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Heightened effort discounting 
is a common feature of both apathy 
and fatigue
Mindaugas Jurgelis1,2*, Wei Binh Chong1,2, Kelly J. Atkins1,2, Patrick S. Cooper1,2, 
James P. Coxon1,2 & Trevor T.‑J. Chong1,2,3,4*

Apathy and fatigue have distinct aetiologies, yet can manifest in phenotypically similar ways. In 
particular, each can give rise to diminished goal-directed behaviour, which is often cited as a key 
characteristic of both traits. An important issue therefore is whether currently available approaches 
are capable of distinguishing between them. Here, we examined the relationship between commonly 
administered inventories of apathy and fatigue, and a measure of goal-directed activity that assesses 
the motivation to engage in effortful behaviour. 103 healthy adults completed self-report inventories 
on apathy (the Dimensional Apathy Scale), and fatigue (the Multidimensional Fatigue Inventory, and/
or Modified Fatigue Impact Scale). In addition, all participants performed an effort discounting task, in 
which they made choices about their willingness to engage in physically effortful activity. Importantly, 
self-report ratings of apathy and fatigue were strongly correlated, suggesting that these inventories 
were insensitive to the fundamental differences between the two traits. Furthermore, greater effort 
discounting was strongly associated with higher ratings across all inventories, suggesting that a 
common feature of both traits is a lower motivation to engage in effortful behaviour. These results 
have significant implications for the assessment of both apathy and fatigue, particularly in clinical 
groups in which they commonly co-exist.

Apathy and fatigue are traditionally considered to be conceptually distinct. Interestingly, however, both traits can 
give rise to similar behavioural manifestations1,2. Apathy by definition results in reduced voluntary, self-initiated, 
goal-directed activity3–7. Similarly, fatigue ultimately manifests as an aversion towards self-initiated activities, 
particularly those that are effortful8,9. This diminished goal-directed behaviour is an important characteristic in 
many operational definitions of both apathy and fatigue, and recent frameworks propose that motivation is a 
key function that facilitates goal-directed behaviour1,10. An outstanding question therefore is whether currently 
available methods of measuring apathy and fatigue are sufficiently capable of distinguishing between these two 
closely related traits.

Although apathy and fatigue are usually considered in separate literatures, they often co-exist as traits in 
healthy individuals11, as well as clinical populations1,12–14. Recently, there has been growing interest in the idea 
that a central feature of both traits is lower motivational drive. Indeed, contemporary frameworks of apathy con-
ceptualise it as the result of lowered levels of motivation, and frame pathological apathy as an archetypal disorder 
of motivation1. Fatigue as a trait is the tendency to feel exhausted (c.f. the more transient state that arises during 
the exertion of effort itself15), and early commentaries suggested that lower motivation is a central mechanism 
that drives the experience of fatigue2. This idea has received renewed interest in recent times, as a result of data 
that have implicated neural systems classically involved in value-based decision-making in both traits7,8,16–18.

Effort discounting tasks have become a popular paradigm to quantify the motivation of individuals to engage 
in goal-directed activity16,19–22. Such tasks quantify the effect of effort on reducing (or ‘discounting’) the subjective 
value of available rewards, which is computationally measured as the gradient of each individual’s effort dis-
counting function1,23–25. Historically, effort discounting has predominantly been used to study the neurobiology 
of apathy1,25–29. More recently, however, a nascent literature has begun to apply effort discounting paradigms to 
quantify fatigue16,21,30–32. Given the frequent co-existence of apathy and fatigue, this raises immediate concerns 
about interpreting effort discounting data in terms of each trait to the exclusion of the other. The specificity of 
effort discounting to both apathy and fatigue is therefore a highly topical issue, with important implications for 
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the generalisability of data from effort-based decision-making tasks. However, not only has the relationship 
between effort discounting and fatigue been less thoroughly explored, but its specificity to each trait within the 
same individuals is unclear.

An important feature of both apathy and fatigue is that they are not singular constructs, but can be described 
across multiple domains of behaviour. For example, according to one taxonomy, apathy consists of ‘Behavioural’, 
‘Cognitive’ and ‘Emotional’ subtypes, which implicate different nodes of the corticostriatal system4. The Dimen-
sional Apathy Scale (DAS) was specifically developed to probe apathy along ‘Executive’, ‘Action Initiation’ and 
‘Emotional’ subscales that correspond to these respective subtypes33. Similarly, several inventories assess fatigue 
across multiple dimensions, such as cognitive vs physical fatigue (e.g., the Multidimensional Fatigue Inventory 
(MDFI)9, and the Modified Fatigue Impact Scale (MFIS)34,35). However, the relationship between different dimen-
sions of apathy and fatigue has not been systematically examined, nor has the sensitivity of effort discounting to 
these different domains. Indeed, effort discounting may not necessarily be a core feature of apathy and fatigue in 
their entirety, but may instead have a more nuanced relationship with only particular dimensions of each trait.

Here, we pooled data from three separate physical effort discounting studies in which participants also pro-
vided responses on subjective rating scales of apathy (the Dimensional Apathy Scale33), and fatigue (either the 
Multidimensional Fatigue Inventory9 and/or the Modified Fatigue Impact Scale34,35). The choice of inventories 
that assess each respective trait across multiple putative dimensions allowed us to probe for overall relationships 
between apathy and fatigue, as well as across individual subscales of behaviour. Our approach addresses two 
critical issues. First, we examined the relationship between ratings of trait apathy and trait fatigue as assessed 
on three common self-report inventories. Second, we determined whether computational measures of effort 
discounting are differentially sensitive to ratings on each scale, and their respective subscales.

Method
Participants and procedures.  We pooled data from 103 healthy adults (50 females; age 18–75  years; 
M = 32.8, SD = 14.9) across three separate studies, each of which broadly examined different aspects of moti-
vated behaviour. Each study included a physical effort discounting paradigm as part of the protocol. Participants 
completed only one of the three studies. A subset of these data (n = 20) have been previously published36. These 
pooled data therefore represent a convenience sample, with post-hoc power analyses indicating an estimated 
power of at least 0.95 to detect a significant correlation between measures with an r of 0.4 at a threshold of 
p < 0.05.

Participants were recruited from within the university and the general community, and had no history of 
neurological or psychiatric disease (including mood disorders, alcohol abuse or other substance use disorder), or 
physical impairments that limited their ability to perform the effort-based task. One participant had an extremely 
high total score on the Dimensional Apathy Scale (66), which was 4.8 SD above the sample mean, and within the 
pathological range (proposed cut-off of > 37–39)37,38. To avoid the possibility of correlations being driven by this 
single outlier, we excluded this individual from our analyses. Doing so did not alter the overall pattern of results.

Data were collected between October 2017 and April 2021. Testing was completed either at a testing suite 
at Monash University, or in participants’ homes. All studies were approved by the Monash University Human 
Research Ethics Committee (Project IDs 1476, 7706, 8032) and were conducted in accordance with relevant 
guidelines and regulations. All participants provided written informed consent for their participation. All three 
studies followed STROBE checklist for observational studies.

Self‑report measures of apathy and fatigue.  Participants completed a series of self-report inventories 
on apathy and fatigue—all participants completed the Dimensional Apathy Scale (DAS, n = 103), and either 
the Multidimensional Fatigue Inventory (MDFI, n = 74) or the Modified Fatigue Impact Scale (MFIS, n = 64) (a 
subset of n = 38 participants completed both). For each inventory and their component subscales, we computed 
measures of internal consistency (Cronbach’s α), which were largely in keeping with reported estimates (see Sup-
plementary Information; Table S1).

The Dimensional Apathy Scale33 is a 24-item self-report measure of apathy that assesses activity and moti-
vation. The total apathy score combines three subscales: The Action Initiation subscale reflects the capacity to 
initiate and sustain voluntary, goal-directed activity (e.g., ‘I keep myself busy’). The Executive subscale captures 
cognitive processes that support goal-directed activity, such as attention, planning, and organisation (e.g., ‘I am 
easily distracted’). The Emotional subscale assesses emotional responsiveness, recognition, and processing that 
facilitates interactions with the environment and goal-attainment (e.g., ‘Before I do something, I think about 
how others would feel about it’). Items are scored on a four-point Likert scale ranging from ‘Almost always’ to 
‘Hardly ever’. Originally developed to assess clinical apathy, it has been validated as a measure of trait apathy 
in the general population11. Previous studies have shown that the overall DAS has acceptable-to-good levels of 
internal consistency (Cronbach’s α: range 0.76–0.8733,38–41). The internal consistency of the Executive and Action 
Initiation subscales are also acceptable-to-good (α: Executive, 0.78–0.8638,40,41; Action Initiation, 0.76–0.8638,40,41), 
but that of the Emotional subscale is typically poorer (α: 0.47–0.5638,40,41).

The Multidimensional Fatigue Inventory9 is a 20-item instrument that assesses fatigue across five subscales: 
General Fatigue (e.g., ‘I tire easily’); Physical Fatigue (e.g., ‘Physically I can take on a lot’); Mental Fatigue (e.g. 
‘My thoughts easily wander’); Reduced Activity (e.g., ‘I get little done’); and Reduced Motivation (e.g., ‘I dread 
having to do things’). Items are scored on a five-point Likert scale ranging from ‘Yes, that is true’ to ‘No, that is 
not true’. The instrument has been validated in the general population42. The internal consistency of the overall 
MDFI is good to excellent (Cronbach’s α: 0.84–0.9243–45). The internal consistency of the General, Physical and 
Mental fatigue subscales is typically reported as acceptable-to-excellent (α: General, 0.69–909,43–45; Physical, 
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0.74–0.939,43–45; Mental, 0.77–0.939,43–45), but that of the Reduced Activity and Reduced Motivation subscales is 
more variable (Reduced Activity, 0.53–0.939,43–45; Reduced Motivation 0.50–0.949,43–45).

The Modified Fatigue Impact Scale34,35 is a 21-item scale that consists of three subscales: Physical Fatigue 
(e.g., ‘I have had trouble maintaining physical effort for long periods’); Cognitive Fatigue (e.g., ‘I have been less 
alert’); and Psychosocial Fatigue (e.g., ‘I have been less motivated to participate in social activities’). Individu-
als are asked to rate their responses to these items on a five-point Likert scale, ranging from ‘Never’ to ‘Almost 
always’, based on how they have felt over preceding four weeks. This measure has been validated in the general 
population11. The internal consistency of the full MFIS is typically excellent (Cronbach’s α: 0.94–0.9746–50). The 
Physical and Cognitive Fatigue subscales also have good-to-excellent internal consistency (α: Physical Fatigue, 
0.84–0.9646,47,50,51; Cognitive Fatigue, 0.91–0.9546–48,50,51). The two-item Psychosocial Fatigue typically has lower 
internal consistency than the other two subscales (α: 0.80, e.g.51).

Physical effort discounting task.  Each of the three studies involved a physical effort discounting task, 
which required individuals to decide how much physical effort to trade off in return for reward (similar to pre-
viously published paradigms36,52,53) (Fig. 1). Effort in all studies was operationalised as the amount of physical 
force exerted onto a hand-held dynamometer (SS25LA, BIOPAC systems, USA). Participants were required to 
generate one of six different levels of force, defined as a proportion of each individual’s maximum voluntary con-
traction (MVC). The MVC for each participant was established at the beginning of each task as the maximum of 
three consecutive ballistic squeezes using their dominant hand. The task consisted of two main phases (Fig. 1): 
an initial reinforcement phase when individuals were familiarised with the six different effort levels, and a subse-
quent choice phase, when they were required to decide how much effort they were willing to invest for reward.

Reinforcement phase.  Participants were first familiarised with the six different levels of physical effort. Due to 
the unique aims and constraints of each of the three studies, there were slight differences in the force require-
ments of Study 1 (5–30% MVC, in increments of 5%), and Studies 2/3 (4–44% MVC, in increments of 8%) 
(Table 1)—these differences were incorporated into our computational models of choice. On each trial, a pie 
chart cued the amount of effort required on that trial (Fig. 1). Participants were then required to squeeze the 
dynamometer, with the goal of exceeding the target effort level for ≥ 50% of the total duration of the trial dura-
tion. A vertical bar provided real-time visual feedback on their force relative to the target effort level. Each trial 
concluded with feedback on participants’ performance (one credit for a successful trial, and zero for an unsuc-
cessful trial; participants were informed that these rewards were fictive). There was a total of either 60 (Studies 

Figure 1.   The effort discounting paradigm operationalised effort as the amount of physical force exerted onto a 
hand-held dynamometer. We defined six levels of force as a proportion of individuals’ MVC (left panel). In the 
reinforcement phase, participants were familiarised with each of these six levels of force (centre panel). In the 
choice phase, participants indicated their preferences between the fixed low-effort/low-reward baseline (left of 
screen) and a variable high-effort/high-reward offer (right of screen) (right panel).

Table 1.   Physical force requirements across the three pooled effort discounting studies.

Study n Force requirement (Levels 1–6; % MVC) Trial duration (s)

Number of trials

Reinforcement phase Choice phase

1 34 5, 10, 15, 20, 25, 30 5 60 100

2 29
4, 12, 20, 28, 36, 44 10

60 75

3 40 18 75
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1–2) or 18 (Study 3) reinforcement trials (Table 1), evenly distributed across each of the six effort levels. The 
reinforcement phase was presented in Psychtoolbox54 implemented in MATLAB55.

Choice phase.  Then, in the critical choice phase, we determined participants’ motivation to invest effort for a 
given reward. On every trial, participants made choices between a fixed low-effort/low-reward baseline option 
and a variable high-effort/high-reward offer. The fixed baseline combined the lowest level of effort (level 1) in 
return for the lowest reward (1 credit). The variable offer combined higher levels of effort (levels 2–6) for higher 
rewards (2, 4, 6, 8, 10 credits). Trials were self-paced, and the entire effort-reward space was evenly and randomly 
sampled across 100 trials (in Study 1) or 75 trials (Studies 2/3) (Table 1). Participants were explicitly told that 
they were required only to state their preference, but that they would not be required to execute their choice. This 
was a purposeful element of our design to eliminate the possibility of choices being confounded by the accumu-
lation of short-term fatigue, which is particularly important given the unclear relationship between fatigue as 
a trait, and shorter term fatiguability15,56,57. We note that previous studies have demonstrated the sensitivity of 
hypothetical decisions to quantifying effort discounting23,36,52,58,59 and other reward-based behaviour58,60–63. The 
choice phase was presented in Presentation software (Neurobehavioral Systems), and participants made choices 
using the left and right arrow keys.

Statistical analysis.  Effort discounting task.  In the Reinforcement Phase, we confirmed the effect of our 
physical effort manipulation on task behaviour with a within-subjects ANOVA on Effort (levels 1–6). We exam-
ined Study 1 separately from Studies 2/3, given that they involved different target force requirements. We ap-
plied Greenhouse–Geisser corrections for violations of sphericity, and significant effects were decomposed with 
Bonferroni-corrected pairwise comparisons.

In the Choice Phase, we derived the best estimates of each individual’s willingness to invest effort by fitting 
their choices to three functions commonly used to model effort discounting52,64,65:

where the subjective value (SV) of each option on trial t was estimated as a function of the effort, E (as a propor-
tion of MVC), that was required to obtain the potential reward, R (in credits). Note that, because these models 
incorporated the specific force requirements of each effort level (i.e., as proportions of MVC), they were by 
definition sensitive to the different target force requirements across the three studies. k was a subject-specific 
parameter that scaled the effect of effort costs on reward value, with a lower k therefore indicating a greater 
motivation to invest effort. We then entered the SV of each option into a softmax function to determine the 
probability of choosing the more lucrative offer:

where Pr(i) is the probability of choosing offer i that has the subjective value SVi, relative to the baseline option 
b with subjective value SVb, and β is the inverse temperature parameter that captures choice stochasticity. We 
compared model fits with an Akaike Information Criterion (AIC)66 and Bayesian Information Criterion (BIC)67.

Correlation analyses.  We used Spearman’s correlation coefficients to determine the relationships between our 
primary variables of interest (i.e., apathy, as measured on the DAS; fatigue, as measured on the MDFI and MFIS; 
and effort discounting, as quantified with the k parameter). To correct for comparisons across multiple subscales 
within each inventory, we applied corrections for false-discovery rate (FDR) using the Linear Step Up procedure 
of Benjamini and Hochberg68, with α = 0.05. For example, when examining the correlations between the three 
subscales of the DAS and five subscales of the MDFI, we FDR-corrected the p-values over the space of 15 tests. 
Similarly, we FDR-corrected the correlations between subscales of the DAS and MFIS (3 subscales each) over 
the space of 9 tests.

Results
Effort was successfully manipulated.  First, we confirmed that that the task successfully manipulated 
physical effort by examining participants’ performance in the reinforcement phase. A repeated-measures 
ANOVA on the proportion of time individuals were able to sustain their contraction above the target force level 
showed that it decreased as a function of effort in Study 1 (F(1.7, 56.1) = 41.32, p < 0.001, ηp

2 = 0.56), as well as 
in Studies 2/3 (F(1.7, 107.5) = 57.45, p < 0.001, ηp

2 = 0.47) (Fig. 2A,B). These analyses confirm that the physical 
requirements of all versions of this task increased as a function of effort. This translated to a small, but statisti-
cally significant, reduction in the capacity of individuals to be successfully rewarded at the higher effort levels 
(i.e., their reinforcement rates) (Study 1, F(2.2, 72.4) = 7.19, p = 0.001, ηp

2 = 0.18); Studies 2/3 (F(5, 320) = 2.40, 
p = 0.037, ηp

2 = 0.04) (Fig. 2C,D). This effect was more prominent in Study 1.

Linear : SVt = Rt − k · Et ,

Parabolic : SVt = Rt − k · Et
2
,

Hyperbolic : SVt =
Rt

1+ k · Et
,

Pr(i) =
eβ·SVi

eβ·SVb + eβ·SVi
,
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Self‑report measures of trait apathy and fatigue were significantly correlated.  Before consider-
ing the relationship between k-values and trait measures of apathy and fatigue, we first examined the relationship 
between self-report measures of apathy (DAS) and those of fatigue (MDFI, MFIS). We found a strong positive 
correlation between total scores on the DAS, and both the MDFI (ρ = 0.79, p < 0.001; Fig. 3A) and MFIS (ρ = 0.51, 
p < 0.001; Fig. 3B).

We then determined whether the close relationships between the DAS and fatigue inventories were driven 
by particular subscales (Table 2). Notably, all subscales of the DAS and MDFI were significantly correlated, even 
after FDR correction. The Executive and Emotional subscales of the DAS were significantly correlated with all 
subscales of the MFIS, but the Action Initiation subscale of the DAS was not associated with any MFIS subscale.

Effort discounting was associated with both apathy and fatigue traits.  Next, we turned to the 
association between effort discounting and the self-report measures of apathy and fatigue inventories. To derive 
the best estimates of each individual’s willingness to invest effort, we fit participants’ choices to three functions 
that are commonly used to model effort discounting—linear, parabolic, and hyperbolic. These model compari-
sons revealed that participants’ choices were best fit by a parabolic pattern of effort discounting (AIC: para-
bolic = 4544, linear = 4787, hyperbolic = 5329; BIC: parabolic = 5042, linear = 5285, hyperbolic = 5826), which is 
consistent with previous work36,52,53,64,69,70. We then extracted the k-values for each participant from the winning 
model, and correlated them with ratings on the apathy and fatigue inventories.

Notably, there were significant positive correlations between k-values, and the total scores on all three ques-
tionnaire measures (DAS, ρ = 0.38, p < 0.001; MDFI, ρ = 0.47, p < 0.001; MFIS, ρ = 0.55, p < 0.001; Fig. 4; Table 3). 
The relationship between k-values and the DAS was driven by the Executive (ρ = 0.45, p < 0.001) and Emotional 
subscales (ρ = 0.31, p = 0.002), with the association between k-values and the Action Initiation subscale being 
non-significant (ρ = 0.11, p = 0.288). The relationship between k-values and the MDFI was statistically significant 
for all five subscales (General, ρ = 0.47, p < 0.001; Physical, ρ = 0.27, p = 0.018; Mental, ρ = 0.47, p < 0.001; Reduced 
Activity, ρ = 0.35, p = 0.002; Reduced Motivation, ρ = 0.42, p < 0.001). Similarly, k-values were significantly corre-
lated with all three subscales of the MFIS (Physical, ρ = 0.45, p < 0.001; Cognitive, ρ = 0.53, p < 0.001; Psychosocial, 
ρ = 0.51, p < 0.001).

Control analyses excluded an effect of performance on effort‑based analyses.  Data from the 
reinforcement phase indicated a decrement in performance and reinforcement rates as a function of effort. We 
therefore wished to confirm that effort-based decisions, and their relationship to each inventory, were not simply 
driven by an aversion to risk, or a lower inclination for individuals to engage in levels at which they were simply 
less likely to perform well.

Figure 2.   Data from the reinforcement phase for (A,C) Study 1, and (B,D) Studies 2/3. (A,B) In all studies, 
the percentage of time that individuals maintained their contraction above the target effort level decreased with 
increasing effort. (C,D) This translated to lower reinforcement rates at the higher levels of effort for all studies, 
although this was more pronounced for (C) Study 1 than (D) Studies 2/3. Error bars indicate ± 1 standard error 
(SE).
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First, we excluded the effect of performance on choice (with performance defined as the proportion of time 
participants maintained their force above the required level). For each participant, we ran a logistic regression 
that predicted choices on each trial (coded 0 for baseline; 1 for offer) as a function of: (1) the reward on offer 
(in credits); (2) the effort required to obtain that offer (as % MVC); (3) their average performance for that effort 
level in the reinforcement phase. We normalised the beta values for each predictor variable (as β/SE(β)), and 
compared these normalised regression coefficients to zero using a non-parametric Wilcoxon signed-rank test 
(given that data were non-normally distributed)52. Across all participants, effort (Z = − 7.97, p < 0.001) and reward 
(Z = 8.11, p < 0.001) significantly predicted choice behaviour in the expected directions. Importantly, however, 
performance had no effect on choice (Z = 0.98, p = 0.327). We also ran the analogous regressions on reinforcement 
rates (instead of performance), which showed the same pattern of results. Specifically, choices were predicted 
by effort (Z = − 8.60, p < 0.001) and reward (Z = 8.44, p < 0.001), but not reinforcement rate (Z = 0.24 p = 0.808). 
Overall, these indicate that choices in our task were based on the effort and reward levels on offer, and not by 
individuals’ capacity to perform each effort level successfully.

In addition, to ensure that risk aversion could not account for the significant correlations between k-values 
and responses on the self-report inventories, we re-ran each of these correlations, but including the effect of 
performance on choice as a covariate. For each participant, the effect of performance on choice was computed as 
the normalised beta value from the logistic regression implemented above. Importantly, even after partialling out 
the effect of performance, effort discounting remained significantly correlated with all three inventories (DAS, 
ρ = 0.40, p < 0.001; MDFI, ρ = 0.47, p < 0.001; MFIS, ρ = 0.55, p < 0.001). Furthermore, the pattern of relationships 
between the k-values and each of the subscale scores for all three inventories was unchanged (Table S2). Together, 
this indicates that the significant relationships between effort discounting and apathy/fatigue ratings were not 

Table 2.   Correlation coefficients (Spearman’s ρ) between apathy and fatigue subscales. All subscales of 
the DAS and MDFI were significantly correlated. The Executive and Emotional subscales of the DAS were 
correlated with all subscales of the MFIS, but the Action Initiation subscale of the DAS was not related to 
any MFIS subscale. p-values are denoted in parentheses, with asterisks indicating those that survived FDR 
correction at a threshold of α = 0.05.

Dimensional Apathy Scale

Executive Action initiation Emotional

Multidimensional Fatigue Inventory (n = 74)

General 0.62 (< 0.001)* 0.37 (0.001)* 0.33 (0.005)*

Physical 0.55 (< 0.001)* 0.35 (0.002)* 0.31 (0.006)*

Mental 0.85 (< 0.001)* 0.24 (0.038)* 0.29 (0.013)*

Reduced activity 0.69 (< 0.001)* 0.45 (< 0.001)* 0.39 (< 0.001)*

Reduced motivation 0.71 (< 0.001)* 0.41 (< 0.001)* 0.36 (0.002)*

Modified Fatigue Impact Scale (n = 64)

Physical 0.43 (< 0.001)* 0.02 (0.856) 0.40 (0.001)*

Cognitive 0.67 (< 0.001)* 0.11 (0.399) 0.29 (0.021)*

Psychosocial 0.45 (< 0.001)* 0.09 (0.499) 0.37 (0.002)*

Figure 3.   There were strong, positive relationships between total scores on the apathy questionnaire (the DAS), 
and both fatigue questionnaires. (A) Relationship between the DAS and the MDFI. (B) Relationship between 
the DAS and the MFIS.
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confounded by the performance characteristics of the task, and were instead more likely due to the aversion of 
individuals to investing effort itself.

Discussion
In this study, we examined the capacity of self-report inventories to distinguish between apathy and fatigue, 
and determined the relationship between these inventories and a computational measure of motivation (effort 
discounting). Our two main findings were that: (1) apathy and fatigue were highly correlated across multiple 
subscales of each self-report inventory; and (2) effort discounting was significantly related to overall levels of 
apathy and fatigue. Interestingly, however, the Action Initiation subscale of the DAS appeared to probe a rela-
tively unique component of behaviour that was entirely independent of one fatigue inventory (the MFIS), as 
well as our measure of effort discounting. Nevertheless, our overall results indicate that a reduced motivation to 
engage in effortful behaviour is a common feature of two separate behavioural traits—apathy and fatigue—that 
differ in both their aetiology and phenomenology, and suggest that current inventories may be insensitive to 
differences between them.

Our questionnaire data indicated a striking positive correlation between the total apathy score, and the 
total score on both fatigue inventories. In particular, the DAS and MDFI were very tightly correlated across 
all subscales. The relationship between the DAS and MFIS was also compelling, with all subscales of the MFIS 

Figure 4.   Effort discounting (k) was significantly correlated with total scores on the (A) DAS, (B) MDFI, and 
(C) MFIS.
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significantly correlated with the Executive and Emotional subscales of the DAS. Our results are consistent with a 
recent study that reported a significant, albeit weaker, correlation between the MFIS and a separate apathy inven-
tory (the Apathy Motivation Index11). Overall, the close relationship between the fatigue and apathy inventories 
is not surprising, given that diminished goal-directed behaviour is a cardinal manifestation of both traits1,3,71. 
For example, such inventories often contain items that are similarly phrased (e.g., ‘I keep myself busy’ (DAS) vs ‘I 
think I do a lot in a day’ (MDFI) vs ‘I have limited my physical activities’ (MFIS)9,33–35). Together, these findings 
suggest that currently available self-report measures of apathy and fatigue may in fact be probing substantially 
overlapping constructs.

Interestingly, responses on the Action Initiation subscale of the DAS were not significantly correlated with 
the MFIS, nor our measure of effort discounting. One potential reason is that the Action Initiation subscale 
was designed to capture one’s willingness to spontaneously plan and initiate complex goal-directed activities, 
as opposed to many elements of the MFIS, which tend to focus on one’s capacity to sustain and complete a task. 
For example, items on the Action Initiation subscale of the DAS enquire about one’s willingness to plan and set 
goals, and act on intentions33, whereas the majority of items on the MFIS focus on one’s willingness or capacity 
to sustain effort, and see a task through to completion34,35. This raises the potential utility of the Action Initiation 
subscale in probing unique dimensions of apathy that are relatively independent from certain fatigue scales, and 
entirely independent of effort discounting.

Diminished motivation is a characteristic that is common to the phenotype of both apathy and fatigue. This 
is reflected across all three inventories by the overlap of items that probe for this trait (e.g., ‘I lack motivation’ 
(DAS) vs ‘I don’t feel like doing anything’ (MDFI) vs ‘I have been less motivated to do anything that requires 
physical effort’ (MFIS)9,33–35). An increasingly popular approach to measuring motivated behaviour has been to 
quantify the willingness of individuals to invest effort in return for reward. Here, we confirmed strong relation-
ships between effort discounting, and responses on all three rating scales. This replicates previous studies that 
have reported a relationship between heightened effort discounting and apathy28,29,72–74. Less work has been 
done examining the relationship between effort discounting and fatigue, although this is an area of increasing 
interest16,21,31. Our results confirm a significant, positive relationship between effort discounting and fatigue—a 
relationship that is particularly notable, given that our estimates of effort discounting could not have been con-
founded by task-based fatigue (as participants did not exert effort when making their decisions).

The close relationship between effort discounting and both apathy and fatigue has two notable implications. 
The first relates to clinical and research settings where apathy and fatigue need to be clearly distinguished. A 
notable clinical example of this is depression, for which DSM-V criteria list apathy and fatigue as two independent 
symptoms amongst the five or more required for a diagnosis75. Clearly, this relies on the capacity of existing tools 
to accurately distinguish between these symptoms. The lack of tools specific to each of apathy and fatigue could 
potentially inflate the reported frequency with which they have been found to co-exist—a relationship which 
has been found, not only in depression33,38–41,45,46,48,51, but in many other psychiatric and neurological disorders, 
including Parkinson’s disease, stroke, multiple sclerosis, and dementia1,12–14,76–81. In recent times, this overlap has 
led to speculations that apathy and fatigue may be driven by common regional dysfunction within areas of the 
corticostriatal network involved in motivation—a network encompassing the ventromedial prefrontal cortex, 
orbitofrontal cortex, anterior cingulate cortex, and ventral striatum 2,4,7,8,14,38–41,48,51,81. Our data indicate that 
future studies addressing this hypothesis should be cautious in differentially attributing neural activity, and/or 
effort discounting behaviour, to either trait to the exclusion of the other.

Table 3.   Correlation coefficients (Spearman’s ρ) between effort discounting (k-values) and responses on 
the DAS, MDFI and MFIS. Other than the Action Initiation subscale of the DAS, k-values were significantly 
positively correlated with all  subscales of all inventories. p-values are indicated in parentheses, with asterisks 
indicating those that survived FDR correction at a threshold of α = 0.05.

Effort discounting (k)

Dimensional Apathy Scale (n = 103)

Executive 0.45 (< 0.001)*

Action initiation 0.11 (0.288)

Emotional 0.31 (0.002)*

Multidimensional Fatigue Inventory (n = 74)

General 0.47 (< 0.001)*

Physical 0.27 (0.018)*

Mental 0.47 (< 0.001)*

Reduced activity 0.35 (0.002)*

Reduced motivation 0.42 (< 0.001)*

Modified Fatigue Impact Scale (n = 64)

Physical 0.45 (< 0.001)*

Cognitive 0.53 (< 0.001)*

Psychosocial 0.51 (< 0.001)*
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Second, our findings emphasise the importance of developing novel approaches that are capable of distin-
guishing between apathy and fatigue. One approach is to probe more sensitively for phenomenological features 
that are unique to each trait using suitably worded items on a revised inventory. This may include the sense of 
exhaustion that is specific to fatigue8, or the disinclination to plan complex activities in apathy, which appears 
unique to the Action Initiation subscale of the DAS. A non-mutually exclusive possibility is to complement such 
scales with experimental measures that may potentially be more sensitive to the fundamental physiological dif-
ferences between apathy and fatigue. In the effort discounting task used in this study, we were particularly careful 
to control for the effects of short-term fatigue accumulation, given the currently unclear relationship between 
trait measures of fatigue (as assessed with self-report inventories), and the more transient fatiguability that arises 
during effort exertion56,57. Recently, however, protocols have been developed to induce and assess the dynamic 
effects of fatigue on perceived effort and effort-based decisions16,21,82,83. A potential avenue for future studies is 
to combine these dynamic behavioural and physiological measures of motivation with more refined self-report 
measures, which together may have the potential to identify specific elements of goal-directed behaviour that 
distinguish trait apathy and trait fatigue.

Our findings are of course necessarily limited to the specific inventories that we applied (the DAS, MDFI, 
MFIS). In practice, a large number of inventories are commonly used to assess apathy and fatigue14,25. Given 
that these inventories have shown strong correlations with other instruments used to assess their target 
constructs38–41,44,48,49,51,84, we predict that our findings should generalise across other self-report inventories, but 
this remains to be confirmed in future work. Similarly, in this study, we demonstrate a relationship between sub-
jective apathy and fatigue, and measures of effort discounting in the physical domain. However, recent work has 
suggested that effort discounting across different domains of effort (e.g., cognitive vs physical) may be partially 
dissociable 36,52,85. Thus, it remains for future studies to distinguish between how subjective measures of apathy 
and fatigue relate to the aversiveness of effort across different domains.

Apathy and fatigue have long proved to be difficult traits to define, assess, and investigate3,29,71, and dis-
tinguishing them poses a significant challenge. In sum, our findings suggest that the self-report measures of 
apathy and fatigue lack sufficient specificity to clearly distinguish between these traits. Further, this study offers 
an important cautionary note when interpreting effort discounting data in health and disease, and provides an 
imperative for future studies to refine how apathy and fatigue are operationalised and empirically quantified.
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