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Abstract—The effect of partial sleep deprivation on cognitive control was studied in 26 students with different
levels of trait anxiety. The synchronization–desynchronization reactions of the EEG α-oscillations were
evaluated during the Go/NoGo test. In less anxious students, a reduction in sleep time on the night before
the study led to a decrease in the desynchronization response to a positive conditioning stimulus (Go) and
thus smoothed out the differences with the response to a stimulus that inhibited the behavioral response
(NoGo). The smoothing of the α-rhythm responses to stimuli of different signal significance after depriva-
tion indicated deterioration of cognitive control in this group. In students with a high level of anxiety, there
were no differences in responses to Go/No Go stimuli either after a night’s sleep of normal duration or after
a single sharp reduction of it. They probably had a reduced level of cognitive control, and it did not depend
on partial sleep deprivation.
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The recently increased pace of life raises the prob-
lem of lack of sleep in many people, especially stu-
dents. A short time of night sleep causes an increase in
anxiety [1–3]. The onset of anxiety and an increase in
anxiety symptoms are most pronounced the day after
lack of sleep [4, 5]. However, clinical studies of the
relationship between sleep deprivation and anxiety are
conflicting. It has been found that chronic sleep depri-
vation can subsequently lead to the development of
anxiety disorders [2], other authors have shown that
anxiety disorders cause insomnia, but not vice versa
[6]. From another point of view, sleep disturbance
increases the risk of developing anxiety or depression,
and the presence of anxiety or depressive symptoms
increases the likelihood of insomnia [7]. It is less stud-
ied how the bioelectric activity of the human brain
changes when anxiety and sleep deprivation factors are
combined.

According to the literature, in the cases of both
anxiety [8] and sleep deprivation, there are changes in
the activity of the prefrontal areas of the cortex and its
interactions with other areas of the brain [9, 10]. Clin-
ical studies aimed at identifying electroencephalo-
graphic (EEG) signs of anxiety disorders have shown
that the power characteristics of the EEG α-rhythm
are large in the right frontotemporal region compared

to the left [11]. Neuroimaging studies have shown a
negative relationship between anxiety and the volume
of gray matter in the prefrontal cortex [12]. Another
study have shown that high levels of anxiety are cor-
related with an increased blood flow in the frontal
zones (ventral medial prefrontal cortex) of the right
hemisphere [8]. The high activity of this area of the
brain obtained with the use of functional magnetic res-
onance imaging (fMRI) was also found in subjects
with sleep disorders in the state of restful wakefulness
[13]. Positron emission tomography (PET) has shown
that sleep deprivation is accompanied by extensive
changes in the metabolic activity of the brain, includ-
ing the prefrontal cortex [9, 10], which plays a key role
in providing inhibitory processes of cognitive control
and regulation of human behavior [14].

A good test for assessing the state of these processes
is the Go/NoGo technique, which is used, i.a., in
studies of anxiety [15, 16], autonomic dysfunction [17]
and sleep disorders [18]. Its essence is as follows. In the
case of a conditioning positive stimulus (Go), the sub-
ject waits for the triggering stimulus and presses the
joystick button. The action of the inhibitory stimulus
(NoGo) cancels the motor reaction. Thus, condition-
ing stimuli change the behavior of the subjects and
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make it possible to study electrophysiological markers
of inhibitory processes of cognitive control.

The aim of the study was to assess the effect of the
duration of night sleep on the organization of cognitive
activity in students with different levels of anxiety. The
main objective was to identify differences in synchro-
nization–desynchronization of the α-rhythm in
response to Go/NoGo stimuli in students with high
and low anxiety under the conditions of normal dura-
tion of night sleep and its partial deprivation.

METHODS
According to the results of mass questioning of sec-

ond-year students of the schools of medicine and
pediatrics of the Russian National Research Medical
University (Moscow), using the Spielberger test,
groups with relatively low (M = 34.2 ± 1.2 points,
6 boys and 7 girls, group I) and high (M = 65.0 ±
1.7 points, 7 boys and 6 girls, group II) levels of trait
anxiety were distinguished. All subjects, practically
healthy people, were familiar with the research proce-
dure and agreed to participate in it.

During the week preceding the study, the subjects
completed the Sleep Diary [19], in which, in particu-
lar, the duration of sleep was noted. The study was car-
ried out twice: after its usual duration the day before
(M = 6.5 ± 0.2 and M = 7.6 ± 0.5 h, groups I and II,
respectively) and with a one-time contraction, the so-
called. partial deprivation (M = 3.5 ± 0.2 and M =
3.5 ± 0.3 h). Experiments for each subject were carried
out with a week pause and alternated in random order.
They started after the second class, after 11:30 p.m.
The subject was in front of the monitor in a chair with
a headrest, in a darkened, soundproof and shielded
room. The distance from the screen was 80 cm. The
subject was presented with complex stimuli (n = 68),
consisting of three parts: S1 (exclamation mark),
warning stimulus; S2, conditioning stimulus
(Go/NoGo); and S3, triggering stimulus. With a
pause of 2 s after the start of stimulus presentation S1,
a positive (Go) or negative (NoGo) conditioning sig-
nal (S2), a circle with a diameter of 1 cm in green or
blue. The colors changed in a random order, while the
number of signals Go and NoGo was the same
(34 each). Then, with a pause of 2 s after the start of
presentation S2 presented the starting stimulus (S3), a
white light spot. If the conditioning stimulus S2 was
green, the subject had to press the joystick button
(Go). If S2 was blue, there was no need to press
(NoGo). Pause between S2 and S3 was necessary in
order to exclude the influence of neurophysiological
processes providing a motor response upon presenta-
tion of a stimulus. Go, on the bioelectrical activity of
the brain. Thus, the “depression factor” could not be
considered when comparing the EEG responses
caused by differentiation stimuli Go and NoGo. We
used a fixed, not random, pause between S2 and S3 for
the possibility of comparing the dynamics of the men-
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tioned reactions at the same time intervals. At the
same time, the effect of anticipation (predicting) the
appearance of S3, which affects the magnitude of the
motor response. The exposure time of all stimuli was
350 ms. The interval between the S1–S3 stimulus
complexes was 4–7 s and changed in a random order.

Throughout the experiment, the EEG was contin-
uously recorded. It included background recordings
(with eyes closed and open) and recordings during
testing the subject using complex stimuli. The presen-
tation of stimuli and their synchronization with the
EEG was carried out according to the program of the
Neostimul system (Neurobotics). EEG derivation,
amplification and filtration were performed using the
software package Neocortex-Pro (Neurobotics). The
sampling rate was 250 Hz, the bandwidth of amplifier
frequencies was 0.5–70 Hz. EEG was recorded using
silver chloride electrodes (Micromed, Hungary) with
a resistance not exceeding 5 kΩ. Electrical activity
from the surface of the head was removed using
16 electrodes located in accordance with the scheme
10−20 (F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4, P3, P4, T5,
T6, O1, O2). For EEG recording, monopolar monopo-
lar montage of leads was used, the reference was linked
earlobe electrodes.

Regardless of the duration of night sleep, in both
groups of subjects, a few errors were observed when
the button was pressed. They represented an anticipa-
tory, impulsive response: pressing occurred on a stim-
ulus Go rather than a triggering stimulus. Samples
with such a reaction were removed from further anal-
ysis.

EEG recording segments 2 s in duration in the
interval between S2–S3 (from the beginning of S2
presentation before the start of the S3 presentation)
were processed. In these segments, for each EEG der-
ivation, a continuous wavelet transform was per-
formed using the “maternal” Morlet-wavelet com-
plex. In the frequency band of 8–13.5 Hz (the range of
the α-rhythm) with a step of 0.5 Hz and a time resolu-
tion of 1 ms, the values of the modulus of the wavelet
transform coefficient (WTC), which characterizes the
power of biopotentials, were calculated. The WTC s
obtained from all EEG derivations were summarized.
The power characteristics of EEG reactions smoothed
in this way make it possible to assess the general trends
of changes that are caused by differentiating stimuli. It
is important to emphasize that further all subsequent
transformations of the WTC and statistical processing
were carried out both for the WTC of each EEG deri-
vation, and for the WTC summed over all the leads.

The frequency domain of 8–13.5 Hz was averaged
over all frequencies included in it. Then, 10 consecu-
tive 200-ms intervals were identified in the interval
between S2–S3 and within them, the time averaging
of the WTC was carried out. To assess the proportion
of the value of the post-stimulus potentials changes in
relation to the pre-stimulus potentials, the following
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operation was performed. From the 10 values obtained
using the calculations described above, the one
obtained in the same way on the second EEG segment
immediately preceding S2 value, divided by this value
and multiplied by 100.

The characteristics of post-stimulus changes in the
power of the EEG α-rhythm obtained in this way were
analyzed using multivariate analysis of variance
(ANOVA RM) using the Greenhouse–Gesser correc-
tion. The influence of the “situation” factors (2 levels:
the normal duration of sleep and its deprivation) were
analyzed as intragroup factors; “Stimulus” (2 levels:
Go and NoGo); “Time” (10 segments of 200 ms). The
influence of the “Group” factor (2 levels: the group
with high and low anxiety) was investigated as an inter-
group one. Paired comparisons of the characteristics
of post-stimulus changes in the α-rhythm between
stimuli Go and NoGo was carried out separately for
situations of normal sleep and deprivation, and sepa-
rately for groups with high and low anxiety. For this
purpose, Student’s t test was used. Calculations were
performed using the Matlab 78.01 and SPSS 13.0 soft-
ware packages.

RESULTS
In low-anxiety subjects, the time to press the but-

ton under the conditions of normal sleep duration is
109.25 ± 7.28 ms; with insufficient duration, 130.26 ±
11.06 ms. In highly anxious subjects, this time is
137.90 ± 6.48 and 156.27 ± 9.96 ms, respectively. The
low average values of the motor response are the result
of anticipation processes that occur at a fixed time
interval between stimuli. Thus, in subjects with a high
level of anxiety, compared with a low-anxiety group,
the response to the triggering stimulus takes a longer
time. However, this difference was significant only
under conditions of normal sleep duration (t = –2.94;
d.f. = 23; p = 0.007). With insufficient duration, this
behavioral indicator in groups approaches (t = –1.75;
d.f.= 23; p = 0.093). Deprivation in both less anxious
and highly anxious students significantly increased the
time of pressing (t = –4.08; d.f.= 12; p = 0.002 and t =
–4.33; d.f.= 12; p = 0.001, respectively).

Analysis of variance of the powers of the α-rhythm
averaged over all derivations revealed a statistically sig-
nificant joint influence of the factors “Situation 
Stimulus   Group” (F(1; 24) = 4.57; p = 0.043) and
“Situation   Stimulus   Time   Group” (F(4; 98) =
2.58; p = 0.041). This result indicates a difference in
the reactivity of the α-rhythm depending on the dura-
tion of sleep, the type of stimulus, and the group of
subjects. Paired differences between positive and
inhibitory conditioning stimuli for the total EEG were
revealed only for the group of less anxious subjects
under conditions of normal duration of night sleep in
the interval from 1000 to 1600 ms (1000–1200 ms: t =
–3.14; d.f.= 12; p = 0.008; 1200–1400 ms: t = –4.19;
d.f.= 12; p = 0.001; 1400–1600 ms: t = –4.65; d.f. =

×
×

× × ×
12; p = 0.0005). Paired comparisons carried out for
individual regions in this group of subjects showed the
following. Significant differences between EEG
responses evoked by the presentation of positive and
inhibitory stimuli are observed in the range of 600–
800 ms in most frontal–central leads (C3 Z = –2.85;
p = 0.004; C4 Z = –2.28; p = 0.022; F3 Z = –2.18; p =
0.029; F7 Z = –2.59; p = 0.009; F8 Z = –2.89; p =
0.003; T3 Z = –2.02; p = 0.043; T4 Z = –2.18; p =
0.022), in the interval 800–1000 ms—F4 Z = –2.64;
p = 0.008; F8 Z = –1.92; p = 0.054; C3 Z = –1.92; p =
0.054; C4 Z = –2.07; p = 0.037. In the frontotemporal
region, differences are also observed in a later period
from 1200–1400 ms (F8 Z = –2.07; p = 0.037). For
caudal areas, differences between stimuli Go and
NoGo statistically significant only bilaterally in the
parietal areas of the cortex in the range of 600–800 ms
(R3 Z = –2.28; p = 0.022; R4 Z = –2.13; p = 0.033).

Analysis of variance, carried out for individual
EEG derivations, revealed the following. The effect of
sleep deprivation was found only in less anxious stu-
dents and only on stimulus. Go in the frontal-central
areas of EEG derivation (F4: F(1; 24) = 9.03; p =
0.006, F7: F(1; 24) = 6.33; p = 0.019, F8: F(1; 24) =
5.40, p = 0.029, C3: F(1; 24) = 5.095; p = 0.033, T3:
F(1; 24) = 5.72; p = 0.025, T4: F(1; 24) = 4.11; p =
0.05). After sleep of normal duration, these students
showed a pronounced desynchronization of the α-
rhythm, and after partial deprivation it disappeared
(Fig. 1, I). In more anxious students, statistically sig-
nificant differences in the responses of the bioelectri-
cal activity of the cerebral cortex after normal sleep
duration and sleep deprivation were not observed to
any of the conditioning stimuli (Fig. 1, II).

Analysis of bioelectrical activity in groups with dif-
ferent levels of anxiety showed a difference in the
responses of α-oscillations only in responses to a stim-
ulus. Go and only with normal sleep duration (F3: F(1;
24) = 6.07; p = 0.021, F4: F(1; 24) = 6.45; p = 0.018, F8:
F(1; 24) = 7.95, p = 0.009 and C4: F(1; 24) = 6.61, p =
0.017). In these leads, the reaction of desynchroniza-
tion of the α-rhythm is significantly less pronounced
in students with a high level of anxiety than in less anx-
ious ones. On incentive NoGo there were no statisti-
cally significant differences between the groups with
different levels of anxiety, either with normal sleep
duration or with sleep deprivation.

A significant influence of the “Stimulus” factor
was revealed only for a group of students with a low
level of anxiety in a situation of normal sleep duration
in the regions C4 (F(1; 24) = 5.09; p = 0.033), F4 (F(1;
24) = 4.45; p = 0.046) and F7 (F(1; 24) = 4.49; p =
0.045). In this group, with a normal duration of sleep
in response to a stimulus Go a pronounced reaction of
desynchronization of α-potentials is observed. On
incentive NoGo the reaction of the α-rhythm is less
pronounced and fluctuates around the isoline.
HUMAN PHYSIOLOGY  Vol. 48  No. 2  2022
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Fig. 1. Synchronization/desynchronization of the α-rhythm of the EEG derivation F8 after stimulus presentation Go/NoGo in
subjects with high and low anxiety in conditions of normal sleep and partial deprivation. I, low anxiety; II, high anxiety; (a) nor-
mal sleep, (b) partial deprivation; shaded columns, Go; unshaded columns, NoGo; vertically, the change in the power of the α-
rhythm in relation to the prestimulus segment of the EEG, %; horizontally, time intervals, 200 ms; arrows from left to right indi-
cate the appearance of the conditioning (Go/NoGo) and starting incentives; * and ** significant differences between the
responses to the Go and NoGo stimuli (p < 0.05 and p < 0.01, respectively); the error of the mean is shown. 
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DISCUSSION

The research revealed the influence of the duration
of night sleep on the organization of cognitive activity
in students with different levels of anxiety. In all sub-
jects, when performing a task of the Go/NoGo type a
decrease in the usual duration of nocturnal sleep led to
an increase in the motor response under conditions of
a delayed response to the presentation of a trigger
stimulus. This result is consistent with the previously
described impairment of cognitive functions with
insufficient sleep duration [9, 10].

Significant differences in the characteristics of the
EEG α-rhythm between conditioning stimuli trigger-
ing the subsequent motor response (Go) and cancel-
ing it (NoGo), are observed in the antero-central areas
only in the group with low anxiety and only after sleep
of usual duration. In response to stimulus Go in this
group, there is a pronounced desynchronization reac-
tion to the NoGo stimulus, slight synchronization of
the α-rhythm. According to our early studies, this type
of response (synchronization of the α-rhythm to the
NoGo stimulus and its desynchronization to Go) is a
normative response of a given rhythm to these stimuli
[20]. We have shown that synchronization of the
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α-rhythm in response to the NoGo stimulis has a
clearly pronounced localized and lateralized charac-
ter: it was noted in the motor zone of the left hemi-
sphere (leads C3, FC3), i.e., in the area of the cortex
directly controlling the movement of the right hand.
In [21], it was also shown that with voluntary suppres-
sion of the motor reaction of the hand, synchroniza-
tion of the α-rhythm occurs in a limited area of the
motor cortex directly related to the suppressed move-
ments. The involvement of the central regions of the
cortex, which are motor zones, may be associated with
the preparation of a motor response to a Go stimulus.
The same areas, according to fMRI data, are involved
in the inhibition of irrelevant actions when performing
Go/NoGo test [22].

Key differences between incentives Go and NoGo
are observed mainly in the lateral prefrontal cortex (F3,
F4, F7, F8), which corresponds to the concept of the key
role of the frontal areas in ensuring the processes of
cognitive control in mental activity [14]. The prefron-
tal cortex, along with the cingulate cortex, is involved
in the provision of inhibition mechanisms [23]. In a
study with simultaneous registration of the activity of
the reticular nuclei of the thalamus and the frontal
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cortex, the participation of the corticothalamic system
of the brain in the provision of inhibitory control pro-
cesses, including when performing tasks Go/NoGo
[24].

Partial sleep deprivation in the group with lower
anxiety leads to a smoothing out of differences in
Go/NoGo responses. This is due to a sharp decrease
in the response of desynchronization to the Go stimu-
lus. In the group with severe anxiety, there were no dif-
ferences in responses to the Go and NoGo stimuli,
either with normal sleep duration or with its decrease.
A slight synchronization of α-potentials is observed
practically everywhere. The lack of a differentiated
response to different conditioning stimuli may reflect
a lack of cognitive control of mental activity. In the
group with a low level of anxiety, its weakening occurs
in conditions of partial sleep deprivation. In highly
anxious students, this state of cognitive control is
likely independent of sleep duration. Impaired cogni-
tive control in anxious people is a fact described earlier
[25, 26].

In our earlier studies, it was shown that students
with learning difficulties exhibited a significant weak-
ening of the induced synchronization/desynchroniza-
tion reactions of α-oscillations to conditioning
Go/NoGo signals, which led to the absence of differ-
ences in post-stimulus reactions in almost all EEG
derivations [27]. Apparently, in these students one can
state a significant decrease in the functional activity of
the corticothalamic system of selective attention and a
decrease in the level of cognitive control. The close
results obtained in the current study (almost complete
absence of difference in the responses of α-oscillations
to conditioning stimuli of different signal values, espe-
cially in a group of highly anxious students) suggests
that they have significant problems with the level of
cognitive control. It should be noted that a similar pic-
ture is observed in the anxious group with a normal
duration of night sleep, and under conditions of partial
sleep deprivation, it practically does not change; in
other words, the signs of impaired cognitive control in
this group do not depend on the duration of sleep on
the eve of the study. In the group of less anxious sub-
jects, sleep deprivation leads to the disappearance of
differences in responses between conditioning stimuli
and, accordingly, to the appearance of signs of deteri-
oration in cognitive control.

CONCLUSIONS
A decrease in the duration of night sleep on the day

before the study negatively affects both the behavioral
and neurophysiological indicators of the cognitive
activity of students with different levels of anxiety. In
all subjects, when performing a task of the Go/NoGo
type the motor response increased under conditions of
a delayed response to the presentation of a triggering
stimulus. In students with a lower level of anxiety,
deprivation leads to a decrease in the response of
desynchronization of the EEG α-rhythm to a positive
conditioning stimulus (Go), thereby leveling the dif-
ferences in the responses of the α-rhythm to stimuli of
different signal significance. This result indicates a
deterioration in the level of cognitive control under the
influence of a decrease in the time of night sleep. Stu-
dents with high anxiety have no differences in the
responses of α-potentials to stimuli Go and NoGo
both under conditions of normal duration of night
sleep, and with its sharp decrease. Thus, the level of
cognitive control in these subjects does not depend on
the duration of sleep.
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