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Abstract
The Frontal Aslant Tract (FAT) has been described as a bundle connecting the Broca’s
area to the Supplementary Motor Area (SMA) and the pre-SMA in both hemispheres.
The functional properties of this tract, and its role in degenerative dementia, such as
Alzheimer’s disease (AD) still need to be fully clarified. The aim of this study was to
explore the microstructural integrity of the FAT in patients with AD and its potential
relationship with cognitive functioning. Twenty-three patients with AD and 25 healthy
subjects (HS) were enrolled. All subjects underwent cognitive and MRI examination.
MRI including diffusion sequences was used for probabilistic tractography analysis. We
reconstructed individual FATs bilaterally and assessed their microstructural integrity
using fractional anisotropy (FA), computed as both, mean tract value and voxel-wise
using SPM-8. Mean FA values were then used to test for correlations with cognitive
measures. Mean tract FA and voxel-wise analyses revealed that patients with AD,
compared to HS, had decreased FA in the FAT bilaterally. In addition, positive
associations were found between FA in the FATs and patients’ performance at tests for
constructional praxis and visuo-spatial logical reasoning. The present results reveal a
bilateral damage of FAT in AD patients. The association between FATs’ microscopic
abnormalities and constructive abilities fits well with the knowledge of a functional
involvement of SMA and pre-SMA in movement sequences when executing
constructive praxis tasks. The FAT is an associative bundle critically involved in the
network sub-serving constructional praxis in patients with AD.

Keywords: Frontal Aslant Tract; Alzheimer’s disease; visuo-spatial abilities;
disconnection; tractography.
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INTRODUCTION
Alzheimer’s disease (AD) is currently recognized as the most common cause of
dementia in the Western world [1]. In its typical form, AD presents with a distinct pattern
of grey (GM) and white matter (WM) brain tissue damage [2], supporting the existence of a
disconnection syndrome [2, 3] in addition to regional GM loss. Several previous studies
used diffusion tensor imaging (DTI) to investigate the role of structural brain disconnection
in AD at different clinical stages [4, 5].
DTI-based tractography allows single WM tracts to be segmented and assessed in their
microscopic integrity, as previously demonstrated in patients with different forms of
dementia, including AD. Subtle abnormalities have been demonstrated in several WM
tracts of patients with AD, such as the uncinate fasciculus [6], the cingulum [7], the inferior
and superior longitudinal fasciculus [8], and the corpus callosum [9]. The structural
properties of all these tracts and their relationship with cognitive and non-cognitive
symptoms have been extensively studied in patients with AD [10, 11]. More recently the
frontal aslant tract (FAT) has been identified in normal brains [12]. FAT is a bundle
connecting Broca’s area (inferior frontal gyrus, BA44) to the anterior cingulate cortex
(ACC, BA32), the Supplementary Motor Area (SMA, BA6), and the pre-SMA in both
hemispheres [12]. It is known that FAT plays a role in normal language development, as
previously shown in young healthy individuals [13]. There is also some evidence that FAT
is involved in language impairments due to primary progressive aphasia (PPA) [14], brain
tumors [15, 16, 17], and stroke [18]. FAT is considered as a part of a “motor stream”
mainly involved in speech production [19] and complementing the dorsal and ventral
language streams [20]. Microstructural abnormalities in several WM tracts have been
described in AD brains [4, 6, 7], whose involvement is likely to affect broader networks.
As previous studies demonstrated that SMA, pre-SMA, ACC and Broca’s area (all
connected by the FAT) are implicated in movement initialization and motor organization
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[21, 22], we hypothesize here that damage to the FAT may induce widespread patterns of
brain disconnection, affecting functions beyond language processing. In particular, we
suppose that the network connected by the FAT may be relevant for cognitive functions
requiring motor control and coordination, such as constructional praxis. Deficits of
constructional praxis together with memory dysfunctions are commonly observed in AD
since its early clinical stages [23, 24, 25]. Therefore, specific aim of the present study is
investigate the extra-linguistic role of the FAT, mainly its possible involvement in the
motor control and coordination. For this purpose we selected a cohort of typical AD
patients in which language disabilities are not a key-features of the disease. The
microstructural integrity of the FAT was correlated mainly with the constructional praxis
abilities, and, such as control, with the other cognitive dysfunctions.
MATERIALS AND METHODS
Subjects
A cohort of 23 patients with the typical form of probable AD was recruited for the
current study from the Specialist Dementia Clinic of the Catholic University of Rome
(Rome, Italy). The diagnosis of probable AD was made according to the clinical criteria
of the National Institute of Neurological and Communicative Disorders and StrokeAlzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) [26]. To
be included, patients had to meet the Diagnostic and Statistical Manual of Mental
Disorders (DSM-V) criteria [27] for the diagnosis of major of neurocognitive disorders
due to AD. All patients underwent an extensive neuropsychological battery and MRI
scanning.
In order to improve the diagnostic accuracy, conventional T1-weighted images were
clinically reviewed by using the Medial Temporal lobe Atrophy scale (MTA) [28] to
include only patients with a MTA score > 1.5. This means that only patients with ADdue to AD at intermediate likelihood were included for the study (see Table 1).
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Twenty-five healthy elderly subjects (HS) were also recruited and served as controls.
They all reported scores within the range of normality at the Mini Mental State
Examination (MMSE) [29] (Italian cut-off > 23.8; [30]) and they had to show a MTA
score <1 (see Table 1).
Subjects with a Hachinski score [31] higher than 5 were excluded.
Major systemic, psychiatric, vascular, and other neurological illnesses were carefully
investigated and excluded in all patients and controls. ,
Finally, all participants had to be right-handed to be included in the present study.
The Ethical Committee of Santa Lucia Foundation approved the study and
written informed consent was obtained from all participants before study initiation. All
procedures performed in this study were in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Neuropsychological assessment
All participants underwent a clinical interview to assess their linguistic abilities
(spontaneous speech and comprehension) and an extensive neuropsychological battery
covering most cognitive domains, which included: a) verbal episodic long-term
memory: 15-Word List (Immediate and 15-min Delayed recall) [32]; b) working
memory: Digit span backward [33]; c) executive functions: Phonological Word Fluency
[32]; d) language: Naming objects subtest of the BADA (‘‘Batteria per l’Analisi dei
Deficit Afasici’’, Italian for ‘‘Battery for the analysis of aphasic deficits’’) [34]; e )
reasoning: Raven’s Coloured Progressive Matrices [32]; f) constructional praxis: copy
of simple drawings with and without landmarks [32]; g) general cognitive efficiency:
Mini Mental State Examination (MMSE) [29, 30].

MRI acquisition
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All subjects underwent an MRI examination at 3T (Magnetom Allegra, Siemens,
Erlangen, Germany), including the following acquisitions: 1) dual-echo turbo spin echo
[TSE] (TR = 6190 ms, TE = 12/109 ms); 2) fast-fluid attenuated inversion recovery
(FLAIR) (TR = 8170 ms, TE = 96 ms, TI = 2100 ms); 3) 3D Modified Driven
Equilibrium Fourier Transform (MDEFT) scan (TR = 1338 ms, TE = 2.4 ms, Matrix =
256x224, slices number = 176, thickness = 1 mm); 4) Diffusion tensor imaging (DTI)
(TR = 7000 ms, TE = 85 ms, 61 diffusion directions, maximum b factor = 1000 smm-2,
isotropic resolution 2.3mm3).

DTI pre-processing and FAT tractography
Correction for eddy currents and small head movements was done on DTI volumes by
means of affine registration to the first non-diffusion weighted volume using FSL
(http://fsl.fmrib.ox.ac.uk/ Smith et al., 2004). Fractional Anisotropy (FA) maps were
obtained for each subject in native space using FSL [35] and CAMINO
(http://camino.cs.ucl.ac.uk/). Probabilistic tractography was performed using PICo [36]
to reconstruct the Frontal Aslant tract (FAT), in both right and left hemisphere. Seedpoints and waypoints were defined manually on the coronal FA maps of each
participant according to published guidelines [14] (see Figure 1). When defining seed
and waypoints, the operator (G.B.G.) was blind about individual’s brain scans
belonging.
FA maps were warped to the FMRIB58_FA_1mm template in MNI space using
Advanced Normalization Tools (ANTS, http://stnava.github.io/ANTs/) software. FAT
maps were normalized using the same transformation.
Then, for each subject, in the bilateral FAT we used a threshold to include only voxels
with a probability of connection > 10%. The threshold tracts were binarised to obtain a
mask on the FAT for every subject. These masks were used to extract each subject’s
6

mean FA on the FAT, bilaterally. Moreover, voxel count of each segmented FAT was
used to assess the volumetric characteristics of each tract.

Voxel-wise analyses on FAT
Before running the voxel-wise analysis using SPM8 (http://www.fil.ion.ucl.ac.uk/spm),
individual tracts of both groups (AD and HS) were merged and averaged to create a
binarised mask for the right and left side. Then, this tracts’ mask was used to restrict the
analysis to the area of interest. A full-factorial design was used to investigate betweengroup differences. In addition, in AD patients only, correlations were employed to
investigate potential associations between voxel-by-voxel FA of bilateral FAT and
patients’ performance at cognitive tests. To test for these associations, a series of onesample T-test models were used with individual cognitive scores as a covariate of
interest. In all analyses, individual volumes of the FAT were entered as a covariate of
no interest.

Statistical analysis
One-way ANOVAs were employed to assess between group differences in the
demographical and clinical characteristics.
Seven one-way ANOVAs were employed to assess the cognitive differences between
patients with AD and HS. Bonferroni’s correction was applied (p value threshold for
significance was computed as α = 0.05/8 = 0.006).
To investigate differences in the mean volumes and FA of FAT bilaterally, two-way
ANOVAs were employed with Group (AD vs. HS) as between-subjects factor and Side
(Right vs. Left) as within-subjects factor.
When considering the mean FA of FAT bilateral volumes of FAT were entered as
covariates of no interest. Correlations between mean FA of bilateral FAT and age,
7

education, and MMSE score were calculated using Pearson’s coefficient in patients and
controls respectively. Bonferroni’s correction was applied (p value threshold for
significance was computed as α = 0.05/3 = 0.01). Lastly, associations between mean FA
of bilateral FAT and the cognitive measures were tested in AD and HS. Bonferroni’s
correction was applied (p value threshold for significance was computed as α = 0.05/8 =
0.006).
In voxel-wise analyses, between-group differences and correlations with cognitive tests
were accepted as significant at p values < 0.05 FWE-cluster level corrected (clusters
formed at p<0.001, uncorrected).

RESULTS
Demographical characteristics of participants
As reported in Table 1, there were no significant differences between groups in mean
age (F1,46 = 2.74, p = 0.10) and in years of formal education (F1,46 = 2.16, p = 0.15).
Conversely, there was a statistically significant difference in gender distribution (Chisquare = 6,76, df= 1, p = 0.009). As a consequence, gender was entered as an additional
covariate of no interest in all the performed analyses (both for behavioral and imaging
data). As expected, compared to HS, patients reported significantly worse scores on the
MMSE (F1,46 = 102.1, p < 0.001). Moreover, patients with AD showed higher MTA
scale scores compared to HS (F1,46=127.6, p < 0.001).

Neuropsychological assessment
From a clinical viewpoint, AD patients exhibited normal levels of comprehension,
spontaneous speech, and their fluency was characterized by anomia but not by
agrammatism. As expected, there was no evidence of language disabilities in HS.
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As shown in Table 2, AD patients compared to HS reported significantly worse mean
scores on each administered cognitive tests, with the exception of the Copy of Drawings
with landmarks and the Naming test. However, when considering individual
performance, 11 out of 23 (47.8%) AD patients reported scores below the normality
cut-off on the Copy of Drawings with landmarks.

FAT tractography
Bilateral FAT was successfully reconstructed in all participants.
When considering the volumes of the FAT no significant main effect of Group (F1,46 =
0.679, p = 0.414; mean AD = 6300; mean HS = 6678), of Side (F1,46 =2.69, p=0.107;
Left = 6299, Right= 6678) or interaction Group by Side (F1,46 =0.614, p=0.437) were
detected.
When considering the mean FA of FAT no main effect of Group (F1,43 = 0.184, p =
0.669; mean AD = 0.337; mean HS = 0.341) or Side (F1,46 = 1.426, p = 0.238; mean Left
side = 0.338; mean Right side: 0.340) emerged. Interestingly, a significant Group by
Side interaction (F1,46 = 8.584, p = 0.005) (Figure 2) was found. As shown by planned
comparisons, this interaction was due to a significant reduction (F1,46 = 8.164, p=0.006)
in the mean FA of the left (mean = 0.331) compared to the right side FAT (mean =
0.342) in AD patients. In HS, no differences emerged (F1,46 = 1.571, p = 0.216) between
the left (mean = 0.344) compared to right side FAT (mean = 0.339).
Insert Figure 2 around here
No significant associations emerged between FAT and demographic (age and
education), and clinical (MMSE scores) characteristics in AD patients or in controls.
Conversely, when we considered the association with cognitive profile we found
significant positive correlations between the mean FA of right FAT and tests assessing
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constructional praxis (Figure 3), Copy of drawings (r = 0.76, p = 0.007) and Copy of
drawings with landmarks (r = 0.57, p = 0.004) in AD patients but not in controls
(r = -0.68, p =0.06, and r = -0.08, p = 0.85, respectively).
Insert Figure 3 around here

Voxel-wise analyses of FAT
Compared to HS, patients with AD showed a significant reduction in the FA of bilateral
FAT, mainly in the SMA (BA6) and in the pars opercularis of the inferior frontal gyrus
(BA44) (Figure 4).
Insert Figure 4 around here

A significant positive correlation between the FA of FAT and cognitive measures was
also found in AD patients (see Figure 5). In particular, we observed a significant
correlation between 1) the FAT and tests assessing constructional praxis (bilaterally
with the Copy of drawings with Landmarks, and in the left hemisphere with Copy of
drawings), and 2) the right FAT and test assessing visuo-spatial logical reasoning
(Raven’s Coloured Progressive Matrices). No other significant correlations were
detected.
Insert Figure 5around here
DISCUSSION
The aim of the present study was to assess the role played by FAT, an associative
bundle involved in language’s processes as spontaneous speech, speech fluency and
speech initiation [15, 37] in AD pathophysiology. The role of FAT has been previously
investigated in patients showing languages disorders due to different conditions, such as
neurodegenerative disorders (e.g. primary progressive aphasia) [14] or focal brain
lesions (e.g. brain tumors). We explored here the potential contribution of FAT damage
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to constructional praxis and other cognitive disabilities in AD, based on the knowledge
that the areas connected by the FAT, namely Broca’s area, ACC, SMA and pre-SMA
are involved in movement initialization and motor organization. To this aim, we
recruited a group of patients with a probable diagnosis of typical AD, with a clinical
onset characterized by predominant memory deficits. As expected, from a
neuropsychological viewpoint AD patients showed a widespread cognitive impairment
that did not involve language abilities. From a neuroimaging perspective, we found a
significant reduction of FA in FAT both when considering the mean tract FA, a global
measure of WM damage, and when using a voxel by voxel approach. Specifically, we
found a significant Group by Side interaction due to the reduction of mean FA on the
left compared to the right FAT in AD patients. This is in contrast with previous
observations of FAT being thicker in the left hemisphere of right-handed individuals
[15], consistently with its association with languages processes [12, 18, 37]. It is
remarkable that the observed microstructural damages were, likely, independent from a
partial-volume effect. Indeed, we did not find any significant difference in the volumes
of the tracts. In our opinion this finding support the hypothesis that FAT abnormalities
were not due to merely atrophic changes, but more likely due to specific WM
alterations.
Compared to controls, in AD patients the voxel-wise analysis revealed a significant
reduction of FA in the pars opercularis of the interior frontal gyrus, mainly in the left
hemisphere. Interestingly, significant correlations were found between these FAT
microscopic abnormalities and patients’ cognitive measures. In particular, the mean FA
of the right FAT was associated with scores on both tests assessing constructional
praxis (i.e., Copy of drawings and Copy of drawings with landmarks tests).
Additionally, the voxel-wise analysis confirmed and extended the correlation between
FAT’s damage and patients’ cognitive deficits, revealing associations not only with
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constructional praxis but also with visuo-spatial logical reasoning (i.e., Raven’s
Coloured Matrices).
As previously reported [38], constructional apraxia is defined as an acquired deficit of
the ability to reproduce spatial relations, in the absence of motor impairments.
Typically, patients with constructional apraxia perform poorly on drawing tasks or
when arranging blocks or objects. Existing literature suggests that constructional
apraxia is a complex disorder due to impairment of either basic abilities, such as visuospatial perception and analysis, visuo-motor integration, motor skills [39], or executive
functions, such as planning and monitoring responses [40]. It appears that
constructional apraxia requires the integrity of a large and complex cognitive network.
A disruption of this network at any level may result in a variety of praxis disturbances
[41]. Such deficits are typically observed in patients with focal brain lesions [39], but
they can also be present in patients with neurodegenerative conditions, such as AD [24,
25, 42, 43] or frontotemporal dementia [23]. Despite its precise anatomical-functional
localization being still under debate [24, 25, 41, 44, 45], constructional apraxia is
generally observed in patients with parietal [39] or frontal lobe [23] damages. For
example, in a previous volumetric study we found grey matter atrophy restricted in the
parietal, occipital and temporal brain areas of patients with AD and evidence of
constructional apraxia [4]. The present study suggested a direct involvement of the FAT
in different aspects of constructional apraxia abilities as measured by Copy of drawings
tasks and by Raven’s Coloured Matrices. In particular, the FAT, connecting the SMA,
the pre-SMA, and the ACC with the pars opercularis of the Broca’s area [12] is
considered as part of a “motor stream” [19] involved in the speech programming in
terms of cognitive control to response selection, initiation, sequencing [19], and
coordination [12]. The pre-SMA and ACC have been considered as critically involved
in movement initialization (i.e., the process of identification/selection of motor
12

responses) [21, 22], whereas more lateral areas such as the BA6 and the Broca’s area
(BA44) have been considered involved in movement organization. In particular,
Broca’s area is crucial for the syntactic discourse that depends on word order. Broca’s
area is critical in identifying the sequential order of word placement [46]. In an
analogous motor role, Broca’s area might be involved in the order selection for
organized movement [47] in praxis abilities. Disconnection between these areas (SMA,
pre-SMA and Boca’s area) due to FAT damages might therefore produce not only
language, but also non-language deficits, such as apraxia. Indeed, damages of this
bundle have been previously associated with various degrees of speech impairment,
from total inability to initiate speech (i.e., mutism) to mild altered fluency [48]. The
microstructural damage of FAT was also previously found associated with verbal
fluency deficits, mainly in patients with the agrammatic-variant of PPA [14]. In this
variant of PPA, patients show several languages’ deficits including the “apraxia of
speech” [49], a deficit in which the motor engrams needed to produce verbal speech are
lost in the absence of motor impairments. We hypothesize that the FAT might also be
involved in the planning of the motor engrams needed to execute the grapho-motor
movements necessary to produce a drawing, and that the praxis deficits observed in AD
are therefore in line with what has been observed in agrammatic-PPA patients. This
hypothesis is supported by the strong anatomical association between FAT and the
frontal-striatal tract (FST) [16], a bundle connecting the SMA and pre-SMA with
caudate nucleus [50] and involved in motor control, including manual coordination
[16]. In its rostral part (around pre-SMA) the FAT is intermingling and overlapping
with FST [16], whereas, caudally, FAT is running in a little more anterolateral side than
FST [16]. Moreover, the present findings are supported by recent evidence of the role
played by FAT in the visually guided hand movements [51], necessary to perform the
grapho-motor task underlying the drawing tests.
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In conclusion, this study contributes in clarifying some novel pathophysiological
aspects underlying constructional apraxia in AD. The pattern of structural disconnection
that we identified here, and its associations with patients’ performance in praxis tests,
might inform future neuropsychological approaches to define a more complex spectrum
of apraxia, which might differ at different transitional stages of typical AD. Future
longitudinal studies are needed to confirm and extend our current findings.
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Figures Legend
Figure 1. Seed and waypoints used to reconstruct bilaterally the FAT
The figure illustrates the anatomical points (in red) used as seed and waypoints to
reconstruct the FAT bilaterally. Seed and waypoints were manually drawn on each
individual FA’s map. For the purpose of the illustration the anatomical seed and
waypoints are overlaid onto the FMRIB_FA template using FSL
(http://fsl.fmrib.ox.ac.uk/).
Abbreviations: FAT= Frontal aslant tract; R = right.

Figure 2. Mean FA of bilateral FAT in AD patients and healthy controls.
The graph illustrates the mean FA in the FAT bilaterally in patients and healthy
controls. AD patients showed a significant reduction (highlighted with the asterisk) in
the mean FAT of the left (in green) compared to the right hemisphere (in blue). No
significant leftward reduction (or vice versa) was found in the FAT of healthy controls.
Abbreviations: AD = Alzheimer’s disease; HS = Healthy subjects; FAT= Frontal aslant
tract; L = left; R = right.

Figure 3. Plot of correlations between mean FA of right FAT and tests assessing
constructional praxis in patients with AD and in healthy subjects.
Significant correlations between the mean FA of the right FAT and performances scores
on test assessing constructional praxis (Copy of drawings in Panel A; and Copy of
drawings with landmarks in Panel B) were found in AD patients (in red) but not in
healthy controls (in blue).
Abbreviations: AD = Alzheimer’s disease; HS = Healthy subjects; FA = Fractional
anisotropy; FAT = Frontal aslant tract.
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Figure 4. Voxel-wise analysis on FAT in patients with AD and healthy subjects.
The figure illustrates the between-group comparison (in red) in the FA of bilateral FAT
(in blue) voxel-by-voxel. A significant FA reduction, mainly in the SMA and in the pars
opercularis of the inferior frontal gyrus bilaterally was found in AD patients compared
to HS. The results are FWE-corrected at cluster level (p < 0.05) and overlaid onto a
FMRIB_FA template using FSL (http://fsl.fmrib.ox.ac.uk/)
Abbreviations: AD = Alzheimer’s disease; HS = Healthy subjects; FA = Fractional
anisotropy; FAT = Frontal aslant tract; SMA= Supplementary motor area; L = left; R =
right.

Figure 5. Correlation analyses between FA of FAT bilaterally and cognitive
measures in AD patients.
Significant voxel-by-voxel positive correlations between FA of FAT (in blue) and
cognitive measures were found in AD patients. Specifically, FAT correlated bilaterally
with the Copy of drawings with landmark (in red), with the Copy of drawings (in
yellow) in the left side, and with the Raven’s Coloured Progressive Matrices (in green)
in the right side. The results are FWE-corrected at cluster level (p < 0.05) and overlaid
onto a FMRIB_FA template using FSL (http://fsl.fmrib.ox.ac.uk/).
Abbreviations: AD = Alzheimer’s disease; FAT = Frontal aslant tract; R = right;
CDELP = Copy of drawings with landmark; CD = Copy of drawings; RCPM = Raven’s
Coloured Progressive Matrices.
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Table 1. Principal demographic and clinical characteristics of studied subjects.

Mean (SD) age
[years]
Gender (M/F)
Mean (SD) years of
formal education
Mean (SD) MMSE
score
Mean (SD) MTA

AD
n=23
71.2 (8.2)

HS
n=25
67.6 (6.9)

7/16*
10.8 (4.1)

17/8
12.3 (3.1)

17.6 (4.4)*

28.7 (1.7)

3.0 (0.8) *

0.5 (0.5)

* AD vs HS p < 0.05

Abbreviations: HS = healthy subjects; AD = Alzheimer disease; MMSE = Mini Mental
State Examination; MTA= medial temporal lobe scale.

24

Table 2. Performance of AD and HS groups on neuropsychological tests.
Domain

Test

AD

HS

Immediate recall cut-off > 28.5)

4.2 (4.7)*

16.2 (7.0)

Delayed recall (cut-off > 4.6)

1.6 (1.8)*

9.7 (2.2)

Digit span backward

2.0 (1.4)*

4.1 (0.7)

Phonological Word Fluency (cut-off > 17.3)

10.4 (4.7)*

37.9 (9.0)

Naming of objects (cut-off > 22)

21.6 (7.7)

29.0 (0.8)

Raven's Coloured Progressive Matrices (cut-

19.8 (6.4)*

30.9 (4.3)

Copy of drawings (cut-off > 7.1)

6.6 (3.6)*

10.8 (1.2)

Copy of drawings with landmarks (cut-off >

54.3 (20.9)

69.5 (0.5)

Verbal episodic long-term memory
15-Rey’s words List:

Verbal working memory

Executive functions

Language

Reasoning

off > 18.9)
Constructional praxis

61.8)
* AD vs HS p < 0.006 Bonferroni corrected.
Abbreviations: AD = Alzheimer’s disease; HS = Healthy Subjects.
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