy. Pearson’s correlation coefficients 
were large and highly significant. The confidence in-
tervals for the coefficients were narrow and it may 
be owing to the small standard deviations in the ho-
mogenous sample. 

Variable Mean (SD) Minimum Maximum

Demographic

       Age (year) 21.4 (1.3) 19 24

       Weight (kg) 70.9 (8.9) 56 90

       Height (cm) 176.9 (5.3) 167 194

Quality of sleep index 10.5 (5.6) 0 20

Reaction time

       Simple auditory (ms) 0.23 (0.07) 0.12 0.40

       Simple visual (ms) 0.25 (0.10) 0.13 0.39

       Choice (ms) 0.30 (0.08) 0.14 0.42

       Number of errors 3.2 (2.3) 0 8

Aiming accuracy

       Total time (ms) 14.70 (4.75) 7.82 25.24

       Error time (ms) 1.78 (0.91) 0.41 3.53

       Number of errors 9.9 (5.6) 3 20

Table 1. Baseline characteristics of the sample (n=32)
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DISCUSSION

We tried to evaluate the relationship between 
sleep quality and cognitive performance in a sam-
ple of young healthy men. The confounding effect 
of age, sex, and physical or mental disorders were 
eliminated by providing a homogenous sample of 
people. Our results showed that the quality of sleep 
is clearly correlated with reaction time and aiming 
accuracy. The relations were positive and highly sig-
nificant and the correlation coefficients were larger 
than what we thought previously. The results seem 
quite plausible and in accordance with the published 
research regarding reaction time. However, to our 
knowledge, there was no study concerning the effect 
of sleep quality on aiming accuracy. 

Possible mechanisms for the effect of poor sleep 
quality on reaction time is still uncertain. Howev-
er, it has been suggested that sleep problems cause 
sleepiness, and impair memory, attention, arousal 
process and oculomotor function. The resulting de-
crease in cognitive performance impairs patient’s 
vigilance. Moreover, sleep disturbance may affect 
inhibition and memory through influencing pre-
frontal cortex function (Choudhary et al., 2016). 

Research has been done on the relation between 
sleep quality and reaction time among people with a 
variety of physical or mental disorders. In a study on 
16 patients undergoing sleep restriction therapy for 
insomnia, there was no significant prolongation of 
reaction time (Whittall, Pillion, & Gradisar, 2018). 
In another study on patients with obstructive sleep 
apnea syndrome, it was shown that prescription of 

positive airway pressure affects reaction time favor-
ably by correcting the sleep disturbance (Devita et 
al., 2018). However, we recruited healthy people and 
therefore tried to concentrate on recently published 
research with comparable disease-free samples. 

One night sleep deprivation affects reaction time. 
In a randomized trial, 18 college student athletes 
underwent measurements for power and reaction 
time (Taheri & Arabameri, 2012). There was no sig-
nificant difference in anaerobic peak power or mean 
power from the baseline, but reaction time showed 
significant change (P=0.003). The results indicat-
ed that one occasion of sleep deprivation does not 
impair anaerobic performance but adversely affects 
reaction time. Overall, our study supported the 
same conclusion regarding reaction time. However, 
we carried out an observational study with a larg-
er sample of healthy people. Our participants did 
not change their steady lifestyle around the time of 
the study. Hence, we were able to measure the pro-
longed effects of sleep quality on reaction time. 

In a study on 21 anesthesiologists, researchers 
assessed reaction time both after an overnight call 
and after regular working hours (Saadat et al., 2017). 
They measured reaction time by means of a Psycho-
motor Vigilance Test device comprising a handheld 
monitor for assessing the time to subject’s response 
to a visual stimulus. Participants responded to num-
bers scrolling on the screen with 2 to 10 s time inter-
val. The sample composed of 8 women and 15 men 
with an age range of 32–56 years. Mean reaction 
time decreased significantly after overnight call by 
31.2 ms (95% CI: 0.5, 61.9; P = 0.047). That study can 

Simple auditory
Reaction time Aiming accuracy

Simple visual Choice Number of 
errors Total time Error time Number of 

errors

Quality 
of sleep 

index

r 0.882 0.868 0.824 0.894 0.823 0.828 0.853

95% CI for r 0.770 0.941 0.744 0.934 0.667 0.911 0.792 0.947 0.665 0.910 0.674 0.913 0.718 0.926

t(df =30) 10.251 9.574 7.966 10.928 7.936 8.088 8.952

p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 2. Correlations of quality of sleep with reaction time and aiming accuracy (n=32)

r: Pearson’s correlation coefficient
CI: Confidence Interval
df: degrees of freedom
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be critiqued in lack of controlling confounding vari-
ables. Their inclusion criteria were wide and there 
were few exclusion criteria. The sample size was 
small and composed of heterogeneous participants 
of both sexes with a wide age range. Besides, there 
was no adjustment reported in statistical analyses, 
such as ANCOVA or partial correlation controlling 
for age and sex. While wide standards have made the 
study more generalizable, the confidence interval is 
too wide to recognize a clear main effect. Again, they 
assessed reaction time after one occasion of sleep 
deprivation and therefore they measured the short-
term effects of sleep disturbance on reaction time. 
While the conclusion of that study is similar to ours, 
there are discrepancies between the two research re-
garding study question, design, and sample.

In a study on 50 watchmen with18 to 35 years 
of age, mental attention, and visual and auditory 
reaction times were evaluated one, four, and seven 
days after sleep restriction (Choudhary et al., 2016). 
Participants were allocated to two groups of normal 
(n=28) and restricted (n=22) sleep. Group restrict-
ed had less than or equal to 3 hours sleep at night. 
The results indicated that there was no significant 
difference between the two groups in the Karolins-
ka Sleepiness Scale score and visual and auditory 
reaction times on the first day. However, for days 
4 and 7 the score and reaction times increased sig-
nificantly compared to normal sleep watchmen. It 
was concluded that sleep restriction has an obvious 
impact on attention and reaction time. Also, it was 
confirmed that four or more days of partial sleep 
restriction cumulatively impairs neurobehavioral 
functions and psychomotor tasks.

Overall, our results were similar to the results of 
that study regarding time reaction. Our participants 
were more alike in their ages and were more stable 
in their sleep quality.  Thus, we measured the long-
term effects of sleep quality on cognitive perfor-
mance. Besides, we assessed aiming accuracy and 
estimated exact correlations. 

To our knowledge, there is no research published 
in the literature for the effect of sleep quality on 
aiming accuracy. So, maybe this is the first article 
containing an exact numerical report of the correla-
tions between quality of sleep and aiming accuracy.  

Previous research has been concentrated on the in-
fluence of fatigue (Gil-Cosano, Orantes-Gonzalez, 
& Heredia-Jimenez, 2019), limb preference (Sher-
wood, 2014), visual feedback (Sherwood & Duffell, 
2010; Yoshida, Cauraugh, & Chow, 2004), and sex 
(Sykes Tottenham et al., 2005) on aiming accuracy.

Strengths and limitations 
Our sample was homogenous and sufficiently 

large to detect important effects. The analyses were 
straightforward and the results were conclusive. 
However, we included only male participants with 
a narrow age range. Of course, the rationale behind 
the eligibility criteria was based on the published ev-
idence. We were aimed to find if there was a large 
main effect of sleep quality on reaction time and 
aiming accuracy. Therefore, we tried to control con-
founding variables of sex and age when designing 
our study.

There is broad evidence regarding the effects of 
sex hormones on sleep mechanism (Morris et al., 
2018). It has been suggested that the basic concept 
of sleep quality is different between men and wom-
en. Premenopausal women have a different circa-
dian rhythm, sleep debt accumulates more quickly 
in women and the period of recovery is longer. It is 
likely that women show different symptoms of im-
paired sleep. Researchers who use PSQI have been 
warned regarding the effects of gender differences 
in the quality of sleep (Morris et al., 2018). Similar-
ly, significant differences have been recognized be-
tween men and women in aiming accuracy (Sykes 
Tottenham et al., 2005). 

Also, the prevalence of poor sleep quality in-
creases with age as it has been reported frequent-
ly in the literature (Lin, Lin, & Wang, 2019). It has 
been asserted that the positive relationship between 
age and quality of sleep is more consistent in wom-
en (Madrid-Valero, Martinez-Selva, Ribeiro do 
Couto, Sanchez-Romera, & Ordonana, 2017). In a 
cross-sectional study of 354 participants between 
20 and 99 years of age, a significant non-linear rela-
tion between reaction time and age was recognized 
(Blomkvist et al., 2017). The difference in mean re-
action time showed that men are significantly faster 
than women (Blomkvist et al., 2017).
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CONCLUSION

Our results showed that the quality of sleep is 
obviously correlated with reaction time and aim-
ing accuracy. The relations are positive and highly 
significant and the correlations are large. Healthy 
young men with a higher quality of sleep respond 
faster to external stimuli and have greater concen-
tration and aiming accuracy. Improving the quality 
of sleep enhances the speed and accuracy of aiming 
movements and cognitive performance. 

Highlights
	Quality of sleep is obviously correlated with reac-

tion time and aiming accuracy.
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