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Abstract

In Alzheimer’s disease (AD), nonverbal aspects of communication become increasingly important in caregiver—patient interac-
tions when the ability to communicate verbally is fading with progression of the disease. We therefore investigated the impact of
cognitive deficits and neuropsychiatric symptoms, particularly apathy, on facial expression in AD. While overall neuropsychiatric
symptoms were not associated with facial expression, apathy exhibited substantial correlations, even after controlling for cog-
nitive deficits. Moreover, apathy appeared to moderate the influence of cognitive deficits: without considering apathy, cognitive
deficits were associated with less specific facial expressions. After controlling for apathy, cognitive decline was related to
increased facial expressiveness. In conclusion, apathetic symptoms appear to be specifically associated with facial expression in AD
and thus could contribute to a disregard for patients’ needs in everyday life.
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Introduction

Perception and interpretation of nonverbal communication
components are crucial to perceive and understand feelings and
volition of patients with Alzheimer’s disease (AD), for the
ability to communicate verbally is gradually fading with the
progression of the disease.'™ In this regard, extra attention has
to be drawn to patient—caregiver interactions that may largely
depend upon nonverbally mediated communication skills, in
particular facial expression. Several studies focus on the capac-
ity of emotional perception in dementia.’”’ However, little is
known about changes in facial expressions in this patient
group. In mild AD, a relative increase in negative emotional
facial expressions has been described.® Patients with AD viewing
emotion-eliciting images demonstrate an inverted zygomatic
activity pattern compared to healthy controls, although emo-
tional experiences are rated similarly.” In severely demented
patients, complex patterns of emotional expressions are no
longer detectable, while merely fragmentary expressions are
observed.'® While those studies suggest a significant change
in emotional facial expression in dementia, the potential
impact of cognitive deficits could not thoroughly be exam-
ined due to small sample sizes.

Neuropsychiatric symptoms such as depression, apathy,
delusional ideation, or hallucinations are frequent among
demented nursing home residents and aggravate the clinical
picture.'’ Apathy, as one of the most frequent symptoms, is
associated with a number of adverse outcomes such as a

decreased level of overall functioning,'> cognitive impair-

ment,'> faster rate of cognitive decline,'* and increased care-
giver distress.'> Apathy is generally defined as the absence of
emotion, interest, concern, and motivation resulting in a lack
of drive and self-initiated behavior.'®!” In a recent conceptua-
lization presented by Robert et al,'® apathy is primarily defined
as a persisting disorder of motivation, indicated by the above-
mentioned cognitive, behavioral, and emotional aspects,
respectively, thus leading to functional impairment. However,
despite its great relevance as a frequently observed behavioral
syndrome, particularly in neurodegenerative disorders, apathy
yet awaits a generally accepted operationalization.'”"?
Apathy, but not depression, is significantly associated with
severe frontal lobe-related neuropsychological deficits in
AD.?° Studies on patients with brain damage demonstrate that
pronounced apathetic symptoms are associated with reduced
locomotor activity.”! However, regarding facial expressions
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as one core component of psychomotor activity, the potential
impact of neuropsychiatric symptoms in general—and apathy
in particular—remains unconsidered yet. The present study
was performed to explore the determinants of emotional facial
expression in AD and to address the impact of cognitive and
neuropsychiatric symptoms, which were considered as poten-
tial moderating variables.

Methods

Population and Sample Selection

The study population consisted of nursing home residents
participating in a survey on quality of life, which is described
in detail elsewhere.?? For the study, a convenience sample of
47 residents with probable AD according to National Institute
of Neurological and Communicative Diseases and Stroke/
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria®® was recruited. Particular care
was taken to exclude the participants with other forms of
dementia, coexisting severe psychiatric disorders, such as
schizophrenia or substance abuse, delirium, or other severe
medical diseases, which may impair facial expression. As part
of a comprehensive diagnostic procedure, the Hachinski
Ischaemic Score** was utilized in addition to exclude partici-
pants with multi-infarct dementia. Basic perceptual skills
were ensured by means of a thorough clinical examination.
The ethics committee of the University of Heidelberg,
Germany, approved the study. Written informed consent of
the residents and/or their legal caregivers was obtained prior
to inclusion in the study.

Global Impairment, Cognitive Deficits, and
Neuropsychiatric Symptoms

Global impairment and severity of cognitive deficits were
assessed with the Global Deterioration Scale (GDS)* and the
Mini-Mental State Examination (MMSE),?¢ respectively. The
Neuropsychiatric Inventory (NPI)? and an authorized German
translation of the Apathy Evaluation Scale (AES)*® were used
to evaluate neuropsychiatric symptoms as part of an interview
with a professional caregiver who was familiar with the respective
patient. Assessing the severity of apathetic symptoms with the
AES, we followed a dimensional approach according to the cor-
relational design of our study. The AES has been developed as a
syndrome-independent scale to assess apathetic symptoms in dif-
ferent diagnostic groups, considering motivation as well as cogni-
tive, emotional, and overt behavioral aspects.29 We had decided
for an external assessment of neuropsychiatric symptoms, for
patients with AD, particularly suffering from apathy, only have
partial awareness of their symptoms,® while caregivers are con-
sidered to be reliable informants for behavioral changes.>'

Facial Expression

Procedure. Each participant was twice presented with a series
of 10 either emotion-eliciting or neutral images sampled

from the international affective picture system (IAPS).>? The
pictures were selected with respect to their emotional valence
(i.e., 2 positive, 2 negative, and 6 neutral) as rated by a group
of healthy control participants prior to the study.*” In the order
of presentation, each emotional picture was placed after a neu-
tral picture. To avoid any daytime-dependent bias, pictures
were presented in the morning and the presentation was per-
formed in a quiet, pleasant, and familiar place, preferably in the
residents’ apartments. The participants were encouraged to
focus their attention on each presented picture (‘Let’s have a
look at this one”); simultaneously, facial expression was video-
taped. The videos were cut digitally into small sequences, each
related to the presentation of 1 picture at a time and according
to a standard protocol: The sequence started when the partici-
pant began to gaze at the picture and ended once he or she
turned away, closed his or her eyes or showed other signs of
withdrawing attention, or after a maximum time of 15 seconds,
respectively.

Rating and parameterization. The resulting video sequences
were analyzed with the Emotional Facial Action Coding Sys-
tem (EMFACS) basing on the Facial Action Coding System
(FACS).*® The FACS was demonstrated to have an excellent
reliability for the assessment of individual emotion-specified
combinations.***> The EMFACS provides an assessment of
facial expression by detecting basic components; each so-
called action unit (AU) describes a singular facial movement
pattern. In total, the EMFACS defines 27 AUs of which only
7 are indicative of a specific emotion (i.e., joy, surprise joy,
surprise, anger, fear, disgust, sadness, and contempt). Experi-
enced psychologists who had received extensive training and
supervision on the EMFACS by senior scientists rated the fre-
quency of every single AU in each video sequence.

Subsequently, we generated specific indicators for emo-
tional facial expression by aggregating the data attributed to
each picture. To assess the total amount of facial expression
(total AU), we calculated mean frequencies of all 27 AUs per
picture and averaged over all pictures. Similarly, basing on the
7 specific AUs, we determined the mean frequency of specific
facial expression only (specific AU). Finally, we evaluated the
congruence or incongruence between facial expression and
emotion-eliciting pictures by calculating the mean frequency
of facial expression indicating joy (as the most frequent pat-
tern) when presented with the positive stimuli (congruent
AU) or the negative stimuli (incongruent AU), respectively.

Statistical analysis. To determine the association between AU
indicators and sociodemographic characteristics as well as clin-
ical variables, we calculated the Pearson correlation coeffi-
cients. Kruskal-Wallis tests were performed to analyze the
association between global impairment and specific facial
expression. We addressed the potential overlap between cogni-
tive decline and apathy by calculating partial correlations for
the association of AU indicators and both factors, controlling
apathy for cognitive decline, and vice versa. All statistical anal-
yses were performed with the Statistical Package for Social
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Table 1. Clinical and Sociodemographic Characteristics of the Sample
(N = 47)

Mean (SD)

Female gender, N (%) 37 (78.7)
Age, years 85.3 (7.3)

Length of stay in nursing home, months® 37.3 (39.2)
GDS 4.5 (1.7)
MMSE 1.9 (8.5)

NPI total® 11.7 (10.3)
NPI apathy® 2.3 (3.5)
NPI depression® 2.3 (34)

AES® 26.5 (14.5)

Abbreviations: SD, standard deviation; GDS, Global Deterioration Scale;
MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; AES,
Apathy Evaluation Scale.

? Available for N = 43 participants.

® Available for N = 44 participants.
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Figure |. Mean frequency of emotional expression of the total sample
as coded with the Emotional Facial Action Coding System ([EMFACS]
error bars indicate standard deviation).

Sciences (SPSS) software (version 15.0 for Windows; SPSS
Inc, Chicago, Illinois), a P value of less than .05 was considered
to indicate the statistical significance.

Results

Clinical and sociodemographic characteristics of the sample
are displayed in Table 1. Facial expression indicating joy was
most frequently assessed followed by anger, sadness, disgust,
contempt, fear, and surprise (Figure 1). This pattern of facial
expression did not differ significantly in subgroups of patients
with varying degrees of global impairment (total AU:
¥} = 422, df = 4, P = .389; specific AU: y> = 7.791,
df = 4, P = .096; congruent AU: y*> = 551, df = 4,
P = .243; incongruent AU: xz =224,df =4, P = .711).
Table 2 demonstrates the frequency of emotional expression
per picture with or without certain emotional valence for the
total sample.

The correlation coefficients between sample characteristics
and different indicators of facial expression are displayed in
Table 3. Higher degrees of global impairment and lower cogni-
tive status as indicated by GDS and MMSE, respectively, were
significantly associated with decrease in specific AUs. Neither
length of stay in the nursing home nor age had a substantial
impact on facial expression.

While apathy as assessed with the respective NPI subscale
demonstrated a significant correlation only with total AUs, the
AES score showed significant negative correlations with all 4
indicators (Figure 2). Overall neuropsychiatric symptom bur-
den indicated by NPI total score, as well as depression accord-
ing to the respective NPI subscale, were not significantly
associated with the facial expression.

Measures of cognitive deficits and neuropsychiatric symp-
toms were significantly intercorrelated; lower MMSE scores
were associated with higher overall neuropsychiatric symp-
toms and apathy but not depression (Table 4). We therefore
adjusted the association of facial expressions and cognitive def-
icits (as indicated by MMSE score) on one hand, and facial
expressions and apathy (as indicated by AES score) on the
other hand, by controlling for the respective confounding influ-
ence. After controlling for apathy, cognitive decline was asso-
ciated with an increase in total facial expression, while the
association with specificity disappeared. Regarding apathy,
controlling for cognitive decline corroborated the pronounced
relationship of apathy and total, specific, congruent, and incon-
gruent facial expression (Table 3).

Discussion

Our study yielded 3 major findings: (i) apathy moderates the
influence of cognitive deficits on facial expression, (ii) cogni-
tive deficits are associated with increased rate of total facial
expression after controlling for apathy, and (iii) apathy is sig-
nificantly correlated with decreased overall and specific facial
expression. Neither frequency of emotional pattern nor congru-
ence of facial expression differed significantly between partici-
pants with varying degrees of global impairment. Likewise, the
overall burden of neuropsychiatric symptoms was not related to
facial expression. Our results indicate that apathy has a specific
influence on facial expressions as a core component of nonver-
bal communication in AD.

Besides the influence of cognitive deficits, our results
emphasize the impact of apathy on facial expressions in vary-
ing degrees of AD. With increasing apathy severity, that is
higher AES score, the participants showed less overall and less
specific facial expression. As demonstrated, this seems to be
not simply a result of cognitive decline or dementia severity;
on the contrary, after controlling for apathy, progression of
dementia was associated with increased but less specific facial
expression. Our data suggest that either apathy itself has an
influence on facial expression, or both are subserved by related
cerebral networks. Even though diminished motivation is one
core symptom,>®>” the syndrome of apathy also comprises loss
of spontaneous emotions or emotional responsiveness.'®!%2?
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Table 2. Frequency of Emotional Expression in the Total Sample (N = 47)

Facial expression per picture

Positive Negative
Emotional valence M SD Min Max M SD Min Max
Positive 0.73 0.61 0 3.25 0.08 0.10 0 0.54
Neutral 0.23 0.28 0 1.33 0.08 0.12 0 0.60
Negative 0.31 0.41 0 2.00 0.10 0.15 0 0.71
Abbreviations: M, mean; SD, standard deviation; min, minimum count; max, maximum count.
Table 3. Correlations Between Facial Expression and Clinical and Sociodemographic Characteristics (N = 47)
MMSE AES®

Nursing home Age NPI NPI subscale NPI subscale
Action units (months)? (years) GDS IAES total® apathy® depression® IMMSE
Total 13 11 -.22 19 —.33¢ —.24 —.35° -.22 —.55¢ —.60°
Specific —.12 .18 —34° 33 —.04 -2l —.16 —.I1 —-51¢ — 429
Congruent .0l .09 -.27 21 —.10 —.11 —.19 .10 —.38° —.35°¢
Incongruent .04 —.15 —.26 .25 —.02 —.15 -22 —.14 —.38° —.30°

Abbreviations: GDS, Global Deterioration Scale; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; AES, Apathy Evaluation Scale; rags;
Pearson partial correlations corrected for AES; rmymsg, Pearson partial correlations corrected for MMSE.

2 Available for N = 43 participants.
® Available for N = 44 participants.
€P<.05.

4p<.0l

€P<.00l.

The latter may be reflected in the loss of specific facial expres-
sion observed in our study. Apathy is a frequent symptom in
AD that increases with progression of the disease,*® although
there is a subgroup of patients with only minor or without any
signs of apathy, respectively.'! Increased apathy, as indicated
by higher AES scores, is associated with reduced overall loco-
motor activity in patients with brain damage,*' thus addition-
ally contributing to a loss of facial expression. Yet, the
cerebral correlates of apathy in AD are poorly understood, but
it is assumed that apathy is mediated by mesial—frontal neural
networks.> One may assume that facial expression is also
related to those networks, thus alterations of the latter in the
course of AD contributing to both, apathy and diminished
facial expression. A unified definition of apathy will allow a
group comparison of apathetic and nonapathetic partici-
pants,'”"'? facilitating an in-depth analysis. Hence, future stud-
ies may replicate these findings in samples that are diagnosed
as apathetic.

Our result that cognitive deficits are associated with loss of
specific facial expression point toward a progressive loss of
control of facial expressions, corroborating previous findings.®
Although the latter study did not control for apathy as a con-
founding variable, it is plausible to assume that a patient group
with mild dementia was only moderately affected by apathetic
symptoms, since apathy increases with progression of the dis-
ease.”® Evidence arises from anatomical studies that neural
substrates of voluntary and spontaneous emotional expression

are mediated by distinct pathways.***" While the former are
associated with motor and premotor cortex activity, limbic
structures are also relevant for the generation of spontaneous
facial expressions. It is hypothesized that these 2 pathways
become increasingly disrupted in the progress of dementia, thus
resulting in a relative loss of voluntary facial control.” Altera-
tions of limbic structures that might be associated with changes
in spontaneous facial expression are not only characteristic
for AD but also found in other dementia subtypes, such as
vascular dementia.** Future studies might investigate the spe-
cific impact of those subtypes on aspects of nonverbal
communication.

In the present study, the MMSE was used to evaluate the
association between cognitive status and facial expression.
However, results should be interpreted with caution since the
MMSE as a broad screening instrument for cognitive decline
does not allow an in-depth analysis of cognition. Nevertheless,
our results demonstrate that both cognitive and noncognitive
symptoms may distinctively influence nonverbal facial expres-
sions even though apathy appears to moderate the influence of
cognitive decline.

Although adverse consequences of apathy for patients, rela-
tives, and professional caregivers are well known,'” the precise
mechanisms by which these effects are mediated yet await fur-
ther clarification. Facial expression is a core component of
social interaction and communication. From this perspective,
effective communication may largely depend on accurate
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Figure 2. Association of Apathy Evaluation Scale (AES) scores and frequencies of facial expression. Regression lines and the amount of

explained variance (R?) are depicted.

perception but also on expression of distinctive emotional
states. Indeed, it is suggested that accuracy of judgments about
the emotional content of facial expressions largely depends
on the concordance of age, with best results being achieved
within similar age groups.*’ Hence, in a clinical context,
age differences between caregivers and nursing home resi-
dents may additionally compromise nonverbally mediated
communication skills. Implementation of a training program
for staff caregivers to foster the sensitivity toward nonverbal

communication increased positive affect in demented patients
and reduced caregiver-related symptomatology when com-
pared to a behavioral placebo and a waiting list group.** In
this context, apathetic symptoms appear to be an important
source of influence on facial expressiveness and could thus
additionally contribute to a relative disregard of patients’ needs
in everyday life.

Our study is limited by the fact that we included solely nur-
sing home residents. Thus, a potential impact of nursing home
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Table 4. Correlations Between Clinical and Sociodemographic Characteristics (N = 47)
Nursing home Age NPI NPI subscale NPI subscale

(months)? (years) GDS MMSE total® apathy® depression® AES®
Age (years) .06 I
GDS .10 .05 |
MMSE —.11 .06 —.94¢ |
NPI Total 02 —.18 45¢ —.40° [
NPI Apathy -0l —.16 40 —.44¢ .38° [
NPI Depression .03 A7 22 —.11 .59¢ .14 |
AES .06 -.07 .68° —.67° .36° 62° 23 |

Abbreviations: GDS, Global Deterioration Scale; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; AES, Apathy Evaluation Scale.

? Available for N = 43 participants.
® Available for N = 44 participants.
P <.00I.
‘p<.0l.
€P<.05

environment on facial expression in AD cannot be excluded.
Furthermore, alterations in facial expression may influence the
external estimation of apathy; on the other hand, apathy was
assessed with the AES, which does not consider merely beha-
vioral but rather cognitive and intrinsic aspects of apathy.

In conclusion, our results demonstrate a key influence of
apathy, rather than cognitive decline, on facial expression in
AD. These findings are in accordance with the concept that
apathy, besides from a primary lack of motivation, also comprises
aloss of spontaneous emotions or emotional responsiveness. Fac-
ing the relevance of nonverbal communication in this patient
group, future studies should further address the potential impact
of apathy on caregiver—patient interactions. This may lead to an
improved sensitivity of staff and family members toward the
needs of this potentially neglected patient group.
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