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An Overview of Apathy
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Apathy: A Complex Multidimensional Construct

1.2.1 Definition of Apathy

Box 1.1

Box 1.1. Apathy: A Symptom or a Syndrome?

primary

secondary

Diagnostic and Statistical Manual of Mental 

Disorders

Research 

Domain Criteria (RDoC) - National Institute of Mental Health (NIMH)



Table 1.1

 

 

 

 

 



Table 1.1. Dimensional definitions of apathy, primarily based on the three-dimensional model 

Author (Date) General definition Dimensions 



For the purpose of this Doctoral Thesis, apathy is defined as an observable 

multidimensional syndrome of quantitative reduction in goal-directed behavior in 

the absence of depression or reduced consciousness.

1.2.2 Apathy Dimensions 

Table 1.1



displaying

feeling





1.2.3 Interim Summary I 

Table 1.1



Operationalization of Apathy

1.3.1 Diagnostic Criteria of Apathy



Table 1.2

 



Table 1.2. Proposed diagnostic criteria for apathy through the ages (continued on next page)

 Starkstein, 2000 Robert et al., 2009 Robert et al., 2018 Miller et al., 2021 

Lack of motivation Loss of or diminished 
motivation

quantitative reduction 
of goal-directed activity

DSM-5

each 
of the following three 

Diminished goal-directed 
behavior

Diminished goal-directed 
cognition 

Diminished concomitants of 
goal-directed behavior 

at least two of 
the three  

 

Domain B1: Loss of, or 
diminished, goal-directed 
behavior as evidenced by at 
least one of the following:  

self-initiated

environment-
stimulated

Domain B2: Loss of, or 
diminished, goal-directed 
cognitive activity as 
evidenced by at least one of 
the following: 

spontaneous

environment-
stimulated

Domain B3: Loss of, or 
diminished, emotion as 
evidenced by at least one of 
the following: 

spontaneous

responsiveness

at least 2 
of the 3 following 
dimensions

B1. BEHAVIOUR & 
COGNITION: Loss of, or 
diminished, goal-directed 
behavior or cognitive activity 
as evidenced by at least one 
of the following:  

B2. EMOTION: Loss of, or 
diminished, emotion as 
evidenced by at least one of 
the following:  

B3. SOCIAL INTERACTION: 
Loss of, or diminished 
engagement in social 
interaction as evidenced by 
at least one of the following: 

at least 
two of the following three 
dimensions

Dimension B1 Diminished 
initiative: Less spontaneous 
and/or active than usual self:  

Dimension B2 Diminished 
interest: Less enthusiastic 
about usual activities:

Dimension B3 Diminished 
emotional 
expression/responsiveness:



major changes in the 
patient’s environment

Bold
DSM-5 Diagnostic and Statistical Manual of Mental Disorders

 



1.3.2 Quantifying Apathy

Figure 1.1

Figure 1.1. Chronological development of apathy instruments and diagnostic criteria from 1991 to 
present day.
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Table 1.3. Apathy scales and dimensions assessed (continued on next page)

Apathy scale (ref.) Abbreviation Source Number of items Dimensions assessed 

Unidimensional

Multidimensional
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1.3.3 Interim Summary II 
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Apathy in the Context of Other Clinical Features

1.4.1 Apathy and Depression

Diagnostic and Statistical Manual of Mental Disorders,



1.4.2 Apathy and Cognition 



Neural Underpinnings of Apathy

1.5.1 Networks of Global Apathy

Figure 1.2



 
Figure 1.2. Three-dimensional model of apathy and proposed neurobiological correlates

Figure adapted from 
 under Creative Commons License.





 

1.5.2 Networks of Apathy Dimensions 

§ 1.2.2 Apathy Dimensions



1.5.2.1 Cognitive Apathy 

1.5.2.2 Emotional Apathy 



1.5.2.3 Auto-Activation Deficit 

§ 1.2.2 Apathy Dimensions





1.5.3 Interim Summary III

Huntington’s Disease

1.6.1 An Overview of Huntington’s Disease

HTT



Figure 1.3



Figure 1.3. Structures of the striatum and associated frontostriatal circuits. (A) 

x y z (B) 

Figure 1.3B adapted from with permissions.



Figure 1.4

Figure 1.4. Whole brain and regional atrophy in HD groups compared to a healthy control. (A)

(B)

P 
Figures adapted from with permissions.



1.6.2 Apathy in Huntington’s Disease 



§ 1.5 Neural Underpinnings 

of Apathy





a priori



1.6.3 Structural Neural Correlates of Apathy in Huntington’s Disease 

§ 1.5 Neural Underpinnings of 

Apathy

Table 1.4

Figure 1.5

Table 1.4



Table 1.4. Summary of neural correlates of apathy in Huntington’s disease (continued on next page)

Study Sample size Imaging 
modality 

Analytical technique 
per brain correlate 

Psychiatric 
scale 

Covariates 
of no 
interest 

Findings 

Scahill et 
al. (2013) 

Track-HD Structural Structural

Dumas et 
al. (2013) 

Track-HD 
Leiden 

Structural Structural

Delmaire 
et al. 
(2013) 

Track-HD
Paris

Structural Structural

Gregory 
et al. 
(2015) 

Track-HD 
multisite

Structural Structural

McColgan 
et al. 
(2017) 

Structural

Functional

Structural

Functional 

Structural

Functional

Baake et 
al. (2018) 

Structural Structural



Martinez-
Horta et 
al. (2018) 

Structural

Functional 

Structural

Functional 

 
 

Misiura et 
al. (2019) 

Structural Structural

Ceccarini 
et al. 
(2019) 

Structural

Functional 
 

Structural

and
Functional 

Sampedro 
et al. 
(2019) 

Structural

Functional 

 

Structural

Functional 

Zeun et al. 
(2022) 

Track-ON 
HD 

HD-YAS

Structural



Figure 1.5. Structural neural correlates associated with apathy in Huntington’s disease

1.6.3.1 Gray Matter Volume



a priori



1.6.3.2 White Matter Connectivity 





1.6.4 Interim Summary IV 

Table 1.4

Table 1.4
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Neural Underpinnings of Apathy
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Table 2.1

Research Aim 1:

 Study 1:

 Study 3: 

Research Aim 2:

 Study 1:

 Study 2: 

 Study 3:



Research Aim 3:

Study 2:

Study 4:

Table 2.1. Overview of how three Research Aims were addressed by each Study

Study

Re
se

ar
ch

 A
im

Research Aim 1: 

Research Aim 2:

Research Aim 3:



Study 1: White matter cortico-striatal tracts predict apathy subtypes in 

Huntington's disease 

in vivo

Study 2: Gray matter vulnerabilities predict longitudinal development of apathy in 

Huntington’s disease 

Study 1 



Study 2

Study 3: Delineating apathy profiles in Huntington’s disease with the short-Lille 

Apathy Rating Scale 

Study 1

Study 3



Study 1

Study 4: Mapping longitudinal psychiatric signatures in Huntington’s disease 
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Chapter 3 | Methods 

§ Chapters 4 – 7 | Results

3.1 Participants 

t P t P

t P

N N



3.2 Clinical Evaluation 

3.2.1 Neuropsychiatric Assessments 

3.2.1.1 Lille Apathy Rating Scale, Short-Form

3.2.1.2 Problem Behaviors Assessment, Short-Form



3.2.2 Additional Huntington’s Disease Clinical Assessments 

3.3 MRI Acquisition and Processing 

3.3.1 MRI Acquisition 



3.3.2 Pre-Processing of T1-Weighted Data (Gray Matter Volume) 



3.3.3 Pre-Processing of DTI Data (White Matter Microstructure) 

a priori



3.4 Data Analyses 

§ Chapters 4 – 7 | Results

t q

P P

P P

P

3.4.1 Psychometric Properties and Dimensionality of LARS-s 

3.4.2 VBM of T1-Weighted Images 



t

t

3.4.3 Tractography Dissections of DTI Data 

in vivo

§ Chapter 4 | Results: Study 1

3.4.4 Generalized Linear Mixed-Effects Models 



§ Chapter 5 | Results: Study 2

3.4.5 Disease Trajectories Clustering Analysis 

a priori 
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C., de Diego-Balaguer, R., & Camara, E. (2019). White matter cortico-striatal tracts predict apathy subtypes 

in Huntington’s disease. NeuroImage: Clinical, 24, 101965. https://doi.org/10.1016/j.nicl.2019.101965
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White matter cortico-striatal tracts predict apathy subtypes in 

Huntington’s disease 

§ Chapter 1 | Introduction

N N 



4.1 Background 

HTT





in vivo



4.2 Study Design 

4.2.1 Participants 

Table 4.1

t P 

t P t P  

N N 

Table 4.1. Sociodemographic and clinical characteristics of study participants 

Control Manifest Premanifest P (Cohen’s d) 

N† 

N

N

N N

N

N

mean standard deviation P t 

d
P q

N



N

4.2.2 Clinical Evaluation 



4.2.3 Neuropsychiatric Assessment 

4.2.3.1 Problem Behaviors Assessment, Short-Form 

4.2.3.2 Lille Apathy Rating Scale, Short-Form



4.2.4 MRI Data Acquisition 

4.2.5 Diffusion-Weighted MRI Tractography Analysis 

4.2.5.1 Preprocessing of DTI Data 



a priori

4.2.5.2 Tractography Dissections 

in vivo

Figure 4.1

 
Figure 4.1. Three cortico-striatal tracts of interest. in vivo



4.2.6 Statistical Analyses 

t d



t

t

q 

P P P

P

P

4.3 Results 

4.3.1 Behavioral Results 

r P 

N 



r P P N r P 

P N 

r P P N r P 

P N 

P 

P P 

P

P P   Table 4.2; Figure 4.2

P P 

P 

P Table 4.2; Figure 4.2

P P 

 
Figure 4.2. Levels of apathy across participant groups. A

B

P P

p
2

p
2

p
2



Table 4.2. Behavioral results for three participant groups

Control Premanifest Manifest P 

% clinically relevant§ 

N

12.9% 

N

29.4% 

N

52.2%

N N 

mean standard deviation.  P

P q

 
et al.

N

t P P d 

t P P d 

Table 4.3

t P t P 

t P 

t P t P 

t P 

 P



Table 4.3. Lack of age effect on apathy levels

Age 
N

N

correlation coefficient (P-value)

N

4.3.2 Differences in Structural Connectivity for Huntington’s Disease 
Patients and Controls 

Table 4.4

t P P d t

P P d t

P P d t P 

d

t P t P

t P t P 



Table 4.4. Mean FA and MD diffusion values in manifest Huntington’s disease patients and controls

 Manifest N Controls N Mean Difference 
(Manifest – 
Controls) 

FST Left 

 

FA 

MD 

Right 

 

FA 

MD 

UF Left FA 

MD 

Right 

 

FA 

MD 

dlPFC-cn Left FA 

MD 

Right FA 

MD 

P q 

N

4.3.3 Association Between Structural Connectivity and Apathy 
Domains 

r P P- N 

r P 

r P 

r P 



r P P

N r P P N 

Figure 4.3A,B

r P 

r P 

r P P N r 

P P N 

Figure 4.3C,D

r P r P 

r P 

Figure 4.3. Positive relationship between apathy levels and white matter disturbance in the three 
tracts of interest.



(A) (B)

(C) (D)
(E)

r P P
P q

r P N 

r P 

P N 

Figure 4.3E

r P 

r P 

4.4 Interpretation 
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Chapter 5 | Results: Study 2 

Gray matter vulnerabilities predict longitudinal development of 

apathy in Huntington’s disease  

 

N



5.1 Background 

HTT



a priori 

5.2 Study Design 

5.2.1 Participants 

Table 5.1



Table 5.1

Table 5.1. Sociodemographic information at baseline

Pre-HD Manifest HD HD all 
N

N N
N N

mean standard deviation N

N 



5.2.2 Clinical evaluation 



5.2.3 MRI Acquisition and Processing 

5.2.4 Data analysis 

5.2.4.1 Sociodemographic and Clinical Data 

5.2.4.2 VBM of T1-Weighted Images 



P 

P 

N 



P P P  

5.2.4.3 Generalized Linear Mixed-Effects Models 

scale



check_collinearity

y t

r, c p s

y α β t β r β t r β c β p es

α β β  β

β β

es

W

W



P

§ 5.5 Supplemental Information

5.3 Results 

5.3.1 Sociodemographic and Clinical Data 

rs P N 

Table 5.2

Figure 5.1



Table 5.2. Sociodemographic information for longitudinal VBM cohort (at baseline)

Pre-HD Manifest HD HD all
N

N

N N
N

mean standard deviation N

Figure 5.1. Raw longitudinal data for each participant, (A), 
(B) (C) (D). 



5.3.2 VBM Results 

Figure 5.2

cluster size T P x y z 

cluster size T P x  y z 

post-hoc

P 

T P 

x y z 

N cluster size T 

P x y z 

Table 5.3

Figure 5.2. Specific gray matter atrophy in the right MCC relates with increasing apathy severity over 
time P 



Table 5.3. Longitudinal VBM of GMV and PBA-s apathy in premanifest HD individuals

Anatomical region Cluster size T value P value MNI Coordinates (x,y,z) 

Premanifest HD 

P  P P 

Figure 5.3; Table 5.4

 
Figure 5.3. Results of cross-sectional voxel-based morphometry analysis with structural T1-
weighted images.

P P P 

 



Table 5.4. Cross-sectional VBM analysis of GMV and PBA-s apathy

Anatomical region Cluster 
size 

T value P value MNI Coordinates (x, y, z) 

P  P 

5.3.3 Generalized Linear Mixed-Effects Models 

P 

W 

W 

Table 5.5

β

Figure 5.4



Table 5.5. Apathy and cognitive decline as predicted by right MCC volume (continued on next pages)

β Estimate SE Z value P value 

Model 1.0 – PBA-s apathy null 
W  

Model 1.1 – PBA-s apathy  
W  

Model 2.0 – PBA-s depression null 
W  

Model 2.1 – PBA-s depression 
W  

Model 3.0 – UHDRS-cogscore null 
W  



Model 3.1 – UHDRS-cogscore 
W  

P P

SE 

W 



 
Figure 5.4. Smaller initial MCC volume predicts a faster rate of apathy development across time, 

(A)
(B)

P 

P Table 5.5

Table 5.6



Table 5.6. Apathy as predicted by cognitive decline 

β Estimate SE Z value P value 

PBA-s apathy 
W  

PBA-s apathy  
W  

P P 
SE 

W 

5.4 Interpretation 



Figure 5.3; Table 5.4









5.5 Supplemental Information 

Analysis Code in R 

library(xlsx) 

library(glmmTMB) 

library(qpcR) 

library(performance) 

  

setwd('~/Downloads') 

df <- read.xlsx('Mixed_models_data_131020_all.xlsx', sheetIndex=3) 

  

df$ID <- as.integer(1:nrow(df)) 

  

lf <- reshape(df, idvar='Code', varying=7:(ncol(df)-1), sep="_", direction='long') 

lf <- lf[,c('ID','days','CAP','PBArest','Apathy','nACC_1')] 

lf <- lf[order(lf$ID),] 

  

lf$days <- as.numeric(scale(lf$days)) 

lf$CAP <- as.numeric(scale(lf$CAP)) 

lf$PBArest <- as.numeric(scale(lf$PBArest)) 

lf$nACC_1 <- as.numeric(scale(lf$nACC_1)) 

  

fit0 <- glmmTMB(Apathy ~ days + CAP + PBArest + (1+days||ID), zi=~1, family=poisson, 

data=lf,control=glmmTMBControl(optCtrl=list(iter.max=1e3, eval.max=1e3), profile=T)) 

 

fit1 <- glmmTMB(Apathy ~ nACC_1 * days + CAP + PBArest + (1+days||ID), zi=~1, 

family=poisson, data=lf, control=glmmTMBControl(optCtrl=list(iter.max=1e3, 

eval.max=1e3), profile=T)) 

 

results0 <- summary(fit0) 

results1 <- summary(fit1) 

  

anova(fit0,fit1) 

  

x <- c(results0$AICtab[[1]], results1$AICtab[[1]]) 

akaike.weights(x) 

  

check_collinearity(fit0, component = "conditional") 

check_collinearity(fit1, component = "conditional") 
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6.1 Background 





6.2 Study Design 

6.2.1 Participants 

Table 6.1

Table 6.1



Table 6.1. Sociodemographic and clinical characteristics of study participants

Premanifest Manifest HD gene-carriers 
N

N N 
N N 

N N 
N N 

% clinically relevant*
N 

41.1% 77.3% 
N 

61.5% 

mean standard deviation N

N 

6.2.2 Clinical Evaluation 

6.2.2.1 Neuropsychiatric symptoms  



6.2.3 MRI Acquisition and Processing 



6.2.4 Data Analysis 

q P P P

P P

6.2.4.1 Psychometric Properties and Dimensionality of LARS-s 

α

N 

6.2.4.2 VBM of Structural T1-Weighted Images 



P 

P  

P 

6.3 Results 

6.3.1 Psychometric Properties and Dimensionality of LARS-s 

α 

r 

P 

Table 6.2; Figure 6.1A



Table 6.2. Principal component analysis of LARS-s items, rotated component matrix

Item* EC Component loadings 
Factor I: 

Cognitive 
Factor II: 

Auto-
activation 

Factor III 
Emotional 

 0.805 
 0.801 

0.675 
0.757 

0.885 
0.772 

bold

Figure 6.1. Principal component analysis of LARS-s produces clinically meaningful apathy profiles.

(A) (B)



β P 

6.3.2 Clinical Disease Progression Markers 

Figure 6.1B

r P P  

N 

r P P  N r P P

 N 

r P P  N 

P-

6.3.3 VBM Results 

cluster size T P x  y  z

cluster size T P x y z

cluster size T P 

x y z Figure 6.2



cluster size 

P x y z cluster size P

x y z 

cluster size P x y z 

Figure 6.2. Gray matter volume negatively associated with global apathy
P cluster size 

Figure 6.3A; Table 6.3



Figure 6.3. Gray matter volume negatively related with apathy profiles (A) (B)
(C) (D)

P P P

Table 6.3. VBM analysis of GMV and global apathy severity continued on next page)

Anatomical region Hemisphere Cluster size T value P value MNI 
Coordinates 
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Global apathy 
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Figure 6.3B

Figure 
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Table 6.4. VBM analysis of GMV and apathy severity across profiles (continued on next page)

Anatomical region Hemisphere Cluster size T value P value MNI Coordinates 
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7.2 Study Design 

7.2.1  Participants 
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Table 7.1. Sociodemographic and clinical characteristics of study participants (initial value) 
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7.2.2  Disease Trajectories Clustering Analysis 



Figure 7.1A
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Figure 7.1. Alignment of temporal sequences with dynamic time warping highlights psychiatric 
trajectories. (A) (B)
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Figure 7.2

Figure 7.2. Heatmaps depicting clustering performance at sequential combinations of λ and 
threshold values λ threshold λ
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7.2.3 Statistical Analyses
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7.3 Results 

7.3.1  Shared Psychiatric Trajectories 

Figure 7.3; Table 7.2

λ

Table 7.2 λ threshold
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Figure 7.3. Unsupervised clustering produced eleven clusters



Table 7.2. Cluster metrics of shared psychiatric evolution

Cluster N N* Mean 
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1  0.87 ± 1.11 
2  0.14 ± 0.46 
3  2.88 ± 3.31 
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5 1.46 ± 0.02 
6  

 
5.18 ± 1.39 

(99.1)
7 1.30 ± 1.08 
8 

9 3.20 ± 0.57 
(93.3)

10 5.13 ± 2.52 
11 

N N* 
mean standard deviation (weight, where differing from 0 or 100)

bold

7.3.2  Group Differences in Psychiatric Trajectories 

Figure 7.4A

Figure 7.4B; Table 7.2

N NC2 NC1 NC2 
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Figure 7.4. Psychiatric signatures in the two main clusters differ in overall behavioral abnormalities.
(A)
(B)

λ

Table 7.2

Figure 7.5A,B

Figure 7.5A,B

Figures 7.5C,D



 
Figure 7.5. Psychiatric signatures are defined by unique trajectories in specific domains.
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(B) (C) (D)
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Figure 7.5
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Figure 7.6. Apathy and dysexecutive behaviors are positively correlated
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Figure 8.1. Apathy subdimensions may arise from disruptions along inter-connected processes of 
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