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Abstract
Background Post-stroke depression increases the likelihood of adverse physical symptoms. Attentional bias (AB) for nega-
tive stimuli is important in depression onset, maintenance, and remission. Stroke is more likely in older adults, who can 
have reduced cognitive function. Individuals with mild cognitive impairment (MCI) can have delayed reaction times (RTs). 
We hypothesized that RT to select neutral facial expression is affected by depressive symptoms and cognitive function in 
patients with stroke.
Methods This study analyzed 61 patients with stroke. Beck Depression Inventory-Second Edition (BDI-II) and Profile of 
Mood States (short version) scores were determined. Task stimuli comprised eight pairs of facial expressions containing 
affective (angry) and neutral faces. AB was measured as the RT to select the neutral face in two simultaneously presented 
images using attention bias modification (ABM) software. Patients were grouped according to depressive symptoms using 
BDI-II scores. Between-subject factors of depressive symptoms and cognitive function were determined by ANCOVA.
Results No significant interaction was found between depressive symptoms and cognitive function on RT. There was a main 
effect of cognitive function, but not depressive symptoms. In patients with hemiparesis and depressive symptoms, RT was 
significantly shorter in patients without MCI compared with patients with MCI.
Conclusions People with stroke and elevated depression symptoms with hemiparesis but without MCI quickly selected neu-
tral facial expressions from neutral and aversive expressions, and thus do not need ABM to escape aversive stimuli. ABM 
in response to aversive stimuli may be useful in evaluating negative emotions in individuals with post-stroke depression 
without MCI.
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Introduction

About 30% of individuals with hemiparesis have depressive 
symptoms [1, 2] referred to as post-stroke depression (PSD). 
PSD is a symptomatic depression that occurs after the onset 
of stroke; most individuals with hemiparesis are older than 
65 years [3]. The symptoms of PSD are reduced vitality, 

feelings of guilt, depression, irritability, and nervousness [4]. 
In younger people, depressive symptoms are characterized 
by a low, negative mood, and feeling useless [5], whereas 
depression in older adults is characterized by cognitive 
impairment [6]. Cognitive impairment is often recognized 
after stroke, and patients with PSD are known to have lower 
cognitive function than patients without depression [7]. In 
patients with hemiparesis, depression and cognitive impair-
ment adversely affect activities of daily living (ADL) [8, 9] 
and quality of life [10]. It is still unclear whether depressive 
symptoms or cognitive function affect the ADL in people 
with stroke.

Various factors have been suggested to contribute to 
depression. Among them, cognitive bias, particularly pro-
cessing bias (e.g., attentional bias [AB], memory bias) for 
negative stimuli, plays an important role in depression onset, 
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maintenance, and remission [11, 12]. Negative AB is critical 
in the formation of negative cognitive bias [13–16], which 
increases vulnerability to depression [17]. Moreover, nega-
tive AB is reduced when depression severity improves; that 
is, improvements in depression severity lead to modifica-
tions in AB [18–21]. Therefore, depressive symptoms can 
be reduced by attentional bias modification (ABM) train-
ing [19–21]. Furthermore, cognitive behavioral therapy 
for patients with depressive symptoms has been shown to 
improve reaction time (RT) to neutral and threat stimuli [22], 
which suggests that depressive symptoms are related to AB. 
To date, there have been no reports on AB in individuals 
with hemiparesis and depressive symptoms, and the char-
acteristics of AB in individuals with stroke are unknown. 
If the characteristics of AB in individuals with stroke are 
clarified, it is expected that depressive symptoms will be 
improved by ABM.

Stroke is more common in older adults. Previous studies 
of AB in older adults have shown that they are more focused 
on neutral stimuli than negative stimuli compared with 
younger people [23, 24]. The avoidance of negative stimuli 
in older adults can be explained by two strategies. First, it 
could represent the positivity effect, in which information 
processing selectively captures neutral or positive informa-
tion over negative information [25]. Older adults have been 
shown to avoid negative stimuli when they are in a nega-
tive mood and instead focus on neutral or positive stimuli 
[26]. Moreover, studies of older adults have shown that they 
avoid negative information and select positive information 
[23]. Second, it may represent harm avoidance, which is a 
personality trait characterized by excessive worrying and 
pessimism [27, 28]. Harm avoidance has been reported to 
be positively correlated with PSD symptoms [29]. People 
with harm avoidance temperaments have an increased risk 
of developing stroke [30], and people with hemiparesis may 
potentially exhibit harm avoidance. It has been reported that 
people with higher harm avoidance tend to have shorter 
simple RTs than those with lower harm avoidance [31]. In 
addition, people with higher harm avoidance who received 
cortisol had faster RTs to avoid than to approach anger 
stimuli [32]. This suggests that people with harm avoidance 
personalities should have shorter RTs to avoiding aversive 
stimuli. Although the age-related positivity effect has been 
noted in many studies (see [23] for a meta-analysis), the 
strength of this effect, and indeed whether it is noted at all, 
is moderated by several factors, including the type of stimuli 
presented and the degree of cognitive control. It has been 
reported that increasing the difficulty of tasks in older adults 
reduces the gaze time for positive stimuli compared with 
simple tasks [33].

AB is measured as the time it takes to make a selec-
tion based on certain conditions, after applying an expres-
sion stimulus [12, 15, 17]. The RT is an indicator of AB 

and includes the attention-to-cognition-behavior time 
from processing a stimulus to acting [34]. The process 
of an input stimulus reaching the retina and subsequently 
activating the visual cortex takes approximately 30 ms 
[35]. Similarly, the latency from the visual stimulus to 
the medial prefrontal cortex is 115–180 ms [36]. Deter-
mining whether a facial expression is neutral or negative 
takes 300 ms to process in the frontal cortex [37]. Approx-
imately 25 ms is needed for information to be transmitted 
from the motor cortex to the muscle through the nerv-
ous system [38], and the simple RT after visual stimula-
tion without cognitive processing has been reported to be 
200 ms [36].

There are various methods for measuring AB, including 
picture and word stimuli [39]. Two types of attention tasks 
use emotional stimuli. One focuses on measuring attention 
toward emotional stimuli, and the other measures attention 
away from emotional stimuli, referred to as engagement and 
disengagement, respectively. Engagement is usually assessed 
by measuring the RT of redirecting the attention from neu-
tral to emotional stimuli. Disengagement is assessed by 
measuring the RT of redirecting the attention from emo-
tional to neutral stimuli [15, 40]. AB can be examined via a 
task in which participants must instantaneously select one 
of two images presented simultaneously, where one image 
triggers an emotion and the other is neutral [16]. In cases 
where the emotional image presents an aversive stimulus, it 
has been established that the RT for the negative stimulus 
is reduced [14, 41]. People with depressive symptoms have 
been shown to have decreased maintenance of attention to 
positive stimuli and increased maintenance of attention to 
negative stimuli [14, 42]. People with anxiety symptoms 
have increased alertness to threatening stimuli, making it dif-
ficult to release their attention [41, 43]. Based on these find-
ings, ABM includes exercises to disengage attention from 
threatening stimuli [44–46] and exercises to desensitize by 
exposure to these stimuli [47], which attenuate anxiety and 
depression, respectively.

AB is often measured with the dot probe task. This task 
is used to select the position and shape of dots displayed 
after two image stimuli are presented. If image recognition 
is difficult to achieve, AB cannot be evaluated. It has been 
reported that most individuals with stroke are older adults 
and that their facial expression recognition is lower than in 
younger individuals [48]. In addition, it is reported that older 
adults with depressive symptoms are less accurate in facial 
expression recognition tasks than those without depressive 
symptoms [49]. In another study, it was reported that indi-
viduals with hemiparesis have less accurate facial expres-
sion recognition than those without stroke [50, 51]. From 
the above, AB is difficult to detect with the dot probe task 
if facial expression recognition is reduced in patients with 
post-stroke depressive symptoms.
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On the contrary, older adults are known to have longer 
cognitive processing and motor response times and, there-
fore, an increased RT compared with younger people [52, 
53]. RTs in patients with mild cognitive impairment (MCI) 
have been shown to be longer than those in age-matched 
controls [54]. Therefore, individuals with impaired cogni-
tive function of organic cause or suspected dementia by low 
Mini-Mental State Examination (MMSE) scores are usually 
excluded from ABM studies [24, 42]. In other words, cogni-
tive decline inevitably influences RT measurements in indi-
viduals with hemiparesis. If AB differs between individuals 
with hemiparesis with and without depressive symptoms, 
ABM could be applied as a support method to relieve mood 
disturbances such as depression and anxiety. However, if 
cognitive functions affect the RT, it is necessary to verify 
whether depressive symptoms or cognitive functions affect 
AB.

Therefore, in this study, we measured the AB of indi-
viduals with hemiparesis by performing a facial expression 
selection task to select a neutral facial expression image 
from an affective facial expression image and a neutral facial 
expression image. AB in individuals with hemiparesis may 
be associated with both depressive symptoms and cognitive 
function. Older adults with depressive symptoms have been 
shown to have a shorter RT to neutral than aversive stimuli 
[26]. If the AB for patients with hemiparesis is towards a 
negative stimulus, the attention has to be avoided from the 
negative stimulus. Conversely, if the AB for patients with 
hemiparesis is away from the negative stimulus, training 
to expose attention to the negative stimulus is required. 
Moreover, RT in older adults with reduced cognitive func-
tion has been shown to be slower than in those with higher 
cognitive function [54]. In order to confirm the necessity 
of ABM training by cognitive function, the differences in 
AB with and without MCI have to be addressed. However, 
it is unclear whether depressive symptoms and/or cognitive 
function in individuals with hemiparesis affect RT. There-
fore, the aim of the present study was to characterize AB in 
individuals with hemiparesis. The hypothesis was that (1) 
RT in patients with stroke with depressive mood is faster 
than in those without depressive mood, (2) RT in patients 
with stroke with MCI is slower than in those without MCI. 
The knowledge of the characteristics of AB in individuals 
with hemiparesis can help in the development of ABM’s 
intervention strategies in individuals with hemiparesis.

Methods

Study Design

This study used a cross-sectional design to compare dif-
ferences in RT, which is an indicator of AB, depending 

on the presence or absence of PSD. Data sampling was 
performed by one researcher and was discontinuous during 
the study period.

Participants

Participants of this study were patients with hemiparesis 
admitted to the Rehabilitation Hospital in Japan between 
April 2016 and July 2018. The patients were admitted after 
stroke onset to the research institution for their training in 
the convalescent rehabilitation ward. The research proce-
dures were explained to the enrolled patients who met the 
inclusion criteria and their consent to participate in the 
study was obtained. This study was approved by the Uni-
versity Ethics Committee (27510) and the Hospital Ethics 
Committee (H27-10).

The inclusion criteria of the study were as follows: 
(1) patients over 20 years of age, and thus able to make 
decisions for themselves as adults according to Japanese 
law; (2) diagnosis of stroke (cerebral infarction, cerebral 
hemorrhage, or subarachnoid hemorrhage) [4, 10]; (3) 
absence of severe aphasia influencing communication [4, 
9]; and (4) MMSE score of 24 or higher [9, 26, 30, 31]. 
Patients were classified into the depressive group if they 
had a Beck Depression Inventory-Second Edition (BDI-II) 
score > 16 [55, 56]; patients with a score of 15 or lower 
were classified into the control group.

Exclusion criteria were (1) history of depression before 
stroke onset or family history of depression [4, 9, 10]; (2) 
difficulties to discriminate between the two expressions 
neutral and disgusted in facial images; and (3) a correct 
response rate below 70% in the first 10 trials of the dot 
probe task, according to criteria established in a previous 
study [57].

Experimental Procedure

AB measurements and psychological scales were adminis-
tered for up to 40 min per person. Testing was performed 
in a private room in the hospital’s rehabilitation ward. 
First, the patients’ psychological states were evaluated 
using the BDI-II and the shortened version of the Profile of 
Mood States (POMS) through structured interviews. Next, 
the RTs were measured using the ABM training software 
(Fig. 1). At the start of each trial, a fixation cross appeared 
for 500 ms. Subsequently, participants were presented with 
two stimuli arranged vertically, one neutral and one angry, 
for 500 ms. The participants were instructed to indicate as 
quickly as possible the location of the neutral face (above 
vs. below on the screen) by pressing a button.
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AB Measurements

AB was measured using the ABM training software (Ide-
oquest, Tokyo, 2012) installed on a laptop computer. A 
15-inch liquid crystal display screen was used to present 
the stimuli. The participants used a button-based input 
device to choose instantaneously between two images dis-
played on the screen. The participants pressed the button 
with their non-paralyzed side hand. Hand dominance was 
not considered. The distance between the participant’s 
face and the display screen was approximately 45 cm. 
RT, which was used as an index of AB, was measured as 
the time between the presentation of the two images via 
the ABM training software and the participant’s button 
response to indicate their choice, using the computer’s 
internal clock. Stimuli for the task consisted of pairs of 
facial expressions that contained one affective (angry) and 
one neutral photograph. The computer recorded the RTs 
for each response (Fig. 1) [58]. RT was measured as the 
time from image presentation to button selection. Outlier 
exclusion criteria were set based on previous studies tar-
geting the same age band as in this study; RTs < 300 ms 
or > 3000 ms were excluded from the statistical analysis 
because the attentional response was too early or too late, 
respectively [22].

Confounding factors that can affect RT include fatigue 
and age due to MCI and the dominant hand used for meas-
urement. t tests were used to analyze age-related differences 
in RT among patients with or without MCI. To confirm that 
fatigue in patients with MCI did not affect RT, all recorded 
RTs were compared using the Kruskal–Wallis test.

For the facial expressions used as the stimuli in this study, 
aversive (anger) and neutral photographs obtained from the 
Japanese Female Facial Expression Database were displayed 
at a size of 5.0 × 3.5 cm in length and width, respectively. 
The image set comprised eight images of facial expressions 
showing aversion and eight images showing neutrality; one 
pair comprising one neutral and one aversive expression was 
randomly displayed 128 times (Fig. 2). The number of trials 
was determined with reference to a previous study [58]. The 
use of facial expression images as facial expression stimuli 
has been confirmed by Gabor coding [59].

Psychological Examination

The BDI-II Japanese version [60] was used to assess depres-
sive symptoms in patients with stroke [61]. The POMS 
(short version) was used to evaluate mood states other 
than depressive symptoms [62, 63]. The BDI-II is a self-
administered questionnaire comprising 21 items. It asks how 

Fig. 1  Protocol of this study. First, the Beck Depression Inventory-
Second Edition (BDI-II) and Profile of Mood States short version 
(POMS) were administered. Then, the AB was measured as the reac-
tion time between the presentation of the two images via the ABM 

training software and the participant’s image selection by pressing 
a button. The stimuli for the task comprised random image pairs of 
facial expressions that contained one affective (angry) and one neutral 
photograph with 128 repetitions
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the respondent felt during the past two weeks, rating each 
item from 0 to 3. The higher the score, the more severe the 
depressive symptoms. The BDI-II identifies the presence 
of depressive symptoms with a score of 16 or more [55, 
56]. This cut-off point was set with reference to depressive 
symptoms due to physical disability.

The short version of the POMS is a self-administered 
questionnaire consisting of 30 items that measure six mood 
states: tension-anxiety, depression-dejection, anger-hostility, 
vigor, fatigue, and confusion.

Measurement of Cognitive Function

The MMSE was used to measure cognitive function in 
patients with hemiparesis. The MMSE is widely used as a 
screening test for cognitive function. It consists of 11 items, 
and a score of 23 or less is considered indicative of dementia 
[64]. The MMSE Japanese version has been verified for reli-
ability and validity [65]. According to previous studies, the 
presence or absence of MCI was classified using an MMSE 
threshold score of 27 [66, 67]. This cut-off point’s sensitivity 
and specificity are 88% and 70%, respectively. In this study, 
patients with MMSE scores of 24–27 were considered to 
have MCI.

Patient Characteristics

Information on patient characteristics, such as age, disease 
name, injured hemisphere, brain lesions, medical condition, 
days from onset of stroke to examination, and motor paraly-
sis, was obtained from medical records. Brain lesions were 
checked by a neurologist. The Brunnstrom recovery stage 
(BRS), which indicates the severity of motor paralysis, is 

expressed in 6 stages (1 is the most severe and 6 is extremely 
mild) [68]. The Functional Independence Measure (FIM) 
was used to determine ADL abilities [69, 70]. FIM consists 
of 13 motor items such as self-care and mobility and five 
cognitive items such as communication and social recogni-
tion, making a total of 18 items. Each item of the FIM is 
evaluated on a scale of 1 to 7, with 1 point being completely 
dependent on assistance in ADL and 7 points being com-
pletely independent. Thus, the total FIM score ranges from 
18 to 126, and the higher the score, the higher the degree of 
independence in ADL.

Statistical Analysis

Patients with hemiparesis were grouped according to depres-
sive symptoms using the BDI-II [55, 56]. ANCOVA was 
used to evaluate if depressive symptoms (depressive vs. 
non-depressive) and cognitive function (MCI vs. non-MCI) 
affected RT in patients with hemiparesis. Multiple com-
parison analysis was performed by Bonferroni correction. 
Factors that may affect RT are age [71], paralyzed side, and 
severity of motor paralysis. Considering these factors is nec-
essary when measuring RT. In this study, the influence of the 
severity of motor paralysis is considered small because the 
test was performed on the non-paralyzed side. In this study, 
the measuring hand of the test differs depending on the 
paralyzed side. Because these factors could indirectly influ-
ence RT, they were administered as covariates. To test the 
consistency of the ANCOVA analysis, a sensitivity analysis 
was performed using adjusted MCI cut-offs and to confirm 
that the results did not differ due to a different cut-off point. 
The cut-off points for the sensitivity analysis were MMSE 
scores of 25, 26, and 28. One-way ANOVA was employed 

Fig. 2  Facial expressions used as stimuli. The photographs displaying 
anger or neutrality (8 images each) were obtained from the Japanese 
Female Facial Expression Database. The photos were presented as 

randomly assigned vertical pairs of angry and neutral faces. A total of 
eight pairs were used for the 128 trials
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to compare the characteristics of the patient groups with and 
without depression. Kruskal-Wallis was used to assess the 
fatigue effect on RT in 128 trials because the data of 128 tri-
als were not normally distributed. t test was used to compare 
the RT in patients with MCI and without MCI and to deter-
mine whether paralysis on the dominant side affected the RT 
delay and the loss of accuracy. In addition, linear regression 
analysis was performed, with RT as the dependent variable 
and MMSE and BDI-II scores as the independent variables. 
In this regression analysis, subjects’ age, paralyzed side, 
and severity were used as covariates. All statistical analyses 
were performed using SPSS ver. 25 (IBM, Tokyo), and the 
significance level was set at 5%.

Sample Size

To the best of our knowledge, there is no prior study of 
attention bias in patients with hemiparesis to date. The num-
ber of participants required for the analysis was calculated 
using G* power [72], with a partial η2 of 0.8, effect size of 
2, alpha error of 0.05, and a power of 0.8 by ANCOVA. The 
required sample size was four groups of eight each, for a 
total of 32 participants.

Results

Patient Statistics

A total of 620 patients with stroke were admitted dur-
ing the study period; 78 patients (mean age = 64 years, 
SD = 12 years) who met the study inclusion criteria were 
surveyed. Seventeen patients were excluded from statisti-
cal analyses because their first 10 responses contained less 
than 70% correct answers [57]. Thus, 61 patients (mean 
age = 62 years, SD = 12 years) were statistically analyzed 
(Fig. 3). Their characteristics are shown in Table 1 and Sup-
plement 1.

Comparison of RT by Depressive Symptoms 
and Cognitive Function in Patients with Stroke

ANCOVA, with age as covariate, revealed a main effect of 
cognitive function on RT ((F [3, 57] = 7.488, p = 0.008, 
η2 = 0.118; Fig. 4). No significant interaction was found 
between depressive symptoms and cognitive function on 
RT (F [3, 57] = 0.492, p = 0.486, η2 = 0.009). There 
was no main effect of depressive symptoms on RT (F 
[3, 57] = 2.719, p = 0.105, η2 = 0.046). In patients with 

Fig. 3  Selection process of the study population. A total of 620 
patients with hemiparesis were admitted during the study period, 
and 78 patients met the inclusion criteria. Of these, 17 patients were 
excluded from statistical analysis because their first 10 answers were 

less than 70% correct. Finally, 61 patients in four subgroups were sta-
tistically analyzed. MCI, mild cognitive impairment; MMSE, Mini-
Mental State Examination; BDI-II, Beck Depression Inventory-Sec-
ond Edition; MCI, mild cognitive impairment
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hemiparesis and depressive symptoms, Bonferroni multi-
ple comparison analysis showed that RT was significantly 
shorter in patients without MCI (626  ±  59  ms) com-
pared with patients with MCI (855 ± 63 ms) (p = 0.01, 

d  =  1.942). There was no difference in RT among 
patients either with MCI (884 ± 55 ms) or without MCI 
(772 ± 27 ms) in patients without depressive symptoms 
(p = 0.07, d = 0.656).

Table 1  Comparisons of 
variables within four subgroups

These scores involve mean and standard deviations. There are overlapping areas of brain damage. Accuracy 
refers to AB measurement correct response rate.  aBRS Brunnstrom recovery stage, bFIM functional inde-
pendence measure, cBDI-II Beck Depression Inventory-Second Edition, dPOMS Profile of Mood States, eT-
A tension-anxiety, fD depression, gA-H anger-hostility, hV vigor, iF fatigue, jC confusion, kTMD total mood 
disturbance, lMMSE Mini-Mental State Examination, mCI cerebral infarction, nCH cerebral hemorrhage, 
oSAH subarachnoid hemorrhage, pR right, L left, qMI myocardial infarction, rAF atrial fibrillation

Variable Depressive group Non-depressive group

MCI (n = 7) Non-MCI (n = 8) MCI (n = 9) Non-MCI (n = 37)

Age 69 (12) 55 (6) 63 (10) 62 (12)
Days from onset 67 (30) 96 (44) 109 (48) 90 (36)
BRS (hand score) 4.9 (1.8) 4.7 (1.4) 4.6 (1.6) 4.9 (1.2)
FIM motor score 74.4 (8.1) 77.9 (8.5) 78.2 (10.1) 78.5 (7.2)
Cognitive score 26.7 (4.4) 30.9 (3.7) 28.9 (4.5) 30.1 (3.2)
Total score 101.1 (7.5) 108.8 (11.4) 107.1 (12.5) 108.6 (9.5)
BDI-II 22.1 (3.6) 20.5 (4.5) 4.9 (5.3) 6.5 (4.3)
POMS-short T-A 4.9 (3.4) 8.0 (3.3) 2.1(2.0) 3.1 (3.3)
 D 5.4 (2.6) 4.0 (3.2) 0.9 (0.9) 1.7 (2.0)
 A-H 2.9 (2.8) 2.0 (2.2) 1.4 (2.2) 1.1 (1.5)
 V 4.4 (3.7) 3.1(2.1) 7.7 (4.2) 7.5 (4.3)
 F 5.3 (4.8) 3.9 (2.6) 1.4 (1.7) 2.2 (2.5)
 C 6.0 (2.1) 7.8 (3.2) 3.9 (1.8) 4.0 (2.2)

TMD 20.0 (8.8) 22.5 (13.7) 2.1 (7.0) 4.5 (11.0)
MMSE 25.1 (1.0) 29.1 (0.8) 26.3 (0.7) 29.2 (0.8)
Gender: male/female 3/4 3/5 7/2 25/12
Diagnosis: CI/CH/SAH 5/2/0 3/4/1 2/7/0 27/10/0
Brain lesions

  Lesional side R/L 5/2 3/5 3/6 19/18
  Cortical 1/1 1/0 0/0 2/1
  Frontal 0/1 0/0 0/0 1/1
  Parietal 0/0 1/0 0/0 1/0
  Occipital 0/0 0/0 0/0 0/0
  Temporal 1/0 0/0 0/0 0/0
  Sub-cortical 3/1 2/4 3/6 14/12
  Thalamus 1/0 0/2 3/0 1/1
  Internal capsule 0/0 0/0 0/0 2/1
  Putamen 1/0 0/2 2/1 5/4
  Caudate 0/0 0/0 0/0 0/0
  Hippocampus 0/1 0/0 0/0 0/0
  Cerebellum 0/0 0/1 0/0 1/0
  Brainstem 1/0 1/0 0/0 3/6

Medical condition
  Diabetes 2 1 1 11
  High blood pressure 4 4 7 26
  Hyperlipidemia 1 1 0 4
  Heart failure 1 0 0 2
  MI/AF 0/1 0/0 0/0 0/2

Accuracy % 87 (9) 81 (8) 84 (8) 86 (11)
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Sensitivity analysis showed no interaction or main effect 
in depression, but showed main effect in MCI of affected 
side (interaction: F [3, 57] = 0.1.350, p = 0.250, η2 = 0.038; 
main effect [depression]: F [3, 57] = 2.765, p = 0.102, 
η2 = 0.047; main effect [MCI]: F [3, 57] = 8.477, p = 0.005, 
η2 = 0.131); and severity of motor paralysis (interaction: F 
[3, 57] = 2.692, p = 0.106, η2 = 0.046; main effect [depres-
sion]: F [3, 57] = 2.692, p = 0.106, η2 = 0.046; main effect 
[MCI]: F [3, 57] = 10.268, p = 0.002, η2 = 0.155). There 
was no difference in RT comparisons with a cut-off score 
of MCI set at MMSE ≤ 25 (F [2, 57] = 0.037, p = 0.848, 
η2 = 0.001); MMSE ≤ 26 (F [2, 57] = 0.004, p = 0.949, 
η2 < 0.001); and MMSE ≤ 28 (F [3, 57] = 2.227, p = 0.137, 
η2 = 0.039) (Supplement 2).

In the linear regression analysis, the MMSE score showed 
a significant regression model fit with RT (standard esti-
mate = − 0.263, 95% CI − 0.514, − 0.0116; p = 0.041). 
No association was found between the BDI-II scores and 
RT (standard estimate = − 0.157, 95% CI − 0.471, 0.157; 
p = 0.314).

Kruskal–Wallis analysis showed that fatigue in patients 
with MCI did not affect RT (p = 0.994). t test comparing RT 
in patients with MCI and without MCI showed a significant 
difference between the two groups (T = 2.000, p = 0.014, 
d = 0.799). In addition, examination was performed to 
determine if paralysis on the dominant side affected the RT 

delay and loss of accuracy. There were no differences in RT 
(T = 1.407, p = 0.165, d = 0.361) and accuracy (T = 0.400, 
p = 0.691, d = 0.102) when paralysis was on the dominant 
side.

Comparison Among the Four Study Groups 
by Depression and Cognitive Function

To examine the association of factors affecting RT, age, days 
from onset to examination, motor paralysis, ADL, mood 
states, and cognitive function were compared among the 
four groups of patients with or without depressive symp-
toms and cognitive impairment using one-way ANOVA. No 
main effects were found for age, days since onset of stroke, 
motor paralysis, ADL, and mood symptoms of anger hos-
tility among the four groups (p > 0.05). By contrast, main 
effects were detected in the BDI-II scores; and the POMS 
subscales of tension anxiety, depression dejection, vigor, 
fatigue, confusion, and total mood disturbance; as well as 
the MMSE (p < 0.05, Table 1).

Discussion

This study examined whether RT is affected by depressive 
symptoms and cognitive function in patients with hemipare-
sis. MCI affected RT in patients with hemiparesis, whereas 
depressive symptoms did not. Patients without MCI had 
shorter RTs compared with those with MCI among patients 
with hemiparesis and depressive symptoms. In stroke 
patients without depressive symptoms, RTs did not differ 
between those with MCI and those without. This suggests 
that the differential RT observed in individuals with hemi-
paresis was dependent on cognitive function and depressive 
symptoms when selecting a neutral facial expression from 
angry and neutral faces. From the results of the regression 
analysis, it was found that RT can predict MCI, but it is dif-
ficult to predict depressive symptoms. RT was shown to be 
a factor affecting MCI. These results partially support the 
hypothesis that depressive symptoms and MCI affect RT in 
individuals with hemiparesis.

According to our knowledge, this is the first study to com-
pare AB according to the presence of post-stroke depressive 
symptoms and the degree of cognitive function impairment. 
The data of this study can serve as a benchmark for AB 
in individuals with hemiparesis because only participants 
who were able to correctly select neutral facial expressions 
from neutral and angry expressions were analyzed. Of the 
61 patients analyzed, 15 had depression according to the 
test scores, and 46 were not depressed. The rate of depres-
sion after stroke in the present study (patients with depres-
sion: patients without depression, 1:3) was the same as that 
observed in previous studies [1, 2]. Therefore, the prevalence 

Fig. 4  Comparisons of RTs to select the neutral face in two simulta-
neously presented images. There was no interaction between depres-
sive symptoms and cognitive function. Further, there was a main 
effect in cognitive function (MCI+ vs. MCI−) and no main effect in 
depressive symptoms (depressive vs. non-depressive). Patients with-
out depressive symptoms did not show MCI-related RT differences 
(right), whereas those with depressive symptoms exhibited statisti-
cally significant differences (left). Bars and error bars present the 
mean and standard error, respectively. *p < 0.05. MCI, mild cognitive 
impairment; MCI+, MMSE score is 24–27, MCI−, MMSE score is 
28–30; MMSE, Mini-Mental State Examination; RT, reaction time; 
n.s., not significant



International Journal of Behavioral Medicine 

1 3

of individuals with hemiparesis and depression in our data 
was similar to that reported in previous studies.

The results of this study suggest that AB occurs among 
patients with stroke but without MCI independent of the 
presence or absence of depressive symptoms. In the selec-
tion task of neutral stimuli from angry and neutral expres-
sions, younger people without depressive symptoms have 
been shown to have shorter RTs than those with depressive 
symptoms [14, 21]. According to a study that performed 
similar tasks in older adults, RTs were lower in people 
with depressive symptoms than in those without depressive 
symptoms [22]. One study of older adults has reported no 
difference in RT to detect neutral and aversive stimuli [24]. 
Younger people with depression have a longer RT for neutral 
stimuli. Conversely, older adults with depression have either 
a shorter RT for neutral stimuli or no difference compared 
with those without depression. This phenomenon shows 
that cognitive function influences RT in older adults, and 
thus suggests that depressive symptoms may not affect RT 
in individuals with hemiparesis and cognitive impairment.

Previous studies have reported a relation between MCI 
and slow RT in older adults [73]. Cognitive impairment in 
older adults has been reported to result in delays in motor 
response and information processing [54]. Individuals with 
MCI have been reported to have slow motor responses to 
stimuli [74]. Similarly, the results of this study suggest that 
RT was affected by cognitive function in individuals with 
hemiparesis. Therefore, cognitive function may influence RT 
in individuals with hemiparesis as well as in older adults.

In this study, patients without MCI had a shorter RT com-
pared with those with MCI among individuals with hemi-
paresis and depressive symptoms. This finding is similar to 
previous studies that have reported shorter RT for neutral 
stimuli selected from a choice of angry and neutral stimuli 
in older adults [24, 75]. Older adults have been shown to pay 
more attention to non-negative stimuli when in a negative 
mood [27]. These results suggest that the positivity effect 
selectively captures positive and neutral information over 
negative information. In addition, people with depressive 
symptoms have been reported to exhibit harm avoidance 
personality traits [28, 29]. People with Internet addiction 
are reported to have high harm avoidance and short RT [32], 
and people with bipolar disorder have been reported to have 
higher harm avoidance and slower RT than healthy partici-
pants [76]. Patients exhibiting high levels of harm avoidance 
have been shown to have reduced RTs to avoiding irritation 
when treated with cortisol [32]. Harm avoidance and the 
positivity effect may reduce RT by promoting the avoidance 
of aversive stimuli in individuals with stroke and depressive 
symptoms.

This study used a face selection task to measure RT 
rather than a dot probe task. The dot probe task involves 
selecting the position or shape of dots displayed after image 

stimulation, and it may not be able to evaluate AB accurately 
if participants have difficulty recognizing facial expressions. 
Most individuals with stroke are older adults. Older adults 
are known to have lower facial expression recognition than 
younger adults [48], and those with depression have more 
difficulty recognizing facial expressions than older adults 
without depression [49]. Further, individuals with hemipa-
resis do not recognize facial expressions as well as healthy 
individuals [50, 51]. Thus, individuals with hemiparesis and 
depressive symptoms may have reduced facial expression 
recognition, which may make it difficult to detect AB using 
the dot probe task.

There are two methods of intervention for PSD: expo-
sure to aversive stimuli [47] and quick avoidance of stimuli 
[44, 45]. In ABM, the exposure to aversive stimuli aims 
at desensitization by actively paying attention to stimuli 
that cause unpleasant emotions [77]. Conversely, ABM for 
diverting attention from an aversive stimulus is used when 
a patient with depression or anxiety is attentive to a subject 
that provokes an aversion. A suitable interventional method 
for attenuating depressive symptoms in patients with PSD 
but without MCI may be desensitization by exposure to aver-
sive stimuli, or methods other than ABM may be appropriate 
in clinical practice.

This study has the following limitations: first, the 
patients with hemiparesis in this study were patients at 
the convalescence stage approximately 90 days after the 
disease onset. It is unclear whether similar results would 
be obtained in individuals with hemiparesis in the chronic 
phase or directly after disease onset in the acute phase. AB 
might vary due to psychological changes in the process of 
stroke recovery; therefore, it is necessary to investigate AB 
for cognitive and psychological interventions in the recov-
ery process, i.e., in the chronic and the acute phase of the 
stroke. Second, this study was conducted at a single insti-
tution, and it is necessary to investigate whether the results 
can be reproduced elsewhere. Further, an additional study 
is needed to determine whether the same results can be 
obtained using the dot probe task. Third, the sample size 
of this study was smaller than originally planned. No sig-
nificant difference was detected for depressive symptoms, 
and the possibility of a type 2 error cannot be ruled out. 
In addition, type 1 errors may have occurred in the post 
hoc analysis. To verify the results of this study, a future 
multicenter approach with a larger sample size is required. 
Fourth, the study did not test for unilateral spatial neglect 
in patients with stroke. Facial expression recognition and 
response time accuracy can both be affected in patients 
with unilateral spatial neglect. Since the patients in this 
study did not have severe cognitive impairment, unilat-
eral spatial neglect could have been evaluated in advance 
before measuring the attention bias of individuals with 
hemiparesis. Fifth, as a method of AB measurement in this 



 International Journal of Behavioral Medicine

1 3

study, the time for facial expression selection was meas-
ured, but not the simple reaction time. However, previ-
ous studies have reported that the simple reaction time of 
older adults is 266–308 ms and that for patients with MCI 
is 309–359 ms [78]. The response time of stimuli with 
emotional value in older adults is 717–873 ms [22, 79]. 
Therefore, it is considered that similar performance can 
be measured because the reaction time of 626–884 ms in 
this study was similar to the reaction time with the emo-
tional value of older adults. Additionally, the dominant 
hand was not being checked. Instead, we compared the 
RT differences between the right and left hands and con-
firmed that there were no differences. Furthermore, in a 
previous study, participants measured the RT using audi-
tory stimulation to move the thumb with their left and 
right hands. There was no difference in the RT of thumb 
movements using auditory stimulation in the elderly [80]. 
Although the present study incorporated a visual stimulus, 
no differences are expected between the dominant and the 
non-dominant hand.

Conclusions

The results of this study show that patients with depressive 
symptoms and hemiparesis but without MCI can quickly 
select a neutral facial expression when presented with a 
neutral and an angry expression. Thus, patients with stroke 
and depression but without MCI do not need ABM to avoid 
aversive stimuli. Interventions that expose these patients to 
aversive stimuli may be appropriate, or cognitive behavioral 
intervention may be indicated instead of ABM.
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