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Purpose: Major depressive disorder (MDD) is associated with cognitive impairment through unclear mechanisms. We examined the 
relationship between sleep electroencephalogram (EEG) power and attention level in MDD.
Patients and Methods: Forty-seven untreated patients with MDD and forty-seven age- and sex-matched controls were included. We 
examined relative EEG power during non-rapid eye movement (NREM) sleep and rapid eye movement (REM) sleep by fast Fourier 
transform. The Attention Network Test (ANT) was performed to evaluate attention levels.
Results: Compared to controls, patients with MDD had lower theta power during NREM (P = 0.018) and REM (P = 0.002) sleep, 
while higher beta power (P = 0.050) during NREM sleep and delta power (P = 0.018) during REM sleep. Regarding attention level, 
patients with MDD had lower levels of accuracy (P = 0.021), longer mean reaction time (P < 0.001), poorer manifestations of the 
alerting effect (P = 0.038) and worse executive control (P = 0.048). Moreover, decreased theta power during NREM sleep was 
correlated with worsened accuracy (β = 0.329, P = 0.040), decreased theta power during REM sleep was correlated with worsened 
alerting effect (β = 0.355, P = 0.020), and increased delta power during REM sleep was correlated with longer mean reaction time (β = 
0.325, P = 0.022) in patients with MDD. No association between ANT performance and other frequency bands was observed in 
patients with MDD.
Conclusion: Our findings suggest that patients with MDD manifest impaired selective attention function that is associated with 
decreased theta power during NREM/REM sleep and increased delta power during REM sleep.
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Introduction
Major depressive disorder (MDD) is a mental disorder with an estimated 322 million patients worldwide, accounting for 
4.4% of the world’s population.1 It has been reported that patients with MDD have cognitive impairment, as reflected by 
poor attention, executive function, visual learning, and memory.2 However, the underlying mechanisms are still not 
clear.2–4

Impaired sleep is common in MDD, affecting 50–90% of patients with MDD.5,6 Studies showed that patients with 
MDD have disinhibition of rapid eye movement (REM) sleep (ie, shortening REM sleep latency and increased REM 
density),7 which is a specific marker for MDD. In addition, MDD also manifests as impaired sleep quality (ie, prolonged 
sleep latency, increased intermittent awakenings, early morning awakenings, and more NREM stage 1 sleep).8 

Furthermore, it has been shown that patients with MDD, during sleep, have lower levels of delta and theta power9,10 

and greater beta activity.11
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Several studies have suggested that EEG activity during sleep is associated with cognitive function.12,13 However, the 
findings are inconsistent. For example, a study reported that less delta power during NREM sleep was associated with 
worse cognitive function,13 while another study found that greater delta power during REM sleep was associated with 
slower reaction times.14 The inconsistent findings might be associated these studies included different subjects.

Taken together, though both cognitive dysfunction and sleep impairment are common features of MDD, no studies 
have examined the association between sleep and cognition in patients with MDD. Thus, the aim of this study was to 
examine the association between EEG activity during sleep and attention levels in patients with MDD.

Materials and Methods
Participants
This was a between-group and cross-sectional design study conducted at the Sleep Medicine Center of Shantou University 
Medical College. Patients with MDD and non-MDD control subjects matched for age and gender comprised the study 
sample. This study was approved by the Research Ethics Board of the Mental Health Center of Shantou University and 
informed consent was obtained from each participant. This study complied with the Declaration of Helsinki.

Consecutive MDD outpatients (age ≥18 years) were recruited from the clinic of the Mental Health Center of Shantou 
University. Control subjects were consecutively recruited through advertisements on the college campus and the 
community during the same period. A complete medical history and mental status assessment was performed. All 
potential research subjects were interviewed with a comprehensive questionnaire. The questionnaire gathered a history of 
sleep complaints, general health issues, and medication use. Inclusion criteria for the MDD group included (1) currently 
met the diagnostic criteria for MDD according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 
criteria, whether or not the first onset of MDD; (2) not under any psychotropic medication treatment currently or in past 
one month and (3) right-handed. We excluded patients with MDD who had (1) other psychiatric disorders, such as 
bipolar disorder, schizophrenia, or psychotic developmental disorder, (2) a diagnosis of dementia or other advanced 
cognitive impairment, (3) evidence of sleep apnea, based on a polysomnographic (PSG)-measured apnea–hypopnea 
index (AHI) ≥ 5 events per hour, (4) extreme sleep schedules and/or were shift workers, or were (5) pregnant/nursing. 
Controls were adults who were not suffering from any psychiatric disorder currently or in the past and were right-handed. 
Exclusion criteria for control subjects were the same as that for patients with MDD.

A sample size calculation was performed based on a previous report,2 the mean difference between the attention of 
patients with MDD and controls was 0.36. The sample size was calculated using PASS 15.0 software, and the 
significance level α was set to 0.05, β was 0.1, statistical power was 0.9, and σ was 0.5. In the ratio of 1:1, at least 42 
patients with MDD and 42 people in the control group were required. Consequently, in this study, we included 47 patients 
with MDD and 47 control subjects.

Measures
All participants completed a medical history and physical examination using a semi-structured questionnaire and a series 
of clinical examinations. The Pittsburgh sleep quality index (PSQI) and the Epworth sleepiness scale (ESS) were to 
assess subjective sleep quality15 and daytime sleepiness,16 respectively. Anthropometric Measures included height and 
weight measurements according to standard procedures in the sleep laboratory. Body mass index (BMI) was calculated 
based on weight (kg)/height (m2).

Mood Status
The Beck Depression Inventory (BDI)17 and Beck Anxiety Inventory (BAI)18 were used to assess depression and anxiety 
symptoms. A higher total score indicates more severe symptoms of depression and anxiety.

Polysomnography
All participants underwent an overnight-attended PSG examination in the sleep laboratory. During the PSG evaluation, 
subjects were allowed to sleep based on their habitual sleep time, with the recording time ranging from 22:00–23:00 
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hours to 6:00–7:00 hours. Participants were continuously monitored with 16-channel polygraphs, including electroence-
phalogram, bilateral electrooculogram, electromyogram, and electrocardiogram. All sleep parameters recorded by PSG 
were analyzed and scored according to the international criteria of the American Academy of Sleep Medicine19 by 
a senior technician who was blind to any diagnosis.

Spectral Analyses
Spectral analyses of EEG data were performed on central EEG derivations (C3-M2 and C4-M1) during NREM and REM 
sleep, as in our previous study,20 using the fast Fourier transform (FFT) to estimate power spectra.21 After automatically 
excluded epochs containing movements, arousal and poor contact of electrodes, artifact-free EEG data from NREM sleep 
and REM sleep were selected. For spectral analyses, NREM sleep was defined as any period of NREM sleep lasting at 
least 15 minutes, and REM sleep was defined as any period of REM sleep lasting at least 5 minutes. The spectral 
resolution was set to 0.50 Hz in each epoch. Following the application of a Hann window, spectral power was calculated 
within each FFT window.20,22 All artifact-free epochs of NREM sleep and REM sleep were used to obtain overnight 
spectral power. To calculate relative power, the absolute power of each frequency band was divided by the total power of 
all frequency bands. This study used the averaged C3-M2 and C4-M1 relative power to perform analyses.23 The ranges 
corresponding to the different relative powers calculated for each epoch were as follows: delta was defined as 0.5–4.0 Hz, 
theta as 4.5–8.0 Hz, alpha as 8.5–11.0 Hz, sigma as 11.5–15.0 Hz, beta as 15.5–30.0 Hz and gamma as 30.5 −49.5 Hz.

Attention Network Test
The attention network test (ANT), which is designed to evaluate alerting, orienting, and executive control attention 
within a single 30-min testing session,24 was performed using E-prime software25 in the morning (09:30–10:30 h) 
following PSG recording in the sleep laboratory. Subjects were required to focus their attention on a centrally located 
fixation cross during the test session, and to respond as quickly and accurately as possible by pressing the appropriate 
button on the keyboard according to the target arrow direction. The scores for alerting, orienting, and executive control 
attention were obtained by subtraction of reaction time (RT) under various conditions.25 The higher the values of the 
alerting and orienting effects, the better the alerting and orienting attention performance, respectively. However, the 
lower the value of the executive control effect, the better the executive control attention performance.

Statistical Analysis
Data are presented as the mean ± standard deviation (SD) for continuous variables, and frequency and percent for 
categorical variables. The independent t-test and Mann–Whitney U-test were used for normally and non-normally 
distributed continuous variables, respectively, and the χ2 test was used for categorical variables to compare general 
demographic characteristics, clinical characteristics, and sleep characteristics between groups. Analysis of covariance 
(ANCOVA) was used to analyze the differences in EEG power between patients with MDD and control subjects, with 
age and gender as covariates. Considering age26 and gender26 may affect EEG power during sleep, we adjusted these 
variables in ANCOVA. Differences in attention levels between patients with MDD and controls were analyzed using 
ANCOVA. In addition to age and gender, considering BMI27 and education levels28 may affect cognitive function, we 
also adjusted for BMI and education levels for the comparisons regarding attention levels. ANCOVA results are reported 
as mean ± standard error of the mean (SEM). Furthermore, we used linear regression models to examine the association 
between EEG power during sleep and attention levels with adjustment of age, gender, BMI, and education levels in 
patients with MDD and controls, respectively. We selected the EEG power variables and the cognition-related variables 
that were significantly different between patients with MDD and controls as independent variables and dependent 
variables, respectively. Then, each selected EEG variable and cognition variable will be treated as an independent 
variable and a dependent variable with adjustment of confounding factors in a linear regression model. Regarding effect 
size, we calculated Partial eta squared (η2

p) and standardized beta value (β) for the ANCOVA and linear regression 
analysis, respectively. A P-value ≤0.05 was used to determine statistical significance. All analyses were conducted using 
SPSS 25.0 (IBM Corp).
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Results
Forty-seven patients with MDD and forty-seven age-sex-matched controls were included in this study. Demographic, 
clinical, and sleep characteristics for patients with MDD and control subjects are presented in Table 1. Patients with 
MDD had lower education levels, shorter total sleep time, lower sleep efficiency, and longer wake time after sleep onset 
latency compared to control subjects (Table 1).

EEG Spectral Analyses
As shown in Table 2, after controlling for age and gender, compared to controls, patients with MDD had lower theta 
power during NREM (10.06 ± 0.29% vs 11.06 ± 0.29%, P = 0.018) and REM (16.02 ± 0.43% vs 17.97 ± 0.43%, P = 
0.002) sleep. Furthermore, we found that patients with MDD had higher beta power (2.22 ± 0.12% vs 1.90 ± 0.12%, P = 
0.050) during NREM sleep and delta power (67.70 ± 0.87% vs 64.73 ± 0.87%, P = 0.018) during REM sleep. In addition, 
there were no statistical differences in other EEG power bands between the two groups.

Attention Performance
As shown in Table 3, compared with controls, patients with MDD had lower accuracy (93.95 ± 1.02% vs 97.41 ± 1.02%, 
P = 0.021), longer mean RT (646.79 ± 15.56 ms vs 569.18 ± 15.56 ms, P < 0.001), poorer manifestation of the alerting 
effect (39.46 ± 4.15 ms vs 52.04 ± 4.15 ms, P = 0.038) and worse executive control (108.01 ms ± 7.16 vs 87.33 ± 7.16 
ms, P = 0.048), after controlling for age, gender, BMI and education levels. There were no differences regarding 
orienting (P = 0.113) between patients with MDD and controls.

Table 1 Demographic, Clinical and Sleep Characteristics

Controls  
(n = 47)

Patients with MDD  
(n = 47)

P

Age (years) 26.55 ± 4.61 27.26 ± 5.79 0.466
Gender, (Female, %) 34 (72.3) 34 (72.3) >0.999

BMI (kg/m2) 21.25 ± 3.16 20.57 ± 3.50 0.181

Overweight (BMI≥24kg/m2) (n, %) 7 (14.9) 6 (12.8) 0.765
Education levels 0.035
Junior school or below (n, %) 1 (2.1) 8 (17.0)

Senior school or above (n, %) 46 (97.9) 39 (83.0)
PSQI scores 4.81 ± 2.16 12.98 ± 3.90 <0.001
BDI scores 5.62 ± 7.24 26.94 ± 9.95 <0.001
BAI scores 5.28 ± 5.56 24.74 ± 15.25 <0.001
ESS scores 6.32 ± 3.74 6.62 ± 6.25 0.422

Sleep onset latency (minutes) 12.98 ± 10.37 24.26 ± 38.94 0.533

Total sleep time (minutes) 435.38 ± 36.43 375.09 ± 94.17 <0.001
Sleep efficiency (%) 90.68 ± 5.30 77.02 ± 18.97 <0.001
NREM sleep stage 1 (%) 9.36 ± 4.10 10.84 ± 7.70 0.901

NREM sleep stage 2 (%) 47.59 ± 6.32 48.49 ± 10.80 0.625
NREM sleep stage 3 (%) 22.68 ± 6.23 22.52 ± 10.06 0.926

REM sleep (%) 20.33 ± 4.06 18.15 ± 6.90 0.065

REM sleep latency (minutes) 108.71 ± 40.30 148.86 ± 101.08 0.309
Wake time after sleep onset (minutes) 31.12 ± 21.01 87.77 ± 77.50 <0.001
AHI (events/hour) 1.20 ± 1.11 1.74 ± 1.52 0.148

Notes: Data are presented as mean ± standard deviation for continuous variables, and sample size (percentage) for categorical 
variables. P-values are given for the comparison of the characteristic between patients with MDD and controls. P-values ≤ 0.05 
are indicated in bold. 
Abbreviations: AHI, apnea hypopnea index; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BMI, body mass 
index; ESS, Epworth Sleepiness Scale; MDD, major depressive disorder; NREM, non-rapid eye movement; PSQI, Pittsburgh Sleep 
Quality Index; REM, rapid eye movement.
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Association Between EEG Spectra and Attention
In order to examine the association between EEG power during sleep and attention levels in MDD, we conducted linear 
regression in patients with MDD. As shown in Table 4, decreased theta power during NREM sleep was associated with 
worsened accuracy (β = 0.329, P = 0.040), and decreased theta power during REM sleep was associated with worsened 

Table 2 EEG Power of Controls and Patients with MDD

EEG Power Controls  
(n = 47)

Patients with MDD  
(n = 47)

P η2p

NREM-delta (%) 77.63 ± 0.64 78.04 ± 0.64 0.653 0.002

NREM-theta (%) 11.06 ± 0.29 10.06 ± 0.29 0.018 0.061

NREM-alpha (%) 4.58 ± 0.23 4.47 ± 0.23 0.746 0.001
NREM-sigma (%) 4.78 ± 0.31 5.14 ± 0.31 0.411 0.008

NREM-beta (%) 1.90 ± 0.12 2.22 ± 0.12 0.050 0.042

NREM-gamma (%) 0.05 ± 0.01 0.06 ± 0.01 0.095 0.031
REM-delta (%) 64.73 ± 0.87 67.70 ± 0.87 0.018 0.060

REM-theta (%) 17.97 ± 0.43 16.02 ± 0.43 0.002 0.103
REM-alpha (%) 7.30 ± 0.32 6.43 ± 0.32 0.061 0.039

REM-sigma (%) 3.89 ± 0.16 3.63 ± 0.16 0.263 0.014

REM-beta (%) 5.96 ± 0.44 6.05 ± 0.44 0.883 <0.001
REM-gamma (%) 0.17 ± 0.01 0.18 ± 0.01 0.728 0.001

Notes: Data are presented as mean ± SEM. P-values and η2
p were derived from the ANCOVA analysis, and 

the model was adjusted for age and gender. P-values ≤ 0.05 are indicated in bold. 
Abbreviations: ANCOVA, Analysis of covariance; EEG, electroencephalogram; MDD, major depressive 
disorder; NREM, non-rapid eye movement; REM, rapid eye movement; SEM, standard error of the mean.

Table 3 Attention Levels of Controls and Patients with MDD

Controls  
(n = 47)

Patients with MDD  
(n = 47)

P η2p

Accuracy (%) 97.41 ± 1.02 93.95 ± 1.02 0.021 0.059

Mean RT (ms) 569.18 ± 15.56 646.79 ± 15.56 <0.001 0.120
Alerting (ms) 52.04 ± 4.15 39.46 ± 4.15 0.038 0.048

Orienting (ms) 56.45 ± 4.02 47.20 ± 4.02 0.113 0.028

Executive control (ms) 87.33 ± 7.16 108.01 ± 7.16 0.048 0.044

Notes: Data are presented as mean ± SEM. P-values and η2
p were derived from the ANCOVA analysis, and the model 

was adjusted for age, gender, body mass index and education levels. P-values ≤ 0.05 are indicated in bold. 
Abbreviations: ANCOVA, Analysis of covariance; ANT, Attention Network Test; MDD, major depressive disorder, 
RT, reaction time; SEM, standard error of the mean.

Table 4 Association Between EEG Power and ANT Index in Patients with MDD and Control Subjects

Accuracy (%) Mean RT (ms) Alerting (ms) Executive Control (ms)

B β P B β P B β P B β P

Patients with MDD (n = 47)

NREM-theta (%) 1.767 0.329 0.040 −7.004 −0.090 0.583 −1.057 −0.065 0.710 −4.315 −0.136 0.465

NREM-beta (%) 0.548 0.051 0.727 −38.386 −0.247 0.087 −5.432 −0.167 0.281 −3.552 −0.056 0.737

REM-delta (%) −0.228 −0.140 0.335 7.642 0.325 0.022 −0.697 −0.142 0.362 1.605 0.167 0.313
REM-theta (%) 0.005 0.001 0.993 −7.802 −0.136 0.358 4.254 0.355 0.020 −2.180 −0.093 0.580

(Continued)
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alerting effect (β = 0.355, P = 0.020), and increased delta power during REM sleep was associated with prolonged mean 
RT (β = 0.325, P = 0.022), in patients with MDD after controlling for age, gender, BMI, and educational levels. No 
association between ANT performance and other frequency bands was observed in patients with MDD. However, higher 
beta power during NREM sleep was associated with better executive control in controls was observed (β = −0.316, P = 
0.026).

Discussion
To our knowledge, this is the first study to examine the relationship between EEG power during sleep and attention levels 
in patients with MDD. Our findings suggest that decreased theta power during NREM sleep and increased delta and 
decreased theta power during REM sleep are associated with impaired attention levels in patients with MDD.

In the current study, we found that decreased relative theta EEG power occurs in patients with MDD both during 
NREM sleep and REM sleep, which is consistent with previous studies.10,29 The decreased levels of theta power during 
sleep have been shown to be associated with impaired cognition (ie, memory consolidation).30,31 Elevated beta activity 
during NREM sleep has been reported in depressive patients.11 Consistent with previous studies, we found that the 
relative beta power during NREM sleep in patients with MDD is higher than controls. Higher levels of beta activity 
during sleep are currently thought to be involved in behavioral arousal and are accompanied by increased cortical arousal 
events.32,33 Furthermore, increased levels of delta power during REM sleep were also observed in patients with MDD in 
the current study. A previous study reported that patients with MDD had lower delta power during NREM sleep.9 

Although this study found that patients with MDD had lower integrated EEG power density compared to controls, the 
authors did not report delta power during REM sleep in patients with MDD.9 However, findings from many studies show 
that increased levels of delta activity during REM sleep are associated with poorer sleep quality both in healthy 
individuals and in a variety of diseases.34–36 The increased levels of delta activity during REM sleep in MDD might 
be associated with poor sleep quality. In our study, we found that patients with MDD had higher PSQI scores, lower sleep 
efficiency and longer wake time after sleep onset compared to control subjects.

Attention impairment is one of the common complaints in patients with MDD. In the current study, we found that 
patients with MDD had impaired attention in multiple dimensions (ie, lower accuracy, longer reaction time, worse 
alerting levels, and poorer executive control) compared with controls, which is consistent with most, but not all previous 
studies.37–45 The inconsistent findings might be due to the effects of medication (eg, antidepressants) and potential 
confounding factors that some studies did not take into consideration.

Theta EEG power is generated by the thalamus and is associated with inhibition of alertness.46 Animal studies 
suggested that theta EEG power generates from hippocampus, which is a region closely associated with cognitive 
function.47,48 Evidence from human studies also reported that decreased theta EEG power was associated with worse 
cognitive performance, such as attention and memory.49 In the current study, lower levels of theta activity during NREM 
sleep are associated with lower accuracy in patients with MDD, which is in line with a previous finding that reduced 
levels of theta activity during NREM sleep are associated with early cognitive impairment.50 Furthermore, we found that 

Table 4 (Continued). 

Accuracy (%) Mean RT (ms) Alerting (ms) Executive Control (ms)

B β P B β P B β P B β P

Control subjects (n = 47)

NREM-theta (%) 0.050 0.068 0.694 4.500 0.174 0.274 0.612 0.059 0.726 0.166 0.014 0.933

NREM-beta (%) 0.230 0.075 0.621 −20.580 −0.195 0.166 −3.742 −0.087 0.554 −15.455 −0.316 0.026
REM-delta (%) −0.024 −0.077 0.645 1.649 0.154 0.321 0.296 0.068 0.674 0.975 0.196 0.217
REM-theta (%) −0.018 −0.031 0.838 0.908 0.046 0.747 0.200 0.025 0.867 0.433 0.047 0.748

Notes: The linear models adjusted for age, gender, body mass index, and education levels. P-values ≤ 0.05 are indicated in bold. 
Abbreviations: ANT, Attention Network Test; B, unstandardized coefficients; β, standardized coefficient; EEG, electroencephalogram; MDD, major depressive 
disorder; NREM, non-rapid eye movement; REM, rapid eye movement; RT, reaction time.
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lower levels of theta activity during REM sleep are associated with worse alertness levels in patients with MDD, which is 
inconsistent with a previous study showing that elevated theta activity during REM sleep is concomitant with worse 
cognitive performance.51

In addition, we found that greater levels of delta activity during REM sleep are associated with slower 
reaction time in patients with MDD. A previous study showed that increased delta power during REM sleep is 
associated with longer reaction time,14 which is consistent with our study. Furthermore, evidence has shown that 
greater delta activity during REM sleep is associated with impaired cognition.12,52 Findings of an animal study 
suggested that increased delta power during sleep was associated with activating the adenosine A1 receptor in 
the hippocampus,53 which has been observed to be associated with impaired cognitive function in aged mice.54 

Furthermore, elevated delta power during REM sleep has been observed to be associated with poor cognitive 
performance in humans.55 Future studies should be conducted to understand the mechanisms underlying the 
association between sleep and cognition in patients with MDD.

In contrast to patients with MDD, we found that higher levels of beta power during NREM sleep were 
associated with better executive control in control subjects. Higher relative power in high-frequency EEG power 
NREM sleep has been reported to be associated with better cognitive performance,51 while lower levels of high- 
frequency EEG power during NREM sleep were observed in the subjects with cognitive impairment.56 Thus, it 
appears that elevated beta power during NREM sleep may contribute to better cognitive function in the non- 
MDD population.

The strengths in the present study include the careful consideration of potential influencing factors (eg, age, 
gender, medication and education) that may affect attention performance and EEG activity during sleep. 
However, several limitations also need to be acknowledged and merit discussed. First, it is a cross-sectional 
study that can not provide a causal relationship between EEG activity during sleep and attention levels in 
patients with MDD. Second, the gamma EEG power was filtered out during the acquisition process, so the 
relationship between gamma power and attention performance could not be evaluated. Third, we primarily 
included young and middle-aged individuals, which restricted the findings to children, adolescents and older 
patients with MDD. Future studies should be conducted in children, adolescents, and older adult depressive 
patients and expanded to other dimensions of cognitive function, such as memory, executive function, and 
information processing speed. Finally, we did not collect information regarding social jet lag, which may also 
affect cognitive function.

Conclusions
Our findings suggest that patients with MDD manifest impaired selective attention function that is associated with 
decreased theta EEG power during NREM/REM sleep and increased delta EEG power during REM sleep.

Abbreviations
AHI, apnea hypopnea index; ANCOVA, Analysis of covariance; BAI, Beck Anxiety Inventory; BDI, Beck Depression 
Inventory; BMI, body mass index; EEG, electroencephalogram; ESS, Epworth Sleepiness Scale; MDD, major depressive 
disorder; NREM, non-rapid eye movement; PSQI, Pittsburgh Sleep Quality Index; REM, rapid eye movement; RT, 
reaction time; SEM, standard error of the mean.
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