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Abstract

Chiari Malformation type I (CM-I) is a neurological disorder characterized by a displacement of the cerebellar tonsils through the
foramen magnum into the spinal canal. Most research has focused on physical symptomatology but few studies include neuro-
psychological examinations. Moreover, although current research highlights the involvement of the cerebellum on higher
cognitive functions, little is known about cognitive consequences associated with CM-1. The aim of this study is to analyze
cognitive functioning between 39 CM-I patients and 39 healthy controls, matched by gender, age and years of education.
Participants have been examined on a large battery of neuropsychological tests, including executive functioning, verbal fluency,
spatial cognition, language, verbal memory, processing speed, facial recognition and theory of mind. Results show a poorer
performance of the clinical group compared to the control group, even after controlling the effect of physical pain and anxious-
depressive symptomatology. The findings suggest the presence of a generalized cognitive deficit associated with CM-1, which

makes it necessary to focus attention not only on physical consequences, but also on cognitive ones.
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Introduction

The Chiari malformation (CM) is a pathology, usually con-
genital, that is included in the malformations of the posterior
fossa of the skull and whose main characteristic is an ectopy of
the cerebellar tonsils [1]. It was initially described by John
Cleland in 1883; however, its classification is attributed to
the Austrian pathologist Hans von Chiari in 1891. In addi-
tion to the four typologies proposed by Chiari (I, I, III
and 1V), the current diagnosis of CM includes two more
subtypes (0, 1.5) [2-4].

The present study evaluated a sample of patients with Chiari
malformation type I (CM-I). CM-I is characterized by a herni-
ation of the cerebellar tonsils greater than 5 mm through the
foramen magnum, which invades the spinal canal and
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generates compression in the craniocervical area. It is usually
associated to the presence of syringomyelia, although it is not
frequently found with severe intracranial alterations [1].

Its prevalence rates are not clear, it is estimated to occur ata
range of 1/1000-5000 cases [5] and with a higher prevalence
among women [6]. Regarding the CM-I symptomatology, it is
necessary to point out that there is great variability among
patients, ranging from asymptomatic cases to cases with a
severe clinical symptomatology. Typically, onset occurs at
the age of 30, although it may fluctuate between periods when
symptoms are accentuated and periods when symptoms sub-
side [7]. The most frequent symptoms include headaches and
pain, mainly in the cervical region, sensory alterations and
limb weakness, visual impairment and balance problems, to-
gether with other symptoms derived from the compression of
the cranio-cervical and brainstem area [8, 9]. In relation to
treatment, if it is not controlled through pharmacological ad-
ministration, a surgical intervention to decompress the poste-
rior fossa is the most frequent choice [10]. Despite advances in
the understanding of CM-I, most studies have focused on its
description from a clinical or surgical perspective, and studies
that include the cognitive symptomatology associated to CM-I
are scarce.
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In recent decades, there has been a growing interest in the
consideration of the cerebellum as a structure whose function
exceeds motor regulation and coordination. Ever since the
publication of studies such as Leiner, Leiner and Dow [11],
who proposed the involvement of the cerebellum in higher
cognitive functions, this argument has become widely accept-
ed [12, 13]. Anatomical data [14-16], neuroimaging studies
[17, 18] and the presence of cognitive deficits in different
disorders that occur with cerebellar abnormalities [19] support
this idea.

Undoubtedly, the publication that marked a turning point in
this respect was that of Schmahmann and Sherman [20], in
which authors coined a new entity known as the “Cerebellar
Cognitive Affective Syndrome” (CCAS). According to it, in-
dividuals affected by cerebellar pathologies present a clinical
symptomatology characterized by alterations at four levels: (i)
executive functioning; (ii) spatial cognition; (iii) changes in
personality; and (iv) language impairment.

Schmahmann and Sherman’s [20] study was followed by
numerous articles in which the connection between the cere-
bellum and different cognitive functions was highlighted, in-
cluding verbal fluency [21], working memory [22], visuo-
spatial processing [23], sequencing [24], emotional processing
[25], executive function [26], attention [27], language [28],
memory [29], and social cognition [30].

Although scientific research in this respect has increased,
there are few studies that can be found in the literature on the
cognitive symptomatology associated with CM-I. In one of
the most recent and explicit works on this subject, Allen
et al. [31] performed a neuropsychological evaluation on a
sample of adults suffering from CM-I, in which they found
that the deficit in the response inhibition ability was main-
tained, even after controlling the effect of anxious-
depressive symptomatology. Another outstanding publication
is that of Kumar et al. [32], as it is the first study to evaluate
cognitive performance in a sample of patients suffering from
CM-I and its correlation with measurements obtained through
diffusion tensor imaging (DTTI). In this study, the authors com-
pared fractional anisotropy (FA), mean diffusivity (MD), ra-
dial diffusivity (RD) and axial diffusivity (AD) values in deep
gray and white matter, between patients and controls. They
found decreased FA together with increased MD in putamen,
genu, splenium and fornix, comparing these results with a
control group. Moreover, they also observed RD significantly
increased in fornix and cingulum along with AD increased in
putamen, thalamus and fornix. Based on their findings, they
also posed the possibility that CM-I might present a deficit in
myelination and, therefore, an abnormal development of the
cerebellar white matter. This could be congruent with the pres-
ence of a lower cognitive performance in this group.

In other studies with children, evidence has also been found
in favor of the presence of cognitive difficulties. Riva and
colleagues [33] emphasized the importance of taking into

account the cognitive symptomatology derived from CM
and its influence in the developmental period. Novegno
et al. [34] observed a deficit in language skills present in
50% of their sample with CM-I. Difficulties in executive func-
tioning have also been reported in Lacy and colleagues’ [35]
study, where the presence of these problems was assessed
through self-reports completed by parents.

Despite these findings, there is still insufficient evidence to
analyze the neuropsychological profile associated with CM-I
from a global perspective. The main objective of this study is
to compare the cognitive performance between two groups:
CM-I patients and healthy controls. To this end, a large battery
of neuropsychological tests was administered to assess wheth-
er congruence with CCAS exists, including executive func-
tioning, verbal fluency, spatial cognition and language, in ad-
dition to analyzing performance on other cognitive domains
considered in the literature about cerebellum such as verbal
memory, processing speed, facial recognition and theory of
mind. Unlike Allen et al. (2014), patients who had not under-
gone surgical decompression treatment of the posterior fossa
were selected in order to avoid the possible influence of this
variable on the results. As it is common for this pathology to
present anxious-depressive symptomatology and pain symp-
toms [36], its effect on test performance has also been con-
trolled for through statistical methods.

Method
Participants

The sample included a total of 78 participants divided into two
groups. The clinical group was composed of 39 adults with
CM-I of genetic origin (not surgically treated) recruited by
convenience through the Friends of Arnold-Chiari National
Association (Asociacion Nacional de Amigos de Arnold-
Chiari, ANAC) and the Chiari and Syringomyelia
Association of Asturias (Asociacion Chiari y Siringomielia
del Principado de Asturias, ChySPA). They were not specifi-
cally candidates for surgery at the moment the study was car-
ried out which does not mean that this condition would remain
in the future. None of the patients of this group had hydro-
cephalus nor other specific craniocervical malformations.
Regarding underlined symptomatology, patients reported
headache (low frequency (LF): 17.9%, high frequency (HF):
82,1%), dizziness (no presence: 5.1%, LF: 33.3%, HF:
61.5%), muscle pain (LF: 15.4%, HF: 84.6%), muscle weak-
ness (no presence: 2.6%, LF: 23.1%, HF: 74.3%) and trouble
sleeping (no presence: 10.3%, LF: 25.6%, HF: 64.1%). The
second group was composed of 39 healthy controls, recruited
among volunteer participants (none of them were relatives of
clinical group), and matched by gender, age, and years of
education. Sample recruitment took place between 2014 and
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2017. Socio-demographic and clinical data are shown in
Table 1. There were no statistically significant differences be-
tween the two groups with respect to gender, x°(1)=0, p=1;
age, t=0.066, p=0.948; nor years of education, t=-0.578,
p=0.565.

The inclusion criteria for the study were being over 18 years
of age, residing in Spain, using Spanish as their primary lan-
guage of communication, having fulfilled the informed con-
sent document prior to the assessment, having a diagnosis of
Chiari malformation type I [Q07.01] confirmed by a neurosur-
geon and having a magnetic resonance test confirming CM-L

Exclusion criteria for this study included having any other
neurological, psychological or psychiatric diagnosis not sec-
ondary to Chiari Malformation diagnosed according to ICD-
10 criteria, suffering from illiteracy and/or having uncompen-
sated sensory deficits that could impede the administration of
the assessment protocol.

Despite not being considered an exclusion criterion, it was
ensured that participants were not under any pharmacological
treatment likely to affect their cognitive performance.
Regarding the control group, the inclusion and exclusion
criteria were the same, except for the specific CM-I-related
criteria.

All members of the sample participated in the study volun-
tarily, signing an informed consent document, in compliance

Table 1  Distribution of the sample according to sociodemographic and
clinical characteristics

Clinical group Control group
(n=39) (n=39)
M (SD) M (SD)

Sociodemographic data
Gender

32 females (82.1%)

32 females (82.1%)

7 males (17.9%) 7 males (17.9%)

Age 45.59 (11.99) 4551 (12.07)
Years of education 13.13 (2.74) 13.49 (2.75)
Clinical data
Diagnosis

CM-1 29 (74.4%)

CM-I + Syringomyelia 10 (25.6%)
Diagnosis delay®

<1 month 4 (10.25%)

1-6 months 4 (10.25%)

6-12 months 3(7.7%)

1-2 years 3(7.7%)

> 2 years 25 (64.10%)

Diagnosis ageb (years)

Tonsillar herniation (mm)

3821 (10.61)
8.51 (4.81)

Diagnosis delay refers to the elapsed time between the onset of symp-
toms and the diagnostic confirmation

® Diagnosis age refers to the average age in which diagnosis is confirmed
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with the Organic Law 15/99 of 13th December of Spanish
Law regarding the Protection of Personal Data and the
Declaration of Helsinki (Edinburgh, 2000).

Instruments

Participants completed a large battery of neuropsychological
tests, along with self-administered questionnaires to assess the
presence of neuropsychiatric symptomatology. All tests ful-
filled adequate reliability and validity criteria, as well as hav-
ing a corresponding adaptation with Spanish samples.

Neuropsychological Assessment

Executive funtion: the Zoo Map subtest from the Behavioral
Assessment of the Disexecutive Syndrome (BADS - [37]; span-
ish version [38]), the Backward Digit Span test from the
Wechsler Adult Intelligence Scale-IV (WAIS-IV - [39]; spanish
version [40]), and the color-word and interference score from
the Stroop test [41] (spanish version [42]) were used. A com-
posite with the total score of these tests was elaborated as an
indicator for this cognitive domain.

Verbal fluency: the Controlled Oral Word Association Test
(F-A-S) [43, 44] and a semantic verbal fluency test
(“Cooking”-“Animals™) [43, 44] were administered. A com-
putation of the total of the two tests was used as a global
indicator of verbal fluency.

Spatial cognition: The Rey-Osterrieth Complex Figure test
(ROCEF - [45, 46]; spanish version [47]) was used as a measure
of visuospatial, visuoconstructive and visual memory ability.

Language: The Boston Naming Test (BNT - [48]; spanish
version [49]) was administered.

Verbal memory: the Spain-Complutense Verbal Learning
Test (TAVEC) [50] was administered. As an indicator of the
domain, the verbal learning, the short-term recall and the long-
term recall scores were used. The recognition ability was
assessed separately.

Processing speed: the Symbol Digit Modalities Test
(SDMT - [51]; spanish version [52]) was used to assessed it.

Facial Recognition: The Benton Facial Recognition Test
([53]; adapted version [54]) was used for neutral faces; and
the Facially Expressed Emotion Labeling test (FEEL - [55];
adapted version [56]) was used for emotionally expressive
faces.

Theory of mind: it was assessed through the Happé’s
Strange Stories test, which assesses the ability to comprehend
nonliteral utterances ([57]; adapted version [58]).

The presence of anxious-depressive symptomatology was
assessed through the Hospital Anxiety and Depression scale
(HAD - [59]; adapted version [60]) and the presence of phys-
ical pain intensity was assessed through the Visual Analogue
Scale from 0 (no pain) to 10 (pain as bad as it could be)
(VAS - [61, 62]).
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Procedure

The recruitment was carried out contacting by email and
telephone with aforementioned organizations. The patients
who were interested in participating were informed of the
study. If they met the established criteria, they were includ-
ed and called for the assessment. The protocol was adminis-
tered in individual sessions guided by a neuropsychologist,
with a duration of 1.5 h. All tests were administered in pencil
and paper format, except for the FEEL test, which is comput-
erized. After a briefinterview in which sociodemographic data
and clinical history were collected, each participant performed
the neuropsychological tests indicated above, and ended the
session by completing the self-administered questionnaires.
Both, the clinical and the control group were administered
the same tests.

Statistical Analysis

The statistical analyses were carried out using the Statistical
Package for Social Sciences (SPSS), version 23.0. The normal
distribution of the sample was tested with Kolmogorov-
Smirnov test. Raw scores were converted into z scores to run
the analyses. Differences between groups regarding socio-
demographic data were tested with Student 7 test for quanti-
tative variables, and chi-squared test for categorical variable.
The associations between variables were analyzed using
Pearson’s R test.

Differences between groups regarding cognitive tests
were tested with Student 7 test for parametric variables
and Mann-Whitney U test for non-parametric variables.
Effect sizes were calculated according to Cohen’s d meth-
od. Analysis of variance (ANOVA) with post hoc multiple
comparisons (Bonferroni test) was used to compare perfor-
mance on cognitive tests between those cases of CM-I with
syringomyelia and those without. In order to obtain more
powerful measures of cognitive domains, composite scores
were calculated for executive functioning, verbal fluency
and verbal memory. These scores were calculated grouping
the included indicators of each domain after raw scores
were converted into z-values. Before this procedure, the
positive correlation among included measures for each
cognitive domain was confirmed. The internal consistency
of each created composite was examined by the Cronbach’s
alpha coefficient. Analysis of covariance (ANCOVA) was
used to analyze if the physical pain intensity and anxious-
depressive symptomatology could explain the differences
between groups on cognitive tests. Effect sizes were
established based on partial eta squared indicator.
Significance levels are reported using false discovery rate
(FDR) in order to maximize statistical power and report
stringent p value correction (threshold: FDR-corrected p values
<0.05).

Results

The scores obtained by both groups in the neuropsychological
tests are shown in Table 2. As can be observed, there was a
generalized cognitive deficit in the clinical group compared to
the control group, except for the time in the Zoo Map task, coy
time in the ROCF, verbal recognition and the FEEL Test,
whose differences were not statistically significant after FDR
correction. Furthermore, taking into account the effect size,
the magnitude of the differences found between both groups
ranged between moderate and high values.

Moreover, it is noteworthy that no correlation was found
between the millimeters of amygdala descent (tested by a neu-
rosurgeon) and performance on cognitive tests analyzing
scores converted into z-values: executive functioning (r =
0.02, p=0.935), verbal fluency (r=—0.17, p=0.462), copy
accuracy (r=0.02, p =0.930), copy time (»=0.34, p =0.052),
visual memory (r =—0.06, p =0.743), language (r=0.01, p =
0.951), verbal memory (»=-0.03, p =0.859), recognition
(r=-0.26, p=0.145), processing speed (r=10.09, p =0.625),
facial recognition (»=0.12, p =0.506), emotional facial rec-
ognition (r=0.32, p=0.068) and theory of mind (r=0.01,
p =0.985); nor with physical (physical pain: »=0.02, p=
0.929) or psychological symptomatology (anxious-depressive
symptomatology: »=0.19, p=0.283). In addition, no differ-
ences in performance were found in the clinical group be-
tween those cases of CM-I with syringomyelia and those with-
out, analyzing scores converted into z-values: executive func-
tioning (—0.16 [SE=0.25] vs —0.49 [SE=0.17], p =0.969),
verbal fluency (—0.67 [SE=0.36] vs —0.34 [SE=0.13], p=
1), copy accuracy (—0.48 [SE=0.50] vs —0.26 [SE=0.20],
p=1), copy time (0.30 [SE=0.35] vs 0.22 [SE=0.23], p=
1), visual memory (—0.46 [SE=0.36] vs —0.59 [SE=0.17],
p=1), language (0.22 [SE=0.22] vs —0.60 [SE=0.27], p=
0.215), verbal memory (—0.19 [SE=0.27] vs —0.53 [SE=
0.18], p=0.785), recognition (—0.29 [SE =0.48] vs —0.32
[SE=0.23], p=1), processing speed (—0.55 [SE=0.35] vs
—0.49 [SE=0.19], p=1), facial recognition (—0.15 [SE=
0.29] vs —0.51 [SE=0.23], p=0.838), emotional facial rec-
ognition (0.03 [SE=0.30] vs —0.24 [SE=0.21], p=1) and
theory of mind (—0.86 [SE =0.30] vs —0.63 [SE=0.16], p=
D).

In relation to the anxious-depressive symptomatology, the
differences between the clinical group (M = 19.62, SD = 8.18)
and the control group (M =9.54, SD =5.43) were statistically
significant (= 6.408, p < 0.001). Taking into account physical
pain, statistically significant differences were also found (U=
184.0, p<0.001).

Since the latter two are variables that can influence cogni-
tive performance, their effect was controlled through a covari-
ance analysis (ANCOVA). This analysis was performed in the
eight cognitive domains evaluated, having previously created
a composite score with the tests described in the section
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Table 2 Clinical and control group performance on cognitive tasks

Clinical group Control group Z scores Effect size
n M (SD) n M (SD) Vo0 p (FDR corrected) d
Executive functioning
Zoo map
Total score 25 5.28 (2.88) 25 7.40 (1.04) —3.462 0.005%* 0.97
Total time 25 125.42 (79.54) 25 93.60 (64.84) 1.470 0.195 -
(execution + planning)
Digit Backward 39 5.82 (2.26) 39 8.87 (2.61) —5.524 <0.001%* 1.25
Stroop (CW) 38 40.34 (10.08) 39 50.64 (9.59) —4.59%4 <0.001" 1.05
Verbal fluency
FAS 25 37.76 (10.78) 25 47.72 (12.89) —2.963 0.010%* 0.84
Animals + Kitchen 25 38.04 (7.83) 25 49.04 (9.59) —4.442 <0.001#* 1.26
Spatial cognition
ROCF
Copy accuracy 39 31.17 (5.37) 39 33.92 (2.48) —2.909 0.010%* 0.66
Copy time 39 167.79 (71.79) 39 138.26 (46.69) 2.145 0.064 -
Visual memory 39 14.14 (6.61) 39 21.79 (4.66) —5.910 <0.001%* 1.34
(immediate recall-3 min)
Language
BNT 25 23.76 (4.97) 25 27.56 (2.55) —3.402 0.005%* 0.96
Verbal memory
SPVLT
Verbal learning 39 41.38 (11.43) 39 51.33 (7.39) —4.565 < 0.001%* 1.03
Short term free recall 39 8.87 (3.15) 39 11.77 (2.38) —4.587 <0.001%* 1.04
Short term cued recall 39 9.72 (2.94) 39 12.56 (2.14) —4.883 <0.001%** 1.10
Long Term Free Recall 38 9.10 (3.28) 39 11.97 (2.49) —4.348 <0.001%* 0.99
Long term cued recall 38 10.13 (2.88) 39 12.43 (2.31) —3.877 < 0.001%* 0.88
Recognition 38 13.55 (2.56) 39 14.79 (0.97) 553.0 0.083 -
Processing speed
SDMT 35 41.46 (12.12) 39 53.36 (10.04) —4.617 < 0.001%* 1.07
Facial recognition
Benton Test 39 44.69 (6.48) 39 49.36 (3.11) —4.057 < 0.001%** 0.92
FEEL Test
Total score 38 34.29 (5.45) 39 36.03 (4.82) —1.481 0.195 -
Fear 4.45 (1.98) 5.10 (1.57) -1.610 0.168 -
Happiness 6.68 (0.78) 6.72 (0.76) 719.0 0.793 -
Surprise 6.37 (0.79) 6.62 (0.63) 615.5 0.195 -
Disgust 5.32 (1.89) 5.41 (1.93) 694.5 0.686 -
Sadness 5.05 (1.68) 5.79 (1.54) 511.0 0.031" 0.46
Anger 6.42 (1.15) 6.38 (0.85) 670.5 0.456 -
Total time 38 2.34 (1.04) 39 2.07 (0.78) 1.279 0.260 -
Fear 2.76 (1.22) 2.31(0.78) 1.768 0.127 -
Happiness 1.86 (1.04) 1.49 (0.97) 1.872 0.107 -
Surprise 2.12 (1.14) 1.83 (0.64) 1.239 0.268 -
Disgust 2.47 (1.30) 2.39 (0.90) 0.246 0.831 -
Sadness 2.63 (1.32) 2.28 (1.42) 1.336 1 -
Anger 2.20 (1.22) 2.12 (0.95) 0.314 0.370 -
Theory of mind
Happé's Strange Stories 39 9.67 (2.89) 39 14.21 (1.79) —8.320 < 0.001%* 1.89

Note. The number of cases included in each task is not equal because some tests were included after the beginnig of the recruitment process. * T = Student
T test; U = Mann-Whitney U test

#p<.05; #p <001

“Instruments” for executive functioning (aw=0.73), ver-  of its lack of proper internal consistency. The results are
bal fluency (a=0.85) and verbal memory (a=0.97), shown in Table 3.
which yielded good internal consistency. The composite According to Table 3, after controlling and eliminating the

score for spatial cognition was not created on account  effect of the physical pain and the anxious-depressive
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Table 3 Clinical and control
group performance on cognitive
tasks after controlling the effect of
physical pain and anxious-

Clinical group

Control group

Physical pain and axious-depressive
symptomatology covariates

2

depressive symptomatology M (SD) M (SD) F p (FDR corrected) 17,
Executive functioning —0.43 (0.75) 0.46 (0.60) 525 0.039* 0.10
Verbal fluency —0.40 (0.63) 0.40 (0.73) 4.66 0.045* 0.09
Spatial cognition
ROCF
Copy accuracy -0.31(1.22) 0.31 (0.57) 4.22 0.048%* 0.05
Visual memory —0.56 (0.96) 0.56 (0.68) 13.13 0.003* 0.15
(immediate recall- 3 mins)
Language
BNT —0.44 (1.14) 0.44 (0.59) 5.38 0.038* 0.07
Verbal memory —0.44 (0.94) 0.45(0.71) 1496  <0.001%* 0.17
Processing speed
SDMT —0.50 (0.97) 0.45 (0.80) 11.23 0.003* 0.14
Facial recognition
Benton Test —0.42 (1.16) 0.42 (0.55) 6.98 0.020* 0.09
FEEL Test-Sadness —0.23 (1.02) 0.22 (0.94) 220 0.143 0.03
Theory of mind
Happe’s Strange Stories —0.69 (0.88) 0.69 (0.54) 31.06 < 0.001** 0.30
*p <.05; **p <.001
symptomatology on performance on cognitive tests, the dif- Discussion

ferences between groups obtained in the initial analysis were
eliminated for the response accuracy in emotional facial rec-
ognition of sadness.

Therefore, despite eliminating the effect of possible covar-
iates on the cognitive performance of both groups, differences
between the CM-I group and the control group were observed
in nine of the initially proposed variables (Fig. 1). The results
are included in Table 3 along with the corresponding effect
size for each variable. As an additional illustrative example,
Fig. 2 shows the execution of two patients with CM-I in the
ROCEF. Some visuospatial disorganization is noticed in the
precision of copy, as well as a poor execution in visual
memory.

Fig. 1 Cognitive profiles of
clinical (CM-I) and control group

Theory of Mind 0.5

Z Scores

Processing Speed

Facial Recognition

In this study, the cognitive performance of a group of 39 adults
with CM-I (not surgically treated) was compared to that of 39
healthy controls, matched by gender, age, and years of educa-
tion. The findings indicate that people diagnosed with CM-I
show a significantly lower cognitive performance, once the
effect of physical pain and anxious-depressive symptomatol-
ogy is controlled for, in the following domains: executive
functioning, verbal fluency, copy accuracy, visual memory,
naming ability, verbal memory, processing speed, facial rec-
ognition and theory of mind.

The findings of the present study coincide with the data
provided by Kumar et al. [32]. These authors, using DTI and
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Fig.2 A 56-year-old man (1) and
a 46-years-old woman (2) with
CM-I performance on ROCF.
According to Osterrieth (1944),
the copy model on both cases
corresponds to the IV category
(details juxtaposition). a Copy
accuracy. b Immediate recall

(3 min)

2-B

neuropsychological assessment tests, found that the group of
adults with CM-I performed worse in executive functioning,
visuospatial ability and visuomotor velocity, which was repli-
cated in the present study’s results.

However, unlike Kumar et al.’s [32] article, the present
study did not administer neuroimaging tests that would allow
to associate the observed cognitive deficit with the cerebellar
alteration of CM-I in a conclusive way. Nevertheless, although
there has been no research investigating this pathology in this
specific way, there are studies confirming the involvement of
the cerebellum in higher cognitive functions, the main cause
of which is attributed to cerebro-cerebellar circuitry [26].

The cognitive domains in which the evaluated CM-I group
yielded a poorer performance require functions typically as-
sociated with the cerebral cortex. Thus, it is likely that CM-I
implies a failure in the cortico-cerebellar connectivity. This
fact was pointed out by Schmahmann and Sherman [20] as
justification for the presence of CCAS, suggesting that there is
a deficit in the connection with the prefrontal cortex, posterior
parietal, temporal superior and limbic areas. At the same time,
there are other evidences of the connection between the cere-
bellum and the prefrontal lobe (executive functioning), the
frontal lobe (phonological verbal fluency), the temporal lobe,
including the hippocampus and the amygdala (verbal fluency,
verbal memory, facial recognition), the parietal lobe (visuo-
spatial skills), mainly with the intraparietal area, from which a
complex connective network is established that has links lead-
ing to the premotor cortex (visuoconstructive skills) and areas
of the parahippocampal region [15, 25, 27, 63].

In the results obtained in the present study, while executive
functioning, verbal fluency, spatial cognition, naming ability,
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processing speed and facial recognition show a clear deficit,
the most significant differences between the clinical group and
the control group were in its performance on verbal memory
test and the theory of mind task (according to p values adjust-
ed using FDR correction; p <0.001). However, the highest
effect size was found in the Happe’s Strange Stories task.
This task involves a complex network of brain structures;
however, the role played by the frontal lobe, with which the
cerebellum has intense connections, is emphasized. To date,
there are no studies evaluating this cognitive domain among
the CM-I population, although difficulties have been reported
in interpreting the mental states of others in cerebellar disor-
ders such as spinocerebellar ataxia [64]. Moreover, patholo-
gies such as autism or schizophrenia that have clear deficits in
theory of mind, in turn, present structural abnormalities in the
cerebellum [65-67]. Despite these findings, it is noted that a
single test does not allow one to reach firm conclusions, how-
ever, it can establish indications for future research lines.
Regarding emotional facial recognition, this domain seems
to be spared in the CM-I patients because no differences were
found between the two groups. However, studies such as
Ferruci et al.’s [68], in which transcranial magnetic
stimulation was applied to a sample of 21 healthy con-
trols, conclude that the cerebellum is involved in the
processing of negative facial expressions. Similarly, the
results of the present study do not coincide with those
found for a group of individuals suffering from
spinocerebellar ataxia, which showed worse facial rec-
ognition of emotions, both for basic and social emotions
[69]. In any case, further studies are needed to obtain
conclusive results in this regard.
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Although the evidence of publications that present cortical-
cerebellar connectivity as a source involved in cognitive func-
tioning is firm, it is not enough to attribute the cause of the
cognitive profile associated with CM-I to this phenomenon.
However, recent publications have led to the development of
new hypotheses based on microstructural damages present in
patients with CM-I. On the one hand, it could be due to the
abnormalities in the white matter tracts demonstrated by
Kumar et al. [32]. These findings suggest that cortical
deafferences may occur as in other cerebellar lesions, thus
generating difficulties in cognitive functioning [15]. In a study
with children in which DTI was also used, alterations in the
cerebellar tissue were found, concluding that the middle cere-
bellar peduncle is compromised in CM-I, with this structure
giving rise to corticopontocerebellar afferents [70, 71]. On the
other hand, it can also be considered to be caused by the
pressure exerted by the descent of the cerebellar tonsils into
the brainstem region [72]. In addition, two recent studies by
Akar and colleagues [73, 74] showed that a group of patients
with CM-I yielded differences in their white and gray matter
of cerebellar tissue, as well as differences in the cerebrospinal
fluid values compared to a group of healthy controls. This
could also be related to the cognitive deficit observed, how-
ever, these authors did not include this variable in their study.

Regarding the shared variables between this study and the
CCAS described by Schmahmann and Sherman [20], the re-
sults obtained for executive functioning, verbal fluency, spa-
tial cognition (copy accuracy and visual memory) and naming
ability could support the presence of this syndrome in CM-I
patients. Both analyzing the intergroup differences and con-
trolling for the effect of the covariates, CM-I patients show a
lower cognitive performance on these domains. In fact, Kraan
[75] included CM-I as one of the disorders in which CCAS
can develop. According to Tedesco et al. [76], one of the
possible reasons for this profile is that damage in the cerebel-
lum is congruent with the appearance of a generalized nega-
tive effect over cognition which leads to a less efficient func-
tioning. However, taking into account the topography of each
particular pathology, the syndrome would manifest itself fol-
lowing different patterns but without eluding common as-
pects. These authors also add sequencing as a process trans-
verse to other cognitive processes, and identify this function as
something specific to cerebellar damage. In the present study,
results regarding verbal memory, processing speed, facial rec-
ognition and theory of mind suggest that these domains could
be included as areas also involved in the cerebellar cognitive
profile.

Considering the evidence provided by the literature togeth-
er with the results obtained in the present study, the implica-
tion of the cerebellum in cognitive functioning is undoubted.
However, regarding what the role of the cerebellum is, there
are still some issues that remain unresolved. The most widely
accepted hypothesis in the literature is the one proposed by

Schmahmann [77] as “dysmetria of thought”, according to
which the cerebellum would play a role as modulator or co-
ordinator, not only in motor functions, but also extending to
cognitive processing. Thus, those individuals with cerebellar
abnormalities, especially in the posterior lobe area, would
have difficulties at this level [78, 79]. The findings obtained
in the present study support this idea and also suggest the
possibility that this “dysmetria of thought”, which would lead
to the manifestation of CCAS, is present in CM-1.

Regarding the limitations of the study, it is necessary to
point out that the included sample, besides not having been
conformed by random sampling, does not have an equivalent
gender distribution. There is little representation of males,
which may compromise the generalizability of the results.
However, it seems reasonable as, according to epidemiologi-
cal data, this pathology has a higher prevalence among wom-
en. Another limitation about the sample concerns about the
provenance of patients. They have been recruited from differ-
ent organizations and it could be a bias, however, they are all
supervised by neurosurgeons and neurologists.

Furthermore, only patients with CM-I who had not under-
gone decompression surgery were included in the present
study, although the fact of having been exposed to this treat-
ment could influence the conclusions. In addition, although
the neuropsychological evaluation consists of a comprehen-
sive test protocol, neither specific instruments have been in-
cluded to assess sequencing, which is associated with the cer-
ebellum, nor specific test to assess premorbid intellectual
functioning. Another limitation is that this is a cross-
sectional study, which does not offer the possibility of analyz-
ing whether there is an evolution of cognitive symptoms dur-
ing the course of the disease. These aspects should be ad-
dressed in future research in order to provide new evidence
and reinforce these findings.

Conclusion

The results obtained in the present study suggest that CM-I
courses with cognitive symptomatology once the effect of
anxiety, depression and physical pain symptoms have been
controlled. Moreover, these findings are congruent with the
cognitive profile associated with cerebellar pathologies and
provide evidence on the implication of this structure in cogni-
tive functioning and the importance of cortical-cerebellar con-
nectivity in this functioning. This fact makes it necessary to
focus attention not only on surgical treatment or physical
symptomatology, but also on the cognitive consequences as-
sociated with CM-I, leading to a global and interdisciplinary
approach.
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