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Background: Facial expression recognition is an important social cognitive skill. Type 2 diabetes mellitus
(T2DM) affects cognitive function. Whether facial expression recognition deficits and attention bias exist
in T2DM is unknown. Facial expression search task is a commonly used paradigm to measure emotional
processing. In this study, facial expression recognition features of T2DM patients were studied by facial
expression search task.

Methods: Thirty outpatients with T2DM and 30 normal controls matched by sex, age and education etc.
were selected. Standardized stick drawings with happy, neutral and sad emotion expressions were selected
as stimulus materials, and facial expression search task was used to Search for expression targets in neutral
interferers to compare the response time between the two groups.

Results: The reaction time of identifying the positive expression (happy) in the diabetic group and the
control group was greater than that of the negative expression (sad). The response time of the diabetic group
to identify positive expressions and negative expressions was greater than that of the control group. The
slope of the search for positive expressions in the diabetic group was 419.14 ms, and the search slope for
negative expressions in the diabetic group was 237.97 ms. The slope of the search for positive expressions in
the control group was 300.4 ms, and that of the control group for negative expressions was 119.07 ms.
Conclusions: In the diabetic group and the control group, the reaction time of identifying the positive
expression was positively delayed compared with the negative expression, which showed a negative attention
bias; Patients with type 2 diabetes significantly prolonged the response time of recognizing positive

expression and negative expression without obvious clinical cognitive impairment.
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Introduction

The incidence of type 2 diabetes mellitus (T2DM) has
gradually increased, and has become a worldwide public
health problem seriously threat to human health. T2DM is
a metabolic disease that can lead to multiple structural and
functional changes in multiple tissues and organs. T2DM
can cause central nervous system dysfunction, especially
cognitive dysfunction, such as dysfunction in attention,
execution and memory (1,2), and has attracted wide
attention. The risk of dementia in T2DM is 60% higher
than that in non-diabetic (3). Diabetic cognitive impairment
is an intermediate link between normal cognition and
Alzheimer’s disease (AD), possibly a transitional state of
AD. Diabetes accelerates brain aging and increases the risk
of dementia (4).

Emotion is an important part of psychological process
and an important factor affecting individual behavior.
Facial expression is the external expression of emotion
and an important way for people to communicate and
express. Facial expression recognition is an important
social cognitive skill of social harmony. Facial expressions
are usually evaluated not only for recognizing emotional
information expressed on the face, but also for classification,
working memory, attention and so on. Therefore,
impairment in these cognitive processes in T2DM may
affect facial expression recognition.

Studies have shown that cognitive impairment has
difficulty in identifying anger, pleasure and fear expressions
compared with the same age group (5). Patients with mild to
moderate AD have deficiencies in identifying sad, surprised
and aversive expressions (6). Shimokawa er al. suggested
that there is a close relationship between intellectual
ability and the capacity to recognize emotional situations
because without sufficient intellectual ability, it is difficult
to comprehend the nature of a given situation or the
appropriate emotional state that one would experience in
that situation (7). T2DM affects cognitive function, whether
facial expression recognition deficits and attention bias exist
in T2DM is unknown and no relevant reports. Visual search
is a complex cognitive process and an important process of
attention prior to information processing. Attention has a
very important role in visual search, which can be said to
be the internal driving of visual search. Attention controls
the gaze and squint of the visual search process. Facial
expression search task, evolved from visual search task,
is a commonly used paradigm for measuring emotional
processing. The subjects were presented with a series of
emoticon image matrices. The task of the subjects was
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to search for the target expressions from the interfering
expressions, which is a top-down, conscious cognitive
processing task.

This study we used facial expression search task to search
for emotional targets in neutral distracters and studied
the discriminating characteristics of facial expression
information in middle-aged people with T2DM and normal
middle-aged people. Given that the accurate detection of
the emotional states of others is essential to appropriate
interactions, it is important to comprehend the facial
expression recognition feature of type 2 diabetic patients.
We hypothesized that people with T2DM had different
levels of facial recognition impairment, and the impairment
was associated with deficits in their cognitive functioning
(such as attention) (1,2).

Methods
Subjects and groups

This study was approved by the Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong
University (No. 2018-215) and we have obtained informed
consent from all subjects. We selected 30 middle-aged
patients with simple T2DM with poorly controlled blood
glucose (HbAlc >6.5%), aged 40-60, with an average of
(48.56£6.31) years, 15 males and 15 females, all of whom
were right-handed. They had been educated for at least
6 years and score of the Mini Mental State Examination
>23, The Hamilton Depression Scale (HAMD) <7 and the
Hamilton Anxiety Scale (HAMA) <6. Diabetic patients met
the WHO diabetes diagnostic criteria 1999 (8). 30 healthy
middle-aged volunteers were selected matched by sex, age,
length of education, body mass index, MMSE, HAMD and
HAMA. All subjects were right-handed, aged 40-60 years,
with an average age of (47.52£6.72) years. There were
14 males and 16 females, all of whom were right-handed.

Exclusive criteria: (I) neurological diseases (transient
ischemic attack, stroke, Parkinson’s disease, epilepsy,
etc.); (II) mental disorders (mania, depression, anxiety,
dementia, etc.); (III) history of alcohol dependence and
drug abuse; (IV) taking drugs affecting cognitive function
(benzodiazepines, etc.); (V) thyroid disorders; (VI) liver or
kidney insufficiency; (VII) visual impairment.

Biochemical indicators and glycosylated bemoglobin
(HbAIc)

After fasting for 8 hours, 4 mL of fasting venous blood was
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Figure 1 Example of three illustrative emotional faces.

extracted from all the subjects in the morning and placed
in the EDTA tube. These samples were quickly sent to the
laboratory to measure the total cholesterol, triglyceride, low
density lipoprotein. Two mL blood was collected from the
EDTA tube for HbAlc detection using high performance
liquid chromatography.

Experimental procedure

On an IBM-compatible laptop running Windows XP, the
computer has a 14-inch screen, and the facial expression
search task is programmed by using E-Prime 2.0
experimental software. Emotional pictures are classified into
happy, neutral and sad types according to dimensionality
orientation, that is, according to emotional valence
(Figure 1). The computer screen presents stimuli at
1,024x768 pixels.

Subjects were allowed to sit in front of a computer in a
quiet room, and each subject’s vision was normal or corrected
to a normal level. The center of the computer screen
first presented a fixation point (“+”) of 500 milliseconds.
The subject’s eyes were 50 cm away from the screen and are
started at the fixation point. Then a matrix consisting of a
plurality of cartoon face pictures was presented. The neutral
face was used as the interference stimulus. The stimulus
display was based on an imaginary 4x4 matrix, defining
16 possible positions for the target. Each display contained
a target stimulus or no-target stimulus. The target stimulus
was a positive expression (happy) or negative emotion (sad),
1, 2,4, 8 or 16 (none target stimulation) or 0, 1, 3, 7, 15
(with target stimuli) neutral emotional expression (neutral).
Cartoon face pictures at least 1 and up to 16. In each trial,
targets (positive or negative expressions) and collection size
(1, 2, 4, 8 or 16) were randomly selected and each condition
was limited to 32 trials in 170 experimental trials. The
location of target stimulation and distraction stimulation
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for each trial was also randomly selected. Let the subjects
judge whether all faces in the matrix are the same and
whether there was a differential expression (positive or
negative expression). If there was a difference expression,
press “/” key, if there is no difference expression, press “Z”
key. On the basis of accurate response as soon as possible,
the pictures immediately disappeared after the key reaction,
and began the next round of experiments. The experiment
was divided into 3 units. The first unit was an exercise.
The subjects were familiar with keys and faces. It took
about 1 minute to complete, a total of 10 times, and the
computer gave feedback on the correct rate. The second
and third units were formal experiments. Each unit has
80 rounds, each takes about 10 minutes. Response time
was automatically recorded on the computer during the
experiment.

RIs calculation

The average correct rate = the correct number of
times/160x100%, the average accuracy of less than 95%
of subjects removed. The Microsoft Excel table removes
the highest and lowest RTs for each set size condition
and calculates the mean and standard deviation (SD) of
the resulting distribution. If the extreme RT exceeds the
average of 2 SDs, it is considered an outlier and is deleted.
Repeat this process until there is no abnormal value.

Statistical analysis

Data were processed by SPSS 20 software. The measurement
data were expressed in terms of mean = SD. General data,
like the gender of the diabetic group and the normal group
was compared by chi-square test, and the differences in
age, sex, education level, BMI, blood pressure, triglyceride,
cholesterol, low density lipoprotein, MMSE, HAMD,

Ann Transl Med 2019;7(22):654 | http://dx.doi.org/10.21037/atm.2019.10.68



Page 4 of 8

Table 1 Comparison of general information of subjects between two groups
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Iltem T2DM (n=30) Controls (n=30) t value (chi-square) P value
Age (years) 48.56+6.31 47.52+6.72 0.56 0.58
Education level (years) 9.68+2.25 10.44+2.58 -1.11 0.27
Gender, male 15 [30] 14 [30] 0.067 0.50
BMI (kg/mz) 26.55+4.35 25.84+3.12 0.66 0.51
Duration of T2DM (years) 5.76+4.99 - - -
MMSE score 28.40+1.94 28.88+1.50 -0.98 0.33
HAMD score 4.24+1.20 3.76+1.09 1.48 0.15
HAMA score 3.64+1.15 3.04+1.46 1.62 0.11
Systolic blood pressure (mmHg) 124.00+£17.56 120.80+13.52 0.72 0.47
Diastolic blood pressure (mmHg) 78.80+9.71 77.20+£9.36 0.59 0.56
Triglyceride (mmol/L) 1.88+1.08 1.77+£0.78 0.44 0.66
Cholesterol (mmol/L) 5.39+1.09 5.15+0.90 0.85 0.40
Low density lipoprotein (mmol/L) 3.02+0.64 2.95+0.67 0.40 0.69
HbA1c (%) [normal range: <6%] 9.30+2.19 5.40+0.30 8.77 0.00

Data are represented as mean + SD.

HAMA scores were tested by independent sample #-test.
The facial expression search task was used a three-factor
analysis of variance of group & expression & face number.
P<0.05 was considered statistically significant.

Results
General information

There was no significant difference in age, sex, education
level, BMI, blood pressure, triglyceride, cholesterol, low
density lipoprotein, MMSE, HAMD, HAMA scores
between the diabetic group and the control group. The
general information of subjects was compared between two

groups, see the Table 1.

Facial expression search task

The main effect and interaction effect of group, expression
and face number were analyzed by three-way analysis
of variance. The results showed statistically significant
difference in the main effect of group (F =132.98, P=0.00)
and the main effect of panel number (F =130.40, P=0.00).
The main effect of the expression (F =165.14, P=0.00), the
interaction between the group and the number of faces
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(F =6.83, P=0.00), the interaction between the number of
faces and the expression (F =15.65, P=0.00), the interaction
between group and expression (F =0.92, P=0.34), group &
face number & expression interaction (F =0.18, P=0.95)
were not statistically significant.

The reaction time of the diabetic group was longer
than that of the control group (F =132.98, P=0.00). With
the increase of the number of faces, the reaction time of
the diabetic group and the control group was prolonged
(F =6.83, P=0.00) (Figure 24). The response time for
recognizing positive expressions (happy) was longer than
that of negative expressions (sad) (F =165.14, P=0.00). As
the number of faces increases, the reaction time between
positive expressions (happy) and negative expressions (sad)
was prolonged (F =15.65, P=0.00) (Figure 2B). It could be
seen from the group & expression outline map that two
nearly parallel lines appear on the contour map, indicating
that the group had no interaction with the expression, and
the reaction time of the diabetic group and the control
group to recognize the positive expression (happy) was
longer than that of the negative expression (sad) (F =165.14,
P=0.00), showing negative attention bias; diabetes group
recognition positive expression (happy) and negative
expression (sad) reaction time was significantly longer than
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Figure 2 (A) Outline of group & number of faces. The reaction
time of the diabetic group was longer than that of the control
group (F =132.98, P=0.00); (B) outline of face number and
expression. The response time for recognizing positive expressions
(happy) is longer than that of negative expressions (sad) (F =165.14,
P=0.00); (C) outline of group & expression. In Diabetes group,
recognition positive expression (happy) and negative expression
(sad) reaction time was significantly longer than the control group

(F =132.98, P=0.00).

© Annals of Translational Medicine. All rights reserved.

Page 5 of 8

the control group (F =132.98, P=0.00) (Figure 2C).

The search slope for happy emotions was 419.14 ms in
the diabetic group (see the Figure 34) and for sad emotions
was 237.97 ms (Figure 3B). The search slope for happy
emotions in the control group was 300.4 ms (Figure 3C),
and for sad emotions in the control group was 119.07 ms
(Figure 3D). Two groups’ search for happy expression and
sad expression was serial search.

Discussion

The results of the facial expression search task showed that
the happy expression recognition time of the diabetic group
and the control group was significantly longer than that
of the sad expression, and both showed negative attention
bias This conclusion is consistent with the discovery by
the Hansen brothers (9) that angry expressions are more
detectable than pleasant ones in search tasks. Two groups’
search for happy expression and sad expression was serial
search, Therefore, the results of this experiment do not
support Hansen’s conclusion that the search for angry
expressions is automatic, but for happy expressions is serial.
First, one problem that explains Hansen’s findings is that
the slope difference between happy and angry targets may
be due to slower searches in angry distractors, not happy
distractors. It may be more difficult to search through angry
expressions, and this experiment uses neutral expressions
as interference. Secondly, in the facial expressions used in
the original Hansen study, there were various unrelated
visual cues, such as black spots on the chin of an angry face,
and Purcell ez al. used the same grayscale version of the
photograph used by Hansen to remove the contrast illusion,
but did not come to the same conclusion (10).

Attention was defined as a cognitive process that
selectively concentrated on one aspect of the environment
while ignoring other aspects, it is information processing
process of cognitive activities. keeping, distribution and
transformation of attention is crucial for the speed and
efficiency of the brain from received external stimuli to
useful information process.

Emotions affect attention in many ways. From the
point of view of biological evolution, in order to survive
in the environment, organisms often give priority to
negative information, especially threatening stimuli, so as
to enable them enter attention and consciousness, that is,
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Figure 3 Search slope of positive expressions was 419.14 ms in the diabetic group (A). The search slope for sad emotions was 237.97 ms (B).

The search slope for happy emotions in the control group was 300.4 ms (C), and for sad emotions in the control group was 119.07 ms (D).

attention bias. Attentional bias refers to the high sensitivity
of individuals to specific stimuli with selective attention.
Enhanced perceptual processing through selective attention
is thought to be a top-down modulation of the sensory
cortex by a high level of the parietal and frontal cortex (11).
Fox believes that attentional bias has two explanations (12):
firstly, in the initial orientation, attention is attracted to the
position of threat-related stimuli, that is excessive alertness
to threatening stimuli; and secondly, threat-related stimuli
affect the duration of attention maintenance or the ability
to relieve attention, increasing attentional retention time
and attention that is liberated from threatening stimuli.
Negative stimuli can capture attention more effectively than
positive stimuli. Most attention bias is caused by negative
stimuli, which compete for more attention resources and
intensify the perceptual processing of the signal, reducing
the focus of attention (13).

In attention experiments, emotional stimuli attract more
attention or occupy more attention resources than non-
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emotional stimuli. That is to say, specific stimuli tend to
arouse individual alertness and attention. When processed
together with other stimuli, individuals tend to pay more
attention to specific stimuli. In visual testing tasks, such
as finding a different target in a bunch of distractions, it
is much faster to find a target with emotional value, such
as finding a snake or a spider in a flower (14). Moreover,
from an evolutionary perspective, negative emotions are
considered to be unsafe. Individuals must therefore be
vigilant in the way they process information and prompt
specific actions to increase their chances of survival (negative
emotional people can harm us, so we should prepare for
defense in advance). In an important study, humans found
an angry face in a crowd much faster than a happy face in
a crowd (9). This study is particularly important because
it uses the visual search paradigm, which is considered a
good indicator of “pre-attention” or automatic processing.
In a typical visual search task, the subject is asked to detect
whether there is a specified target (such as a blue circle)
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under the unrelated interference (such as a red circle). If the
search time does not increase significantly with the number
of interferences in the display, the target is considered to
be “popped” out of the array and search is considered to be
automatic (15,16).

This study showed that in type 2 diabetic patients
without significant impairment of clinical cognitive
function, recognition of happy and sad expression response
time was significantly prolonged. It may be related to the
attentional impairment in T2DM (17,18).

The amygdala is often regarded as the most important
emotional brain area. It is well known that the amygdala
is essential for fear management and fear learning, but it
is also important for a wider range of functions associated
with emotional relevance (19). Neurotoxicity impairment
of the amygdala neurons has a serious impact on acquiring
learning to act in response to visual or auditory cues. This
brain area is also involved in cognitive processes such as
attention, and earlier studies described the absence of target
visual tracking in monkeys with amygdala damage (20).
Emotion and attention affect the activity of the amygdala by
affecting the processing of emotional stimuli. The activity
of the amygdala is only affected by emotional attention
effect at the early stage of stimulation, and is affected by
emotional attention effect and top-down attention effect
at the late stage of stimulation (21). The recognition
of positive expression relies on the frontal lobe—Ileft
amygdala—Ileft cingulate gyrus, and the recognition of
negative expression mainly depends on the frontal lobe—
bilateral amygdala—bilateral cingulate gyrus. There is a
certain connection between facial expression recognition
and attention function. The amygdala and frontal lobe
atrophy and gray matter decrease in diabetic individuals
(22,23). Compared with normal individuals, the frontal
lobe-amygdala activation is weakened in diabetic individuals
during emotional processing, especially negative emotional
processing.

Conclusions

In this study, we firstly used the expression search task to
study the facial expression recognition characteristics of
diabetic patients for the first time. The facial expression
recognition of diabetic patients showed negative attention
bias. The reaction time of happy and sad facial expressions
was significantly prolonged in patients with type 2 diabetes.
The search for happy and sad facial expressions in the
diabetes group and the control group was serial search,
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which required attention. Further studies are required
with improved experimental design and method, enlarged
sample size, and combined with methods such as functional
magnetic resonance, event-related potentials to clarify the
mechanism of emotional expression recognition processing

in T2DM.
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