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Abstract: Introduction: Cholinergic dysfunction has been proposed to play a role in autistic symtomatology. However, to 
date, its structural correlates are poorly understood.  

Methods: Twenty-five low-functioning, non-verbal males with Autism Spectrum Disorders (ASD) and 25 controls were 
enrolled in the study. All underwent MR T1-weighted 3D Structural Imaging and Diffusion Tensor Imaging. Grey and 
white matter components of the Meynert’s Nucleus Complex were then identified on MR images, and both grey matter 
density and white matter mean Fractional Anisotropy in the Meynert’s Nucleus region of interest were quantified for each 
subject. Non-verbal IQ was assessed in all subjects with ASD. 

Results: We showed reduced white matter Fractional Anisotropy in the bundles surrounding the Meynert’s Nucleus in 
ASD subjects compared to controls. Fractional Anisotropy in these bundles was positively associated with non-verbal IQ, 
independently from whole brain white matter mean Fractional Anisotropy. ASD subjects did not show significant 
abnormalities in Meynert’s Nucleus grey matter density.  

Conclusions: Our findings suggest that white matter abnormalities in the Meynert’s Nucleus might be involved in the 
cholinergic deficits of ASD.  
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INTRODUCTION 

Autism Spectrum Disorders (ASD) are 
neurodevelopmental syndromes characterized by 
persistent deficits in social communication and social 
interaction and by restricted, repetitive patterns of 
behaviour, interests, or activities, causing clinically 
significant impairment in social, occupational, or other 
important areas of functioning [1]. While the biological 
bases of ASD are only partially understood, a wide 
range of experimental and clinical observations 
suggest that cholinergic system alterations could be 
involved in these disorders [2-7]. That is why some  
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authors have proposed that the nicotinic cholinergic 
system might be involved in the pathogenesis of ASD 
[8]. Pathologic studies have indeed highlighted that 
nicotinic acetylcholine receptor subtypes are altered in 
brain of autistic individuals. In fact, individuals with ASD 
often show altered sensory processing, which could be 
one of the underlying reasons of its core symptoms. 
These observations led to examine the role of the 
nicotinic cholinergic system on social and repetitive 
behavior abnormalities and exploratory physical activity 
in models of autism [5]. Several of findings support 
therefore the hypothesis that the nicotinic cholinergic 
system modulates social and repetitive behaviours and 
that it might become in future a possible therapeutic 
target to treat behavior deficits in ASD.  

In addition, some researches have suggested that 
cholinergic activity might also play a role in cognitive 
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processes, such as attention, which are often altered in 
this population [9]. It has been therefore proposed that 
the attentional deficits observed in ASD might be linked 
to disruptions of the cholinergic modulation by acting 
on local cortical microcircuits to disconnect 
spontaneous activity. Defects in this mechanism might 
represent endophenotypes that could link diverse 
genetic and developmental disruptions to attentional 
deficits in ASD [10]. 

Notwithstanding these speculations, it has not been 
fully clarified yet which specific circuits’ abnormalities 
might affect the cholinergic system of subjects with 
ASD [10]. A loss of cortical and deep grey matter 
nicotinic acetylcholine receptors has been shown in 
autistic subjects as well [4, 6], leading to preclinical 
studies, which tested the use of nicotine to reduce 
aggression-related behaviours [11]. Also treatments 
with acetylcholinesterase inhibitors have been reported 
to positively impact on cognitive and behavioural 
symptomatology in a subset of ASD subjects [2]. In 
addition, cholinergic abnormalities have been shown in 
different animal models of autism, and have been 
associated with repetitive behaviours and social 
cognition deficits, two of the core features of ASD [5]. 

The Meynert’s Nucleus (nucleus basalis of Meynert) 
is a broad nucleus in the human forebrain, which 
presents with projection of cholinergic fibres in non-
human primates, even if this topography is only 
partially translatable to the human brain. It is, therefore, 
important to continue to investigate the role of the 
Meynert’s Nucleus (MN) in the pathophysiology of 
diseases of the Central Nervous System, ASD included 
[12]. As a matter of fact, despite this substantial 
amount of findings, the structural bases of cholinergic 
dysfunction in people with ASD are still poorly 
understood. 

The first aim of this study was thus to assess the 
presence of structural abnormalities in the MN, the 
main human cholinergic nucleus, in low-functioning 
ASD, using non-conventional MRI techniques. 
Secondary aim was to shed light on the possible 
relationship between the structural properties of the MN 
and non-verbal IQ in ASD. 

METHODS 

Subjects’ Enrolment and Evaluation 

We recruited 25 low-functioning, right-handed, non-
verbal males with ASD, enrolled from the subjects 
followed at our Centre. Mean age was 25.1±1.1 years 

(range: 18–33). All subjects had a diagnosis of ASD 
according to DSM-5 criteria [1] and none presented 
with identifiable causes of ASD or neurological 
comorbidities. Subjects with identifiable causes of 
autism and known neurological disorders, including 
epilepsy, were excluded. The 25 included subjects 
were assessed with the Autism Diagnostic Observation 
Schedule (ADOS) [13] and the Autism Diagnostic 
Interview -Revised (ADI-R) [14] before undergoing MRI 
scanning. ADI-R and ADOS scores, reported in Table 
1, were compatible with a diagnosis of autism for all 
subjects. Intelligence quotient (IQ) was assessed using 
the Leiter International Performance Scale-Revised 
[15], a non-verbal measure of intellectual functioning. 
Mean nonverbal IQ of the autistic group was 50.9±0.2 
(range: 39–57). Thirteen subjects had an IQ score 
below 50, belonging, therefore, to the severe range of 
autism. After a complete description of the study to the 
subjects, parents and/or guardians, written informed 
consent was obtained. Moreover, 25 healthy males, 
matched with our ASD group on age (mean age: 
24.8±0.9 years, range: 18–32), socioeconomic status, 
and handedness, were enrolled as controls for the 
analysis of MRI data. None of them had a personal 
history of neurological disorders or a family history of 
autism or mental retardation. Our ethics committee 
approved all the study procedures.  

MRI Acquisition 

Subjects with ASD underwent scanning under 
general anaesthesia. Anaesthesia, always with 
spontaneous breathing, was induced with intravenous 
propofol or inhalatory sevoforane. No complications 
occurred during or after MRI scanning. MRI series were 
obtained on a 3T scanner (Intera Achieva, Philips 
Medical Systems, Best, the Netherlands) equipped with 
80 mT/m/ms gradient coils and an 8-channel sensitivity 
encoding (SENSE) coil. Diffusion Tensor Imaging (DTI) 
was performed using single-shot spin-echo echo-planar 
imaging (TR=10,000 msec; TE=59 msec; FLIP 
angle=90; matrix size=112x112; FOV=224 mm; slice 
thickness=2 mm; gap between slices=0; NSE=3; 
SENSE factor=2; b=800 sec/mm2). Diffusion gradients 
were applied in 33 non-collinear directions; moreover, 
six images without diffusion gradients were acquired for 
each subject (b=0 sec/mm2). Axial 3D T1-weighted 
images were acquired for morphological analysis 
(TR=25 msec; TE=2.2 msec; FOV=224 mm; slice 
thickness=2 mm; gap between slices=0). 

Meynert’s Nucleus Complex Mask (Ch4) 

The MN complex was identified using a mask based 
on published post-mortem maps of magnocellular cell 
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groups of the basal forebrain, reconstructed and 
registered to the MNI brain as previously described 
[16]. Among the magnocellular cell groups masks 
described in Zaborszky et al. [16], we used in our 
analyses the Ch4 cell group mask, which corresponds 
to the MN complex. In MRI images the precise 
delineation of these structures is difficult, due to limited 
spatial resolution and contrast. Nevertheless, as 
probabilistic maps of compartments of the basal 
forebrain magnocellular system are now available as 
an open source reference for correlation with fMRI, 
PET, and structural MRI data of the living human brain, 
we were able to adopt them to analyse our data [16].  

MRI Analysis 

DTI data were processed with the FDT package 
included in FSL [17]. Pre-processing steps included 
correction for eddy current distortions and motion 
artefacts [18]. Fractional Anisotropy (FA) maps were 
then created with FDT [19]. FA is one of the measures 
most commonly derived from diffusion data; it 
quantifies how strongly directional the local tract 
structure is. Many imaging studies are beginning to use 
FA images in voxelwise statistical analyses in order to 
localise brain changes related to development, 
degeneration and disease. However, optimal analysis 
is jeopardized by the use of standard registration 
algorithms, as, until now, there has not been an 
adequate solution to the question of how to align FA 
images from multiple subjects in a way that allows for 
valid conclusions to be drawn from the subsequent 
voxelwise analysis. We used here the Tract-Based 
Spatial Statistics (TBSS), so to improve the sensitivity, 
objectivity and interpretability of the analysis of multi-
subject diffusion imaging studies [17].  

As mentioned, FA is a quantitative index of white 
matter microstructure: higher FA values are found in 
more organized white matter tracts. All subjects' FA 
data were aligned into a common space using the 
nonlinear registration tool FNIRT included in FSL [17]. 
Next, using the FSL-TBSS pipeline [17, 19], a group 
mean FA image was created and thinned to create a 
mean FA skeleton, which represents all tracts that are 
common to the group; the individual FA maps were 
then projected onto the group-wise skeleton to account 
for residual misalignment and to create individual FA 
maps of skeletonized white matter [19]. Afterwards, 
mean FA values were extracted for each subject from 
those voxels included both in the skeletonized white 
matter maps and in the Ch4 mask. 

Subsequently, morphological data were analyzed 
using FSL [20]. First, the 3D structural images were 
brain-extracted using BET and tissue-segmented using 
FAST4 [20]. The resulting grey-matter partial volume 
images were then aligned to the MNI152 standard 
space, using the affine registration tool FLIRT, followed 
by nonlinear registration using FNIRT [17]. The 
resulting images were averaged to create a study-
specific template, to which the native grey matter 
images were non-linearly co-registered. The registered 
partial volume images were modulated by dividing by 
the Jacobian of the warp field. Mean grey matter 
density (GMD) values were then extracted from those 
voxels included both in the modulated segmented grey 
matter maps and in the Ch4 mask. 

Statistical Analysis 

Mean FA and mean GMD inside the Ch4 mask 
were firstly compared between controls and autistic 
subjects using independent samples t-tests. 

Mean FA and mean GMD values inside the Ch4 
mask were then correlated with non-verbal IQ using 
Pearson’s correlations and partial correlations. 
Statistical significance was set at p=0.05 (two-tailed). 
All results are reported as mean ± standard error of the 
mean. 

RESULTS 

Ch4 Structural Differences between Controls and 
Subjects with ASD 

Demographic, clinical and MRI data are reported in 
Table 1. Mean IQ of ASD subjects was about 51. Our 
subjects can therefore be classified as low-functioning. 
The high mean ADOS score (23.4), shows that the 
participating subjects had a manifest diagnosis of ASD. 

Inside the Ch4 mask, subjects with ASD presented 
with significantly lower white matter mean FA values 
compared to controls (0.65±0.01 vs. 0.70±0.01; t=-
4.98, p<0.001), while there was no differences between 
the two groups in mean GMD (0.59±0.01 vs. 
0.60±0.01, t=0.4, p=0.68). The next analyses were thus 
restricted only to white matter mean FA values. 

Ch4 and Non-Verbal IQ 

As shown in Figure 1, in the ASD group there was a 
significant correlation between non-verbal IQ and Ch4 
white matter mean FA values (r=0.58, p<0.002); the 
correlation between IQ and Ch4 FA values remained 
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significant also taking into account age and whole-brain 
skeletonized white matter mean FA (r=0.52, p<0.001) 
using a partial correlation approach. In other words, 
lower Ch4 FA values, i.e. less organized white matter 
tracts in the MN, showed a significant tendency to 
correlate with lower IQ.  

 
Figure 1: Correlation between mean FA values of the 
skeletonized white matter included in the Meynert’s nucleus 
and non-verbal IQ in the ASD group. 

DISCUSSION 

This study aimed to evaluate if ASD relate to 
disruptions of the cortical cholinergic projections, which 
project from the nucleus basalis of Meynert (MN) to the 
cerebral cortex. We showed a significant structural 
integrity reduction of those white matter bundles 
included in the Meynert’s nucleus complex (MN) in 
subjects with low-functioning Autism Spectrum 
Disorders (ASD), compared to age-matched controls. 
We reported a significant correlation between Ch4 
mask white matter mean FA values and non-verbal IQ 
scores in subjects with ASD (independently from 

whole-brain white matter mean FA). We did not find 
any significant differences in Ch4 grey matter density 
between ASD subjects and controls. 

Our results are in line with a recent study, which 
found an association between lower FA values in the 
MN cortical pathway and the “cholinergic deficiency 
syndrome”, a cluster of symptoms that include 
agitation, anxiety, apathy, delusions, hallucinations, 
and irritability; symptoms that are often present in 
people with ASD as well [21].  

Previously published post-mortem studies on 
cholinergic function in autism showed a significant 
reduction of nicotinic acetylcholine receptor expression 
in cortical, cerebellar and deep grey areas without 
alterations in acetylcholinesterase activity, suggesting a 
post-synaptic deficit of cholinergic transmission [4, 6]. 

In vivo studies, on the other hand, showed reduction of 
acetylcholinesterase activity in the fusiform gyrus (i.e. a 
cholinergic pre-synaptic deficit), which might correlate 
with social impairment [7]. 

Coherently with these studies, our data point to the 
integrity of Meynert’s nucleus grey structures, but also 
suggest structural alterations of cholinergic projections, 
as shown by the reduced Ch4 white matter mean FA 
values and their correlation with IQ. Moreover, our 
findings are consistent with other DTI studies, which 
showed a significant relationship between autistic 
clinical features and white matter structural alterations 
[18, 22]. 

Coherently with our results, acetylcholine receptor 
alterations [23] and cholinergic fibre damage [24] have 
been shown to correlate with cognitive deficits in 
several neurodegenerative conditions. Alterations in 
the cholinergic system have been observed also in 

Table 1: Demographic, Clinical and MRI Data of the Enrolled Subjects with ASD and Controls. Measures are given in 
mean ± standard error of the mean 

 ASD subjects Control subjects 

Age (years) 25.1±1.1  24.8±0.9  

ADOS Module 1 (Communication + Social Interaction) 23.4±2.3  N/A 

Non-verbal IQ 50.9±0.2  N/A 

ADI-R Communication non verbal 10.4 ± 1.3 N/A 

ADI-R Social Interaction 18.4 ± 1.0 N/A 

ADI-R- Restricted, Repetitive Behaviours 5.3 ± 2.6 N/A 

Mean FA of Meynert’s nucleus white matter 0.65±0.01  0.70±0.01 

Grey matter density in Meynert’s nucleus 0.59±0.01  0.60±0.01 
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mouse models of Rett syndrome, a condition which 
shows several contact points with autism [25]. As an 
upshot of these observations, acetylcholine increase 
has been used in animal models of autism with the aim 
of reducing cognitive rigidity and social deficiencies [3]. 

Interestingly, the MN has been also identified - in 
the rhesus macaque brain - as one of the main 
localizations of oxytocin receptors [26]. In fact, several 
observations point today towards the existence of 
oxytocin dysregulations in ASD [27]. 

The main limitation of our study is the possibility of a 
type I error, based on the relatively low number of 
patients; thus, further studies including higher number 
of patients are warranted. Furthermore, we studied 
here only an adult population of people with ASD. 
Therefore, the presented result cannot be automatically 
broadened to younger populations. In addition to these 
limitations, we have also to recall that all ASD subjects 
in our study presented with mental retardation as well. 
For that reason, one possible interpretation of our 
findings could also be the existence of qualitative white 
matter differences between ASD people with and 
without mental retardation. Future studies comparing 
ASD subjects with and without mental retardation, as 
well as with non-autistic subjects with mental 
retardation could help to better understand whether the 
white matter abnormalities shown in this study are 
more related to mental retardation, to autism or to both. 
Many possible caveats have to be considered here, as 
the intertwinement between ASD and mental 
retardation is until now only poorly understood. 

Therefore, further studies investigating the 
innervation patterns of the human MN are needed, 
particularly with the advancement in tractography and 
other high-resolution imaging techniques [28, 29]. 
There is the need for the MN to be revisited in imaging 
studies, particularly because the potential for 
neuromodulatory treatment targeting the MN has to be 
better appraised and analyzed. These studies might 
improve also our understanding of the pathological 
basis of the varying IQs in different people with ASD 
[30, 31].  

In conclusion, our data, based on in-vivo 
assessment of cholinergic nuclei structural properties in 
subjects with ASD, did not show grey matter alterations 
of the Meynert’s Nucleus in low-functioning autism, but 
point to white matter abnormalities in the Meynert’s 
Nucleus complex as a possible contributory cause to 
ASD symptomatology. These findings provide some 

anatomical support for the hypothesis that disruptions 
of the cholinergic projections from the MN might play a 
role in the development of low-functioning ASD. Larger, 
longitudinal studies are needed to confirm these 
observations and to explore the clinical usefulness of 
MRI-based measures of Ch4 integrity in identifying 
people who might benefit from a new generation of 
cholinergic treatments. 
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