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Introduction: Depression is a comorbidity in patients with amyotrophic lateral sclerosis
(ALS). However, its diagnosis is challenged by the co-occurrence of a similar
frontotemporal (FT) behavioral symptom—i.e., apathy. Moreover, its psychometric
evaluation is confounded by motor disabilities. This study aimed at investigating
psychometric properties and feasibility of the ALS Depression Inventory (ADI-12), a
self-report questionnaire set up for this issue—as measuring mood changes without
referring to movement.

Methods: Eighty-five ALS patients were administered the ADI-12 and underwent
cognitive (Mini-Mental State Examination, MMSE), quality of life (McGill Quality of
Life Questionnaire, MQoL) and further anxiety/mood (Hospital Anxiety and Depression
Scale, HADS) assessments. Reliability, validity, sensitivity, and specificity of the ADI-12
were explored.

Results: Principal component analyses revealed two related components—“Negative
Mood and Lack of Energy” (ME) and “Anhedonia” (A). Both components and the inventory
as a whole were internally consistent and highly related to HADS-D. ADI-12-total score
was also associated with HADS-A. ADI-12 measures were inversely related to MQoL.
ADI-12-total/sub-scales were not related to either MMSE or disease-related outcomes.
Estimates of depression yielded by HADS-D and ADI-12 were 11.1 and 35.3%.

Discussion: The ADI-12 is a valid, reliable and usable feasibile tool to assess
depression in ltalian ALS patients independently from motor disabilities. Its interplay with
psycho-social outcomes is in agreement with previous studies. The lack of association
with cognition suggests that the ADI-12 is partially independent from FT spectrum
disorders. The disagreement in depression rates between the ADI-12 and HADS-D
suggests the need to ALS-specific mood scales.

Keywords: amyotrophic lateral sclerosis, depression, psychometrics, apathy, neuropsychology, frontotemporal
dementia

INTRODUCTION

Depression is a well-known psychiatric co-morbidity in patients affected by amyotrophic lateral
sclerosis (ALS) (1, 2)—although its etiology still needs to be clarified (3). A diagnosis of
depression in ALS population may be confounded by the presence of concomitant apathy (3)—a
frontotemporal (FT) behavioral symptom involving up to 50% of ALS patients (4).
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Screening for depressive symptoms should not be neglected
in ALS patients, as negatively influencing disease prognosis and
survival (5). However, psychometric evaluation of mood in ALS
patients is challenging as widely used scales to assess depression
include items that often refer to motor abilities (6). To adopt
assessments not depending on motor impairment is crucial, as
its confounding effect has been linked to the heterogeneity in
estimating the prevalence of depression in this population (1).
Nonetheless, according to recent meta-analytic evidence (7),
depressive disorders are estimated to be moderately prevalent in
ALS patients (34%).

The ALS Depression Inventory-12 (ADI-12) (8, 9) is an ALS-
specific, 12-item, self-report questionnaire whose items measure
mood changes without referring to motor function.

This study aimed at investigating psychometric properties and
feasibility of the ADI-12 in a cohort of Italian ALS patients.

METHODS

Participants

Eighty-five ALS patients referred to Istituti Clinici Scientifici
Maugeri, IRCCS Milano, Italy, were consecutively recruited.
Exclusion criteria were major internal, neurologic or (other)
psychiatric disorders. Participants’ background and clinical
features are shown in Table 1. The study was approved by the
local Ethical Committee. Participants provided written informed
consent to participation.

Materials
Items were back-translated by two independent Authors (D.P.
and M.M.). Inter-rater agreement was assessed and discrepancies
were solved through discussion. ADI-12 items are reported
through a four-point Likert scale; items 5-9, 11, and 12 are
negatively worded.

The protocol for the Italian ADI-12 will be provided to
interested clinicians upon request to the corresponding Author.

In addition, patients were tested for cognition (Mini-Mental
State Examination; MMSE) (11-13), quality of life (McGill
Quality of Life Questionnaire; MQoL) (14), and mood/anxiety
(Hospital Anxiety and Depression Scale; HADS) (15). HADS
items referring to movement were discussed with patients
during administration in order to avoid biases in responses; a
similar approach has been adopted (deleting those motor-related
items) (16).

Statistical Analyses
SPSS 27 (17) was used to analyze data.

Raw variables were descriptively checked for normality to
determine whether to adopt linear models or non-parametric
alternatives (18).

Factorial structure was assessed by means of principal
component analyses (PCA). Convergent validity was tested by
means of parametric/non-parametric correlational techniques.
Reliability was assessed as internal consistency through
Cronbach’s a.

TABLE 1 | Patients’ background and clinical data.

N

Age (years)
Sex (M/F)
Education

Occupation

Age at onset (years)
Age at diagnosis (years)
Diagnostic delay (years)
Disease duration (years)
Site of onset

Phenotype*

MMSE
ADI-12
HADS-A
HADS-D
MQoL

85
62.3 + 9.5 (37-79)
51.8/48.2%
Elementary School
Junior high School
High school
University
Retired
Unoccupied
Occupied
59.7 + 9.6 (35-77)
60.7 + 9.6 (35-77)
0.99 + 0.63 (0-4)
1.6+ 1.73 (0-13)
Bulbar
Spinal
Classical
Bulbar
Pyramidal
FAS
FLS
27.61 + 2.1 (23-30)
25.56 + 5.61 (13-43)
6.59 + 3.67 (1-17)
514 + 3.14 (0-14)
Total
Physical
Psychological
Existential
Support

25.9%
41.2%
25.9%
7.1%
58.8%
2.4%
38.8%

20%
80%
76.2%
16.7%
3.6%
2.4%
1.2%

6.8 + 1.25 (3.54-9.5)

5.81 +2.27 (1.25-10)

5.03 + 1.95 (0.83-9.5)
7.21 4+ 1.64 (0-10)
8.1 £ 1.59 (0-10)

FAS, flail arm syndrome; FLS, flail leg syndrome; MMSE, Mini-Mental State Examination;
ADI-12, ALS Depression Inventory-12;, HADS-A/-D, Hospital Anxiety and Depression
Scale-Anxiety/-Depression; MQoL, McGill Quality of Life Questionnaire.*Piemonte and
Valle d’Aosta Register for ALS (PARALS) (10).

The optimal cut-off for the ADI-12 was identified through
receiver-operating curve (ROC) analyses by computing Youden
index (19).

RESULTS
An obliquely rotated PCA (Table2) yielded two correlated
components (r = 0.48) cumulatively explaining 61.02% of

variance—the first identified as “Negative Mood and Lack of
Energy” (ADI-12-ME; N = 7 items), whereas the second as
“Anhedonia” (ADI-12-A; N = 5 items) (9). Items of the two
components can be summed up to obtain the 12-item inventory.
No clearly ambiguous items were detected when inspecting the
pattern matrix (primary loadings > |0.3]), with the exception
of item 10, whose ratio between its primary (r = —47) and
secondary (r = —0.26) loadings was slightly lower than 2 (1.81).
According to the aforementioned sub-division, both ADI-12-
ME and ADI-12-A items proved to be highly internally consistent
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TABLE 2 | Loadings of ADI-12 items on the two components as yielded by PCA.

Component
Item ME A
1 | am happy and | smile often. -0.86 0.10
2 | can appreciate life despite my circumstances. -0.29 -0.63
3 | can get away from it all and | am often relaxed. -0.85 0.18
4 | feel alive and vital. -0.63 —-0.24
5 More often than not | am sad. 0.73 0.1
6 | have lost all interest in family and friends. —-0.14 0.89
7 Most often | feel empty. —0.02 0.78
8 There is nothing that | look forward to or that | can enjoy. 0.06 0.84
9 | often feel lost and abandoned and don’t know how to carry on. 0.81 0.02
10 | look forward to every new day. -0.47 —0.26
11 | often wish | were dead. 0.22 0.58
12 | feel like | have lost all of my energy. 0.64 0.2

ADI-12, ALS Depression Inventory-12; ME, Negative Mood and Lack of Energy component of ADI-12; A, Anhedonia component of ADI-12; PCA, principal component analysis. They

are the acronyms for the psychometric measures.

TABLE 3 | Correlation coefficients between ADI-12 and psycho-social measures.

HADS-A HADS-D MQoL MQoL MQoL MQoL MQoL

total physical psychological existential” supportf
ADI-12 total 0.35" 0.54* —0.54** —0.43* —0.53* —0.41* —0.09
ADI-12-ME 0.42* 0.53* —0.59* —0.42* —0.57* —0.46™ —0.15
ADI-12-A 0.18 0.42* —0.34* —0.33* —0.35" —0.26* —0.01

ADI-12, ALS Depression Inventory-12; ME, Negative Mood and Lack of Energy component of ADI-12; A, Anhedonia component of ADI-12; HADS-A/-D, Hospital Anxiety and Depression
Scale-Anxiety/-Depression; MQoL, McGill Quality of Life Questionnaire. TSpearman’s coefficients; *significant at o = 0.05; **significant at & = 0.01.

(Cronbach’s o = 0.86 and = 0.84, respectively), as well as the
inventory as a whole (Cronbach’s a = 0.9).

All ADI-12 measures displayed medium-to-large correlation
with HADS-D scores; only ADI-12-total and -ME scores were
significantly related to HADS-A (Table 3).

All ADI-12 measures proved to be inversely associated with
MQoL-total and sub-scale scores, with the exception of MQoL-
Support (Table 3).

By regarding an HADS-D score >10 as suggestive of
depression (15), an optimal cut-oft (88.9% of sensitivity and
69.4% of specificity; ] = 0.58) for the ADI-12 as a whole
(i.e., the sum of ADI-A and ADI-ME items) was set at 27.5
(AUC = 0.87; SE = 0.06; 95% CI [0.75,0.98]) (Figure1).
When addressing a cut-off of 28, 35.3% of the present patients
were classified as having depressive symptoms—whereas, by
contrast, HADS-D detected depressed mood in 11.1% of
the cohort.

ADI-12 measures proved not to be related with MMSE scores.
No association was detected between ADI-12 measures and
either disease duration, diagnostic delay, clinical phenotype or
site of onset.

DISCUSSION

The present study provides clinicians with evidence regarding
the psychometric goodness and feasibility of the ADI-12 for

detecting depressive symptoms in ALS patients. The ADI-12
indeed showed high internal consistency as well as both construct
and convergent validity. According to the present results, a cut-
off of 28 is proposed for normal range.

The discrepancies reported here in detection rates between
HADS-D (11.1%) and the ADI-12 (35.3%) support the notion
that ALS-specific, motor-free tools are needed when screening
for depression in this population. In this regards, motor-related
HADS-D items were actively discussed with patients during
administration procedures—i.e., potential biases were to an
extent controlled for.

The construct underlying the ADI-12 has been originally
identified as mono-factorial—encompassing depressed mood,
lack of energy and anhedonia (9). Conversely, the present work
hints at anhedonia being separable from depressed mood and
asthenia in this population.

The lack of association between ADI-12 scores and the MMSE
suggests that depression levels as assessed by the former might
be to an extent independent from FT spectrum disorders (3).
Thereupon, the ADI-12 is likely to help clinicians differentiating
psychogenic/reactive depression from behavioral, apathy-related
symptoms in this population (20).

Moreover, the present findings do not support the
previously-endorsed notion of longer diagnostic delay and
bulbar onset/involvement as risk factors for depression
in ALS patients (21, 22). These inconsistencies are likely
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FIGURE 1 | ROC curve for ADI-12 scores as tested against the HADS-D.
ROC, receiver-operating characteristic; ADI-12, ALS Depression Inventory-12;
HADS-D, Hospital Anxiety and Depression Scale-Depression. A HADS-D > 10
was addressed as indexing depression. 88.9% of sensitivity and 69.4% of
specificity at a cut-off of 27.5 (AUC = 0.87; SE = 0.06; 95% CI [0.75, 0.98]).

to be due to the fact that, within studies reporting such
findings, psychometric measures of depression were not
motor-free (21, 22).

Finally, data here presented again support the interplay
between mood and quality of life in ALS patients (23). More
specifically, depression levels were strongly associated with a
decrease of both physical and psychological well-being but not
to the degree of perceived social support, contrarily to previous
findings (24). This latter discrepancy might be again linked to
the adoption of non-ALS-specific tools for assessing depressive
symptoms (24).
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