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Abstract To assess the association, at diagnosis, between
amyotrophic lateral sclerosis (ALS) and dementia in a large
cohort of well-characterized Italian patients. We investi-
gated the phenotypic profile of 1638 incident patients with
definite, probable or laboratory-supported probable ALS,
diagnosed from January 2009 to December 2013 in 13 Ital-
ian Referral Centers, located in 10 Italian Regions, and
classified in two independent subsamples accounting for
presence or not of dementia. The collected ALS features,
including survival and other follow-up data, were com-
pared between the two subgroups using a one-way analysis
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of variance and Chi-square test, as appropriate, logistic
regression models and Kaplan—Meier survival analysis.
Between-subgroup comparisons showed an older age at
clinical observation (p = .006), at onset and at diagnosis
(p = .002) in demented versus non demented ALS patients.
After adjustment for these variables, diagnosis of demen-
tia was significantly associated with higher odds of fam-
ily history of ALS (p = .001) and frontotemporal dementia
(» = .003) and of bulbar onset (p = .004), and lower odds of
flail leg phenotype (p = .019) and spinal onset (p = .008).
The median survival time was shorter in demented versus
non-demented patients, especially in case of classical, bul-
bar and flail limb phenotypes and both bulbar and spinal
onset. Our multicenter study emphasized the importance of
an early diagnosis of comorbid dementia in ALS patients,
which may have clinical impact and prognostic relevance.
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Moreover, our results may give further inputs to validation
of ALS-specific tools for the screening of cognitive impair-
ment in clinical practice.

Keywords Amyotrophic lateral sclerosis - Dementia -
Clinical phenotype - Survival

Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder defined by loss of motor neurons, although growing
evidence supports the multisystem extent of the disease, also
affecting extra-motor functions, even in the earlier stages [1].
In particular, the concomitant cognitive impairment, ranging
from mild cognitive or behavioural changes to frontotempo-
ral lobar degeneration (FTLD) spectrum disorder, has been
identified as prevalent in several cohorts of ALS patients,
with the diagnosis of dementia occurring in rates of about
6-15% [2—4]. Interestingly, comorbid dementia has been
associated with a shorter survival [4—7]. Furthermore, it has
been shown that, also in the absence of dementia, executive
dysfunction represents an important negative prognostic
indicator in ALS [4, 7, 8]. However, although the effects of
cognitive impairment on the survival time of ALS patients
have been explored in previous studies [4-9], the potential
effects of the association between dementia and other prog-
nostic factors, such as disease onset and phenotype, has not
been investigated in larger cohorts of ALS patients.

To fill up this gap, we performed a large multicenter
study, focusing on the association between dementia and
the clinical prognostic factors described in ALS.

Materials and methods
Patient data collection

The study has been performed in 13 ALS Italian referral
centers, located in 10 Italian Regions, with a wide expe-
rience in multidisciplinary management of motor neuron
diseases: ALS Centers of Turin, Padua, Genoa, Naples,
Modena, Lecce, Rome, NEMO Clinical Centers in Milan,

Department of Clinical and Experimental Medicine,
University of Messina, Messina, Italy

Department Biomedical Sciences for Health, University
of Milan, Milan, Italy

Department of Geriatrics, Neurosciences and Orthopedics,
Institute of Neurology, Catholic University of Sacred Heart,
Rome, Italy

Department of Neuroscience, S. Agostino-Estense Hospital,
University of Modena and Reggio Emilia, Modena, Italy

and Messina, ALS Centers of ICS Maugeri in Milan and
Mistretta, ALS Centers at San Raffaele Institute and Istituto
Auxologico Italiano in Milan [10].

The study included patients diagnosed with definite,
probable or laboratory-supported probable ALS from Janu-
ary 1st, 2009 to December 31st, 2013 according to revised
El Escorial criteria [11].

Data have been recorded into an electronic database avail-
able to all involved centers. Caring neurologists collected a
detailed phenotypic profile for each ALS patient, including
the following information: demographic data, age at onset,
clinical observation and diagnosis, gender, site and time
of onset, clinical phenotype [classic, bulbar, predominant
upper motor neuron (UMN-p), flail arm, flail leg and res-
piratory ALS] [12], presence of concomitant dementia and
family history of neurodegenerative disorders. At follow-up
the following clinical information were collected: dates of
percutaneous endoscopic gastrostomy (PEG), non-invasive
ventilation (NIV) and tracheotomy/death.

Diagnosis of comorbid Alzheimer-type dementia and
FTLD was based on New Research Criteria for the Diag-
nosis of Alzheimer disease [13] and ALS-frontotemporal
spectrum disorder (ALS-FTSD) diagnostic criteria [14]. In
particular, ALS-FTLD patients were originally diagnosed
according to consensus criteria by Strong et al. [15] (i.e.,
ALS which coexists with a frontotemporal dementia, as
defined by the Neary or Hodges criteria) and this diagnosis
has been retrospectively confirmed in all cases according
to the most recent ALS-FTSD criteria for ALS-FTD [14],
accounting for both behavioural/cognitive dysfunctions [16]
and/or language impairment. The neuropsychological bat-
tery performed allowed to evaluate five cognitive domains
(i.e., executive function, memory, language, visuospatial
skills and behaviour—for more details, see supplemental
materials).

This study was approved by the Ethical Committees of
the participating ALS centers.

Statistical analysis

Descriptive statistics of the two selected sub-samples (i.e.,
demented and non-demented patients) are reported as count
and percentage, for categorical variables, or mean and stand-
ard deviation, for continuous variables. The between-sub-
group comparisons were performed by one-way analysis of
variance (ANOVA) and Chi square (%), when appropriate.

With regard to the multivariate analysis, fifteen logistic
regression models were used to compare the risk of ALS in
demented versus non-demented patients in occurrence of:
tracheotomy (I); PEG (II); NIV (III); familial history of ALS
(IV), Parkinson’s disease (V) and FTLD (VI); and classic
(VID), bulbar (VIII), flail arm (IX), flail leg (X), UMN-p
(XI) and respiratory (XII) phenotypes, and spinal (XIII),
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bulbar (XIV), and respiratory (XV) onsets. All models were
adjusted for demographic and clinical variables, which were
significantly different by comparing the two subgroups of
patients. Moreover, the variables were included in the logis-
tic regression models using hierarchical or block-wise entry
method. The results of multivariate analysis are presented as
adjusted odds ratios (adjOR), with 95% confidence intervals
(95% CI).

Survival time was defined as time from symptoms onset
to death/tracheotomy. Univariate assessment of the survival
effect of categorical variables was carried out by
Kaplan—Meier survival analysis and equality of outcome was
assessed using the log-rank test ( ;(lf) . ). A p value < .05

—rank test

was significant. The analyses were carried out using SPSS
version 19 (SPSS Inc., Chicago, IL, USA).

Results

For this study we collected 1638 incident patients with ALS.
Table 1 shows descriptive statistics of each sub-group of
ALS patients. In particular, with regard to demographic and
clinical variables, age (at onset, diagnosis and clinical obser-
vation) was significantly higher in ALS patients with demen-
tia (n = 163), fulfilling the diagnostic criteria for ALS-FTD
[14, 15], compared to those with no evidence of dementia
(n = 1475) (Table 1). In particular, all patients met the inter-
national consensus criteria for bvFTD [16] and psychotic
symptoms, including hallucinations, delirium and aggres-
siveness, were reported in 11 patients. All patients with
ALS-FTD showed predominant frontotemporal hypometab-
olism or hypoperfusion in single photon emission computed
tomography or (18)F-fluorodeoxyglucose positron emission
tomography (PET), according to international consensus
criteria for probable bvFTD [16], although data about PET
tracer (11)C-labeled Pittsburgh Compound-B ((11)C-PIB),
specifically binding fibrillar amyloid-beta plaques, and cer-
ebrospinal fluid (CSF) markers (i.e., biomarkers of amyloid

metabolism and plaques, tau/TDP43 pathology, neuronal/
axonal degeneration and neuroinflammation/astroglial acti-
vation) were not collected and available for this study.

After adjustment for age, between-subgroup compari-
sons showed that diagnosis of dementia was associated with
higher adjORs of bulbar onset, familial history of ALS and
FTLD and lower adjORs of flail leg phenotype and spinal
onset (Table 2).

Log-rank test for equality of survival functions showed
that the median survival time in demented patients was
13 months shorter in comparison to those without demen-
tia [median survival of 29 months (95% CI 25-33) and
42 months (95% CI 39-45), respectively] (Fig. 1). These
results were confirmed when the two subgroups were strati-
fied for site of onset and phenotype, showing significant
between-subgroup differences in the median survival time
in case of classic, bulbar and flail limb phenotype (Fig. 2a—)
and bulbar and spinal onsets (Fig. 2d, e). Conversely, no
significant differences in mean survival time were observed
between the two subgroups in case of respiratory onset/phe-
notype and UMN-p variant.

Discussion

Our study, performed on a large ALS cohort coming from
the main tertiary referral centers in Italy, supports the prog-
nostic impact of comorbid FTLD in ALS patients. We
revealed that, compared to non-demented patients, newly
diagnosed ALS patients with comorbid FTLD are older, at
higher risk of bulbar onset and with shorter survival, espe-
cially in case of classical, bulbar and flail limb phenotype.
These results are mostly consistent with previous investiga-
tions [2-4, 8, 9], although the large sample size and the strat-
ification in different clinical variants are valuable aspects of
our analysis.

The described association between older age and comor-
bid FTLD, although confirming some previous evidence [4,
5], was not consistent with other investigations [3, 7, 8],

Table 1 Demographic and

Demented (n = 163) Non-demented ~ F/y? P

.. . Variables
clinical differences between the
two subsamples of ALS patients
Gender
Males
Females

Mean age at onset, years (SD)

Mean age at clinical observation, years (SD)

Mean age at diagnosis, years (SD)

Diagnostic delay, months (SD)

(n = 1475)
95 (10.6%) 801 (89.4%) 937  .333
68 (9%) 674 (91%)

67.09 (9.97) 64.20(11.32) 9775  .002

72.83 (9.972) 7029 (11.44) 7427  .006

68.12 (9.89) 6530 (11.31) 9307  .002

12.37 (11.91) 1325 (14.34) 565 452

Statistically significant results in bold

SD standard deviation
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Table 2 Phenotypes, sites

of onset, family history of
neurodegenerative diseases
and therapeutic interventions
in ALS patients with dementia
versus those without dementia

Variables Demented n (%) Non-demented 7 (%) adjOR P 95% CI

Classic phenotype
Yes 94 (57.67) 819 (55.53) 1.121 5 [.804, 1.562]
No 69 (42.33) 656 (44.47)

Bulbar phenotype
Yes 46 (28.22) 340 (23.05) 1.172 404 [.808, 1.7]
No 117 (71.78) 1135 (79.95)

Flail arm phenotype
Yes 6 (3.68) 111 (7.53) .500 .106 [.215, 1.160]
No 157 (96.32) 1364 (92.47)

Flail leg phenotype
Yes 2(1.23) 96 (6.50) .183 019 [.045, .753]
No 161 (98.77) 1379 (93.49)

UMND phenotype
Yes 13 (7.98) 93 (6.31) 1.626 125 [.874, 3.023]
No 150 (92.02) 1382 (93.69)

Respiratory phenotype
Yes 2(1.23) 16 (1.08) 942 937 [.235, 4.554]
No 161 (98.77) 1459 (98.92)

Spinal onset
Yes 91 (55.83) 1007 (68.27) .635 .008 [.453, .889]
No 72 (44.17) 468 (31.73)

Bulbar onset
Yes 70 (42.94) 442 (29.97) 1.642 004 [1.171,2.303]
No 93 (57.06) 1033 (70.03)

Respiratory onset
Yes 2(1.23) 26 (1.76) .589 476 [.138, 2.523]
No 161 (98.77) 1449 (98.24)

Familial ALS
Yes 17 (10.43) 79 (5.36) 2.343 .003 [1.337,4.105]
No 146 (89.57) 1396 (94.64)

Familial PD
Yes 4 (2.45) 60 (4.07) .602 334 [.215, 1.686]
No 159 (97.55) 1415 (95.93)

Familial FTLD
Yes 53.07) 5(0.34) 9.108 001 [2.557, 32.437]
No 158 (96.93) 1470 (99.67)

Tracheotomy
Yes 25 (15.34) 233 (15.80) 1.043 .855 [.663, 1.642]
No 138 (84.66) 1242 (84.20)

PEG
Yes 62 (38.04) 474 (32.1) 1.355 .081 [.963, 1.906]
No 101 (61.96) 1001 (67.86)

NIV
Yes 54 (33.13) 616 (41.76) 705 .05 [.499, 1]
No 109 (66.87) 859 (58.24)

Statistically significant results in bold

adjOR adjusted odds ratios, ALS amyotrophic lateral sclerosis, FTLD frontotemporal lobar degeneration,
NIV non-invasive ventilation, PD Parkinson’s disease, PEG percutaneous endoscopic gastrostomy, UMN-p
predominant upper motor neuron
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Fig. 1 Kaplan—Meier plots of survival probabilities of patients with
dementia versus those without dementia (log-rank test, p < .0001).
Black line: demented patients; dotted line: non-demented patients; +:
censored cases
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probably because of the different sample sizes examined.
To note, most studies found that older age at onset is among
the known factors for a poor ALS prognosis [17-19], signifi-
cantly impacting several clinical features, such as progres-
sion and survival time [18, 19]. However, although recently
investigated in the light of the potential interactions revealed
between intraneuronal protein aggregation and reactive neu-
roinflammation with consequent excitotoxicity and neuronal
death [20], the molecular mechanisms underlying the trig-
gering of the neurodegenerative process in the aging brain
have not been completely elucidated.

Our finding of an higher risk of comorbid dementia in
occurrence of bulbar onset is consistent with other investi-
gations [4, 21], although not all studies are in agreement on
this point [2, 3, 8]. Probably, these conflicting results may
be due to the heterogeneous cohorts of patients studied, who
have not been frequently explored for pseudobulbar symp-
toms, commonly detected in patients with bulbar impairment
and mainly related to frontal cortex dysfunctions [22, 23].
Furthermore, we found that the diagnosis of FTLD was less
frequently associated with a spinal onset of ALS. Probably,
the divergent neuropsychological patterns identified in the
two disease onsets may resemble previous neuroimaging

C

T

Survival from symptoms onset (months)
Classic phenotype median survival of 30 months
in demented patients (n=94; 95 % CI 26-34)
versus 39 months in non-demented ones (n=819;

95 % Cl 36-42) 95 % Cl 29-35)

Cumulative survival

o © 100 180 o 2 o
Survival from symptoms onset (months)
Bulbar phenotype median survival of 22 months
in demented patients (n=46, 95 % CI 17-27)
versus 32 months in non-demented ones (n=340;

T T T T
o s0 100 150

Survival from symptoms onset (months)
Bulbar onset median survival of 30 months in
demented patients (n=70; 95 % Cl 26-34) versus
39 months in non-demented ones (n=442; 95 %

Cl 36-42)

60 80 160 0 0 100 150

Survival from symptoms onset (months)
Flail limb phenotype median survival of 19
months in demented patients (n=8; 95 % CI 0-66)
versus 77 months in non-demented ones (n=207;
95 % Cl 59-95)

E .

Cum Survival

0,0

T T T T
0 50 100 150

Survival from symptoms onset (months)
Spinal onset median survival of 16 months in
demented patients (n=91; 95 % C| 24-38) and 47
months in non-demented ones (n=1007; 95 % CI
44-50)

Fig. 2 Kaplan—Meier plots of survival probabilities of patients with dementia versus those without dementia stratified by ALS phenotype (a—c)
and onset (d, e) (log-rank test, p < .0001). Black line: demented patients; dotted line: non-demented patients; +: censored cases
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evidence of a more widespread cerebral microstructural [24]
and functional [25] impairment, especially in frontotemporal
areas, in patients with bulbar onset compared to those with
spinal onset, in favour of the growing evidence of cognitive
and extramotor changes in bulbar pathology, prominently
associated with neuropathological abnormalities in brain
regions involved in speech and language processing and
characterized by atypical features, such as neurofibrillary
tangles and basophilic inclusions, not reported in cases with
spinal onset [26].

Our multivariate analysis revealed a significant increased
risk of family history of ALS and FTLD in case of ALS-
FTD, highlighting the potential role of the genetic back-
ground on influencing the risk of cognitive impairment in
ALS [27]. However, our cohort was negative for the most
common ALS-related gene mutations (i.e., the genetic panel
shared by all ALS centers included SODI, C9ORF72, TAR-
DBP, FUS) in the 90% of patients (n = 955) who have been
tested for genetics (n = 1059). Nevertheless, although these
data could suggest that a substantial genetic contribution
may be also discovered in “apparently” sporadic ALS, the
lacking information on gene mutations in a portion of the
collected patients and the genetic panel investigated, that
did not include in each center all gene mutations associ-
ated to ALS-FTD (i.e., VCP, SQTSM1, UBQLN2, TUBA4A,
MATR3, OPTN and TBK1 [28]), may explain the apparently
negativity for genetic mutations.

We also revealed that the median survival time was
shorter in case of patients with comorbid dementia in com-
parison to the non-demented ones. Moreover, stratifying
the patients for disease phenotype and onset, the median
survival time was shorter in demented versus non-demented
patients with classic, bulbar and flail limb phenotypes and
with bulbar and spinal onsets. These results confirmed previ-
ous data on the shortest survival time in case of ALS-FTD
[4-7], although we did not verify this association in all the
studied phenotypes. In particular, we did not observe a sig-
nificantly different survival time in the demented versus non-
demented patients in case of respiratory onset/phenotype and
UMN-p phenotype, respectively, characterized by the most
and less aggressive clinical course of ALS [12]. Our findings
on survival in case of respiratory onset/phenotype are only
apparently in disagreement with previous evidence regarding
the effects on survival of the association between respiratory
and frontotemporal dysfunctions [7, 17, 29]. In particular, it
was revealed that ALS patients with a frontotemporal syn-
drome had a shorter survival after NIV initiation compared
to classic ALS patients and this was attributed to the impact
of neurobehavioral disfunctions (i.e., mainly apathy, disin-
hibition or dysexecutive behaviour) on compliance to NIV
[7, 17, 29]. Probably, in our cohort of patients the lacking
evidence of different survival time in demented versus non-
demented patients with respiratory onset/phenotype may

be due to the absence of a more disease-specific analysis
of behavioural dysfunctions, proven to consistently impact
adherence to therapies and the decision-making process [29,
30]. On the other hand, the similarity of survival data in
demented versus non-demented ALS patients also in case
of UMN-p phenotype may be mainly due to the fact that in
this subset of ALS patients the prognosis has been proven to
be related to the appearance and degree of lower motor neu-
ron dysfunctions, that may cause a gradual assimilation of
this clinical phenotype to classic ALS, as also described in
primary lateral sclerosis [12, 31]. Interestingly, with regard
to the lower motor neuron predominant phenotypes (i.e.,
flail limb patients), although we observed that the flail leg
phenotype was associated with a lower risk of ALS-FTD,
it was revealed that, when FTLD co-occurred, the median
survival time of the flail limb patients resulted significantly
reduced. These findings suggest that, although patients with
this phenotype may have a longer median survival time, in
agreement with previous literature [32—-34], the potential
comorbidity with dementia, revealed in our dataset only in
a few patients (n = 8) and rarely described in this variant of
ALS [12], may significantly impact the prognosis.

The major strength of this study is the great number of
patients involved. However, our study has also some major
limitations, principally related to the multi-centric (and not
population-based) design and the retrospective nature of the
study, that may have caused sample selection bias because
of our cases ascertainment, which includes patients coming
from tertiary centers. In this regard, a recent comparison
between two ALS populations, respectively, derived from an
Italian ALS registry and from the same 13 referral centers
involved in this study, revealed that a multi-centric analysis
may cause a selection of patients with milder phenotypes
and less disability, thus characterized by a better prognosis
in comparison to those observed in the ALS population [10].
Furthermore, not all cases have been genotyped and there
was a lack of homogeneous and extensive genetic screen-
ing across the 13 ALS centers, that did not investigate all
genetic mutations associated to ALS-FTD, leaving the pos-
sibility that some cases may be related to known or unknown
genetic mutations. Patients with “possible ALS”, accord-
ing to the Revised El Escorial criteria, were not included,
thus potentially excluding patients in early stages of disease.
With regard to the differential diagnosis between Alzhei-
mer’s disease and FTLD, (11)C-PIB PET and CSF data were
not available. Finally, we did not evaluate the correlations
potentially existing between the clinical and prognostic fac-
tors studied and the scores derived from the examination
of each cognitive and behavioural domain because of some
inhomogeneity in the neuropsychological tools used by the
different ALS centers, given the retrospective design of our
analysis. In particular, at the time of data collection, neu-
ropsychological tools specifically designed for screening
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ALS populations in clinical and research settings, such as
ALS cognitive behavioural screen (ALS-CBS) [35], which
assesses mainly the executive domain, and Edinburgh cog-
nitive and behavioural ALS screen (ECAS) [36], designed
to assess heterogeneous cognitive involvement, were not
still available. However, the battery administered included
evaluation of (semantic and phonemic) verbal fluency with
the estimation of fluency indices [37], that, together with
Stroop executive factor [3] and trail making test B-A [38],
allow to control for either limb or speech motor disability,
thus decreasing the potential effects of the physical aspects
of the disease on cognitive performances. Moreover, with
regard to the evaluation of behavioural disturbances, we used
tests (i.e., Frontal Behavioural Inventory, Frontal Systems
Behaviour scale and UCLA Neuropsychiatric Inventory;
see Supplemental Materials S1) that comprised components
unable to accommodate for physical disability, thus exag-
gerating behavioural change, instead of other more recently
validated disease-specific instruments [39, 40]. Finally, we
did not include information on mood assessment because not
available in most patients.

In conclusion, our findings on a large cohort of newly
diagnosed ALS patients corroborated the evidence that
information on cognitive impairment could further supple-
ment the clinical characterization of ALS patients from the
early stages, integrating the current phenotypic evaluation
and, thereby, leading to potential improvements both in real
life and in clinical trials.
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