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Although neuromyelitis optica (NMO) is classically recognized as an affectation of optic nerves and spinal cord,
recent reports have shown brain atrophy and cognitive dysfunction in this condition. Importantly, emotion-related

15 brain regions appear to be impaired in NMO. However, no studies of NMO’ emotional processing have been
published. The goal of the current study was to investigate facial emotion recognition in 10 patients with NMO
and 10 healthy controls by controlling for relevant cognitive factors. Consistent with previous reports, NMO
patients performed poorly across cognitive domains (divided attention, working memory, and information-
processing speed). Our findings further evidence the relative inability of NMO patients to recognize negative

20 emotions (disgust, anger, and fear), in comparison to controls, with these deficits not explained by other cognitive
impairments. Results provide the first evidence that NMO may impair the ability to recognize negative emotions.
These impairments appear to be related to possible damage in brain regions underling emotional networks,
including the anterior cingulate cortex, amygdala, and medial prefrontal cortex. Findings increased both our
understanding of NMO’s cognitive impairment, and the neural networks underlying negative emotions.
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The interrelationship between brain involvement and
cognitive processing in neuromyelitis optica (NMO) is
an emerging field of research (Blanc et al., 2008,
2012; He et al., 2011). Recently, neuroimaging studies

30 have shown neuroanatomical (Blanc et al., 2012;
Pittock et al., 2006) and functional abnormalities
(Liu et al., 2011) in NMO. However, relatively little

is known about the presence of cognitive, emotional,
and behavioral disturbances in patients with NMO.

35NMO, also known as Devic’s disease, is an inflam-
matory demyelinating disorder of the central nervous
system that mainly affects the optic nerves and white
matter tracts in the spinal cord (Wingerchuk, Lennon,
Lucchinetti, Pittock, & Weinshenker, 2007). The
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40 presence of the serum NMO immunoglobulin G
(NMO-IgG) distinguishes NMO from other demyeli-
nating diseases (Lennon et al., 2004; Weinshenker,
Wingerchuk, Pittock, Lucchinetti, & Lennon, 2006).
NMO-IgG binds selectively to aquaporin 4 (AQP4),

45 the predominant water channel in the brain (Amiry-
Moghaddam & Ottersen, 2003; Jung et al., 1994).

Neuroimaging studies have identified cortical–
subcortical impairment in structures such as corpus
callosum, insula, anterior cingulate cortex (ACC),

50 superior temporal gyrus, and prefrontal cortex (He
et al., 2011), as well as atrophy of white matter tracts
that connect frontal, temporal, and parietal regions,
in the pathophysiology of NMO (Blanc et al., 2012).
Cerebral regions affected in NMO appear to be

55 involved in sensory, affective, and cognitive proces-
sing. Researchers have begun to investigate neurop-
sychological performance in patients with NMO and
revealed impairment in basic cognitive domains,
including learning-related activity, information-

60 processing speed, divided attention and some defi-
cits in executive dysfunction (Blanc et al., 2008,
2012; He et al., 2011).

Importantly, the emotional brain network (Kennedy
& Adolphs, 2012) (consisting of the ACC, insula, and

65 medial prefrontal cortex) seems to be affected in
NMO and may possibly play a role in the recognition
of facial expressions (Kennedy & Adolphs, 2012).
However, the relationship between brain alterations
in NMO and emotional processing remains unclear.

70 Given results showing that several emotion-related
brain regions are involved in NMO, the goal of the
current experiment was to investigate facial emotion
processing at the behavioral level on patients with
NMO. Preliminary findings suggest the presence of

75 an additional symptom on NMO, which may improve
diagnosis and treatment, as well as increase our under-
standing of the neural substrates of cognitive and
emotional processes.

MATERIALS AND METHODS

80 NMO group and controls: 10 patients with NMO and
10 healthy participantsAQ3 were included in this study.
The control group (CG) was matched to the NMO
patients for age, sex, and education.

NMO patients were diagnosed according to
85 the recently revised diagnostic criteria proposed

by Wingerchuk, Lennon, Pittock, Lucchinetti, and
Weinshenker (2006): optic neuritis, myelitis, and the
presence of at least two of the following three addi-
tional characteristics: (1) brain MRI results negative

90 or non nondiagnostic for multiple sclerosis (MS) at

onset, (2) MRI evidence of a spinal cord T2 lesion
of three or more vertebral segments, and (3) a ser-
ological test result positive for NMO-IgG

Neurological and physical impairment in NMO
95patients was evaluated using the Expanded Disability

Status Scale (EDSS). Only patients with bilateral
upper limb weakness who did not present severe dis-
abilities (mean EDSS score 2.25 ± 1.01) were
included in the study. None of the participants had a

100severe visual impairment, history of alcohol abuse, or
psychiatric or neurological disorder other than NMO
(see Table 1). Participants read and signed a consent
form in agreement with the Declaration of Helsinki
before participating in the study. The ethical commit-

105tee of the Institute of Cognitive Neurology approved
the study.

NEUROPSYCHOLOGICAL
ASSESSMENT

All participants underwent an extended evaluation
110including dementia measures and neuropsychological

assessment of executive functions. (see supplementary
data 1 for additional details.)

THE EMOTIONAL MORPHING TASK

Emotional morphing is a facial expression recognition
115task featuring six basic emotions (happiness, sadness,

fear, surprise, anger, and disgust; see Figure 1A) taken
from a series of pictures depicting various emotions
(Ekman & Friesen, 1976). Dynamic face presentation,
rather than static pictures, allows for more sensitive

120emotion discrimination and has been utilized in this

TABLE 1
Main demographic and clinical findings from patients with

NMO and control group

NMO Group Controls

Sex, F/M 7/3 7/3
Handedness (right/left) 9/1 9/1
Age (Mean ± SD) 40.60 ± 12.88 40.70 ± 12.70
Educational level (years) 13.70 ± 2.31 14.90 ± 2.81
Disease duration 7.40 ± 4.40 NA
First signs Optic neuritis (n = 3),

myelitis (n = 5),
optic neuritis and
myelitis (n = 2)

NA

Positive for NMO-IgG 100% NA
EDSS score 2.25 ± 1.01 NA

Note: Abbreviations: NMO, neuromyelitis optica; EDSS,
Expanded Disability Status Scale; NA, not applicable.
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Figure 1.AQ4 (A) Some of the photos of facial expressions used in emotional morphing paradigm; (B) Emotional morphing (accuracy per
category). (C) Emotional morphing reaction times. © [Elsevier]. Reproduced by permission of Young et al. (1997).
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study (see figures S1 in supplementary data). The
pictures were morphed between each prototype emo-
tion and a neutral state (Young et al., 1997). Facial
morphing was achieved by taking a variable percen-

125 tage of the shape and texture differences between the
two standard images, 0% (neutral) and 100% (full
emotion), in 5% steps (500 ms for each image). The
48 morphed facial stimuli were randomly presented
on a computer screen until the subject indicated a

130 response on the keyboard. Participants were asked to
respond as soon as they recognized the facial expres-
sion, and then to identify the facial expression from a
forced-choice list of six options. This task measures
the accuracy of emotion recognition and reaction

135 times (RTs).
To control for the influence of cognitive dysfunc-

tion (e.g., executive functions) on facial emotions
recognition tasks, we applied an analysis of covar-
iance test adjusted for all neuropsychological scores.

140 RESULTS

Regarding neuropsychological performance of patients
with NMO, we replicated previous reports showing
deficits in divided attention, working memory, and
information-processing speed (Blanc et al., 2008).

145 Additionally, we found systematic deficits in verbal
inhibitory control. (A summary of descriptive statistics
and comparison between groups are provided in table
S1 in supplementary data 2.).

Significant differences in the accurate recognition
150 of the six categories of emotion were observed,

F(5, 90) = 3.72, p ˂ .05. Post-hoc analysis (Tukey
HSD, MS = .01, df = 107.98) revealed reduced accu-
racy in NMO patients for emotions of disgust,
p = .007, anger, p = .004, and fear, p = .02, compared

155 with controls (Figure 1B).
Regarding the average RTs, the NMO group exhib-

ited speeds (M = 8075.26 ms, SD = 1514.25) equiva-
lent to the CG (M = 7404.05 ms, SD = 715.58)
(F(1,18) = 1.60, p = .22) (Figure 1C, see also table

160 S2 in Supplementary data 3). Additionally, no signifi-
cant covariation was found between the neuropsycho-
logical scores and the emotion recognition task.

DISCUSSION

This preliminary study investigated cognitive func-
165 tioning in patients with NMO, with a particular

focus on facial expression processing. Our findings
replicate previous reports of cognitive deficits in
patients with NMO and show that these deficits

manifest in specific cognitive domains. Moreover,
170this research provides the first evidence that NMO

disrupts the ability to recognize negative emotions,
including disgust, anger, and fear. Interestingly, no
covariation was found between emotional and neurop-
sychological measures. These findings suggest that the

175impairment of recognize negative valence emotions in
NMO patients is independent of other cognitive
dysfunctions.

In accordance with previous reports, our results
showed that NMO patients performed worse than con-

180trols in specific executive tasks involving divided atten-
tion, information-processing speed, and working
memory (Blanc et al., 2008, 2012; He et al., 2011).
This is the first study that has found systematic deficits
in verbal inhibitory control, suggesting that executive

185dysfunction in NMO requires further examination. The
impaired ability of NMO patients to perform these
cognitive tasks appears to be associated with gray and
white matter atrophy in brain regions, including the
ACC (He et al., 2011), corpus callosum, and medial

190frontal cortex (Blanc et al., 2012; He et al., 2011).
However, the specific neurological basis of cognitive
impairments in NMO remains largely undetermined.

Recent approaches suggest that rather than
restricted to specific and isolated structures, the neu-

195roanatomical basis of the emotional system consists of
highly interconnected and distributed brain areas
(Ibanez & Manes, 2012; Kennedy & Adolphs,
2012). Facial emotion recognition is a sensitive
domain for psychiatric and neurological conditions

200(Baez et al., 2014; Gonzalez-Gadea et al., 2014;
Ibanez, Aguado, et al., 2013; Ibáñez, Kuljiš,
Matallana, & Manes, 2014; Ibáñez, Velásquez, Caro,
& Manes, 2013). Similarly, neuroimaging studies sup-
port the idea that partially separated neural circuits

205(see below) underlie the mechanism for recognition
of disgust, fear, and anger (Sprengelmeyer, Rausch,
Eysel, & Przuntek, 1998). Several components of the
emotional network appear to be affected in NMO
(Blanc et al., 2012). For example, (1) the insula and

210ACC are involved in disgust perception (Ibañez,
Gleichgerrcht, & Manes, 2010; Phillips et al., 1997;
Wicker et al., 2003), (2) the superior temporal gyrus
and orbitofrontal cortex are related to anger perception
(Adolphs, Tranel, & Damasio, 2003; Grosbras &

215Paus, 2005; Phillips et al., 1997), and (3) the ACC
also plays an important role in fear perception
(Adolphs, 2013). Although preliminary, our beha-
vioral results are consistent with the specific neural
network hypothesis of emotional processing

220(Kennedy & Adolphs, 2012).
Although the visual dysfunction that occurs in

NMO patients could have influenced our findings,
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no differences between the NMO group and the con-
trols on the six neuropsychological subtests involving

225 visual functions were detected.
Our results indicate that the impairment in emotion

recognition observed in NMO patients is not depen-
dent on other co-occurring cognitive deficits. In agree-
ment with the recently described social-brain model

230 (Ibanez & Manes, 2012; Kennedy & Adolphs, 2012),
we speculate that facial expression recognition is
underpinned by a partially independent distributed
neural network.

These results contribute to our understanding of the
235 time course of cognitive dysfunction in NMO. Early

detection of cognitive deficits could be critical for
diagnosing and developing treatment strategies for
patients with NMO. These findings also provide evi-
dence to support the distributed neural basis of emo-

240 tion recognition.
Some important limitations of this study should be

noted. First, although we used healthy participants in a
comparison group, we did not test MS patients, a
decision that to some extent limits the interpretation

245 of our results. Moreover, the sample size of our groups
is small, and our result should be considered as pre-
liminary. We cannot exclude the possibility that low
power (due to the limited number of participants) may
have influenced the results. RTs, for example, were

250 longer for the NMO participants on all emotional
recognition measures, and may have reached statistical
significance with a larger NMO cohort. Nonetheless,
deficits in emotion recognition were detected in all
NMO patients and at this preliminary evaluation they

255 seem to not be explained by other cognitive deficits.
We have shown that NMO potentially impairs the

recognition of negative valance facial expressions
independent from its other cognitive effects suggest-
ing a bimodal emotional-cognitive impairment due to

260 NMO pathology. This preliminary evidence opens a
new research agenda. Further research should investi-
gate if these impairments are related to damage in
critical brain regions underlying emotional neural net-
works. Future studies should also employ additional

265 social cognition measures to explore the relationship
between impaired brain regions and higher-order
aspects of social cognition in NMO. Neuroimaging
studies in patients with NMO and MS should investi-
gate facial expression recognition to provide detailed

270 anatomical evidence to support the results of our
research. From a translational perspective, the identi-
fication of this unrecognized and unaddressed impair-
ment opens new avenues for intervention programs.
This degree of compromised emotional salience on

275 the part of the NMO group is likely to disrupt the
quality of life of both the patient and relatives.

Intervention programs for NMO should include teach-
ing implicit and explicit rules for interpreting the
emotional facial sings in everyday life.
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