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Objective: Features of behavioral variant frontotemporal dementia (bvFTD) such as
executive dysfunction, apathy, and impaired empathic abilities are also observed in
major depressive disorder (MDD).This may contribute to the reason why early stage
bvFTD is often misdiagnosed as MDD.New assessment tools are thus needed to improve
early diagnosis of bvFTD.Although emotion processing is affected in bvFTD and MDD,
growing evidence indicates that the pattern of emotion processing deficits varies between
the two disorders. As such, emotion processing paradigms have substantial poten-
tials to distinguish bvFTD from MDD. Design and Participants: The current study
compared 25 patients with bvFTD, 21 patients with MDD, 21 patients with Al-
zheimer disease (AD) dementia, and 31 healthy participants on a novel facial emotion
intensity rating task. Stimuli comprised morphed faces from the Ekman and Friesen
stimulus set containing faces of each sex with two different degrees of emotion in-
tensity for each of the six basic emotions. Measurements and Results: Analyses of
covariance uncovered a significant dissociation between bvFTD and MDD patients
in rating the intensity of negative emotions overall (i.e., bvFTD patients underrated
negative emotions overall, whereas MDD patients overrated negative emotions overall
compared with healthy participants). In contrast, AD dementia patients rated nega-
tive emotions similarly to healthy participants, suggesting no impact of cognitive deficits
on rating facial emotions. Conclusions: By strongly differentiating bvFTD and MDD
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patients through negative facial emotions, this sensitive and short rating task might
help improve the early diagnosis of bvFTD. (Am J Geriatr Psychiatry 2016;24:1017–1027)

Key Words: Emotion recognition, face morphing, behavioral variant frontotemporal
dementia, major depressive disorder, Alzheimer disease

Behavioral variant frontotemporal dementia (bvFTD)
is a clinical syndrome, characterized by early and

prominent behavioral changes,1 resulting from frontal
and temporal lobe dysfunctions due to heteroge-
neous underlying neurodegenerative processes.2 After
Alzheimer disease (AD) dementia, it is the most
common diagnosis in patients with early-onset de-
mentia, with an estimated prevalence of 15.4 (95%
confidence interval [CI]: 9.1–24.3) per 100,000 indi-
viduals between the ages of 45 and 64 years.3,4 In the
absence of reliable biomarkers in the early disease stage,
diagnosis largely depends on clinical criteria.1 Accu-
rate clinical diagnosis remains a challenge as many
symptoms of bvFTD overlap with those found in psy-
chiatric disorders such as major depressive disorder
(MDD), increasing the risk of misdiagnosis.5 For
example, executive dysfunction, apathy, and im-
paired empathic abilities are frequent in both bvFTD
and MDD.1,5–7 Notably, MDD represents the most fre-
quent psychiatric misdiagnosis in bvFTD patients (65%
in men, 50% in women), followed by bipolar disor-
der (20% in men, 25% in women), and schizophrenia
(5% in men, 6% in women).5 To address this diagnos-
tic challenge, new assessment tools are thus needed.

Existing evidence indicates that emotion process-
ing is affected in both disorders.8,9 Importantly,
however, the pattern of emotion processing distur-
bance appears to differ between the two disorders,
providing emotion processing paradigms substantial
diagnostic potential to distinguish between bvFTD and
MDD. A large body of evidence has shown that bvFTD
patients are impaired in perceiving emotions, partic-
ularly so for negative emotions such as anger, disgust,
fear or sadness.10–13 In contrast, MDD patients tend to
exhibit a heightened perception of negative emo-
tions rather than experience deficits in emotion
recognition in general (for review, see Bourke et al.9).
As such, MDD patients not only tend to overrate the
intensity of negative emotions, but also show a neg-
ative response bias for positive, neutral, and ambiguous
facial expressions (i.e., a tendency to interpret these
facial expressions negatively).9 Similarly, MDD pa-

tients show an increased vigilance and selective
attention towards sad expressions and away from
happy expressions.9 To date, only one study has di-
rectly compared overall facial emotion recognition in
bvFTD and MDD14 and showed worse facial emotion
recognition in bvFTD than in MDD.

Here, we administered a newly developed emotion
intensity rating task in patients diagnosed with bvFTD,
MDD, or AD dementia, and in healthy participants (HP)
using morphed facial stimuli from the Facial Expres-
sions of Emotion—Stimuli and Tests (FEEST).15 We
favored an emotion intensity rating task over a forced-
choice emotion labeling task because emotion intensity
rating tasks have proven to be particularly sensitive in
detecting impairments of emotion recognition.16 Based
on the existing literature, we hypothesized that bvFTD
and MDD patients would dissociate in rating the in-
tensity of negative facial emotions. Finally, we included
AD dementia patients as a clinical comparison group
to ensure that impairments in perceiving the intensi-
ty of facial emotions are not influenced by cognitive
deficits.

METHODS

Participants

Ninety-eight participants were recruited for the study.
The sample included 25 patients who met the re-
search diagnostic criteria for probable bvFTD,1 21
patients with probable AD dementia,17 21 inpatients
with MDD according to DSM-IV criteria,7 and 31 age-
matched healthy participants. Two bvFTD patients had
a coexisting motor neuron disease and two MDD pa-
tients had a bipolar disorder.

Patients with bvFTD and AD dementia were re-
cruited from five Swiss memory clinics and the
outpatient memory clinic of the Technische Universität
München, Germany. The diagnosis was derived by a
multidisciplinary team consisting of neurologists,
neuropsychologists, and psychiatrists who performed
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comprehensive neuropsychological and neuroimaging
assessments. Exclusion criteria were less than 7 years
of education, history of current drug or alcohol
abuse according to DSM-IV,7 psychiatric disorders
according to DSM-IV,7 head trauma (with loss of con-
sciousness greater than 30 minutes), systemic disorders
or brain diseases that could result in neuropsycho-
logical deficits, chronic pain thought to interfere with
neuropsychological testing, general anesthesia within
the last 3 months, and a Mini-Mental State Examina-
tion (MMSE) Score less than 20. Medication of bvFTD
patients included selective serotonin reuptake inhibi-
tors (SSRIs; N = 8), serotonin-norepinephrine-dopamine
reuptake inhibitors (SNDRIs; N = 1), tetracyclic anti-
depressants (N = 1), atypical neuroleptics (N = 6), and
benzodiazepines (N = 1). Medication of AD demen-
tia patients included SSRIs (N = 2), serotonin-
norepinephrine reuptake inhibitors (SNRIs; N = 1),
tricyclic antidepressants (N = 1), and benzodiaz-
epines (N = 1).

MDD patients were recruited from the inpatient clinic
of the Psychiatric Clinics of the University of Basel,
Switzerland. Additional exclusion criteria for MDD pa-
tients were score of 15 or less on the Hamilton
Depression Scale (HAMD-2118), and/or 5 or less on the
Geriatric Depression Scale (GDS-1519). Comorbid axis
I diagnoses of DSM-IV7 were acceptable as long as the
current depressive episode was primary (one patient
had an additional alcohol dependency, one patient had
a generalized anxiety disorder, and one patient had a
mixed personality disorder with narcissistic and emo-
tionally unstable traits). Medication of MDD patients
included SSRIs (N = 10), SNRIs (N = 10), SNDRIs
(N = 1), tricyclic (N = 1) and tetracyclic (N = 7) antide-
pressants, agomelatine (N = 1), atypical neuroleptics
(N = 10), benzodiazepines (N = 14), antiepileptics
[pregabalin (N = 4) and valproic acid (N = 2)], and
lithium (N = 4).

HPs were recruited from the participant pool of the
Memory Clinic Basel, Switzerland. They were consid-
ered cognitively normal if they scored more than 6
points on the combined MMSE and Clock Drawing
Test.20 Exclusion criteria have been described
previously.21

Clinical diagnosis was confirmed at a follow-up as-
sessment, in general 1 year after the baseline assessment
(mean time period of 12.73 ± 1.54 months in demen-
tia patients and 11.04 ± 4.21 months in MDD patients)
either in the clinic or, if they were unable to attend,

by a standardized phone interview. Clinical diagno-
sis was confirmed in all patients, with the exception
of one AD dementia patient and one MDD patient who
could not be reached. The study was approved by the
local ethics committee and all study procedures com-
plied with the Declaration of Helsinki. In addition to
participants, caregivers of bvFTD and AD dementia pa-
tients also provided informed consent.

Procedure

Neuropsychological Assessment

Patients were administered the German version of
the Consortium to Establish a Registry for Alzheim-
er’s Disease—Neuropsychological Assessment Battery
(CERAD-NAB) as well as three additional tests of ex-
ecutive function and mental speed (Trail Making Tests
A and B, Phonemic Fluency) (CERAD-NAB Plus).22 In
all patients, the degree of depression was measured by
the HAMD-2118 and the GDS-15,19 and the degree of
rumination was assessed by the German version of the
Response Style Questionnaire (RSQ-D) 10-item rumi-
nation subscale.23 In bvFTD and AD dementia patients,
behavioral symptoms were assessed by the Frontal Be-
havioral Inventory (FBI24). Dementia severity was
assessed by the Clinical Dementia Rating (CDR25) and
the Frontotemporal Dementia Rating Scale (FRS26).

Emotion Intensity Rating Task

Prior to the experimental session, participants com-
pleted an adapted version of the emotion word
knowledge questionnaire27 to ensure their understand-
ing of each of the six basic emotion terms. For example,
to test their knowledge of sadness, participants were
asked “How would you feel if your good friend dies?”
Participants were then tested on an emotion intensi-
ty rating task comprising neutral and emotional stimuli
from the morphed and caricatured continua of the
FEEST.15 These stimuli are in grayscale and the hair-
line is masked. A male model (model JJ) and a female
model (model MO) were selected. These models show
a reasonably standardized pose and lighting and are
reported to be of consistent quality for each emotion.15

All six basic emotions (i.e., anger, disgust, fear, sadness,
happiness, and surprise) were presented at two dif-
ferent intensity levels. The low intensity level of
each emotion was based on previously established
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threshold levels of facial emotion recognition.21 Low
intensity levels were chosen to avoid ceiling effects,
particularly in MDD patients, as we assumed that these
patients would show a negative response bias. Stimuli
with high intensity level (i.e., low intensity level plus
50% intensity) were administered for two reasons: First,
to ensure that patients, and in particular bvFTD pa-
tients, were able to recognize emotions at this intensity
level, and second as a measure of response reliabili-
ty as increasing rating scores were assumed with
increasing intensity level of the emotional stimuli. Thus,
we administered a total of 26 stimuli (6 basic emo-
tions × 2 intensity levels × 2 sexes + neutral for both
sexes). Stimuli were presented in two pseudo-
randomized versions, whereby no type of emotion was
shown more than twice in a row. Stimuli were dis-
played on a 15-inch laptop computer using E-Prime
1.2 software (Psychology Software Tools, Pittsburgh,
PA). Above each facial stimulus the emotion label and
a 7-point intensity rating scale ranging from no emotion
(1) to maximum emotion (7) appeared on the screen
(Figure 1). Participants were instructed to rate the in-

tensity of each emotion by pointing at the appropriate
circle on the screen. Stimuli remained on the screen
until participants provided an answer. The task was
untimed and no feedback was given. Before the ex-
periment started, four practice trials were conducted
to familiarize the participant with the procedure and
clarify any questions. Moreover, HPs were retested 12
months after baseline to evaluate test–retest reliability.

Data Analyses

Comparison of Emotion Intensity Rating Scores
between Groups

To analyze the emotion intensity rating task, we
created mean scores for each of the six basic emo-
tions and two composite scores [i.e., an Emotion Total
(ET) score (=mean score of the six basic emotions) and
a Negative Emotion Total (NET) score (=mean score
of the four negative emotions)] for male and female
stimuli and for stimuli at low and high intensity levels,
respectively. Neutral stimuli were excluded from these

FIGURE 1. Example of a facial stimulus of the emotion intensity rating task.
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analyses. To achieve normal distribution and homo-
geneity of variance, cubic transformations were
performed on all mean intensity rating scores.

ANCOVAs with each demographic variable (i.e., age,
sex, and education) as a single predictor in the model
showed that age and sex were significant predictors
of the outcome variables. Therefore, we included these
two variables as covariates in the models. Significant
ANCOVA results of group differences (p < 0.05) were
followed by post-hoc comparisons of adjusted means
using the Tukey-Kramer option for general linear
models in STATA 13.1 software (StataCorp. 2013.
College Station, TX).

Discriminatory Power of the Emotion Intensity
Rating Task

To determine which of the scores discriminates best
between bvFTD and MDD patients, we performed re-
ceiver operating characteristic (ROC) curve analyses.
Logistic regression analyses showed that age, sex, and
education were not significant predictors in discrim-
inating between bvFTD and MDD patients. Therefore,
ROC analyses in these two groups were not adjusted
for demographic variables.

Areas under the curves (AUC) were calculated
with STATA 13.1 software to assess the discriminat-
ing power of each score with 95% CI.28 In addition,
optimal cutoff points were computed with SPSS 21.0
software (IBM Corp. 2012. Armonk, NY) according
to the Youden index, where sensitivity and specific-
ity are maximized.29

RESULTS

Demographic Characteristics and
Neuropsychological Data

ANOVAs revealed significant group differences for
education but not age and sex (Table 1). Tukey-Kramer
post-hoc analyses indicated that HPs had signifi-
cantly higher education than AD dementia patients.
Moreover, cognitive functioning significantly dif-
fered across the three patient groups. Based on the
MMSE and CERAD-NAB Plus total scores, bvFTD and
AD dementia patients were cognitively more im-
paired than MDD patients. Notably, bvFTD and AD
dementia patients did not show signs of depression
(Table 1).

TABLE 1. Characteristics of Subject Sample (N = 98) Classified by Diagnostic Group

bvFTD
(N = 25)

MDD
(N = 21)

AD Dementia
(N = 21)

HP
(N = 31) Test (df) Post-hoc

Age (years) 66.08 (±9.06) 62.66 (±12.88) 70.21 (±10.86) 68.42 (±8.29) 2.24(3,94)
a

Sex (M/F) 19/6 9/12 12/9 20/11 5.57(3)
b

Education (years) 12.20 (±2.20) 12.62 (±3.28) 11.90 (±2.91) 14.23 (±3.15) 3.50(3,94)
a* AD < HP*

MMSE (0–30) 24.80 (±3.40) 28.43 (±1.63) 24.67 (±2.67) 29.39 (±0.84) 51.41(3)
d‡ bvFTD, AD < HP, MDD‡;

HP > MDD*
CERAD-NAB Plus Score 73.92 (±15.13) 88.63 (±11.57) 72.19 (±8.85) n/a 18.00(2)

d‡ bvFTD < MDD†, AD < MDD‡

CDR Box Score (0–18) 5.46 (±3.94) n/a 3.48 (±3.08) n/a 1.87(44)
c

FBI (0–72) 27.67 (±12.17) n/a 13.48 (±8.42) n/a 4.48(43)
c‡ bvFTD > AD‡

FRS (Percentage Score) 42.33 (±22.58) n/a 68.52 (±23.68) n/a 3.79(43)
c‡ bvFTD > AD‡

HAMD-21 (0–66) 4.28 (±3.39) 20.84 (±4.37) 2.95 (±3.26) 0.26 (±0.82) 69.02(3)
d‡ MDD > bvFTD, AD, HP‡;

HP < bvFTD, AD‡

GDS-15 (0–15) 3.16 (±2.93) 8.81 (±2.68) 1.71 (±1.74) 0.58 (±0.72) 56.03(3)
d‡ MDD > bvFTD, AD, HP‡;

HP < bvFTD‡, AD*
RSQ (0–30) 3.72 (±4.56) 15.00 (±4.46) 3.24 (±4.81) - 43.44(2,63)

a‡ MDD > bvFTD, AD‡

Notes: Values are expressed as mean (±standard deviation). *p < 0.05, †p < 0.01, ‡p < 0.001. AD dementia: Alzheimer disease dementia; bvFTD:
behavioral variant frontotemporal dementia; CDR: Clinical Dementia Rating; CERAD-NAB Plus: Consortium to Establish a Registry for Al-
zheimer’s Disease—Neuropsychological Assessment Battery Plus; FBI: Frontal Behavioral Inventory; FRS: Frontotemporal Dementia Rating
Scale; GDS-15: 15-item Geriatric Depression Scale; HAMD-21: 21-item Hamilton Depression Scale; HP: healthy participants; MDD: major
depressive disorder; MMSE: Mini-Mental State Examination; n/a: not applicable; RSQ: Response Style Questionnaire.

aAnalysis of variance.
bχ2 test.
cIndependent sample t test.
dKruskal-Wallis test.
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Comparison of Emotion Intensity Rating Scores
between Groups

Because we found no significant group differences
in terms of the two intensity levels and sex of stimuli,
the stimuli were combined resulting in the following
eight final scores: six emotion scores [ = mean of 4
ratings; e.g., sadness score (=sadness at low intensity
and high intensity levels portrayed by a female and
male person)], the ET score [ = mean of 24 (=6 × 4)
ratings], and the NET score [ = mean of 16 (=4 × 4)
ratings].

Emotion Scores

ANCOVAs revealed significant main effects of group
for each of the six mean emotion scores ranging from
F(3,92) = 5.83 (surprise) to F(3,92) = 18.35 (anger) (Figure 2).

Post-hoc analyses showed that four (i.e., anger, disgust,
fear, and surprise) of the six emotion scores were sig-
nificantly lower in bvFTD patients than in HPs, ranging
between t(92) = −3.06 (surprise) and t(92) = −4.95 (anger)
(Figure 2). In contrast, only sadness scores were sig-
nificantly higher in MDD patients than in HPs
(t(92) = 4.03). Taken together, none of the emotion scores
showed a dissociation of bvFTD and MDD patients
from HPs.

Remarkably, all four negative emotion scores
were significantly higher in MDD patients than in
bvFTD patients, ranging between t(92) = 4.92 (disgust)
and t(92) = 6.86 (anger). In contrast, the two non-
negative emotion scores (i.e., happiness and
surprise) did not differ between the two groups.
Unlike the bvFTD and MDD patients, AD dementia
patients rated all six emotions comparably to HPs
(Figure 2).

FIGURE 2. Results from ANCOVAs (df = 5, 92) depicting the mean intensity ratings of emotion scores between groups. Error
bars depict 95% confidence intervals. *p < 0.05, †p < 0.01, ‡p < 0.001 compared with HP. HP: healthy participants;
bvFTD: behavioral variant frontotemporal dementia; MDD: major depressive disorder; AD dementia: Alzheimer
disease dementia.
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Composite Scores

Similarly to the emotion scores, we found signifi-
cant main effects of group for both composite scores
ranging from F(3,92) = 13.71 (ET) to F(3,92) = 17.89 (NET)
(Figure 3). Post-hoc analyses showed that bvFTD pa-
tients had significantly lower NET and ET scores than
the other groups. In contrast, MDD patients showed
significantly higher NET scores than HPs (t(92) = 3.01).
Taken together, the NET score dissociated between
bvFTD and MDD patients, whereas the ET score did
not.

Intensity Levels

Across all emotions, all groups showed a similar
mean increase in intensity rating scores from low to
high intensity stimuli (bvFTD: M = 0.51 ± 0.66; MDD:

M = 0.87 ± 0.41; AD dementia: M = 0.72 ± 0.35; HP:
M = 0.77 ± 0.51), indicating that participants of each di-
agnostic group were able to reliably perceive the
emotional stimuli and distinguish among the points
of the 7-point intensity rating scale.

Twenty-eight HPs (90%) were retested after a mean
time period of 11.40 ± 0.65 months, revealing a test–
retest reliability of r = 0.89 (95% CI: 0.77–0.95) for the
24 emotional stimuli.

Discriminatory Power of the Emotion Intensity
Rating Task

In contrast to the two non-negative emotion scores,
all four negative emotion scores showed a high dis-
criminatory power (Table 2). Moreover, the four
negative emotions did not significantly differ in their

FIGURE 3. Results from ANCOVAs (df = 5, 92) depicting the mean intensity ratings of composite scores between groups. Error
bars depict 95% confidence intervals. *p < 0.05, ‡p < 0.001 compared with HP. HP: healthy participants; bvFTD:
behavioral variant frontotemporal dementia; MDD: major depressive disorder; AD dementia: Alzheimer disease
dementia; ET: Emotion Total score; NET: Negative Emotion Total score.
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discriminatory power. Both the ET score and the NET
score revealed a high discriminatory power (Table 2),
which did not significantly differ (χ2

(1) = 3.52, p = 0.06).
Furthermore, the discriminatory power did not sig-
nificantly differ between any negative emotion score
and the NET score.

CONCLUSIONS

Using a novel facial emotion intensity rating task,
this study is the first to uncover important differ-
ences between patients diagnosed with bvFTD or MDD
in the way these patients differentiate and rate facial
emotions. We found that bvFTD and MDD patients dis-
sociate in rating negative facial emotions overall, that
is, bvFTD patients underrated negative emotions
overall, whereas MDD patients overrated negative emo-
tions overall compared to healthy participants. When
examined separately, the four negative emotion scores
did not differ in their power to discriminate between
bvFTD and MDD, with each showing a high discrim-
inatory power between the groups. In contrast, positive
(happiness) and ambiguous (surprise) emotions did
not or only weakly discriminate between the two
groups. Importantly, none of the emotion scores, but
only negative emotions altogether as measured by the
NET score, dissociated between bvFTD and MDD pa-
tients. Accordingly, we determined the NET score as
the best and most reliable score to discriminate between
the two patient populations. Finally, the results showed
that impaired emotion rating in bvFTD patients was
unlikely to be modulated by cognitive dysfunction,
given the preserved perception of facial emotions in
AD dementia patients.

To date, only one study has compared overall facial
emotion recognition between bvFTD and MDD.14 Using
prototypical basic facial emotions,30 the authors showed
worse facial emotion recognition in bvFTD than in
MDD. Here, our results expand their findings, showing
that bvFTD patients are not only worse than MDD
patients at recognizing facial emotions overall, but
also at appraising the intensity of facial emotions
overall.

On the other hand, several studies have contrasted
facial emotion recognition in bvFTD and HP.10–13,31 In
our study, bvFTD patients perceived emotions alto-
gether less intensively than HPs, particularly so for
negative emotions. Not all types of emotions, however,
were rated differently by bvFTD patients and HP; as
such, happiness and sadness were similarly rated by
both groups. This finding is in line with another study
using prototypical Ekman faces.11 Other studies,
however, reported preserved recognition of happi-
ness and surprise in bvFTD, (e.g., Kumfor et al.12 and
Lough et al.13) whereas some found the recognition
of all basic emotions to be impaired.(e.g., Diehl-
Schmid et al.10) These variable findings are probably
due to differences in facial stimuli and clinical char-
acteristics of samples across studies (e.g., disease stage
and changing diagnostic criteria of bvFTD over the
last years).1,32 Based on previous neuroimaging studies
in patients with neurodegenerative diseases, the
reduced recognition of negative emotions observed
in bvFTD may be explained by the neural basis of
these emotions.33 Each of the four negative emotions
and negative emotions altogether have commonly been
associated with brain regions typically affected in
bvFTD such as the amygdala, the ventral striatum,
or the insula.8,34

TABLE 2. Discrimination Between bvFTD and MDD Patients: Indices of the Emotion Intensity Rating Task Scores

Cutoff Sensitivity (%) Specificity (%) AUC 95% CI LRT

Emotion scores Anger 5.38 91 80 0.95 0.89–1.00 36.92b

Disgust 4.88 86 80 0.86 0.75–0.97 20.28b

Fear 5.63 91 64 0.92 0.84–0.99 30.18b

Sadness 4.88 95 72 0.91 0.83–0.99 28.65b

Happiness 3.88 91 20 0.51 0.34–0.68 0.00
Surprise 4.38 95 40 0.72 0.58–0.87 8.17a

Composite scores ET 5.19 91 76 0.91 0.82–0.99 28.55b

NET 5.22 91 80 0.95 0.89–1.00 35.56b

Notes: AUC: area under the curve; bvFTD: behavioral variant frontotemporal dementia; CI: confidence interval; ET: Emotion Total score;
LRT: Likelihood-Ratio χ2 test; MDD: major depressive disorder; NET: Negative Emotion Total score.

ap < 0.05.
bp < 0.001.
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In contrast to bvFTD patients, negative emotions al-
together were perceived more intensively by MDD
patients than HPs, supporting the mood-congruent pro-
cessing bias reported in previous clinical and
neuroimaging studies.9,35,36 Notably, this bias was driven
by the sadness score. The response bias for sadness is
in line with previous reports (for review, see Bourke
et al.9), indicating that MDD patients tend to
misperceive neutral or emotionally ambiguous stimuli
as sad and/or show an increased attention towards sad
expressions compared with healthy individuals. In line
with the increased perception of mood-congruent neg-
ative emotions in MDD, glucose hypometabolism and/
or hypermetabolism in brain regions critical for emotion
processing such as the amygdala, the ventral stria-
tum, the subgenual anterior cingulate cortex, and/or
orbitofrontal cortices have commonly been reported in
MDD.36 Notably, these brain regions are also typical-
ly affected in bvFTD patients but characterized by gray
matter loss.34

Contrary to bvFTD and MDD patients, AD demen-
tia patients perceived all types of emotion comparably
to HPs, indicating that impaired perception of facial
emotions in bvFTD was unlikely to be influenced by
cognitive deficits. This result is consistent with most
previous studies measuring facial emotion recogni-
tion in AD dementia patients (e.g., Shany-Ur et al.31 and
Bertoux et al.37). The finding is further supported by
neuroimaging studies showing that brain regions which
are crucial for emotion processing remain relatively
intact in AD dementia patients, even at advanced stages
of the disease (e.g., Karas et al.38).

Some aspects of this study need to be borne in mind
when interpreting our results. First, our MDD pa-
tients showed limited overlap in clinical characteristics
with the bvFTD patients. In other words, these pa-
tients showed few cognitive deficits and typical signs
of depression such as rumination. Reasons for this are
probably that 1) only a minority of MDD patients shows
severe cognitive deficits39,40 and 2) the recruitment of
MDD patients with severe cognitive deficits remains
difficult because of their low motivation to partici-
pate in research studies overall. Nevertheless, other
clinical features, such as apathy, loss of interest, and
lack of motivation, largely overlapped between bvFTD
and MDD patients. In order to make the two groups
more comparable with regard to the severity of cog-
nitive deficits, we conducted an additional analysis
excluding ten patients with severe bvFTD based on the

FRS score, also given that especially early bvFTD is
often being misdiagnosed as MDD.5,41 The discrimi-
natory power of the NET score in this subsample
(N = 36) remained equally high as in the total bvFTD-
MDD subsample (N = 46). Likewise, after additionally
excluding the cognitively less impaired half of the MDD
patients (N = 10) based on the CERAD-NAB Plus score,
the discriminatory power of the NET score remained
the same.

To achieve matching cognitive deficits in bvFTD and
MDD patients, future studies will require an ex-
panded recruiting process with eligibility criteria
regarding the upper and lower degree of cognitive im-
pairment in both patient groups. In addition, and likely
more difficult to achieve in terms of recruitment, MDD
patients with depressive rumination would need to be
excluded.

Second, compared with bvFTD and AD dementia pa-
tients, our MDD patients were more often treated with
antidepressants and antipsychotics at time of testing,
potentially influencing their ability in rating the in-
tensity of facial emotions.42 A strong negative bias was
nevertheless present, despite the fact that antidepres-
sants would decrease rather than increase the negative
response bias in emotion perception, as short-time ad-
ministration of these drugs have been found to reduce
the processing of negative relative to positive emo-
tions in healthy individuals.42,43 Despite these limitations,
we demonstrated that prospectively recruited typical
bvFTD and MDD patients strongly dissociate in rating
negative facial emotions. Ideally, the NET score, our
primarily identified measure, would be used as a clas-
sifying variable in future investigations to confirm the
potential of the facial emotion intensity rating task in
discriminating between these two clinical populations.

Measures of emotion processing have become an es-
sential part of a comprehensive neuropsychological
assessment. Indeed, emotion recognition now forms
part of the new clinical domain “social cognition”
which has been included as one of the six clinical
domains of neurocognitive function in the recent
edition of the Diagnostic and Statistical Manual for
Mental Disorders (DSM-5).44 Sensitive tests that reli-
ably assess aspects of social cognition within a
reasonable timeframe are rare, however. Because social
cognitive deficits are present to some degree in most
brain disorders including neurodevelopmental,
neurodegenerative, and neuropsychiatric diseases,45 the
development of novel tests such as our emotion
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intensity rating task that can be used in routine clin-
ical assessments is highly important. Our emotion
intensity rating task proved to be reliable, cognitively
low-demanding (i.e., rating scores were unlikely modu-
lated by cognitive dysfunction), and completed within
a short time (around 10 minutes in patients).

In conclusion, by using a novel facial emotion in-
tensity rating task, we showed that bvFTD and MDD
patients dissociate in rating the intensity of negative
emotions. This finding has important clinical impli-
cations as an accurate early diagnosis of bvFTD remains
notoriously difficult to establish in a proportion of
cases. In such instances, different etiologies are con-
sidered by different specialists, often leading to
mistreatment—such as psychiatric hospitalizations with
extensive pharmacological and nonpharmacological in-
terventions in case of a misdiagnosed “therapy-
refractory MDD.” In contrast, early diagnosis of bvFTD
allows early counseling of carers regarding the
neurodegenerative disease and initiation of a disease-
appropriate treatment, increasing the resilience of carers
and reducing the need for institutional care and health

care costs,46 which is becoming an increasingly im-
portant issue in our aging population. Moreover, with
disease-modifying therapies for bvFTD being cur-
rently being developed, an accurate diagnosis of bvFTD
at its earliest stage will become increasingly impor-
tant. Here, we argue that a simple emotion intensity
rating task can help improve the early diagnosis and
consequently the management of this disabling disease.
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