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Introduction
Alzheimer’s Disease (AD) is a neurodegenerative disorder associated 

with a gradual decline in brain functioning [1], where memory is 
usually the first deficit. The decline of brain functions eventually affects 
all the cognitive [1,2] and affective domains within the brain.

Emotion processing in AD was widely studied. It refers to the 
cognitive ability of recognizing emotional states in other people and/
or communicating the own feelings. The ability of processing emotions 
is fundamental for an appropriate social interaction and may cause 
distress in both patients and caregivers. It can lead to a poor quality 
of life due to reducing interpersonal communication [3,4] and can 
influence social behavior in patients [4].

It was clearly underlined that patients affected by AD showed 
deficits in emotion processing, an ability that resulting from neural 
areas, such as hippocampus, amygdala and posterior association areas, 
often impaired since the early stages of the disease [5,6]. In fact, it was 
recognized that facial emotion processing could be impaired in Mild 
Cognitive Impairment (MCI), even before the more marked cognitive 
deficits [7].

The major part of the studies has utilized tasks, such as naming 
tasks, based on visual stimuli and particularly on facial expressions: 
these stimuli are static and are usually presented briefly and in uni-
sensory modality. These studies have demonstrated that AD patients 
had more difficulties in identifying emotional facial expressions then 
healthy comparison subjects. Behavioral studies have provided also 
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evidence of deficits among individuals with AD in recognizing facial 
emotions [8,9], specifically happiness, sadness, and fear [10].

The ability of recognizing different facial expressions in AD 
decreases with the progression of dementia and could be related to 
the degeneration of the structures implicated in emotional processing 
system [11].

Rosen et al. [12] observed that impaired recognition of negative 
emotions in patients with dementia (including patients with AD, 
MCI, or frontotemporal lobar degeneration) was associated with right 
temporal gyrus atrophy.

On the other hand, the ability of processing emotional auditory 
stimuli was largely under investigated, even if multiple sensory channels 
occur in daily life while processing emotional situations or objects.
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In healthy subjects several studies underlined that both visual and 
auditory emotion processing share similar neural areas, since the amygdala 
receives via thalamus input from all senses [13-16]. Moreover, emotional 
stimuli presented through different modalities seems to activate the same 
network core: visual, auditory and olfactory emotional stimuli activate 
the orbitofrontal cortex, the temporal pole, and the superior frontal gyrus 
in the left hemisphere [17]; moreover, it has been evidenced that the left 
amygdala is sensitive to valence of pictures and negative sounds, and that 
the right amygdala is sensitive to valence of positive pictures [18]. The 
orbitofrontal cortex and the superior temporal gyrus, the amygdala, the 
anterior insula showed increased activation during the processing of both 
emotional and social stimuli independent of the sensory modality (visual 
or auditory stimuli) [19].

There are strong evidences that emotion processing in one 
modality can influence emotion processing in another one: for example 
emotion processing is faster for multimodal congruent stimuli (e.g. 
pleasant visual complex scene or face and pleasant sound) then for the 
incongruent ones [20]. 

Regarding Alzheimer’s Disease, even if the major part of the studies 
used facial stimuli, emotion processing was assessed also through 
auditory stimuli such as human voice recording for prosody and audio-
taped or video-taped stories [21]. 

Furthermore, it was found that using music with an emotional 
meaning could facilitate patients with Alzheimer’s disease to recall 
autobiographic events in memory [22].

Moreover, at the best of our knowledge, we found only one study 
[23] which investigated the ability of recognize emotion in Alzheimer’s 
disease by using also emotional environmental sounds (e.g. laughing, 
crying): The authors did not find a significant difference between 
patients affected by Alzheimer’s Disease and healthy comparison 
subjects in this task, suggesting that emotion processing ability varied 
across different type of tasks.

Although in literature, as reported above, there are several evidence 
that in AD patients emotion processing is impaired when assessed by 
naming and discrimination tasks using visual stimuli, the emotion 
processing through auditory stimuli is largely under investigated

Starting from the clinical evidence that patients affected by 
Alzheimer’s Disease often show inappropriate social behaviors during 
emotional situations, aim of our study was to explore the ability of AD 
patients in ascribing emotional meaning to environmental or human 
emotional sounds, confronted to healthy elderly participants. In 
particular, we evaluated the ability to associate an environmental sound 
to the appropriate emotional facial expression and how this ability 
is affected by the ability of naming and discrimination of both facial 
expressions and environmental sounds, to understand if environmental 
sounds are impaired in their meaning or in their emotional attribute. 
The hypothesis is that AD patients can show impairments in auditory 
emotion processing, similar of that showed in the visual modality, since 
the neural substrates in the two modalities are similar, as reported in 
healthy subjects. This approach represents a novelty in this field and 
could highlight the features connected to emotion deterioration in 
Alzheimer’s patients.

Methods
Subjects and data collection

Thirty participants, all native Italian speakers, were included in 
the study. The sample was divided into two groups: 1) 15 patients (6 

male and 9 female) with a diagnosis of probable Alzheimer’s disease 
[AD group] (age: M=77.2, SD=4.76; education: M=4.6, SD=1.14); 
2) 15 healthy comparison matched with the other group by age, sex 
and educational level (6 male and 9 female) (age: M=72.66, SD=7.2; 
education: M=5.91, SD=4.12) (HC group).

Diagnoses of AD patients were made by neurologists independent 
from the study, according to the National Institute of Neurological 
Disorders and Stroke–Alzheimer’s Disease and Related Disorders 
(NINCDS–ADRDA) criteria [24]. Only patients with sufficient 
comprehension were included in the study. The patients had a score 
between 17 and 23 at the Mini-Mental State Examination [25].

The healthy comparison subjects recruited had a negative anamnesis 
for alcohol or drug abuse, neurological and psychiatric diseases. Informed 
consent was obtained from all participants or, where appropriate, from 
their caregiver. An ethics committee approved the study.

Materials
Participants were submitted to a neuropsychological evaluation 

that included standardized tests and experimental tasks.

The standardized tests were the Mini-Mental State Examination 
[25], the Boston Naming Test [26] and the Token Test [27].

This battery was chosen to verify if patients had deficits in naming 
and/or in comprehension that could explain the performances at the 
experimental tasks.

The standardized tasks were also used to verify that the healthy 
comparison subjects didn’t have any neuropsychological impairment 
(Table 1).

The experimental battery was composed of four tasks: the 
Noise Recognition Task, the Emotion Naming Task, the Emotion 
Discrimination Task and the Sound and Emotion Association Task.

A pilot study was conducted to investigate the feasibility and 
effectiveness of the stimuli chosen for the experimental tasks.

The Noise Recognition Task (NRT) consisted of 10 neutral 
environmental sounds lasting 5 seconds each: Participants had to 
recognized environmental sounds and choose, among three alternative 
photographs representing three objects (e.g. train, ship, bus), the one 
that corresponded with the sound listened through the earphones (e.g. 
ship sound).

The Emotion Naming Task (ENT) (14 items) consisted in 
photographs of six basic facial expressions (happiness, surprise, fear, 
disgust, sadness and anger). On this task, participants were required to 
recognized and naming each facial expression of emotion. Stimuli were 
presented one by one.

The Emotion Discrimination Task (EDT) consisted of 14 items: Two 
photographs of facial expression representing two different emotions 
were shown simultaneously to the participants. Participants were asked 

Group n. MMSE TT BNT
AD 15 19.15 (3.42) 26.8 (2.30) 23.6 (5.02)
HC 15 27.90 (1.93) 34.5 (1.23) 39.66 (7.30)
ANOVA
Between subjects effects

F (1,28)=73.94
p<0.001

F(1,28)=131.60
p<0.001

F(1,28)=49.06
p<0.001

(Mean ± SD) correct answers for neuropsychological standardized tasks: Mini-
Mental State Examination (MMSE), Boston Naming Test (BNT), Token Test (TT). 
Between Subjects effects for ANOVA are reported in the last row.

Table 1: Neuropsychological battery.
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to point the photograph that represented the emotion requested from 
the examiner (e.g. “Point to happiness”).

The Sound and Emotion Association Task (SEAT) consisted of 
28 items: The subject’s task was to choose, among three alternative 
photographs representing emotional facial expressions, the one that 
evocated the emotion associated with the sound listened (e.g. applause 
for a win with surprised face; roar of a lion with frightened face, etc.).

The tasks were presented in a pseudo-random sequence, in order to 
avoid learning effects.

For each task was calculated the number of correct answers (Figure 1).

Results
Statistical analysis

The data were evaluated by using Statistica 7 [28] for Windows. 
Analyses of variance were used to evaluate the ability of AD patients 
in ascribing the emotional significance to environmental or human 
emotional sounds, confronted to healthy elderly participants.

Both scores obtained in standardized tests and experimental tasks 
were transformed in z scores of correct responses, based on mean and 
standard deviation of the whole sample, to compare the tasks that were 
composed of different numbers of items. 

Results were considered statistically significant at the p<0.05 level.

Standardized tasks

Performance of the groups on the standardized tasks was compared 
using a 2 (groups) × 3 (experimental tasks) multivariate analysis of 
variance (ANOVA).

Table 1 show mean and standard deviation obtained from the 
participants in the standardized battery. 

The analysis revealed a significant multivariate effect on groups 
F(3,26)= 59.21, p<.0001 and significant between subjects effects on 

Mini-Mental State Examination (F(1,28)=73.94, p<0.001), Token Test 
(F(1,28)=131.60, p<0.001) and Boston Naming Test (F(1,28)=49.06, 
p<0.001).

Experimental tasks

Performance of the groups on the experimental tasks was compared 
using a 2 (groups) × 4 (experimental tasks) analysis of variance 
(ANOVA) for repeated measures.

Table 2 show mean and standard deviation obtained from the 
participants in the experimental battery. 

The analysis revealed a main effect on groups F(1,28)= 227.55, p<0.001.

However, no significant differences were evidenced between the 
experimental tasks (F(3,84)=0.00; p>0.05). The interaction effect 
between groups and tasks was also not significant (F(3,84)=1.21; 
p>0.05) ( Figure 2). 

To determine whether the main effect between groups was due 
to the confounding influence of standardized tasks score, we inserted 
these variables as covariates in the analysis. The analysis showed 
that the effect of MMSE (F(1,27)=0.48, p>0.05) and Token Test 
(F(1,27)=0.15,p>0.05) as covariates were not significant. On the other 
hand, we found a significant effect of Boston Naming Test due to 
covariance (F(1,27)=6.80, p<0.05), but the analysis showed also in this 
case a main effect on groups (F(1,27)=145.72, p<0.001).

Association between sounds and emotions

NRT. Listen to a neutral 
environmental sound 
and point to the 
correspondent picture

ENT. Recognize and 
naming the emotional 
facial expression.

EDT. Point to the 
emotional facial 
expression requested by 
the examiner

SEAT. Listen to an 
emotional environmental 
sound and point to the 
correspondent picture

Figure 1:  Examples of Experimental Tasks.

Group n. NRT ENT EDT SEAT
AD 15 6.1 (0.70) 7.5 (2.3) 11.0 (2.1) 13.21 (2.92)
HC 15 10.8 (1.05) 12.4 (1.7) 13,8 (0.38) 22.8 (1.90)

ANOVA - Main Effect on groups: F(1,28)= 227.55, p<0.001

(Mean ± SD) correct answers for neuropsychological experimental tasks: Noise 
Recognition Task (NRT); The Emotion Naming Task (ENT); Emotion Discrimination 
Task (EDT); Sound and Emotion Association Task (SEAT). Main effect on Groups 
in ANOVA are reported in the last row.
Table 2: Experimental tasks to assess emotion processing.
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A stepwise multiple regression (forward method) was conducted 
to evaluate whether the abilities to recognize neutral environmental 
sounds, to naming facial expressions and to discriminate among 
different facial expressions were necessary to predict performance 
on Sound and Emotion Association Task. At step 1 of the analysis 
NRT score entered into the regression equation and was significantly 
related to SEAT scores (F (1,28) = 63.66, p<0.001). The multiple 
correlation coefficient was 0.83, indicating approximately 68.4% 
of the variance of the SEAT scores could be accounted for by NRT 
scores. ENT scores did not enter into the equation at step 1 of the 
analysis (t = 0.62, p>0.05).

At step 2 of the analysis both NRT and EDT scores entered into 
the regression equation and were significantly related to SEAT scores 
(F (2,27) = 97.77, p<0.001). The multiple correlation coefficients were 
0.57 for NRT scores and 0.50 for EDT scores, indicating approximately 
87.9% of the variance of the SEAT scores could be accounted for by 
NRT and EDT scores (18.4% more compared to the first model). ENT 
scores did not enter into the equation at step 2 of the analysis (t = 
0-0.52, p>0.05). 

Each of the scores are significantly correlated with the criterion, 
indicating that those with lower scores in neutral environmental noise 
recognition and emotional discrimination tasks tend to have lower 
performance in associating emotional environmental sounds with the 
appropriate emotional facial expression.

Table 3 summarizes the descriptive statistics and analysis results. 

Discussion and Conclusion
Starting from the clinical evidence that patients affected by 

Alzheimer’s Disease often show inappropriate social behaviors during 
emotional situations, in this study we explored the ability of AD patients 
in ascribing emotional meaning to environmental or human emotional 
sounds, confronted to healthy elderly participants.

We considered different features of emotion processing; particularly 
the ability of naming emotional facial expressions, the ability of 
discriminating among different emotional facial expressions, and the 

ability of recognizing environmental sounds.

We evaluated also the ability to associate an environmental sound to 
the appropriate emotional facial expression and explored how naming 
and discrimination of both facial expressions and environmental 
sounds affect this ability.

We compared patients affected by Alzheimer’s Disease and healthy 
comparison older adults, to determine the possibility of identifying 
factors involved in the inappropriate social behaviors observed during 
emotional situations and to understand if environmental sounds are 
impaired in their meaning or in their emotional attribute.

The findings suggested, as expected, that AD group was less efficient 
than HC group in processing emotion. AD group performance was 
impaired in both naming and recognizing emotional facial expressions. 
Moreover, they had difficulties in identifying environmental sounds 
and in associating emotional sounds with facial expressions that 
communicate different emotions. On the other hand, HC group were 
equally efficient in all the tasks.

Our results suggest that the performance of patients in associating 
visual and auditory stimuli, is explained mainly by the difficulty in 
establishing among facial expressions the one to which the sound belong 
(e.g. laughing with smiley person) (discrimination ability), rather than 
in identifying the meaning of the facial expressions (naming ability).

Koff et al. [23], who used nonverbal sounds to investigate emotion 
processing in Alzheimer’s disease, did not find a significant difference 
between AD group and healthy elderly participants.

This discrepancy is probably due to the differences between our 
tasks, that require associating an environmental sound to a facial 
expression, and Koff et al. task, that use only human vocalization and 
require pointing to a line drawing of a face depicting the emotion 
associated to the sound in an array of six faces.

Probably our task is more difficult because include not only human 
vocalizations but also a wide range of different natural and artificial 
environmental sounds, to whom patients have to infer feelings that are 
associated.

In conclusion, our results suggest that the deterioration of emotion 
processing in dementia of the Alzheimer type show a similar trend in 
visual and auditory modalities.

Variables Pearson Correlations

SEAT

NRT 0.83*
EDT 0.80*
ENT 0.69*

Regression Analysis
Model1 F(1,28)=63.66, p<0.001 Model2 F(2,27)=97.77, p<0.001

NRT: β=0.83; t=7.97, p<0.001
NRT: β=0.57; t=7.38, p<0.001

EDT: β=0.50; t=6.40, p<0.001
Excluded variables Excluded variables
ENT: t=0.62, p>0.05 ENT: t=0.60, p>0.05

*p<0.001
Person correlations and Regression Analysis between Noise Recognition Task 
(NRT), Emotion Naming Task (ENT), Emotion Discrimination Task (EDT) and 
Sound and Emotion Association Task (SEAT).

Table 3: Results of correlations and regression analysis.
Figure 2: Performance on Experimental Tasks.
Graph display mean (± 95%CI) of correct answers. AD and HC groups 
performances in the neuropsychological experimental tasks [Noise Recognition 
Task (NRT); The Emotion Naming Task (ENT); Emotion Discrimination Task 
(EDT); Sound and Emotion Association Task (SEAT)] is shown.
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Further research needs to identify more sensitive instruments to 
clarify the role of environmental cues in detecting emotions to simulate 
more ecologic situations.

Moreover, it is important to clarify whether emotion association 
ability could be a strong diagnostic indicator to detect semantic deficits 
in the earliest phases of disease and compare its sensitivity relative to 
neuropsychological tests that are generally used for clinical assessment.

These findings are quite interesting, but the present study have 
some limitations, which have to be noted. Firstly, the sample size 
was relatively small, which is a problem for the statistical power of 
the outcomes, but similar to other studies on the field. Moreover, the 
number of subjects is not sufficient in order to distinguish the sample 
into subgroups on the basis of the severity of the disease. Secondly, we 
didn’t have any data about the presence of visual and auditory agnosia 
in these patients; further research needs to clarify whether there is a 
correlation between agnosia and emotional associative impairment in 
Alzheimer’s disease. 

Future investigations may also be directed towards examining the 
benefit of using emotional associative tasks in basic neuropsychological 
assessment and in using auditory stimuli as cues in the rehabilitation of 
the emotion processing. 

Apart from the above limitations, this study also has a strength 
compared to the previous ones, and this is the use of a more ecologic 
task based on the assessments of environmental sounds, which reflect a 
more natural context.

Tasks based on facial expressions naming, in fact, mirror 
inadequately the context of the natural environment.

Our results may have an important impact in clinical environment 
and, daily, in patient’s management, since the use of nonverbal tools 
can be helpful as alternative or integrative communication. Using body 
movements, gestures and prosody while communicate with AD patients 
can help them to correctly identify and interpret emotional situations. 
Furthermore, a positive attitude in the relationship between clinicians 
or caregiver and patients can prevent negative behaviors.

The early detection of emotion recognition difficulties is therefore 
important to establish appropriate interventions, given the significant 
personal impact and the societal costs.
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