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Highlights

e Sarcopenia and dementia are two of the most important conditions in old age.

e Traditional brain MRI offers a novel approach to muscular assessment in
patients with dementia.

e Tongue muscle quantification is a novel and practical approach for muscle mass
assessment in dementia.

e Tongue muscle mass is associated with grey matter and hippocampal volumes
in Dementia with Lewy Bodies.

¢ In dementia, muscle condition could be more systematically measured using
tongue muscle.

Abstract

Background: Age-related neurodegeneration, sarcopenia, and ectopic fat accumulation are
conditions with shared pathways that remain poorly understood. We have measured
muscle volume and fat accumulation in masseter and tongue muscle, and aim to explore
their association with the total grey matter volume using MRI in older adults recently
diagnosed with Alzheimer's disease (AD) and Dementia with Lewy bodies (DLB).
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Methods: In this cross-sectional study, people newly diagnosed with mild AD (n=33) and
DLB (n=20) underwent structural head MRI. Muscle volume and intramuscular fat (iMAT) of
the tongue and masseter were computed using Slice-O-Matic software for segmentation.
Total grey volume and hippocampal volumetric segmentation were performed with the
FreeSurfer image analysis suite version 6.0. Independent regression models were employed
to analyze the associations.

Results: Tongue iIMAT was higher and total grey volume lower in DLB compared to AD. In
the DLB group, tongue muscle was positively associated with total grey matter volume Est
0.92 (SE 0.24 p-value 0.002), left- Est 0.01 ( SE 0.0028 p-value 0,002), and right- Est 0.0088
(SE 0.0027 p-value: 0.005) hippocampal volume. There were no statistically significant
results for AD.

Conclusion: Tongue muscle volume was positively associated with hippocampal and total
grey volume in DLB. Longitudinal designs are required to explore the extent and significance
of this association.

Keywords
Dementia; Intramuscular fat; muscle; Dementia with Lewy Bodies; Alzheimer's Disease;
Sarcopenia.



Journal Pre-proof

1. Introduction

With the increase in life expectancy, the older adult population has expanded, carrying an
increase in dementia prevalence. Alzheimer's disease (AD) and Dementia with Lewy Bodies
(DLB) are the most common causes of neurodegenerative dementia. (Cao et al., 2020) There
are considerable variations in the clinical course, particularly in DLB; (Giil and Aarsland,
2020) thus, finding markers that detect people at risk of having a worse prognosis is crucial
for planning and management. Sarcopenia, muscle volume and physical performance have
recently been associated with cognitive decline, dementia onset and other adverse
outcomes. (Beeri et al.,, 2021; Peng et al.,, 2020) These conditions share common
mechanisms with neurodegeneration, primarily through chronic inflammation, which has
shown to be associated with malnutrition and body composition changes, including a
decrease in muscular mass. (Ponti et al., 2020)

Muscle activation with physical activity (PA) has been linked to the maintenance of grey and
white matter of the brain. (Cheng, 2016) Interventional studies with PA have shown
increases in grey matter volumes, especially in the hippocampus and prefrontal cortex
(Erickson et al., 2014). There is an association between the endocrinal function of the
muscle stimulated during and after PA and the production of inflammatory mediators such
as myokines and other pleiotropic proteins like the brain-derived neurotrophic factor
(BDNF).(Barcellos et al., 2020; Lee and Jun, 2019) In addition, studies exploring muscular
function have shown a correlation between decreased muscular strength with grey matter
atrophy and decreased cognitive performance.(Garcia-Cifuentes et al., 2017; Osawa et al.,
2021; Raji et al., 2005)

Intramuscular fat (iMAT) is made of small fat deposits in the muscle and has been identified
in case-control studies as a potential contributor to mobility dysfunction in older adults and
associated with the production of pro-inflammatory cytokines like interleukin (IL)-
6.(Addison et al., 2014) iMAT may reflect muscular dysfunction, and it has been found to be
a negative predictor of muscle and mobility performance in older individuals.(Addison et
al., 2014) Sstill, the mechanism by which iMAT has a detrimental impact on muscle and
mobility function is unclear.(Fontana et al., 2007; Raji et al., 2005) Standard methods to
measure muscle volumes such as computed tomography or body MRI are expensive and
not widely available, especially in dementia clinics. However, recent studies have addressed
muscle mass measuring head and neck muscle volumes, which are convenient and
inexpensive, avoiding the need for additional imaging, particularly in older persons with
dementia. (Kilgour et al., 2013)

Muscles such as the tongue have roles such as deglutition and language production,
properties that are closely related to sarcopenia and cognitive function. Previously, we
showed that low tongue muscle volumes predict malnutrition in people with mild dementia.
(Borda et al., 2021b) In the present study, we further investigated the association between
muscle mass and neurodegeneration on standard head MRI. Specifically, we assessed the
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association of masseter and tongue muscle volumes as well as iIMAT with total grey matter
and hippocampal volumes in people diagnosed with mild AD and DLB.

2. Methods

"The Dementia Study of Western Norway" (DemVest) is a Norwegian longitudinal cohort
study with a recruitment period between 2005 and 2013, and annual follow-up assessments
are currently ongoing. Recruited participants were referrals to dementia clinics in the
counties of Hordaland and Rogaland. The same National Insurance Scheme insured all
inhabitants of the region. The complete methodology is detailed elsewhere. (Aarsland et
al., 2008)

Exclusion criteria were moderate or severe dementia, delirium, past bipolar or psychotic
condition, terminal illness, or newly diagnosed substantial somatic disease, which might
significantly impact cognition, function, or participation.

For our current study, we included subjects clinically diagnosed with mild AD or DLB with
an available MRI taken at baseline. From the initial sample n=111 (AD=85, DLB=26), we
selected those who were assessed with the same scanner and had available good quality
images for measuring brain and muscle variables, giving a final sample of 33 AD and 20 DLB
participants.

2.1 Dementia diagnosis

Dementia diagnosis was made according to DSM-IV criteria, and patients were further
classified using specific criteria for AD and DLB. Mild dementia was defined as a Mini-Mental
Status Examination (MMSE) score of > 20 or a Clinical Dementia Rating (CDR) global score
of = 1. The diagnosis was performed from inclusion, however, it was susceptible to be
modified according to clinical evolution, multidisciplinary consensus and autopsy. (Aarsland
et al., 2008)

Patients were evaluated with structured assessments; essential information was obtained
from medical records to gather complete and extensive data on each subject's medical
background and comorbidities. Dopamine transporter SPECT scans were available for most
patients with suspected DLB. Pathological diagnosis was made on 56 participants of the
DemVest cohort, with an accuracy above 80% compared to the clinical criteria. (Skogseth
et al., 2017)

2.2 MRI acquisition

Participants were scanned under the same MRI device and protocol at Stavanger University
Hospital, with a 1.5-T Philips Intera scanner. With the following acquisition protocol for 3D
T1-weighted images: Repetition time (TR)/echo time (TE) 10.0/4.6 ms, flip angle 30°,
number of excitations (NEX) 2, acquisition matrix 256 x 256, and voxel size: 1.0156 x 1.0156
x1 mm". We conducted a visual quality check procedure, discarding images with movement
artifacts and inadequate image quality. A standardized pre-processing method for
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harmonizing multiple collections of MRIs was applied, which consisted of movement
correction and intensity normalization. Therefore, we excluded scans that had poor image
guality. The same images were used to assess muscle volume and iMAT and brain volumes.

2.3 Calculations of Total Grey Matter and hippocampal Volumes

All the included patients had T1 weighted sequences. Following previously described
methods, (Fischl and Dale, 2000) segmentation and parcellation of the cortical surface were
carried out using FreeSurfer© 6.0, available for download online (http://surfer.nmr.
mgh.harvard.edu/). The processing pipeline consisted of movements correction, non-brain
tissue erasing, automated calculation of Talairach transformation, intensity normalization,
subcortical white and grey matter segmentation, cortex boundary tessellation, fully
automatic topology correction and surface deformation to determine CSF/grey matter and
grey/white matter boundaries. The estimated total intracranial volume (TIV) measure was
also selected from the FreeSurfer output and used in statistical analysis to account for
variability in head size. (Voevodskaya et al., 2014)

2.4 Calculations of iMAT and muscle volume

Since this is a new method, we had to calibrate and determine the tissue thresholds for the
scanner. Using the thresholds for tissues of interest, the volumes and volume ratios of
muscle, iMAT, and subcutaneous fat (SAT) were manually tagged and quantified from the
regions of interest using Slice-O-Matic (Montreal, CA) software (Figure 1A) as previously
described(Bani Hassan et al., 2018) Figure 1.

Figure 1. Segmented cerebral MRI
slice in which the muscles and
intramuscular fat (iMAT) of the
tongue and right and left
subcutaneous fat, masseter muscles,
and masseter iMAT have been
tagged with different colours for
quantification.
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2.5 Other variables

As potential confounders were considered demographic factors such as gender and age,
BMI calculated using body weight and height with the formula BMI = weight (kg)/height
(m)2, comorbidities using the Cumulative Iliness Rating Scale (CIRS) based on patient and
informant reports, motor symptoms using the Unified Parkinson's Disease Rating Scale part
III{ UPDRS IIl), and global cognitive performance using the Norwegian version of the Mini-
Mental State Examination (MMSE).

2.6 Statistical Analysis

We calculated the percentages for categorical variables and mean and standard deviation
for continuous variables. We used the exact Fisher's test to evaluate independence
between groups (AD/DLB) and sex. To compare the mean of continuous variables
between groups, we performed the t-test. Independent regression models were fitted for
the left and right hippocampus and the total grey volume after dividing each measure by
the TIV to adjust for head size across subjects. The relationship between tongue volumes
and iIMAT with the other variables of interest was carried out in independent regression
models due to the sample's small number of available observations. Age, Sex, MMSE, BMI,
UPDRS lll, and CIRS, were considered for adjustment by performing a stepwise variable
selection, and we established statistical significance at 0.05. All procedures and graphs
were made using R software v4.0.5, R Foundation for Statistical Computing, Vienna,
Austria.

3. Results

There were baseline differences between the groups in tongue iMAT (AD 0.51+0.91, DLB
1.29+1.42 p-value=0.018) and total grey matter volume (AD 37.37+3.49, DLB 34.91+3.45 p-
value=0.016). Detailed descriptive analyses are shown in Table 1.

After adjustments by age, sex and cognition, in the DLB group, smaller tongue muscle was
associated with less total grey volume Est 0.92 (SE 0.24, p-value 0.002) and lower left Est
0.01 ( SE 0.0028 p-value 0.002) and right Est 0.0088 (SE 0.0027 p-value: 0.005)
hippocampal volume. Calculated estimations of the brain volumes with tongue iIMAT and
masseter tongue and iMAT in DLB and tongue, and masseter muscle and iMAT in AD were
not statistically significant (Table 2 and Figure 2). See appendix 1 for unadjusted analysis
and appendix 2 for adjusted analysis of tongue iMAT and masseter muscle.



Table 1. Study characteristics

AD | pwB | Total P-

n (%) or mean * sd value

Total 33 (62.26) 20 (37.74) 53 (100.00)
Gender <.001

Male| 9 (27.27) 16 (80.00) 25 (47.17)

Female| 24 (72.73) 4 (20.00) 28 (52.83)
Age 76.51+7.04 | 75.64+6.05 | 76.18 £6.64 | 0.649
MMSE 23.39+3.14 | 23.25+3.14 | 23.34+2.81 | 0.859
UPDRS 1l 1.03+1.71 | 12.00+11.88 | 4.85+8.77 | <.001
Tongue Muscle 6.58 £2.19 5.58 £2.46 6.20+2.32 | 0.127
Tongue iIMAT 0.51+0.91 1.29+1.42 0.81+1.18 | 0.018
Left Masseter Muscle 2.44 £0.83 2.71+£0.79 2.54 +0.82 | 0.262
Left Masseter iMAT 0.50+0.54 0.68 £ 0.63 0.57+0.58 | 0.274
Right Masseter Muscle 2.71+0.91 3.12+1.04 2.86 £0.97 | 0.140
Right Masseter iMAT 0.43 £0.68 0.50+0.55 | 0.46+0.63 | 0.684
% Left hippocampus 0.22+0.04 0.21+0.03 0.22 +0.03 | 0.609
% Right hippocampus 0.22 £0.04 0.21 £0.03 0.22+£0.04 | 0.261
% Total grey volume 37.37+3.49 | 3491+3.45 | 36.45+3.65 | 0.016
Estimated TIV x1000000 1.42 +0.16 1.60+£0.18 1.49+1.19 |<.0001
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AD: Alzheimer Disease, DLB: Dementia with Lewy Bodies, MMSE: Minimental state assessment, UPDRS
IIl: Unified Parkinson's Disease Rating Scale part Ill ( iMAT: Intramuscular fat, TIV: total Intracranial

Volume, sd: standard deviation

Table 2. Adjusted model. Total grey volume and R&L hippocampus/ intracranial volume.
See appendix 2 for unadjusted models. And adjusted tongue iIMAT and masseter models.

Alzheimer Disease Dementia with Lewy Bodies
Est Std Err P-value Est ’ Std Err P-value
Total grey volume
Intercept 3.9.E+01 9.3.E+00 <.001 5.3.E+01 1.3.E+01 0.001
Tongue 15E02 | 3.1.E01 | 0961 9.2.E-01 | 2.4.E-01 | 0.002
Muscle
Age BL -1.1.E-01 9.3.E-02 0.230 -2.8.E-01 1.2.E-01 0.030
Male vs 2.0.E+00 | 1.4.E+00 | 0.163 | 52.E+00 | 1.5E+00 | 0.004
Female
MMSE 2.5.E-01 2.4.E-01 0.306 -1.2.E-01 2.4.E-01 0.638
Left hippocampus
Intercept 8.5.E-02 9.4.E-02 0.372 6.0.E-01 1.5.E-01 0.001
Tongue 24603 | 3.1.E03 | 0456 | 10.-02 | 28E03 | 0.002
Muscle
Age BL 2.3.E-04 9.4.E-04 0.808 -4.4.E-03 1.4.E-03 0.006
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Male vs 11602 | 14E02 | 0427 | 3.0E02 | 18E-02 | 0111
Female

MMSE 39.6-03 | 24E03 | 0115 | -5.0.E-03 | 2.8.E-03 | 0.096

Right hippocampus

Intercept 92.602 | 1.1E0L | 0403 | 35E01 | 14E01 | 0026
b 2303 | 36£03 | 0540 | 88E03 | 2703 | 0.005
Muscle

Age BL 7.4E-05 | 1.1.E03 | 0947 | -2.2.£-03 | 13.E-03 | 0112
Male vs 18602 | 1.6.E02 | 0.258 19.6-02 | 17.E-02 | 0274
Female

MMSE 41603 | 2.8E03 | 0153 | -1.2.E03 | 2.7.E03 | 0673

Est: Estimation, BL: Baseline, Std Err: Standard Error, MMSE: Minimental state assessment

A.
£ 0 =
- Group
82 e S AD
g 4:?3’ /’/ ; —— DLB - Female
5™ | - DLB - Male
g :
’_
30
B 25 50 7.5
" Tongue Muscle
0.24 o 02
2 £
‘; w -
3 2
i 5E Group
g R o2 2 g : AD
[ 8 a
o o % ]
&= - E
S R} g 0.18
¢t )15
50 ’ 4 50 75
Tongue Muscle Tongue Muscle

Figure 2. AD: Alzheimer Disease, DLB: Dementia with Lewy Bodies. A. Relationship between tongue
muscle and total grey volume. B. Relationship between tongue muscle with Left and right
hippocamp
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4, Discussion

We found a positive association between tongue muscle volume with the left and right
hippocampal volumes and the total grey matter volumes in the DLB group, even after
controlling for confounding factors. There were no significant brain-muscle volume
associations in AD. Sarcopenia and muscular condition are important prognostic factors in
many disorders, including dementia. (Beeri et al.,, 2021) Therefore, in people with this
condition, in which head MRI is a common practice, muscle volumes could be more
systematically and opportunistically measured using tongue muscle.

In previous studies, brain mass has been related to total lean mass.(Burns et al., 2010) In
people living with AD, reduced lean mass measured with DEXA has been related to brain
atrophy and cognitive performance. (Lee et al., 2021) The ratio of thigh muscle to visceral
fat measured with CT and MRI has shown correlations with entorhinal cortex, temporal
pole, and inferior temporal gyrus volumes. (Lee et al., 2021) In addition, the neck muscle
cross-sectional area (CSA) measured with MRI has been related to less brain atrophy.
(Kilgour et al., 2013)

Previous research by Kilgour et al. reported a positive association between brain volumes
with neck muscle mass and total grey volume in healthy older men. (Kilgour et al., 2013)
Our study is one of the first to assess masticatory muscle volumes and iMAT in relation to
brain volumes and the first in people living with DLB.

Fat infiltration occurs together with muscle loss, further impairing muscle mass and
function. (Marcus et al., 2012) Because of a large amount of muscle in the human body,
slight infiltrations of ectopic fat into muscles can result in the local and systemic production
of lipotoxic adipokines and fatty acids. (Marcus et al., 2012) iMAT has been shown to have
negative implications on mobility and function in older adults. Muscle fat infiltration is an
important factor contributing to motor deficits and systemic inflammation in this
population. (Marcus et al., 2012) However, we did not find significant associations between
iIMAT and any of the studied variables. Nevertheless, this could be different in more
advanced dementia stages.

Just like any other muscle, tongue muscle volumes decrease with aging and are affected by
sarcopenia. (King and Thomas, 2017) In addition, skeletal muscle express several myokines,
such as BDNF, recognized as playing a pivotal role in regulating the survival, growth and
maintenance of neurons. (Mattson et al., 2004; Pedersen, 2019) In addition, muscle
function depends on an adequate nutritional status, and the muscle of the tongue is directly
associated with deglutition and has been associated with a higher probability of
malnutrition. Our group explored this association where tongue muscle and its iIMAT were
associated with an increased risk of developing malnutrition in the same cohort. (Borda et
al., 2021b)
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The associations were significant only for DLB cases. People living with DLB tend to have
more frailty from diagnosis, with more comorbidity, neuropsychiatric symptoms,
malnutrition, and therefore muscular impairment could be more pronounced. Interestingly,
we found reduced muscle and more iMAT in DLB than AD; even at the same age and level
of cognitive impairment. (Borda et al., 2020; Borda et al., 2021a)This, in addition to greater
systemic inflammation in DLB as a common mechanism for neurodegeneration and muscle
damage. (King and Thomas, 2017) Furthermore, dysphagia could be a consequence of this
masticatory muscle damage, which is already frequent in dementia and more common
during mild stages in people diagnosed with DLB. (Alagiakrishnan et al., 2013) Tongue
muscle volume could therefore represent an early marker of brain atrophy in DLB patients.
Longitudinal studies testing this hypothesis is required.

There are some limitations to this study. Selection bias might have occurred if a larger
number of patients with more complex health conditions had been chosen since the
Demvest study included primary care referrals. On the other hand, general practitioners
were encouraged to refer anyone suspected of having dementia. The DEMVEST study was
not designed for the purpose of this paper, which generates possible limitations when
analysing the data and controlling interactions. In addition, the lack of comparison with a
healthy control group did not allow to evaluate whether the studied participants were
different from healthy older adults. Conditions that were not investigated, such as missing
teeth, bruxism, rigidity in DLB, or dental prosthesis, might affect muscle volumes. Some
limitations to the automated segmentation approach include thresholds and the operator's
experience. Slice-O-Matic measures, on the other hand, have been verified against gold
standards in the past, exhibiting excellent inter- and intra-rater reliability, as well as good
reliability and validity. (Demontiero et al., 2011) The sample size was small due to imaging
availability and quality selection, and longitudinal analyses were not performed because
images were only available at baseline.

5. Conclusion

Tongue muscle volume at diagnosis was associated with total grey and hippocampal volume
in DLB, indicating that measuring the tongue can offer a simple, non-invasive and cost-
effective measurement of muscle volume since most patients with suspected or confirmed
dementia will have MRI scans. This method can thus be applied for research and clinical
purposes. Further longitudinal investigations are required to explore the association
between tongue muscle and prognosis.
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