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Abstract

Emotion recognition is known to change with age, but associations between the change and

brain atrophy are not well understood. In the current study atrophied brain regions associ-

ated with emotion recognition were investigated in elderly and younger participants. Group

comparison showed no difference in emotion recognition score, while the score was associ-

ated with years of education, not age. We measured the gray matter volume of 18 regions of

interest including the bilateral precuneus, supramarginal gyrus, orbital gyrus, straight gyrus,

superior temporal sulcus, inferior frontal gyrus, insular cortex, amygdala, and hippocampus,

which have been associated with social function and emotion recognition. Brain reductions

were observed in elderly group except left inferior frontal gyrus, left straight gyrus, right

orbital gyrus, right inferior frontal gyrus, and right supramarginal gyrus. Path analysis was

performed using the following variables: age, years of education, emotion recognition score,

and the 5 regions that were not different between the groups. The analysis revealed that

years of education were associated with volumes of the right orbital gyrus, right inferior fron-

tal gyrus, and right supramarginal gyrus. Furthermore, the right supramarginal gyrus volume

was associated with the emotion recognition score. These results suggest that the amount

of education received contributes to maintain the right supramarginal gyrus volume, and

indirectly affects emotion recognition ability.

Introduction

The ability to infer the emotions of others is an integral component of social interaction, and

an important function that facilitates social communication. Several brain mechanisms are
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known to be involved in emotion recognition. Some functional magnetic resonance imaging

(fMRI) studies in healthy younger persons have shown that emotion recognition is subserved

by the superior temporal sulcus [1], inferior frontal gyrus [2], orbitofrontal cortex [3], insula

cortex [4], and amygdala/hippocampus [5]. Furthermore, a voxel-based morphometry study

on structural MRI data in healthy younger people reported that the gray matter volume of the

right inferior frontal gyrus was positively correlated with the accuracy of emotion recognition

[6]. In particular, the orbitofrontal cortex is activated by emotional faces rather than neutral

faces [7, 8], which suggests that the orbitofrontal cortex is engaged when judging the emotions

of others from a picture of a face.

The ability to recognize facial expressions changes with age [9–14]. Although it has been

noted that the effects of aging are different for each emotion expression, these results have not

been consistent. For example, while it has been reported that elderly adults have the greatest

difficulty in recognizing emotions of anger, fear, sadness, and happiness, and that there are no

age-related difference in disgust [15], no difference in the recognition of happiness between

elderly and younger adults has also been found [16]. These contrasting results may be because

various factors can impact emotion recognition. For example, education is thought to be

closely related to cognitive ability. Indeed, some meta-analyses have suggested that the number

of years of education is a protective factor against cognitive decline and dementia [17, 18]. Fur-

thermore, a previous study reported that individuals with less education are associated with

stronger amygdala responses to emotional stimuli, suggesting that educational experience

influences brain activity to facial expression stimuli [19].

The definition of emotion is intricate and includes at least the aspects of complexity (basic

vs. social), arousal (excited vs. calm), and valence (positive vs. negative) [20, 21]. In the present

study, we limited to facial expressions corresponding to the basic emotions (example, Ekman’s

study [22]), and used four expressions (angry, sad, happy, and surprised) including arousal

and valence. We hypothesized that the emotion recognition may be related to aging and edu-

cation, and that there may be some brain regions that could account for this relationship. The

current study measured gray matter volume of structural MRI data and implemented an emo-

tion recognition test. We performed a region-of-interest (ROI) analysis based on previous

research related with social functions, such as empathy (the precuneus) [23], theory of mind

(the supramarginal gyrus) [24, 25], interpersonal perception (the ventral frontal cortex, con-

sisting of the orbitofrontal cortex and straight gyrus) [26, 27], and emotion recognition (the

superior temporal sulcus [1], inferior frontal gyrus [2, 6], orbitofrontal cortex [3, 7, 8], insular

cortex [4], amygdala, and hippocampus [5]). The total 18 locations (on the left and right side

of the ROIs) were compared in elderly subjects and younger subjects to identify atrophied

regions. Furthermore, we identified the regions responsible for emotion recognition from the

perspective of age and education.

Materials and methods

Experimental design and participants

Subjects included in this study were a subset of subjects from a previously published study

[28], for whom both facial expression and structural MRI data were available. This study was

approved by the Ethics Committee of Showa University Hospital and was conducted in accor-

dance with the principles of the Declaration of Helsinki (clinical trial identifier number: 2561).

The criteria for age was 23 to 59 years in the younger group, and from 60 to 85 years in the

elderly group. All participants provided written informed consent. Twenty elderly participants

(10 men and 10 women) and 20 younger adults (11 women and 9 men) participated in this

study. Cerebral infarction was diagnosed in one man in the elderly group, and his data were
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excluded from the analysis. 19 elderly and 18 younger participants were right-hand dominant,

and all had normal visual acuity. The average age in the elderly group (mean age: 74.1 years;

range: 68 to 82) was higher than that in younger group (mean age: 40.7 years; range: 24 to 59)

(t37 = 11.970, p< 0.0001). The average number of years of education in the elderly group was

lower than that in younger group (t37 = 4.610, p< 0.0001). The average Montreal Cognitive

Assessment (MoCA) score [29] in the elderly group was lower than that in younger group (t37

= 3.012, p = 0.005) (Table 1).

Emotion recognition test

Facial expressions were performed by 2 Japanese men and 2 Japanese women who were not

known to the participants prior to the study. The 4 different facial expressions were used–

angry, sad, happy, and surprised. Facial images were created using morphing techniques,

whereby a neutral expression was merged with the given facial expression, to increase task dif-

ficulty. Participants were asked to choose a facial expression from 5 options (angry, sad, happy,

surprised, or neutral) while looking at a presented face (Fig 1A). The 32 trials (8 images for

each facial expression) were conducted by each participant (maximum score 32).

MRI acquisition

MRI scanning was performed at Ebara Hospital using a Siemens Avanto 3 T Magnetom TIM

Trio scanner. T1-weighted images were acquired using an optimized Magnetization-Prepared

Rapid Acquisition Gradient Echo sequence. T1-weighted high-resolution anatomical images

were obtained using a magnetization-prepared rapid gradient-echo sequence (repetition time

2250 ms, echo time 3.06 ms, flip angle 9 degrees, inversion time 1000 ms, field of view 256 x

256 mm, matrix size 256 x 256, voxel size 1 x 1 x 1 mm).

Image processing

Intracranial volumes (ICVs) were estimated using FreeSurfer version 6 [30, 31], which uses an

atlas scaling factor (i.e., the determinant of an affine transformation matrix) derived by regis-

tering images to an Montreal Neurological Institute (MNI) space using a full 12-parameter

affine transformation [32], followed by removal of the skull and other non-brain tissue from

the pial and white matter surfaces for each subject, which were spherically inflated and regis-

tered to the manually delineated Desikan-Killiany brain atlas [33]. Data pre-processing was

inspected to confirm successful registration to the MNI space, and all boundaries were visually

inspected and manually corrected to produce accurate estimates.

Table 1. Participants details.

Younger group Elderly group p value

Average S.D. Average S.D.

Age 40.7 11.5 74.1 4.3 < 0.0001

Sex

Female 11 10

Male 9 9

MoCA 27.9 2.1 25.8 2.2 0.005

Years of Education 17.1 2.4 13.4 2.6 < 0.0001

MoCA: Montreal Cognitive Assessment (max: 30). Years of Education: Years of education since entering elementary school.

https://doi.org/10.1371/journal.pone.0254623.t001
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The 70 anatomical brain areas were automatically labeled according to sulco-gyral structures

using the FreeSurfer recon-all stream. Detailed descriptions have been provided elsewhere [34].

In brief, the nomenclature used in FreeSurfer saved as aparc.aseg files was based on those of

Duvernoy’s study [35], which indicated that classical anatomical nomenclature covers the

Talairach structural parcellations [36]. Classical anatomical atlases were used to identify brain

regions according to gyral classification [35, 36]. The disadvantage of gyrus classification is that

gyral labels extend to the border of the sulci. To solve this issue, sulco-gyral-based parcellation

has been proposed, whereby the gyral cortex was defined as the one seen on a 3D reconstruction

before inflation (pial view), the remaining hidden part being conversely labeled sulcal [36].

Statistical analysis

An unpaired t-test was used to compare the total emotion recognition score, age, years of edu-

cation, and MoCA score between the two groups. A two-way repeated measures analysis of

covariance (RM-ANCOVA) was used to assess the relationship between facial expressions

(angry, sad, happy, and surprised) and groups (younger and elderly), with years of education

and MoCA scores as covariates. Brain volumes were divided into 70 regions, and 18 regions

were selected as ROIs. An ANCOVA was used to compare the region volumes between groups,

with ICVs, years of education, and MoCA scores as covariates. Post-hoc t-tests without

Fig 1. Protocol and results of the emotion recognition test. (A) A representation of a trial. One image of four facial

expressions (angry, sad, happy, or surprised) was presented, and the participant was asked to choose a facial expression

from five options (angry, sad, happy, surprised, and neutral). The facial picture is illustrated in this paper. (B) The t-
test revealed that the total emotion recognition score in the elderly group (EG) was lower than that of younger group

(YG). (C) An RM-ANCOVA with years of education and MoCA scores as covariates showed that there was no main

effect of facial expression or group, and no interaction. Asterisks indicate significant differences (p< 0.05). Error bars

indicate the standard error of mean.

https://doi.org/10.1371/journal.pone.0254623.g001
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Bonferroni correction were performed for multiple comparisons in RM-ANCOVA and

ANCOVA. The binomial test was used to examine the male-female ratio of samples. All tests

were two-tailed. The results are shown as the mean ± the standard error of the mean. Stepwise

multiple regression was used to assess associations between the emotion recognition test score

(independent variable) and age, years of education, and MoCA score (dependent variables).

SPSS version 26 was used for these statistical analyses. Relationships between the years of edu-

cation, some regions, and emotion recognition score were determined using path analysis. The

goodness of fit of index, direct effect, and indirect effect were calculated. AMOS 27.0 was used

for path analysis. Statistical significance was defined as an adjusted p< 0.05.

Results

The binomial test showed that the male-female ratio of samples was not different between

groups (p = 0.749). The Kolmogorov-Smirnov test of normality showed that total score of emo-

tion recognition test was normally distributed within both younger and elderly groups (both,

p = 0.200). The normality for the facial expressions in the younger group were as follows: angry,

p = 0.130; sad, p = 0.200; happy, p = 0.064; and surprised, p = 0.044. The normality for the facial

expressions in the elderly group were as follows: angry, p = 0.012; sad, p = 0.200; happy,

p = 0.001; and surprised, p = 0.059. The total emotion recognition score was significantly lower

in the elderly group than in the younger group (unpaired t-test, t37 = 2.475, p = 0.018; Fig 1B).

For the 4 facial expressions (Fig 1C), the two-way RM-ANCOVA with years of education and

MoCA scores as covariates revealed that there was no main effect of facial expression, (F3,102 =

1.007, p = 0.393, η2 = 0.029), no effect of group (F1,34 = 0.028, p = 0.867, η2 = 0.001), and no sig-

nificant interaction between facial expression and group (F3,102 = 0.334, p = 0.801, η2 = 0.010).

However, multiple regression analysis revealed that years of education (and not age or MoCA

score) were associated with emotion recognition score (B = 0.534, p< 0.0001).

The ANCOVA with ICVs, years of education, and MoCA scores as covariates and uncor-

rected multiple comparisons revealed that 13 of the 18 regions differed significantly between

the age groups (Table 2). The elderly group exhibited smaller volumes in the left insula

(p = 0.001), left orbital gyrus (p = 0.001), left supramarginal gyrus (p = 0.002), left precuneus

(p = 0.044), left superior temporal gyrus (p = 0.015), right inferior frontal gyrus (p = 0.011), left

hippocampus (p< 0.0001), left amygdala (p< 0.0001), right precuneus (p = 0.039), right

straight gyrus (p = 0.007), right superior temporal gyrus (p = 0.005), right hippocampus

(p< 0.0001), and right amygdala (p< 0.0001) than the younger group.

We conducted a path analysis to examine a mechanistic route for the emotion recognition

results. We focused on the 5 regions within which there were no significant between-group differ-

ences (the left inferior frontal gyrus, left straight gyrus, right orbital gyrus, right inferior frontal

gyrus, and right supramarginal gyrus) to identify the protective factors against a change in emo-

tion recognition. The 5 regions, years of education, and emotion recognition score were set as the

observed variables. Years of education were associated with the volume of right orbital gyrus

(p = 0.023), right inferior frontal gyrus (p = 0.021), and right supramarginal gyrus (p = 0.004), and

the right supramarginal gyrus was significantly associated with the emotion recognition score

(p< 0.0001). The most suitable model was the route from years of education to emotion recogni-

tion score via the right supramarginal gyrus (goodness of fit of index = 0.907; Fig 2), and the indi-

rect effect between years of education and emotion recognition score was significant (p = 0.044)

Discussion

In the present study, emotion recognition was no different between the elderly and younger

groups, and was associated with years of education, but not age or MoCA score. An absence of
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atrophy was seen in 5 of the 18 brain regions in the elderly group, and the years of education

affected three of these–the right orbital gyrus, right inferior frontal gyrus, and right supramar-

ginal gyrus. Furthermore, only the right supramarginal gyrus was associated with emotion rec-

ognition. These results suggest that long-term education period may protect against brain

atrophy of some regions, and that a preserved right supramarginal gyrus volume may be linked

to maintained emotion recognition function.

Although the between-group comparison revealed differences in the total emotion recogni-

tion score, the multiple regression analysis showed that age had no effect on the score; only

years of education were an important factor. Furthermore, the ANCOVA, which used the type

of facial expressions as a factor, showed no difference among facial expressions or between

groups in the emotion recognition score. This result may reflect the use of years of education as

a covariate. Some previous studies have shown differences between facial expressions, and some

have not [15, 16]. Furthermore, previous studies have shown that education period significantly

impacts cognitive ability [17, 18], whereby years of education had a strong impact on emotion

recognition scores in the current study. This result may have something to do with the educa-

tional environment in Japan. While the compulsory education period is short, a high percentage

of students go on to university or graduate school in Japan, so the years of education are likely to

vary. In addition, the difficulty level of the emotion recognition test may affect the current

results. Ekman’s study employed a method in which several photographs of “clear” facial expres-

sions were shown to the participants, and then they were asked which emotion each individual

expression represented [22]. On the other hand, in this study, the difficulty level of the facial

expression recognition test was increased by morphing images so that even healthy subjects

could not get a perfect score. For this reason, the effects of aging became apparent, and we spec-

ulated that this was the result of education affecting the scores of the emotion recognition test.

Furthermore, the present results indicate that the right supramarginal gyrus is involved in

the relationship between education and emotion recognition. The supramarginal gyrus

Table 2. Group differences in volumes.

Region Younger group Elderly group p value

Average S.D. Average S.D.

left inferior frontal gyrus 1098.6 164.2 994.5 197.7 0.122

left insula gyrus 1602.0 194.0 1291.7 204.4 0.001

left orbital gyrus 5927.2 628.4 5001.0 655.0 0.001

left supramarginal gyrus 7061.7 1122.3 5704.2 835.5 0.002

left precuneus 6231.1 854.5 5386.9 905.3 0.044

left straight gyrus 2271.9 305.3 2159.8 253.9 0.835

left superior temporal gyrus 5927.9 735.6 5132.5 767.1 0.015

left hippocampus 4171.6 350.3 3439.8 348.6 < 0.0001

left amygdala 1773.5 171.0 1350.1 174.6 < 0.0001

right inferior frontal gyrus 1030.8 193.7 865.6 202.9 0.323

right insula gyrus 1634.7 253.4 1331.8 134.1 0.011

right orbital gyrus 6670.6 741.8 5891.4 609.7 0.063

right supramarginal gyrus 6241.0 1319.9 5032.1 572.3 0.106

right precuneus 5700.8 1000.3 4913.1 889.4 0.039

right straight gyrus 2072.0 261.6 1742.3 191.9 0.007

right superior temporal gyrus 5126.1 657.8 4369.4 724.7 0.005

right hippocampus 4389.3 324.1 3608.9 427.7 < 0.0001

right amygdala 1822.2 154.8 1521.4 189.7 < 0.0001

https://doi.org/10.1371/journal.pone.0254623.t002
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surrounds the terminal portion of the ascending branch of the lateral sulcus and, together with

the angular gyrus, constitutes the inferior parietal lobule (Fig 3). Many studies have reported

that the right supramarginal gyrus is associated with Theory of Mind or empathy [37, 38].

Another study also found that this region is related to understanding another person’s internal

state [39]. Furthermore, abnormal activity of this region has been associated with a low capac-

ity for sympathy, empathy, and language in autism spectrum disorder [40, 41]. Thus, the right

supramarginal gyrus may play a role in social communication. These previous findings sup-

port the implications of the present study that maintenance of the volume of the right supra-

marginal gyrus is related to the maintenance of emotion recognition ability.

The fact that we found no relationship between the left supramarginal gyrus and emotion

recognition may be related to a hemispherical specialization of brain. For example, the left

supramarginal gyrus has been implicated in tool use and language skills [42, 43]. Thus, the role

of the supramarginal gyrus is very different between the left and right hemispheres. It is also

interesting to note that the years of education had a non-significant relationship with the left

supramarginal gyrus. The current results suggest that the protective effect of education on

brain atrophy may be related only to the right (and not the left) supramarginal gyrus. Thus,

the effect of education on atrophy may differ between the right and left sides of the same

gyrus; our results suggest that education maintains the right supramarginal gyrus, which was

associated with the retention of emotion cognitive ability.

The current study has several limitations. First, the emotion recognition test used in this

study included neutral expression face in the choices, but not in the stimuli. The presence of a

Fig 2. Path diagram. The 5 regions, years of education, and emotion recognition score were set as the observed variables. The solid lines indicate a significant direct

effect. The dotted thick line indicates a significant indirect effect. Thin dotted lines indicate a non-significant direct path. Numbers indicate the standardized path

coefficients.

https://doi.org/10.1371/journal.pone.0254623.g002
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neutral expression is important because it allows for a dichotomous analysis of whether a face

contains emotion or not. Second, this study did not take into account the own-age bias, in

which face recognition is typically superior for own-age faces compared with other-age faces

[44]. In this study, all participants were shown the same photographs of young people 20–30

years of age. The inclusion of the own-age bias factor in the experiment may have also changed

the scores on the facial expression recognition test. In the future, it may be necessary to con-

sider the age factor of the facial expression stimuli. Third, the current results cannot be gener-

alized to all cultures and races, because Japanese participants responded to Japanese facial

expression stimuli in this experiment. There are reports that different cultures and races tend

to read emotions differently [45, 46]. It is therefore important to conduct cross-cultural

research. Finally, the current study had a small sample size, in particular, the normality of each

facial expression was insufficient. Further research with a larger sample is required to verify

the reproducibility of our results. However, this study found that a specific brain region medi-

ates the relationship between emotion recognition and education, which offers valuable

insights into the effects of aging.

The current study found a relationship between years of education and emotion recogni-

tion ability, which was mediated by the right supramarginal gyrus. With regard to individual

differences, emotion recognition function may be preserved in the absence of an atrophied

right supramarginal gyrus based on the years of education, regardless of age. However, this

Fig 3. Location of the right supramarginal gyrus in axial view (blue area).

https://doi.org/10.1371/journal.pone.0254623.g003
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study dealt with basic emotions, and the effects of aging and education may be different for

higher-order social emotions such as jealousy, embarrassment, guilt, and shame. Although the

role of the right supramarginal gyrus remains to be characterized, there is a need to examine

the influence of the gyrus on higher-order social communication.
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