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Purpose: Determinants of obstructive sleep apnea (OSA) are hypoxemia and hypercapnia,

as well as (micro) arousals from sleep, resulting in chronic sleep fragmentation, sleep

deprivation, and excessive daytime sleepiness (EDS). All of the above-mentioned factors

might contribute to psychomotor impairment seen in OSA patients. Additionally, this study

aimed to assess the contribution of BMI, age, EDS assessed with Epworth sleepiness scale

(ESS), and severity of OSA assessed with apnea-hypopnea index (AHI) to the reaction time

on chronometric tests in OSA patients and controls. It is hypothesized that moderate and

severe OSA have adverse effects on reaction time of perception to visual stimulus, of solving

simple arithmetic operations, and of psychomotor limbs coordination assessed by chrono-

metric psychodiagnostic test battery.

Patients and Methods: This study was conducted on 206 male participants; 103 of them

had moderate or severe OSA diagnosed by whole-night polysomnography/polygraphy.

Control participants (N=103), matched to patients with OSA by age and BMI, had no

reported OSA in their medical history, no increased risk for OSA, nor EDS. All participants

were assessed with three chronometric psychodiagnostic tests, measuring the reaction time of

perception to visual stimulus, of solving simple arithmetic operations, and of psychomotor

limbs coordination.

Results: Participants from the OSA group achieved impaired results compared to control

participants in minimum single task solving time in speed of solving simple arithmetic

operations (3±0.9 and 2.6±0.6, P<0.001), and in minimum solving time of a single task in

complex psychomotor limbs coordination (0.69±0.2 and 0.61±0.1, P=0.007). Regression

analysis revealed no significant contribution of daytime sleepiness to the results achieved

in each of the tests.

Conclusion: It is concluded that severe OSA impaired speed of perception, convergent, and

operative thinking. Moreover, it is suggested that EDS did not contribute to poor psycho-

motor outcome in patients with OSA in this study, when age was controlled for.

Keywords: obstructive sleep apnea syndrome, overnight polysomnography, psychomotor

performance, psychodiagnostic test, daytime sleepiness

Plain Language Summary
Chronic difficulties with sleep and consequent excessive daytime sleepiness might contribute

to psychomotor impairment noted in obstructive sleep apnea (OSA). The use of

a chronometric instrument provides information on the extent of such dysfunction, regarding

the subjects’ reaction time. Reaction time is measured as time needed for a certain psycho-

logical activity. This study was conducted on 103 male subjects with moderate or severe

OSA diagnosed by whole-night sleep recordings in the sleep laboratory. Control subjects

were matched to OSA subjects by age and body mass index, with no previous diagnosis of
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OSA or increased risk for OSA, nor excessive daytime sleepi-

ness. Patients with OSA showed a prolonged reaction time of

perception to visual stimulus, of solving simple arithmetic opera-

tions, and psychomotor limbs coordination, in comparison to

controls. When age was accounted for, sleepiness did not con-

tribute to the psychomotor outcome in OSA patients. The novelty

of the current study is the evaluation of patients with an instru-

ment assessing reaction time, including an assessment of execu-

tive function and processing speed, abilities that have been

indicated as important in carrying out complex behaviors asso-

ciated with safe driving. In addition, the study provided data on

impaired stability in reaction time during the process of testing

among male OSA patients compared to controls.

Introduction
There is growing interest in obstructive sleep apnea (OSA)

and its impact on physiological and psychological perfor-

mances, due to its high prevalence, particularly in men,

and association with adverse medical complications.1

Substantial evidence supports findings that apneic patients

have poor outcomes in executive and motor functioning,

visuospatial and psychomotor functions, memory, vigi-

lance and attention, concept formation, construction, per-

ception, attention, and alertness.2–5 It has been proposed

that intermittent hypoxia per se might contribute to the

etiology of such dysfunction in apneic patients,6 as well as

(micro) arousals from sleep, which result in chronic sleep

fragmentation, sleep deprivation, and consequent exces-

sive daytime sleepiness (EDS).2,6

Most studies of neuropsychological correlates of OSA

have focused on impaired psychomotor performance, due to

its consequences on OSA patients, such as occupational

injuries,7 motor vehicle accidents,8 and overall health-

related quality-of-life.9 Neurocognitive processing speed is

a measure of such psychomotor function, which has

often been reported with tests of 2-hand coordination or

reaction time tests.10 When assessing neuropsychological

decline in patients with OSA, a recent systematic review

defines existing findings as imprecise, having unknown

consistency of evidence from studies as well as evidence

limited by the risk of bias.11 Although it is well established

that psychomotor speed assessed with the Stroop test12,13 is

impaired in OSA patients, more complex psychomotor per-

formance measures are still not well established as being

deteriorated in OSA. Psychomotor impairment in OSA

patients has previously been assessed according to perfor-

mance on reaction time tests such as the Psychomotor

vigilance test (PVT),6,9,14–16 Multiple Unprepared

Reaction Time Test (MURT),17 Finger tapping test,18 Trail

Making Test,19 and computerized Movement Detection

Time Test (MDT).20 Findings of decreased reaction time

on PVT tests in OSA patients have been reported on com-

munity samples without control groups,21 OSA patients

compared to control patients being enrolled in sleep

clinics,15 or without control groups.9 Reaction times on

MURT tests have also been reported as increased in OSA

patients, including a small group of healthy patients with its

gender distribution differing from OSA patients.17 In addi-

tion, compared with control patients having lower BMI,

OSA patients performed worse on the Trail Making

Test.19 Contrary to previous findings, reports on the sequen-

tial finger tapping task indicated similar performance of

OSA patients and age/education matched controls.18

It has been reported that the results from previous studies

on psychomotor deficits in OSA patients are diverse due to

the fact that different studies, even when they are measuring

the same function, employ various neuropsychological

instruments.2 Considering reported discrepancies among

findings, the current study included chronometric assessment

of various aspects of central nervous system activities, asses-

sing psychomotor performance with reaction times in tasks

of different complexity and controlling for the factors in the

control group that have been reported as lacking in previous

research. The psychodiagnostic chronometric instrument,

Complex Reactiometer Drenovac test battery (CRD),

enabled the measurement of a reaction time to a moving

visual stimulus, to a complex visual stimulus demanding

the reaction of upper and lower limbs, and to a visual task

demanding convergent thinking.22,23 CRD has been defined

as one of the few test batteries providing data on the stability

of psychomotor functioning during the process of testing,

assessed with the ballast measures of reaction time.22

Psychomotor functioning in other clinical populations has

already been assessed with the chronometric instrument used

in this study,24,25 and it has been proposed that reaction time

improves as a consequence of continuous positive airway

pressure (CPAP) or mandibular advancement device (MAD)

therapy.26,27

This study was performed in order to evaluate the

influence of newly-diagnosed OSA on reaction time and

information processing in solving simple and complex

psychomotor tasks of the CRD-series compared to

matched control participants. The novelty of the current

study is employment of the ballast outcome measures,

quite unique and precise indicators of psychomotor per-

formance stability during the process of testing. Based on
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previous findings of prolonged reaction time in PVT,5,14–16

MDT,20 Stroop test,12,13 and executive function impair-

ment of OSA patients,6,28,29 we hypothesized that moder-

ate and severe OSA have adverse effects on the reaction

time of perception, reaction time of convergent thinking

during solving simple arithmetic tasks, and operative

thinking during complex psychomotor coordination task

assessed by psychodiagnostic chronometric test battery.

Additionally, we aimed to assess the contribution of

BMI, age, EDS assessed with Epworth sleepiness scale

(ESS), and severity of OSA assessed with apnea-hypopnea

index (AHI) to the reaction time on chronometric tests in

OSA patients and controls.

Methods
Setting
This research was undertaken at the University of Split

School of Medicine in Croatia. All sleep analysis data,

sleep history data, and neuropsychological testing data

were collected from the beginning of 2011 to the end of

2014. All patients were admitted to the Split Sleep

Medicine Center, where the diagnostic procedures poly-

somnography (PSG) or polygraphy (PG) were performed

by sleep technologists and an expert certified sleep medi-

cine–physician specialist. The psychomotor testing was

performed in a separated and specially equipped neu-

roscience laboratory that provided isolation from external

visual and auditory influences. All OSA patients and con-

trol subjects were assessed with psychomotor tests during

the morning hours, from 8 am to 11 am. All PSG and PG

studies were performed in the time period between 9 pm

and 8 am.

Participants
Ethical standards of the institutional research committee and

the 1964 Helsinki declaration with its latter amendments

were applied to the protocol of the study. All participants

were informed about the procedures and the aims of the

study, and signed the informed consent forms. Following

Ethics Committee for Biomedical research and institutional

approvals at the University of Split School of Medicine,

a total of 206 male participants was studied. All participants

were interviewed about their medical history, their body

height and weight were measured, and body mass index

(BMI) was calculated. The main inclusion criterion was

diagnosis of moderate or severe OSA, whereas exclusion

criteria were the following: age younger than 18 years,

female gender, previous treatment of OSA, diagnosis of

malignant disease, mental disability, or severe physical dis-

ability. Table 1 summarizes the demographic data of study

subjects.

A total of 103 participants were patients diagnosed

with moderate or severe OSA in the Split Sleep

Medicine Center, following complete all night PSG

(Philips Respironics, ALICE 5LE, Eindhoven, the

Netherlands, n=32) or PG (Somnocheck, PdX, Embleta,

Stardust, n=71). PSG recordings included EEG, EOG,

mental and tibial EMG, thoracic and abdominal move-

ments, ECG, pulse oximetry, nasal airflow, and the inten-

sity of snoring. PG recordings included thoracic and

abdominal movements, pulse oximetry and nasal airflow.

Guidelines of the American Academy of Sleep Medicine

(AASM)30 and European Sleep Research Society (ESRS)

were used to manually score and evaluate polysomno-

graphic and polygraphic data.31 If an overnight recording

lasted less than 6 hours evaluation was not undertaken, and

a new PSG/PG was performed. The patients were enrolled

in the study if the PSG/PG recording revealed moderate

(AHI≥15) or severe (AHI≥30) OSA.
Control subjects (n=103) were drawn from the pool of

data obtained from the 10,001 Dalmatian project of The

Croatian National Biobank,32 consisting of participants

from the general population selected during routine physi-

cal examination.

Control participants were matched to patients with

OSA by BMI and age. All control subjects had no medical

history of sleep disorders and had no increased risk for

OSA according to the STOP questionnaire. We considered

Table 1 Demographic Characteristics of Patients withObstructive

Sleep Apnea and Control Participants

OSA (n=103) Controls (n=103)

Age (years) 57.14±11.31 57.04±12.44

Height (m) 1.81±0.07 1.79±0.08

Weight (kg) 101.83±16.50 94.67±15.05

BMI (kg/m2) 30.96±4.58 29.80±5.07

ESS 8.65±4.50 5.20±2.69

AHI (events/hour) 45.02±19.09 NA

ODI 38.15±22.82 NA

Average saturation 92.23%±3.96% NA

Time spent in SpO2<90%

(minutes)

89:49±98:10 NA

Note: Data is expressed as mean±standard deviation.

Abbreviations: OSA, obstructive sleep apnea; BMI, body mass index; ESS,

Epworth Sleepiness Scale score; AHI, apnea hypopnea index; ODI, oxygen desa-

turation index.
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patients to have increased risk for OSA if they answered

positively to two or more questions on the STOP ques-

tionnaire. Moreover, control participants did not have EDS

as measured by Croatian language validated Epworth slee-

piness scale (ESS),33 with a cut-off value of 10, which

might indicate the presence of OSA.

A certified physician obtained a detailed medical history

during which all self-reported medical conditions were

assessed, and all patients provided previous medical exam-

ination findings and medical specialists’ reports (Table 2).

Data were available for all 103 OSA patients, whereas, in

the control group, data on comorbidity and drugs were

missing for four respondents’ due to their request of anon-

ymity. In addition, the association with the performance on

neuropsychological tasks has been proposed even for dis-

orders treated with antidiabetic medications and antihyper-

tensives (eg, ACE inhibitors, calcium channel blockers, and

diuretics), and even for proton-pump inhibitors.34 Taking

that association into account, we documented all OSA and

control patients’ medications during the medical examina-

tion, which are presented in Table 3.

As presented in Tables 2 and 3, there were two OSA

patients and two controls diagnosed with depression

reporting the use of antidepressant medications, and one

patient with psychosis in each group who reported using

antipsychotics. All of them were under psychiatric treat-

ment. The similar distribution of patients with psychiatric

diagnosis and reports of using antidepressants or antipsy-

chotics indicates that the underlying effect of a psychiatric

diagnosis or psychoactive medication was not the reason

for the established differences in psychomotor

performance.

No differences were noted regarding the average years

of education among OSA and control subjects (12.54±2.6

vs 12.85±2.9; respectively). Therefore, level of education

should not be considered as a covariate in the association

of OSA and psychomotor function reported in this study.

Also, among the control participants, 41 subjects reported

being retired, whereas 34 OSA patients were retired.

Psychomotor Testing
A battery of computer generated chronometric psychodiag-

nostic tests have found that CRD is a reliable and objective

measure for psychological characteristics sensitive enough to

detect minor changes in psychomotor performance.22,23,35

This chronometric instrument can measure memory, percep-

tion, psychomotor reaction, and thinking as dynamic func-

tions of the central nervous system and attention and

functional disturbances. In accordance with the chronometric

approach, time needed to process information provides data

on the psychomotor function presented as the reaction time.

Tests performed in this study are applicable independently of

age, language, and background education.22

In our experiments we used three representative tests

from the CRD-series, always applied in the same order,

increasing complexity with each following test. The

assessment included the CRD 311 (speed of perception

to visual stimulus), CRD 411 (speed of complex psycho-

motor limbs coordination), and CRD 11 (speed of solving

simple arithmetic operations) tests. Discrimination of sim-

ple light signal position was assessed with the CRD 311

test. Complex psychomotor coordination was assessed

with the CRD 411 test, measuring coordinated movements

of participants’ upper and lower limbs. Finally, the CRD

11 test measured the speed of simple arithmetic operations

of summation and subtraction.

In the CRD 311 test, there were 60 tasks included. The

panel had nine small light buttons in one row where one

Table 2 Frequency of Comorbid Disease in OSA Patients and

Controls

Comorbid Diagnosis OSA Controls Pa

Depression 2% (2) 1.9% (2) 0.968

Psychosis 1% (1) 1% (1) 0.978

Hypertension 33.01% (34) 22.22% (22) 0.087

DM II 10.7% (11) 5.1% (5) 0.139

Coronary heart disease 10.7% (11) 8.1% (8) 0.527

Arthritis 1% (1) 2% (2) 0.538

Thyroid disease 2.9% (3) 2.0% (2) 0.683

Notes: Data are presented as percentage (N). aP-value calculated for the χ2 test.
Abbreviations: OSA, obstructive sleep apnea; DM, diabetes mellitus.

Table 3 Frequency of Prescription Medication in OSA Patients

and Controls

Prescription Drugs OSA Controls Pa

Antihypertensive medication 33% (34) 19.2% (19) 0.026b

Antidepressants 2% (2) 1.9% (2) 0.968

Antipsychotics 1% (1) 1% (1) 0.978

Heart disease medication 16.5% (17) 10.1% (10) 0.181

DM II medication 10.7% (11) 4% (4) 0.072

Thyroid medication 2.9% (3) 2% (2) 0.683

PPI 4.9% (5) 4% (4) 0.779

Gout medication (Allopurinol) 7.65 (6) 7.35 (9) 0.783

Notes: Data are presented as percentage (N). aP-value calculated for the χ2 test;
bP<0.05.
Abbreviations: OSA, obstructive sleep apnea; DM, diabetes mellitus; PPI, proton-

pump inhibitors.
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light was appearing in a random sequence, and the respon-

dent was instructed to press the square below the light as fast

as possible when the light appears, with his index finger of

the dominant hand. After the correct square was pressed, the

random new light appeared on the panel, and the respondent

had to continue by pressing the square below the new light.

The task was finished when all 60 lights appeared.

In the CRD 11 test, the panel included 12 lights in the

middle area, and one light was appearing in each task

indicating which numbers (horizontal and vertical to the

light) to add or subtract. The highest number on the panel

was 13. The arithmetic operation was defined depending

on the light with a plus (+) or a minus (–) symbol appear-

ing in the left/right corner field of the panel. Participants

were required to press the correct answer, by pressing the

sum or subtraction of the numbers presented in the bottom

row (from 6 to 17). After the correct answer was applied,

the following task appeared on the panel. Participants had

to solve 35 tasks in order to finish the test.

In the CRD 411 test, the panel included four circles in

which four lights might appear during the test (two in the

top row, and two in the bottom row). Two lights in the top

row (one left and one right) indicated that the respondent

should press the button with the corresponding hand. Two

lights in the bottom row (one left and one right) indicated

that the respondent should press pedals on the floor with

the corresponding foot. Among the 35 tasks in the test,

there was a possibility that one, two, or three lights will

appear. Therefore, the respondent had to press one hand or

one foot, both hands or both feet, and all possible combi-

nations of hands and feet (when three lights are appearing)

depending on the lights on the panel. If more than one

light appeared, the buttons or pedals had to be pressed

simultaneously in order to continue the task. The follow-

ing task was initiated after a correct response to the pre-

vious one.

The participants were instructed to solve the tasks

accurately and quickly. At each single testing, all the

participants were assigned the same variation of each test

to avoid the possible influence of the test complexity on

the final results. All subjects underwent a trial of all of the

tests used, in order to familiarize the participants with the

tests. An additional condition for all respondents was

waking up ≥1 hour before the testing.

Several parameters were recorded and used for statis-

tical analysis for each test: minimum (best) single task

solving time (MinT), median time for task solving

(MedT), total test solving time (TTST), total ballast

(TB), start ballast (SB), and end ballast (EB). MinT,

MedT, and TTST are indicators of speed and accuracy.

Ballasts are indicators of stability and represent the wasted

time that was not spent on solving the tests. They are

computed as a summation of MinT and all other reaction

time differences through the test (TB=∑Ti-MinT), where

Ti is a single task reaction time at the total test (TB), as

well as the first (SB) and last half (EB) of the test.22,23

Statistical Analysis
Statistical analysis of the data was performed in

MedCalc for Windows, version 11.5.1.0 (MedCalc

Software, Mariakerke, Belgium). Means±standard devia-

tions were descriptors of continuous data. The compar-

isons of psychomotor performance, as well as daytime

sleepiness assessed with ESS, were performed using the

t-test for independent samples. In cases with positive or

negative asymmetric data following Shapiro Wilks test,

a parametric analysis was performed due to the sample

size of 206 and homogeneity of variances of the two

samples, and following inspection of Q-Q plots and

skewness or kurtosis of asymmetrically distributed data.

The comparisons between severe and moderate OSA

groups and control groups were performed with the

Kruskal Wallis test due to large differences in sample

size of severe and moderate OSA patients’ groups.

Specific differences among groups depending on the

severity of OSA were assessed with Mann Whitney

U-test for independent samples, and results were pre-

sented with median (interquartile range). Correlations

between psychomotor outcomes and ESS score, BMI,

age, and AHI were calculated using Pearson correlation

coefficients. R2 is calculated as multiple regression coef-

ficient, where β values indicate the predictive contribu-

tion of each factor in the regression model. Statistical

values with a P<0.05 were considered significant.

Results
Demographic data indicate that BMI and age were not sig-

nificantly different in control and OSA groups (Table 1).

Indicators of hypoxemia inOSApatients are shown in Table 1.

Reaction Times and Stability of

Performance Across Time
Participants from the OSA group had increased reaction time

in comparison to controls in all applied tests (Table 4). The

minimal single task solving time was increased by 0.41
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seconds in OSA patients when solving simple arithmetic

operations tests (P<0.001), and by 0.8 seconds when testing

complex psychomotor limbs coordination (P=0.007). The

total test solving time was 2.5 seconds longer in OSA

patients assessed with the light signal position discrimination

test (P=0.013), and 10.9 seconds longer during the

assessment of complex psychomotor limbs coordination

(P=0.016).

In order to assess the stability of performance across

time, total ballast measure was expressed as a sum of

differences between minimum single task solving time

and each of all other single task solving times. This mea-

sure was calculated for the whole test, the first half (start

ballast) and for the last half (end ballast) in each of the

tests applied. Stability in time necessary to solve each task

in a specific test was decreased toward the end of the test

among OSA patients, as reported in significantly different

ballast measures (Table 4). Specifically, control patients

exhibited an increased stability of test solving time toward

the end of the test in speed of solving simple arithmetic

operations (P=0.028) compared to OSA patients.

Additionally, the stability of performance was impaired

in OSA patients during the first and last half of the test

in the speed of perception to visual stimulus (P=0.02 and

P=0.003; respectively), compared to controls.

A pronounced difference was observed in the stability

toward the end of the test assessing complex psychomotor

limbs coordination (P=0.038), indicating pronounced

deceleration toward the end of the test among OSA

patients.

Apnea Severity, Excessive Daytime

Sleepiness and Psychomotor Performance
As a measure of apnea severity, AHI positively correlated

with the speed of perception to visual stimulus test results

in the OSA group (r=0.256, P=0.011 for TTST), as shown

in Figure 1 and Table 5. No significant correlation was

found between results achieved on the psychomotor limbs

coordination tests, speed of solving simple arithmetic

operations, and AHI of the apneic patients (Table 5).

No significant correlation was found between excessive

daytime sleepiness measured by ESS and TTST for simple

arithmetic operations in OSA patients (P=0.439) or con-

trols (P=0.912). Likewise, the speed of perception to

visual stimulus was not associated with ESS in OSA

patients (P=0.534), or controls (P=0.305). However,

a negative correlation was found between psychomotor

Table 4 Psychomotor Test Performance of Patients with

Obstructive Sleep Apnea and Control Participants

OSA

(n=103)

Controls

(n=103)

P

Arithmetics

MinT (s) 3.03±0.9 2.62±0.6 <0.001c

MedT (s) 4.68±1.5 4.11±1.2 0.006b

TTST (s) 183.7±62.1 166.7±56.2 0.054

SB (s) 38.7±23.3 34.6±16.6 0.176

EB (s) 38.8±19.3 33.3±14.1 0.028a

TB (s) 77.5±40.0 68.3±30.4 0.083

Visual Stimulus

MinT (s) 0.49±0.1 0.46±0.1 0.089

MedT (s) 0.66±0.1 0.62±0.1 0.013a

TTST (s) 41.1±7.8 38.6±6.6 0.013a

SB (s) 6.7±2.2 6.0±2.1 0.02a

EB (s) 5.2±1.8 4.5±1.3 0.003b

TB (s) 11.9±3.7 10.4±2.7 0.001c

Limbs Coordination

MinT (s) 0.69±0.2 0.61±0.1 0.007b

MedT (s) 1.2±0.5 1.0±0.3 0.070

TTST (s) 63.8±34.6 52.9±21.2 0.016a

SB (s) 14.7±13.4 11.8±8.0 0.096

EB (s) 25.1±17.9 20.3±11.1 0.038a

TB (s) 39.8±29.0 32.7±19.2 0.066

Notes: Data is expressed as mean±standard deviation. Significance of t-test indi-
cated as: aP<0.05, bP<0.01, cP<0.001.
Abbreviations: OSA, obstructive sleep apnea; MinT, minimum single task solving

time; MedT, median single task solving time; TTST, total test solving time; SB, start

ballast; EB, end ballast; TB, total ballast.

Figure 1 Correlation between speed of perception to visual stimulus and AHI

index of patients with OSA.

Notes: The scatter plot represents the association of a total test solving time

needed to perform the perception to visual stimulus test and the severity of apnea

expressed as AHI (r=0.256; P=0.011).
Abbreviations: CRD 311, test of speed of perception to visual stimulus; AHI,

apnea hypopnea index; TTST, total test solving time.
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limbs coordination and ESS score in the OSA group (r=

−0.195, P=0.048 for TTST), indicating that higher daytime

sleepiness of OSA patients was associated with shorter

reaction time. In control patients, a positive correlation

was found between the minimal single task solving time

of limbs coordination psychomotor tests and ESS score

(r=0.234, P=0.017), indicating the slower performance of

controls with subjective sleepiness.

Regression analysis revealed no significant contribution of

daytime sleepiness to the results achieved in each of the tests

(Table 6). The regression model including BMI, age, ESS, and

AHI yielded only age as a significant predictor of psychomotor

tests used on OSA patients in this study, and the regressionmodel

including BMI, age, and ESS as predictors in control patients also

indicated that only age remained a significant predictor of psycho-

motor performance (Table 6). As presented in Figure 2, when

TTST and MinT of OSA and control participants are shown in

different age groups, the averaged reaction time is increased in the

OSA group for all three CRD-series tests.

When assessed in specific OSA severity groups, find-

ings reveal that significant differences were found among

severe OSA compared to healthy controls, whereas mod-

erate OSA showed no significant differences in psycho-

motor performance compared to controls (Table 7).

Discussion
The findings of the current study indicate prolonged reac-

tion times in the perception of visual stimulus, solving

simple arithmetic operations, and in tasks requiring psy-

chomotor coordination of upper and lower limbs in male

patients with severe OSA compared to control participants.

Stability in the test solving time was decreased in severe

OSA patients toward the end of the test in all applied tests.

Psychomotor performance was not associated with obesity

nor excessive daytime sleepiness when age was

accounted for.

The results of our study are in accordance with pro-

longed reaction time in PVT5,14–16 and MDT20 in OSA

patients compared to controls. The impairments of OSA

patients in visual discrimination task measuring the speed

of perception to visual stimulus correspond to the similar

findings of prolonged reaction time in MDT of the Vienna

Test System.20 Evidence supports the finding that impaired

psychomotor performance appears in OSA patients, but

the type and degree of impairment are discrepant.5

Inconsistencies in previously published findings of neu-

ropsychological correlates of OSA,6,11,28,36,37 might be

explained by the size and population studied, as well as

the sensitivity of applied tests. One of the advantages of

the CRD test in providing new answers in this area is the

availability of data on the stability of psychomotor func-

tioning during testing.22 The findings of decreased stability

of performance toward the end of the test, assessed with

ballast measures of the CRD test, indicated that OSA

patients get considerably slower toward the end of tasks

compared to control participants. This form of deceleration

was pronounced in the speed of perception, the speed of

solving simple arithmetic operations, and the speed of

psychomotor limbs coordination. Considering that pre-

vious findings report OSA patients’ impairments based

on averaged, summed, or minimal reaction time of OSA

patients in different tests applied, the information on the

stability of reaction time during the process of testing is

providing novel insights on psychomotor performance in

OSA. These findings are pronouncing the possible effect

of tiredness on the test solving procedure. It has been

reported that not all OSA patients are susceptible to

Table 5 Pearson Correlation Coefficients Between Psychomotor

Tests Results and Severity of Apnea Expressed as AHI in Patients

with Obstructive Sleep Apnea

r P

Arithmetics

MinT 0.076 0.448

MedT 0.044 0.664

TTST 0.038 0.704

SB 0.009 0.928

EB −0.004 0.968

TB 0.003 0.976

Visual Stimulus

MinT 0.195 0.049a

MedT 0.213 0.031a

TTST 0.256 0.011a

SB 0.140 0.160

EB 0.113 0.259

TB 0.140 0.162

Limbs Coordination

MinT 0.140 0.162

MedT 0.110 0.272

TTST 0.086 0.388

SB 0.012 0.905

EB 0.096 0.337

TB 0.065 0.518

Notes: Pearson correlation coefficients calculated. Statistical significance of the

correlation coefficient indicated as aP<0.05.
Abbreviations: MinT, minimum single task solving time; MedT, median single task

solving time; TTST, total test solving time; SB, start ballast; EB, end ballast; TB, total

ballast; AHI, apnea hypopnea index.
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psychomotor impairments.5,6 Different underlying factors

in the pathophysiology of OSA might contribute to the

impaired stability, such as hypoxemia, disrupted sleep

architecture, psychological parameters, and reduced

evoked potentials of both motor and sensory nerves.38

Psychomotor performance seems to be a subject of

great significance, due to its’ possible contribution to the

higher incidence of motor vehicle crashes in OSA

patients.8 Our study established impaired performance

among OSA patients in the test measuring speed of per-

ception of the light signal position, which might be an

important factor for driving capacity. Executive function-

ing and processing speed have also been indicated as

important in carrying out complex behaviors associated

with safe driving.39 The test of convergent thinking and

limbs coordination task has been investigated in the cur-

rent study in order to provide additional information

regarding executive functioning and processing speed.

Specifically, the test of convergent thinking included the

arithmetic operation tasks that require three mental

operations (ie, information storage, data organization, and

executive control).40,41 We established deterioration in the

minimal reaction time necessary to perform arithmetic

operations for OSA patients, in comparison to controls.

This is in accordance with previous meta-analytic research

reporting unambiguous deficits in the executive function in

OSA patients.6,28,29 However, it should be further investi-

gated if the impaired performance on the CRD-series

might be an indicator for the higher incidence of motor

vehicle crashes in OSA patients.8

The question arising from the current findings is the

underlying mechanism of psychomotor impairment in

OSA patients. It has been reported that one of the con-

tributing factors associated with impaired neuropsycholo-

gical performance is hypoxemia.3,42 Our findings have

indicated AHI, as a measure of OSA severity and conse-

quent hypoxemia, to be associated only with impairment

in the visual discrimination task. Additionally, when

included in the regression model, AHI was not contribut-

ing significantly to the reported results. Indeed, it has been

Table 6 Regression Analysis of Obesity, Age, Daytime Sleepiness and Severity of Apnea Indicators in the Prediction of Psychomotor

Test Performance Among Patients with Obstructive Sleep Apnea

OSA Controls

R2 P β P R2 P β P

Arithmetics

BMI 0.378 <0.001a 0.091 0.326 0.56 <0.001a 0.02 0.791

Age 0.613 <0.001a 0.751 <0.001a

ESS −0.073 0.39 0.013 0.862

AHI 0.08 0.372 -

Visual Stimulus

BMI 0.378 <0.001a 0.152 0.104 0.633 <0.001a 0.054 0.401

Age 0.589 <0.001a 0.796 <0.001a

ESS −0.107 0.211 <0.001 0.999

AHI 0.158 0.079 -

Limbs Coordination

BMI 0.401 <0.001a −0.001 0.988 0.525 <0.001a 0.005 0.956

Age 0.599 <0.001a 0.733 <0.001a

ESS −0.178 0.035 0.065 0.436

AHI 0.129 0.143 -

Notes: R2 is calculated as multiple regression coefficient, β values indicate predictive contribution of each factor in the regression model. Statistical significance of the

regression model and predictors is indicated as: aP<0.001.
Abbreviations: OSA, obstructive sleep apnea; BMI, Body Mass Index; ESS, Epworth sleepiness scale; AHI, Apnea Hypopnea Index.
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reported that, even in clinically healthy subjects, respira-

tory indices such as AHI and ODI also increase with age,43

emphasizing age as a possible mediator of neuropsycholo-

gical impairments, which was the case in our results.

Potentially protective mechanisms show deterioration

with age, and the elderly population is therefore more

vulnerable to hypoxemia.44 Increased arousal45 and

decreased slow wave sleep have also been well

established46 in older age, additionally marking age as

a factor aggravating psychomotor consequences of sleep

breathing disorders. Our results contribute to the already

established findings36 of decrements of psychomotor per-

formance with age, particularly in the psychomotor limbs

coordination tests and speed of solving simple arithmetic

operations. Future studies should include larger samples of

patients in order to investigate this relationship of

advanced age with possible deficits in psychomotor per-

formance of OSA patients.

In addition, the older population less commonly report

daytime sleepiness,47 whereas younger people with OSA

tend to report sleepiness more often. We established the

association of more pronounced daytime sleepiness with

shorter reaction time in our OSA patients, when age is not

controlled for. Indeed, it has been reported that OSA has

a more prominent effect on daytime sleepiness in young or

middle-aged patients than in elderly patients,47 which

might explain the possible moderating effect of age on

this relationship. This was additionally confirmed with

our results showing the lack of association of daytime

sleepiness and psychomotor performance when age was

accounted for.

Age and BMI, which have been established as important

confounding factors for explaining differences found in out-

comemeasures,36 were controlled in the current study among

the two groups. In addition, we provided a description of the

study population regarding confounding factors associated
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Figure 2 Total and minimal psychomotor reaction time of obstructive sleep apnea patients (n=103) and controls (n=103), divided at age groups.

Notes: Average minimum solving time of a single task and total test solving time for all three psychomotor tests (test of speed of perception to visual stimulus, test of speed

of solving simple arithmetic operations, test of psychomotor limbs coordination) of patients with OSA (n=103) and control (n=103) subjects, divided at age groups. Solid

lines are showing the reference range of test results in healthy subjects, dotted lines are showing the average test results for patients with OSA and dashed lines are showing

the average test results for control subjects. Asterisk (*) indicates a significant difference with P<0.05 among OSA patients and controls of a single age group in a specific

chronometric measure following t-test for independent samples.

Abbreviations: TTST, total test solving time; MinT, minimum solving time of a single task.
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with OSA pathophysiology and psychomotor performance.

Specifically, comorbidities of OSA that might have an influ-

ence on neuropsychological assessment, such as psychiatric

disorders, coronary heart disease, diabetes mellitus, hyper-

tension, and thyroid disorders1,36 have been reported for all

OSA patients and the control group. Even though reducing

the sample in order to control for such comorbidities might

provide an additional explanation to the aforementioned

association, this might result in the selection of a specific,

less prevalent phenotype of OSA patients such as patients

without significant comorbidities and obesity.48 Reducing the

sample of OSA patients to such a specific phenotype may

have been implausible, due to the reports of a typical OSA

patient being overweight or obese, and having a common

comorbid diagnosis of systemic hypertension, type 2 dia-

betes, and dyslipidemia.49

Possible limitations must be taken into account when

interpreting the results of the present study. Primarily,

PSG/PG was not performed among control participants.

Indeed, PSG/PG is an expensive and time-consuming pro-

cedure and it was shown that the STOP questionnaire

reliably and accurately identifies subjects in the general

population with increased risk of OSA.33,50 Considering

the high sensitivity of the STOP questionnaire,51,52 which

was also established in our previous study,27 we decided

not to perform an expensive and time-consuming proce-

dure such as PSG/PG in all control group respondents, in

order to minimize medical costs and unnecessary medical

procedures in patients not at risk. Accordingly, if the

assessment with the use of STOP questionnaire resulted

in asymptomatic undiagnosed OSA patients included in

the control group, the difference between controls and

cases would be even more diminished and more difficult

to find. However, it should be emphasized that even after

the selection process based on STOP questionnaire and

matching of controls and cases using age, BMI and educa-

tion background, there is a limitation regarding possible

uncontrolled baseline differences among the two groups

that might have influenced the results.

Since the unique female physiology might include var-

ious confounding variables such as the reproductive hormo-

nal status dependent on the menstrual cycle, pregnancy,

Table 7 Psychomotor Changes in Moderate and Severe OSA Patients Compared to Controls

Severe OSA

(n=83)

Moderate OSA

(n=20)

Controls

(n=103)

P

Arithmetics

MinT (s) 2.9 (2.5–3.6)c 2.6 (2.3–2.9) 2.7 (2.0–3.1) <0.001

MedT (s) 4.4 (3.8–5.6)c 3.8 (3.3–4.4) 4 (3.0–4.7) 0.001

TTST (s) 172.1 (150.2–222.1)b 140.7 (132.0–175.5) 158.4 (115.0–196.8) 0.007

SB (s) 36.1 (26.1–42.9)a 24.9 (17.7–45.3) 30.7 (23.3–41.1) 0.035

EB (s) 38.7 (28.2–43)a 28.2 (22.8–37.8) 31.3 (21.9–41.7) 0.028

TB (s) 70.8 (57.3–88.5)a 57.6 (45.1–74.7) 63.2 (45.1–82.1) 0.016

Visual Stimulus

MinT (s) 0.5 (0.4–0.6)a 0.4 (0.4–0.4) 0.5 (0.4–0.5) 0.002

MedT (s) 0.7 (0.6–0.7)b 0.6 (0.5–0.6) 0.6 (0.5–0.7) <0.001

TTST (s) 41.5 (36.7–45.9)b 36.2 (32.6–39.5) 37.6 (33.6–42.6) <0.001

SB (s) 6.6 (5.3–8.3)a 5.9 (5.2–7.0) 5.9 (4.6–7.0) 0.052

EB (s) 5.0 (3.9–6.1)a 4.5 (4.0–5.4) 4.4 (3.5–5.5) 0.038

TB (s) 11.6 (9.4–13.7)b 10.4 (9.7–12.8) 10.1 (8.3–12.4) 0.014

Limbs Coordination

MinT (s) 0.7 (0.6–0.8)b 0.6 (0.5–0.7) 0.6 (0.5–0.7) 0.009

MedT (s) 1.1 (0.9–1.4)a 0.9 (0.8–1.0) 1.0 (0.8–1.2) 0.008

TTST (s) 55.2 (44.1–74.3)b 46.2 (37.2–57.7) 46.4 (38.6–64.2) 0.007

SB (s) 10.9 (8.5–17.5)a 8.3 (7.3–14.1) 8.6 (5.8–14.9) 0.073

EB (s) 21.8 (14.8–32.8)a 15.5 (10.7–22.6) 19.0 (11.9–25.7) 0.013

TB (s) 33.4 (23.7–46.4)a 24.4 (18.1–35.8) 25.8 (18.9–45.6) 0.028

Notes: Data is expressed as median (interquartile range). Significance of Kruskal–Wallis H nonparametric analysis of variance is noted in the P-value column.

Significance of Mann Whitney U-test between three groups is indicated as: aP<0.05, bP<0.01, cP<0.001 if a group is significantly different from controls.

Abbreviations: OSA, obstructive sleep apnea; MinT, minimum single task solving time, MedT, median single task solving time; TTST, total test solving time; SB,

start ballast; EB, end ballast; TB, total ballast.
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perimenopausal and postmenopausal statuses,53 we did not

include females in our study. Furthermore, a previously

published finding indicates a decreased diagnostic accuracy

of screening questionnaires for OSA in females.52 A crucial

aspect of proper screening for OSA in the female population

is the selection of the right screening instruments in selected

samples. Therefore, including female participants in our

study might have decreased the sensitivity of the screening

tool and the selection of the control group.

Conclusion
Our findings add to the growing number of neuropsy-

chological correlates of OSA, with the advantage of

including psychomotor tests assessing upper and lower

limbs coordination, as well as calculating measures of

variability that provide information on the stability in

reaction time during a specific task. Precisely, we

emphasized a prolonged reaction time of severe male

OSA patients in comparison to control subjects toward

the end of the tests in the current study. Furthermore, we

established a deterioration of the total test solving time

in male OSA patients in comparison to controls in the

speed of perception to visual stimulus, and speed of

complex psychomotor upper and lower limbs coordina-

tion. Daytime sleepiness assessed with Epworth sleepi-

ness scale was not associated with the deterioration in

psychomotor performance of OSA patients, when age

was accounted for. Therefore, the current study provided

evidence of specific psychomotor dysfunction and

impaired stability in reaction time in male OSA patients,

and adds to the knowledge of neuropsychological corre-

lates of OSA.

Abbreviations
OSA, obstructive sleep apnea; EDS, excessive daytime slee-
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continuous positive airway pressure; MAD, mandibular
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index; ESS, Epworth sleepiness scale; CRD 311, speed of

perception to visual stimulus; CRD 411, speed of complex

psychomotor limbs coordination; CRD 11, speed of solving

simple arithmetic operations; MinT, minimum (best) single
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