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Background and PurposezzThe increasing recognition that deficits in social emotions oc-
cur in amyotrophic lateral sclerosis (ALS) is helping to explain the spectrum of neuropsycho-
logical dysfunctions, thus supporting the view of ALS as a multisystem disorder involving 
neuropsychological deficits as well as motor deficits. The aim of this study was to characterize 
the emotion perception abilities of Korean patients with ALS based on the recognition of facial 
expressions.
MethodszzTwenty-four patients with ALS and 24 age- and sex-matched healthy controls 
completed neuropsychological tests and facial emotion recognition tasks [ChaeLee Korean Fa-
cial Expressions of Emotions (ChaeLee-E)]. The ChaeLee-E test includes facial expressions for 
seven emotions: happiness, sadness, anger, disgust, fear, surprise, and neutral.
ResultszzThe ability to perceive facial emotions was significantly worse among ALS patients 
performed than among healthy controls [65.2±18.0% vs. 77.1±6.6% (mean±SD), p=0.009]. 
Eight of the 24 patients (33%) scored below the 5th percentile score of controls for recognizing 
facial emotions.
ConclusionszzEmotion perception deficits occur in Korean ALS patients, particularly regard-
ing facial expressions of emotion. These findings expand the spectrum of cognitive and behavioral 
dysfunction associated with ALS into emotion processing dysfunction.
Key Wordszz�amyotrophic lateral sclerosis, emotion, emotion perception, facial expression, 

frontotemporal dementia.

Impaired Perception of Emotional Expression  
in Amyotrophic Lateral Sclerosis

INTRODUCTION

A continuum between amyotrophic lateral sclerosis (ALS) and frontotemporal dementia 
(FTD) in connection with cognitive and behavioral changes has been proposed based on 
reported frontal or executive dysfunctions, which has been associated with prefrontal dys-
functions in a significant proportion of patients with ALS.1-5 Besides the cognitive and be-
havioral changes in ALS, emotional and social cognition has recently become a focus of 
ALS research.6-9 In a clinical situation, deficits in these abilities may develop early in the dis-
ease process and hinder diverse social activity decrease their quality of life, increase caregiv-
er burden, and aggravate mood and behavioral disturbances.10-12 Emotional and social cog-
nition in ALS has paid relatively little attention, with few studies investigating deficits in 
these abilities in ALS, and the obtained results have also been inconsistent. However, several 
studies of emotion perception, processing, and memory have revealed that these functions 
might play a role in discriminating or classifying ALS with FTD from pure ALS.8 In terms 
of the spectrum of neuropsychological dysfunction, investigations about emotion process-
ing abilities, as well as cognitive or behavioral features, are important for understanding the 
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heterogeneity of neuropsychological function in ALS and for 
managing these patients.1,4,7,11

This study was designed to examine emotion perception 
impairments regarding facial expressions in Korean ALS pa-
tients and to investigate how those impairments are related 
to neuropsychological and clinical factors.

METHODS

ALS patients
Twenty-four ALS patients were recruited consecutively from 
the Motor Neuron Disease Clinic in the Neurology Depart-
ment of Hanyang University Hospital in Seoul, Korea be-
tween November 2013 and April 2014. All subjects fulfilled 
the revised El Escorial criteria for clinically probable, proba-
ble–laboratory-supported, or definite ALS.13 Exclusion crite-
ria included a history of other neurological conditions that 
could affect cognition (e.g., major stroke, traumatic brain in-
jury, learning disability, or severe active epilepsy), alcohol de-
pendence, severe active mental illness and the use of high-
dose psychoactive medication, illiteracy, and serious motor 
or sensory deficits that hamper the administration of neuro-
psychological tests.3 None of the ALS patients had received 
gastrostomies or noninvasive ventilation, and patients with 
severe respiratory failure [forced vital capacity (FVC) <40%] 
were also excluded.

The healthy control group consisted of 24 participants and 
included family members and friends of the ALS participants 
as well as visitors from the local community center. Exclusion 
criteria included the presence of any neuropsychiatric disor-
der, positive findings in a neurological examination, or a Mini 
Mental State Examination (MMSE) raw score of <26 (out of 
30). None of the healthy controls were taking any medication 
that interfered with neuropsychiatric function.

All subjects gave informed written consent, and the exper-
imental procedure was approved by the Institutional Review 
Board of Hanyang University Hospital.

Clinical measures
The clinical measures included demographic data [including 
age, sex, education, region of symptom onset, disease dura-
tion (duration from symptom onset to time of diagnosis)], 
ALS Functional Rating Scale-Revised (ALSFRS-R) score 
(range, 0–48; normal, 48) for the severity of ALS-related mo-
tor disability,14 breathing capacity (predicted FVC percent-
age), and progression rate [(48-ALSFRS-R score)/(disease 
duration in months)].3,15

Neuropsychological assessment
All participants were tested by applying the Korean version 

of the MMSE (K-MMSE),16 the Beck Depression Inventory 
(BDI),17 and the Frontal Assessment Battery (FAB)18 to exam-
ine their general neuropsychological function. A comprehen-
sive neuropsychological assessment was performed only for 
ALS patients, using a previously published protocol.3

Measures of emotional expression perception
The tests of emotional expression perception used materials 
derived from ChaeLee Korean Facial Expressions of Emotion 
(ChaeLee-E) images, which have been validated in previous 
studies involving Koreans.19 The same facial emotion percep-
tion task was administered to all participants. Randomly se-
lected images of facial expressions from ChaeLee-E were dis-
played on a screen. There were 126 images from each of 7 
emotional expressions in 9 men and 9 women. Subjects were 
asked to select or provide an emotion label for each facial ex-
pression, with the images remaining on the screen during the 
entire experiment. Patients were allowed sufficient time to 
label each emotion. The subject selected one emotion from 
the following seven choices included in ChaeLee-E: happi-
ness, sadness, anger, surprise, disgust, fear, or neutral. Imme-
diately prior to testing, we ensured that the patients and healthy 
control subjects semantically understood the seven words.

The scores derived included an overall percentage of cor-
rectly perceived emotions, as well as the correct perception of 
each individual emotion. We also examined the distribution 
of scores obtained by ALS patients and healthy controls in the 
ChaeLee-E tests and the number of patients obtaining “im-
paired” scores (i.e., scores at or below the fifth percentile of 
the scores for controls) on measures of emotion perception.

Statistical analysis
The demographic characteristics and scores on the ChaeLee-
E tests were compared between ALS patients and control 
subjects using the Mann-Whitney U test or Fisher’s exact 
test. The association between measured profiles and the 
ChaeLee-E test scores of ALS patients was examined by both 
simple and multiple linear regression. The cutoff for signifi-
cance was set at p<0.05. Statistical analysis was carried out 
with SPSS (version 18, SPSS, Chicago, IL, USA).

RESULTS

Demographic and clinical characteristics  
of the participants
At the time of evaluation, the ALS patients and healthy con-
trols did not differ in age [56.3±9.9 years vs. 51.0±11.1 years 
(mean±SD), p=0.170], sex (50% males in both groups), or 
level of education (11.2±4.6 years vs. 13.1±2.8 years, p=0.171) 
(Table 1). The K-MMSE and FAB scores were significantly 
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lower for patients than for controls (K-MMSE, 26.9±2.7 vs. 
28.8±1.2, p=0.002; FAB, 13.0±4.0 vs. 16.0±3.7, p<0.001), and 
BDI scores were higher for patients than for controls (18.8±10.3 
vs. 11.0±7.7, p=0.004).

The ALS patients had been diagnosed 14.6±6.7 months 
prior to the commencement of this study (range, 4–45 months) 
and had relatively mild physical impairments (ALSFRS-R 
score=40.0±3.3).

Emotion perception results

Overall emotion perception
The analysis of overall emotions indicated that the percent-

age of correct answers was significantly lower for patients 
(65.2±18.0%) than for controls (77.1±6.6%, p=0.009). Eight 
of the 24 patients (33%) scored below the 5th percentile score 
of healthy controls in recognizing facial emotions (p=0.072, 
Fisher’s exact test) (Fig. 1).

Individual emotion perception
The analysis of individual emotions indicated significant 

differences between patients and controls in the percentages 
of correct answers for anger (p=0.035), disgust (p=0.035), and 
surprise (p=0.004) emotions, but not for happiness (p=0.331), 
sadness (p=0.066), fear (p= 0.136), or neutral (p=0.204) emo-
tions (Table 2).

Factors associated with emotion perception  
functioning
Simple and multiple linear regression analyses were performed 
to examine the associations between emotion perception and 
clinical factors. In simple regression, younger age at the time 
of evaluation (p=0.001), higher education level (p=0.046), 
higher K-MMSE score (p<0.001), lower BDI score (p=0.001), 
and higher FAB score (p<0.001) were associated with better 
emotion perception, whereas sex, bulbar onset, ALSFRS-R 
score, and progression rate were not associated with the ability 
to perceive emotions. In the multivariable regression analysis, 
there were no associations between clinical factors and emo-
tion perception with the exception of FAB score (β=3.329, 
p=0.015) (Table 3).

DISCUSSION

This study has demonstrated for the first time the presence of 
an emotion perception deficit in Korean ALS patients. The 
findings suggest that emotion perception deficits occur in 
approximately one-third (33%) of Korean ALS patients, and 
particularly affect the perception of emotional facial expres-

Table 1. Characteristics of the amyotrophic lateral sclerosis (ALS) 
patients and healthy controls

ALS Controls
p

(n=24) (n=24)
Age at evaluation, years 56.3±9.9 51.0±11.1 0.170

Male, n (%) 12 (50.0) 12 (50.0) 1

Education, years 11.2±4.6 13.1±2.8 0.171

K-MMSE score 26.9±2.7 28.8±1.2 0.002

FAB score 13.0±4.0 16.0±3.7 <0.001

BDI score 18.8±10.3 11.0±7.7 0.004

Age at symptom onset, years 55.1±9.8 - -

Bulbar onset, n (%) 9 (37.5) - -

ALSFRS-R score 40.0±3.3 - -

Disease duration, months 14.6±6.7 - - 

Progression rate 0.63±0.31 - -

Data are mean±SD values except where indicated otherwise. Disease 
duration, time from symptom onset to evaluation, Progression rate, 
estimated from the decrease in ALSFRS-R score subsequent to symp-
tom onset [(48–ALSFRS-R)/(disease duration in months)]. 
ALSFRS-R: ALS Functional Rating Scale–Revised, BDI: Beck Depression 
Inventory, FAB: Frontal Assessment Battery, K-MMSE: Korean version 
of the Mini Mental State Examination.

Fig. 1. Distribution of scores on the ChaeLee Korean Facial Expres-
sions of Emotions test between amyotrophic lateral sclerosis (ALS) 
patients and healthy controls.
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Table 2. Percentage of correct responses for perceived facial emo-
tions in ALS and healthy control subjects

Emotion
ALS Controls

p
(n=24) (n=24)

Happiness 94.0±12.0 96.8±7.1 0.331

Sadness 78.5±22.5 89.8±9.8 0.066

Fear 26.6±18.7 35.0±19.5 0.136

Anger 63.9±28.7 80.8±11.1 0.035

Disgust 43.5±25.9 59.7±16.7 0.035

Surprise 65.0±23.4 81.9±15.0 0.004

Neutral 85.2±28.6 95.4±9.6 0.204

Total 65.2±18.0 77.1±6.6 0.009

Data are mean±SD percentage values.
ALS: amyotrophic lateral sclerosis.
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sions. Perceptions of anger, disgust, and surprise emotions—
but not those of happiness, sadness, fear, or neutral emo-
tions—were significantly impaired in the ALS patients, and 
these impairment were associated with poor FAB scores. 
Compared with age- and sex-matched healthy control sub-
jects, ALS patients had lower K-MMSE and FAB scores and 
higher BDI scores, indicating the presence of impairment in 
cognitive abilities and depressive symptoms in a typical 
group of patients with ALS. These findings expand the spec-
trum of narrow cognitive dysfunction into broader neuro-
psychological dysfunction, which includes depressive fea-
tures and emotional cognition.

Previous studies on emotional perception including social 
and emotional cognition have showed inconsistent data, al-
though most studies have found deficits in nondemented or 
FTD-combined ALS patients.8,9,20,21 Interestingly, the present 
study showed that significant emotional perception deficits 
were found regardless of severity of cognitive dysfunction in 
the patients with ALS (Mann-Whitney U test, p=0.066). 
However, the small number of ALS subjects in the present 
study may make it difficult to correctly interpret the results.

Of the facial expressions for basic emotions, the percep-
tions of anger, disgust, and surprise emotions were impaired 
in ALS patients compared with healthy controls. The neural 
substrate for perceiving these emotions is associated with the 
orbitofrontal region and amygdala,22 although the findings 
have been inconsistent. Previous review has explained that 
negative emotions such as anger, disgust, and fear are com-
monly affected in FTD.22 Another study of the perception of 
facial emotional expressions in frontal-variant FTD showing 
that the ability to recognize happiness, sadness, anger, and 
disgust emotions were significantly impaired compared with 
a control group, whereas the fear and surprise recognition 
abilities were not significantly affected.23 These selective im-

pairments in recognizing facial expressions have not been 
consistently reportedly. The presence of emotion perception 
deficits in ALS is probably related to the degree of underlying 
dysfunction in the frontal and temporal lobes, since these 
structures are known to be crucial in the processing of social 
and emotional signals.8,24 In the present study these emotion 
perception deficits were associated with FAB scores, which 
preferentially evaluate frontal functions, but not with K-MMSE 
scores, which preferentially evaluate the cognitive defects of 
Alzheimer’s disease and are less sensitive to frontal executive 
function.25 In addition, ALS-related clinical factors such as 
the ALSFRS-R score, progression rate, and bulbar onset were 
not associated with emotion perception deficits. Therefore, 
these findings support the idea that emotional cognition is 
associated with the functioning of frontal circuits rather than 
classical motor involvement in ALS, and that frontal dys-
function in ALS may be responsible for the emotion percep-
tion deficit.

The association between the ability to perceive emotional 
expression and the presence of depression is inconsistent.7,26,27 
Some reports have explained that depression can impair the 
ability to recognize facial emotion expressions.26 These expla-
nations supporting a similar association between depression 
and emotion perception were based on findings obtained us-
ing a simple linear regression model. However, some studies 
have found no significant association between depression 
and emotion processing in ALS.7,27 Also, in the present study 
we found no relationship between either function in the mul-
tiple linear regression model. While the results are currently 
inconsistent, it appears that an association between emotion 
perception ability and depression is necessary to explain a 
neurodegenerative condition such as ALS or a patients’ ad-
justment, and so a more sophisticated explanation specific to 
ALS is needed.27

Table 3. Factors associated with emotion perception deficits identified in simple and multiple linear regression analyses of ALS patients

Variable
Simple linear regression Multiple linear regression

β SE p β SE p
Age at evaluation –0.658 0.180 0.001* 0.063 0.417 0.882

Male –1.620 4.283 0.707 5.879 5.755 0.324

Bulbar onset 9.012 7.532 0.244 0.418 5.650 0.942

Education, years 1.097 0.535 0.046* –0.382 0.673 0.580

K-MMSE score 4.678 0.663 <0.001* 1.694 1.450 0.262

FAB score 2.295 0.403 <0.001* 3.329 1.206 0.015*

BDI score –0.671 0.197 0.001* –0.209 0.388 0.599

ALSFRS-R score –0.828 1.143 0.476 –0.882 1.001 0.393

Progression rate –4.581 12.217 0.711 2.739 11.342 0.813

Multiple linear regression analysis was performed using the enter method. 
*Significant results.
ALS: amyotrophic lateral sclerosis, ALSFRS-R: ALS Functional Rating Scale-Revised, BDI: Beck Depression Inventory, FAB: Frontal Assessment Battery, 
K-MMSE: Korean version of the Mini Mental State Examination.
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The present study has also revealed for the first time that 

emotion perception deficits are present in Korean ALS pa-
tients. Since ethnic and genetic differences influence emotion 
regulation, differences in genetic characteristics between Ko-
rean and non-Asian populations and the subsequent dispari-
ty of combined ALS and FTD1,3,28-30 might affect impairments 
of emotional cognition, although no comparison has been 
performed. Despite some limitations regarding the presence 
of dementia in the present study population, previous studies 
of emotion perception found that negative perceptions of 
sadness, disgust, anger, and surprise emotions were impaired 
in ALS patients compared with healthy controls.8,9,20 In addi-
tion, the perception deficits for individual emotions in our 
study were similar to the perception deficits for anger, dis-
gust, and surprise emotions, but not for sadness, happiness, 
fear, or neutral emotions. Because neuroanatomical evalua-
tions were not performed in this study, it is difficult to corre-
late the identified emotion perception deficits with specific 
brain structures. Although neural substrates implicated in 
emotion recognition have not been fully investigated, sub-
strates such as the prefrontal cortex, insula, and amygdala are 
known to be associated with emotional recognition, and there 
is considerable overlap across different emotions.22 The emo-
tion perception deficits found in the present study could be 
associated with the insula, orbitofrontal cortex, amygdala, 
and superior temporal gyrus;22 however, further neuroimag-
ing studies are needed to identify the relationship between 
emotional deficits and their neural substrates. In the labeling 
tasks applied in this study, the label for fear was more ambig-
uous than the other labels, and it could easily be confused with 
surprise;31 therefore, any metrics associated with the percep-
tions of fear and surprise need to be interpreted cautiously.

This study had some limitations that should be evaluated in 
further research. First, many instrumental tasks can be used 
to assess emotional and social cognition, other than percep-
tions of emotional facial expressions; therefore, further re-
search utilizing tasks that have been validated in Asian and 
Korean patients are needed to comprehensively evaluate 
emotional and social cognition. Second, although this study 
is a small number of ALS subjects, analyses in which subjects 
are divided into nondemented and demented ALS groups 
using the consensus criteria5 might differentiate subtle early 
symptoms from full-blown emotional cognition in the two 
groups. Third, the absence of neuroimaging results limited 
the ability to identify associations between emotion percep-
tion deficits and neural substrates. Crespi et al.32 recently de-
scribed a neural correlate of emotion recognition impairment 
in ALS patients using diffusion-tensor imaging, with their re-
sults suggesting that frontotemporal-limbic microstructural 
changes are present in socioemotional impairment in ALS. 

Further neuroanatomical studies aimed at identifying and 
correlating microstructural changes are needed.

Our findings support the heterogeneity of neuropsycho-
logical involvement in ALS. The patients in the ALS group 
showed impairment in perception measures of emotional ex-
pression. Therefore, screening for these emotional deficits 
will help clinicians to understand the neuropsychological fea-
tures of ALS. Further research into the perception impair-
ment associated with specific individual emotions and the 
related neural substrates is needed to determine the changes 
in emotional functioning in this population and their impli-
cations for clinical management.27

Conflicts of Interest
The authors have no financial conflicts of interest.

Acknowledgements
This study was supported by a grant from the Korea Healthcare Technolo-
gy R&D Project, Ministry for Health, Welfare & Family Affairs, Republic 
of Korea (HI12C0135 and HI15C0876).

REFERENCES
1.	 Consonni M, Iannaccone S, Cerami C, Frasson P, Lacerenza M, Lu-

netta C, et al. The cognitive and behavioural profile of amyotrophic 
lateral sclerosis: application of the consensus criteria. Behav Neurol 
2013;27:143-153.

2.	 Lillo P, Mioshi E, Burrell JR, Kiernan MC, Hodges JR, Hornberger M. 
Grey and white matter changes across the amyotrophic lateral sclero-
sis-frontotemporal dementia continuum. PLoS One 2012;7:e43993.

3.	 Oh SI, Park A, Kim HJ, Oh KW, Choi H, Kwon MJ, et al. Spectrum 
of cognitive impairment in Korean ALS patients without known ge-
netic mutations. PLoS One 2014;9:e87163.

4.	 Phukan J, Pender NP, Hardiman O. Cognitive impairment in amyo-
trophic lateral sclerosis. Lancet Neurol 2007;6:994-1003.

5.	 Strong MJ, Grace GM, Freedman M, Lomen-Hoerth C, Woolley S, 
Goldstein LH, et al. Consensus criteria for the diagnosis of fronto-
temporal cognitive and behavioural syndromes in amyotrophic lateral 
sclerosis. Amyotroph Lateral Scler 2009;10:131-146.

6.	 Cerami C, Dodich A, Canessa N, Crespi C, Iannaccone S, Corbo M, 
et al. Emotional empathy in amyotrophic lateral sclerosis: a behav-
ioural and voxel-based morphometry study. Amyotroph Lateral Scler 
Frontotemporal Degener 2014;15:21-29.

7.	 Lulé D, Kurt A, Jürgens R, Kassubek J, Diekmann V, Kraft E, et al. 
Emotional responding in amyotrophic lateral sclerosis. J Neurol 2005; 
252:1517-1524.

8.	 Savage SA, Lillo P, Kumfor F, Kiernan MC, Piguet O, Hodges JR. Emo-
tion processing deficits distinguish pure amyotrophic lateral sclerosis 
from frontotemporal dementia. Amyotroph Lateral Scler Frontotem-
poral Degener 2014;15:39-46.

9.	 Zimmerman EK, Eslinger PJ, Simmons Z, Barrett AM. Emotional per-
ception deficits in amyotrophic lateral sclerosis. Cogn Behav Neurol 
2007;20:79-82.

10.	 Hornak J, Rolls ET, Wade D. Face and voice expression identification 
in patients with emotional and behavioural changes following ventral 
frontal lobe damage. Neuropsychologia 1996;34:247-261.

11.	 Lillo P, Mioshi E, Hodges JR. Caregiver burden in amyotrophic later-
al sclerosis is more dependent on patients’ behavioral changes than 
physical disability: a comparative study. BMC Neurol 2012;12:156.



300  J Clin Neurol 2016;12(3):295-300

Emotion Perception Deficits in ALSJCN
12.	 Roberts VJ, Ingram SM, Lamar M, Green RC. Prosody impairment 

and associated affective and behavioral disturbances in Alzheimer’s 
disease. Neurology 1996;47:1482-1488.

13.	 Brooks BR, Miller RG, Swash M, Munsat TL; World Federation of 
Neurology Research Group on Motor Neuron Diseases. El Escorial 
revisited: revised criteria for the diagnosis of amyotrophic lateral scle-
rosis. Amyotroph Lateral Scler Other Motor Neuron Disord 2000;1:293-
299.

14.	 Kimura F, Fujimura C, Ishida S, Nakajima H, Furutama D, Uehara H, 
et al. Progression rate of ALSFRS-R at time of diagnosis predicts sur-
vival time in ALS. Neurology 2006;66:265-267.

15.	 Gordon PH, Miller RG, Moore DH. ALSFRS-R. Amyotroph Lateral 
Scler Other Motor Neuron Disord 2004;5 Suppl 1:90-93.

16.	 Han C, Jo SA, Jo I, Kim E, Park MH, Kang Y. An adaptation of the Ko-
rean mini-mental state examination (K-MMSE) in elderly Koreans: 
demographic influence and population-based norms (the AGE study). 
Arch Gerontol Geriatr 2008;47:302-310.

17.	 Jo SA, Park MH, Jo I, Ryu SH, Han C. Usefulness of Beck Depression 
Inventory (BDI) in the Korean elderly population. Int J Geriatr Psychi-
atry 2007;22:218-223.

18.	 Raaphorst J, Beeldman E, Jaeger B, Schmand B, van den Berg LH, Wei-
kamp JG, et al. Is the Frontal Assessment Battery reliable in ALS pa-
tients? Amyotroph Lateral Scler Frontotemporal Degener 2013;14:73-74.

19.	 Lee KU, Kim J, Yeon B, Kim SH, Chae JH. Development and stan-
dardization of extended ChaeLee Korean facial expressions of emo-
tions. Psychiatry Investig 2013;10:155-163.

20.	 Girardi A, Macpherson SE, Abrahams S. Deficits in emotional and so-
cial cognition in amyotrophic lateral sclerosis. Neuropsychology 2011; 
25:53-65.

21.	 Poletti M, Enrici I, Adenzato M. Cognitive and affective theory of 
mind in neurodegenerative diseases: neuropsychological, neuroana-
tomical and neurochemical levels. Neurosci Biobehav Rev 2012;36: 

2147-2164.
22.	 Kumfor F, Piguet O. Disturbance of emotion processing in frontotem-

poral dementia: a synthesis of cognitive and neuroimaging findings. 
Neuropsychol Rev 2012;22:280-297.

23.	 Keane J, Calder AJ, Hodges JR, Young AW. Face and emotion process-
ing in frontal variant frontotemporal dementia. Neuropsychologia 2002; 
40:655-665.

24.	 Cavallo M, Adenzato M, Macpherson SE, Karwig G, Enrici I, Abra-
hams S. Evidence of social understanding impairment in patients with 
amyotrophic lateral sclerosis. PLoS One 2011;6:e25948.

25.	 Ahn SW, Kim SH, Kim JE, Kim SM, Kim SH, Sung JJ, et al. Frontal 
assessment battery to evaluate frontal lobe dysfunction in ALS pa-
tients. Can J Neurol Sci 2011;38:242-246.

26.	 Clark US, Neargarder S, Cronin-Golomb A. Specific impairments in 
the recognition of emotional facial expressions in Parkinson’s disease. 
Neuropsychologia 2008;46:2300-2309.

27.	 Cuddy M, Papps BJ, Thambisetty M, Leigh PN, Goldstein LH. Pro-
cessing and memory for emotional and neutral material in amyo-
trophic lateral sclerosis. Amyotroph Lateral Scler 2012;13:592-598.

28.	 Kwon MJ, Baek W, Ki CS, Kim HY, Koh SH, Kim JW, et al. Screening 
of the SOD1, FUS, TARDBP, ANG, and OPTN mutations in Korean 
patients with familial and sporadic ALS. Neurobiol Aging 2012;33: 
1017.e17-e23.

29.	 Renton AE, Chiò A, Traynor BJ. State of play in amyotrophic lateral 
sclerosis genetics. Nat Neurosci 2014;17:17-23.

30.	 Kim HS, Sasaki JY. Emotion regulation: the interplay of culture and 
genes. Soc Personal Psychol Compass 2012;6:865-877.

31.	 Adolphs R. Neural systems for recognizing emotion. Curr Opin Neu-
robiol 2002;12:169-177.

32.	 Crespi C, Cerami C, Dodich A, Canessa N, Arpone M, Iannaccone S, 
et al. Microstructural white matter correlates of emotion recognition 
impairment in amyotrophic lateral sclerosis. Cortex 2014;53:1-8.


