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Abstract. More than half of the patients with Alzheimer’s disease (AD) have comorbidities including TDP-43 and Lewy
bodies, which are also associated with frontotemporal lobar degeneration and dementia with Lewy bodies, respectively. These
comorbidities may help explain the overlapping neuropsychiatric symptoms between AD and other dementias. Data on 221
AD patients with Neuropsychiatric Inventory-Questionnaire were obtained from the National Alzheimer’s Coordinating
Center. TDP-43 was associated with aberrant motor activity, whereas Lewy bodies were associated with anxiety, irritability,
sleep behavior, and appetite problems. The associations between these comorbidities and neuropsychiatric symptoms were
more significant for patients with sparse diffuse plaques.
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INTRODUCTION

Current criteria for the pathologic diagnosis of
Alzheimer’s disease (AD) recommend assessment
and classification based on the presence and dis-
tribution of amyloid-� deposits and neurofibrillary
pathology [1]. However, more than half of the patients
clinically diagnosed with AD have comorbid patholo-
gies in addition to plaque and tangle pathology [2].
These include pathologies shared with other neu-

∗Correspondence to: Ece Bayram, Cleveland Clinic Lou Ruvo
Center for Brain Health, 888W Bonneville Avenue, Las Vegas,
NV 89106, USA. Tel.: +1 702 701 7892; E-mail: drecebayram@
gmail.com.

rodegenerative disorders. For example, 30–57% of
individuals with AD pathology have comorbid 43
kDA TAR DNA-binding protein (TDP-43) pathology
in the medial temporal lobe, which eventually spreads
to occipitotemporal cortex, basal ganglia, and frontal
neocortex [3, 4]. Up to 50% of individuals with AD
have limbic or neocortical Lewy bodies (LB) [5].

Abnormal TDP-43 accumulation is associated
with frontotemporal lobar degeneration (FTLD) and
amyotrophic lateral sclerosis [6], whereas LB pathol-
ogy leads to Parkinson’s disease (with and without
dementia) and dementia with Lewy bodies (DLB) [7].
These different dementia types are associated with
different neuropsychiatric profiles. Neuropsychiatric
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symptoms common in AD include mood fluctuations,
agitation, apathy, irritability, aberrant motor behavior,
and sleep disturbances [8]. FTLD is associated with
disinhibition, apathy or inertia, loss of sympathy or
empathy, perseverative, stereotyped, or compulsive
behavior, hyperorality, and dietary changes [9]. Com-
mon neuropsychiatric symptoms of DLB include
sleep disturbances, visual hallucinations, depression,
and delusions [10]. Although neuropsychiatric phe-
notypes of AD, FTLD, and DLB differ from one
another, many features also overlap.

In this study, we investigated whether comorbid
pathologies in AD are associated with FTLD- or
DLB-like neuropsychiatric symptoms.

MATERIAL AND METHODS

Study sample

Data were obtained from the National Alzheimer’s
Coordinating Center (NACC) Neuropathology Data
Set (NP) and The Uniform Data Set (UDS) for visits
conducted between September 2005 and September
2017. Detailed descriptions of these datasets can be
found elsewhere [11, 12].

Participants: 1) clinically diagnosed as AD, 2)
meeting the pathologic criteria for at least interme-
diate probability of AD from the revised National
Institute on Aging- Alzheimer’s Association (NIA-
AA) criteria, 3) with pathological assessment for
TDP-43 immunoreactive inclusions in the amygdala,
4) with pathological assessment for LB, and 5) evalu-
ated with Neuropsychiatric Inventory-Questionnaire
(NPI-Q) [13] were included. Exclusion criteria was a
clinician diagnosis of FTLD or DLB as the primary
cause of cognitive impairment. In total, 221 partici-
pants were included. Dementia severity was assessed
by CDR® Dementia Staging Instrument [14].

TDP-43 and LB pathology

In the NP data set, distribution of TDP-43
immunoreactive inclusions are evaluated in the spinal
cord, amygdala, hippocampus, entorhinal/inferior
temporal cortex, and neocortex. Patients were
grouped as TDP-43 positive or negative based on
the TDP-43 immunoreactivity within the amygdala
as TDP-43 in AD typically appears first in the amyg-
dala [15]. LB pathology is assessed in brainstem,
limbic or amygdala, neocortex, the olfactory bulb,
and unspecified brain regions. Individuals were con-
sidered LB-positive or negative based on limbic or

amygdala predominant, or neocortical (diffuse) LB
pathology.

Neuropsychiatric assessment

Neuropsychiatric symptoms were evaluated using
the NPI-Q, a brief questionnaire assessing the
presence and severity of neuropsychiatric symp-
toms commonly observed in dementia [13]. These
symptoms are delusions, hallucinations, agitation,
depression, anxiety, euphoria, apathy, disinhibition,
irritability, aberrant motor behavior, disturbances of
sleep and nighttime behavior, and abnormalities of
eating and appetite. Scores for each item are rated by
the caregiver from 0 to 3. Non-present symptoms are
rated as 0. The severity ranking for each item ranges
from 1 to 3 (1 = mild; 2 = moderate; and 3 = severe).
Total score ranges from 0 to 36, with higher scores
indicating worse symptoms. If a participant had lon-
gitudinal NPI-Q data, the assessment closest to time
of death was used to better reflect the neuropsychi-
atric profile closest to the pathology findings.

Statistics

SAS (SAS Institute Inc., Cary, NC) and IBM
SPSS 25.0 (Armonk, NY) were used. Comparisons
were made between TDP-43 positive and negative,
between LB-positive and negative groups using Chi-
square and t-tests. Main effects of TDP-43 and LB on
NPI-Q scores; interactions of TDP-43 and LB; TDP-
43 and diffuse plaque density; and LB and diffuse
plaque density were investigated with demographics
(age, years of education, gender) and AD pathology
stage (Thal phase, Braak stage, CERAD score) as
covariates with Bonferroni correction. p < 0.05 was
considered statistically significant.

RESULTS

Out of 221 eligible individuals, 121 (54.8%) were
TDP-43 positive and 98 (44.3%) were LB-positive.
Sixty-four (29.0%) had both TDP-43 and LB; 57
(25.8%) had only TDP-43; 39 (17.6%) had only LB;
61 (27.6%) did not have either pathology. LB was
more common in individuals with TDP-43 and vice
versa (χ2 = 5.152, p = 0.023) (Fig. 1).

Demographics and disease features are summa-
rized in Table 1. NPI-Q scores and statistical results
are given in Table 2. The interval between ages
during NPI-Q and death (timepoint for pathologi-
cal assessment) was similar within TDP-43 (TDP-43
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Fig. 1. a) Percentage of LB pathology in TDP-43 groups, b) Percentage of TDP-43 pathology in LB groups.

Table 1
Demographics and disease features

TDP-43 groups LB groups
TDP-43 positive TDP-43 negative Group LB-positive LB-negative Group

(n = 121) (n = 100) comparison (n = 98) (n = 123) comparison

Age 76.46 (9.23) 74.24 (10.32) t(219) = –1.689,
p = 0.093

73.92 (9.53) 76.68 (9.84) t(219) = 2.104,
p = 0.037∗

Age at death 82.52 (9.34) 79.97 (10.40) t(219) = –1.919,
p = 0.056

80.01 (9.90) 82.45 (9.80) t(219) = 1.828,
p = 0.069

Education, years 15.25 (3.21) 15.77 (2.86) t(219) = 1.2256,
p = 0.210

16.04 (2.87) 15.04 (3.15) t(219) = –2.434,
p = 0.016∗

Gender (female %) 55.4 45.0 χ2 = 2.356,
p = 0.125

49.0 52.0 χ2 = 0.203,
p = 0.652

Handedness (right %) 91.7 94.0 χ2 = 1.715,
p = 0.424

93.9 91.9 χ2 = 0.472,
p = 0.790

APOE �4 carriers (%) 66.0 57.4 χ2 = 4.357,
p = 0.113

71.7 54.0 χ2 = 8.382,
p = 0.015∗

Hippocampal
sclerosis (%)

34.1 10.0 χ2 = 18.212,
p = 0.000∗

21.6 24.4 χ2 = 1.661,
p = 0.646

Thal phase for
amyloid plaques (A
score) (1/2/3 %)

3.4/18.2/78.5 1.0/38.4/60.6 χ2 = 14.852,
p = 0.005∗

1.0/17.3/81.6 3.2/35.2/61.5 χ2 = 11.645,
p = 0.020∗

Braak stage for
neurofibrillary
degeneration (B
score) (3/4/5/6 %)

4.2/5.0/22.5/68.3 1.0/4.0/34.0/61.0 χ2 = 5.178,
p = 0.159

1.0/4.1/24.5/70.4 4.1/4.9/30.3/60.7 χ2 = 3.435,
p = 0.329

Density of neocortical
neuritic plaques
(CERAD score) (C
score) (1/2/3 %)

2.5/11.6/86.0 3.0/24.2/72.7 χ2 = 6.313,
p = 0.043∗

1.0/11.2/87.8 4.1/22.1/73.8 χ2 = 6.959
p = 0.031∗

Density of diffuse
plaques (CERAD
semiquantitative
score) (1/2/3 %)

1.7/12.8/85.5 2.1/10.6/87.2 χ2 = 0.276,
p = 0.871

3.3/12.0/84.8 0.8/11.8/87.4 χ2 = 1.646,
p = 0.439

CDR sum of boxes
score

6.92 (4.27) 6.03 (3.83) t(219) = –1.610,
p = 0.109

6.99 (4.54) 6.14 (3.68) t(219) = –1.542,
p = 0.125

All variables are reported as mean (standard deviation) or percentage where stated. Statistical significance is marked with ∗.

positive: 6.06 (2.74) versus TDP-43 negative: 5.73
(2.81); t(219) = –0.875 p = 0.382) and LB groups
(LB-positive: 6.09 (2.96) versus LB-negative: 5.76
(2.61); t(219) = –0.873, p = 0.384).

TDP-43 group comparisons

The TDP-43 positive group had a higher frequency
of hippocampal sclerosis, more advanced Thal phase
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Table 2
NPI-Q scores of the groups and statistical results

TDP-43 groups LB groups TDP-43 and LB TDP-43 and

diffuse

LB and diffuse

TDP-43 positive TDP-43 negative Group LB-positive LB-negative Group interaction plaque density plaque density

(n = 116) (n = 99) comparison (n = 102) (n = 113) comparison interaction interaction

NPI-Q total score 3.88 (4.09) 4.06 (4.17) F(1,191) = 24.315,

p = 0.213

4.42 (4.64) 3.60 (3.63) F(1,191) = 7.745,

p = 0.006∗
F(1,191) = 0.923,

p = 0.338

F(2,191) = 10.446,

p = 0.000∗
F(2,191) = 5.114,

p = 0.007∗

Symptom presence (%)

Delusion 9.1 12.0 χ2 = 0.497,

p = 0.481

11.2 9.8 χ2 = 0.126,

p = 0.722

n/a n/a n/a

Hallucination 6.6 5.0 χ2 = 0.257,

p = 0.612

5.7 6.1 χ2 = 0.018,

p = 0.892

n/a n/a n/a

Agitation 24.0 36.0 χ2 = 3.818,

p = 0.051

28.6 30.1 χ2 = 0.060,

p = 0.807

n/a n/a n/a

Depression 32.2 38.0 χ2 = 0.803,

p = 0.370

38.8 31.7 χ2 = 1.200,

p = 0.273

n/a n/a n/a

Anxiety 34.7 40.0 χ2 = 0.656,

p = 0.418

46.9 29.3 χ2 = 7.298,

p = 0.007∗
n/a n/a n/a

Euphoria 1.7 3 χ2 = 0.449,

p = 0.503

3.1 1.6 χ2 = 0.508,

p = 0.476

n/a n/a n/a

Apathy 35.5 35.0 χ2 = 0.007,

p = 0.934

36.7 34.1 χ2 = 0.160,

p = 0.689

n/a n/a n/a

Disinhibition 20.7 22.0 χ2 = 0.059,

p = 0.809

25.5 17.9 χ2 = 1.893,

p = 0.169

n/a n/a n/a

Irritability 29.8 41.0 χ2 = 3.051,

p = 0.081

31.6 37.4 χ2 = 0.799,

p = 0.371

n/a n/a n/a

Aberrant motor behavior 14.0 12.0 χ2 = 0.202,

p = 0.653

13.3 13.0 χ2 = 0.003,

p = 0.955

n/a n/a n/a

Sleep behavior problems 28.1 21.0 χ2 = 1.476,

p = 0.224

24.5 25.2 χ2 = 0.015,

p = 0.903

n/a n/a n/a

Appetite 25.6 22.0 χ2 = 0.394,

p = 0.530

25.5 22.8 χ2 = 0.226,

p = 0.635

n/a n/a n/a

(Continued)
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Severity

Delusion 1.36 (0.51) 1.75 (0.75) F(1,191) = 0.114,

p = 0.736

1.64 (0.67) 1.50 (0.67) F(1,191) = 0.022,

p = 0.883

F(1,191) = 0.052,

p = 0.820

F(2,191) = 0.326,

p = 0.723

F(2,191) = 0.326,

p = 0.722

Hallucination 1.38 (0.74) 1.80 (0.84) F(1,191) = 1.955,

p = 0.164

1.83 (0.75) 1.29 (0.76) F(1,191) = 1.574,

p = 0.211

F(1,191) = 2.767,

p = 0.098

F(2,191) = 1.395,

p = 0.250

F(2,191) = 1.952,

p = 0.145

Agitation 1.48 (0.69) 1.47 (0.56) F(1,191) = 0.005,

p = 0.942

1.32 (0.48) 1.59 (0.69) F(1,191) = 1.472,

p = 0.227

F(1,191) = 0.588,

p = 0.444

F(2,191) = 1.940,

p = 0.147

F(2,191) = 1.675,

p = 0.190

Depression 1.36 (0.67) 1.45 (0.60) F(1,191) = 3.958,

p = 0.048∗
1.50 (0.68) 1.31 (0.57) F(1,191) = 3.066,

p = 0.082

F(1,191) = 0.089,

p = 0.766

F(2,191) = 5.491,

p = 0.005∗
F(2,191) = 2.445,

p = 0.089

Anxiety 1.52 (0.71) 1.40 (0.59) F(1,191) = 0.963,

p = 0.328

1.48 (0.66) 1.44 (0.65) F(1,191) = 4.121,

p = 0.044∗
F(1,191) = 0.000,

p = 0.991

F(2,191) = 5.490,

p = 0.005∗
F(2,191) = 2.304,

p = 0.103

Euphoria 1 (0) 1 (0) F(1,191) = 0.040,

p = 0.841

1 (0) 1 (0) F(1,191) = 0.175,

p = 0.676

F(1,191) = 0.058,

p = 0.810

F(2,191) = 0.053,

p = 0.949

F(2,191) = 0.029,

p = 0.971

Apathy 1.65 (0.72) 1.63 (0.69) F(1,191) = 0.931,

p = 0.336

1.58 (0.69) 1.69 (0.72) F(1,191) = 10.328,

p = 0.002∗
F(1,191) = 0.833,

p = 0.363

F(2,191) = 0.950,

p = 0.388

F(2,191) = 6.571,

p = 0.002∗

Disinhibition 1.96 (0.74) 1.36 (0.66) F(1,191) = 1.051,

p = 0.307

1.80 (0.76) 1.55 (0.74) F(1,191) = 0.634,

p = 0.427

F(1,191) = 1.578,

p = 0.211

F(2,191) = 1.238,

p = 0.292

F(2,191) = 2.426,

p = 0.091

Irritability 1.36 (0.59) 1.46 (0.64) F(1,191) = 1.426,

p = 0.234

1.61 (0.72) 1.28 (0.50) F(1,191) = 3.930,

p = 0.049∗
F(1,191) = 0.197,

p = 0.658

F(2,191) = 8.457,

p = 0.000∗
F(2,191) = 6.678,

p = 0.002∗

Aberrant motor behavior 1.47 (0.72) 1.42 (0.67) F(1,191) = 9.164,

p = 003∗
1.62 (0.77) 1.31 (0.60) F(1,191) = 002,

p = 0.961

F(1,191) = 5.245,

p = 0.023∗
F(2,191) = 6.342,

p = 0.002∗
F(2,191) = 0.493,

p = 0.612

Sleep behavior problems 1.65 (0.69) 1.62 (0.81) F(1,191) = 3.205,

p = 0.075

1.83 (0.82) 1.48 (0.63) F(1,191) = 4.543,

p = 0.034∗
F(1,191) = 0.777,

p = 0.379

F(2,191) = 4.882,

p = 0.009∗
F(2,191) = 3.017,

p = 0.051

Appetite 1.52 (0.72) 1.41 (0.67) F(1,191) = 0.484,

p = 0.487

1.56 (0.77) 1.39 (0.63) F(1,191) = 4.278,

p = 0.040∗
F(1,191) = 0.923,

p = 0.338

F(2,191) = 9.635,

p = 0.000∗
F(2,191) = 2.556,

p = 0.080

All variables are reported as mean (standard deviation) or percentage where stated. Statistical significance is marked with ∗. n/a, not applicable; multivariate analysis of covariance was only run
for quantitative variables.
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and CERAD score. Symptom presence or total NPI-
Q score did not significantly differ. Depression was
more severe in the TDP-43 negative; aberrant motor
behavior was more severe in the TDP-43 positive
group.

LB group comparisons

The LB-positive group was younger and more edu-
cated. The LB-positive group had a higher frequency
of APOE �4 carriers, more advanced Thal phase and
CERAD score. Anxiety was more frequent in the
LB-positive group. Apathy was more severe in the
LB-negative; total NPI-Q score was higher and anxi-
ety, irritability, sleep behavior, and appetite problems
were more severe in the LB-positive group.

Interactions between TDP-43, LB, and diffuse
plaque density

Significant interactions are depicted in Supple-
mentary Figure 1. TDP-43 and LB had an interaction
for aberrant motor behavior. LB pathology was asso-
ciated with more severe aberrant motor behavior
within the TDP-43 negative group.

TDP-43 and diffuse plaque density had interac-
tions for total NPI-Q score, depression, anxiety,
irritability, aberrant motor behavior, sleep behavior,
and appetite problems. TDP-43 pathology was asso-
ciated with higher total NPI-Q score, depression,
anxiety, irritability, aberrant motor behavior, sleep
behavior, and appetite problem severity for patients
with sparse diffuse plaques, and lower scores for
patients with moderate plaques.

LB and diffuse plaque density had interactions for
total NPI-Q score, apathy, and irritability. LB pathol-
ogy was associated with increased total NPI-Q scores;
the increase was greatest for patients with sparse dif-
fuse plaques and least for individuals with frequent
diffuse plaques. LB pathology was associated with
increased apathy severity for patients with sparse dif-
fuse plaques; and increased irritability severity for
patients with sparse and moderate diffuse plaques.

DISCUSSION

In this study, we investigated whether TDP-43 and
LB in AD are associated with specific neuropsy-
chiatric symptoms. TDP-43 was associated with
increased severity of aberrant motor behavior; while
LB was associated with increased anxiety, irritabil-
ity, sleep behavior, and appetite problems. For the

TDP-43 negative group, LB positivity was associ-
ated with more severe aberrant motor behavior. Both
TDP and LB had several interactions with diffuse
plaques, with more apparent deterioration associated
with TDP-43 and LB observed in individuals with
sparse diffuse plaques.

More common TDP-43 pathology in the LB-
positive group (and vice versa), as well as more
advanced amyloid deposition in both TDP-43 and
LB-positive groups compared to their negative coun-
terparts suggest that comorbidities are more common
in more advanced AD. This is not surprising, as amy-
loid has been shown to promote both LB and TDP-43
pathology in AD [16, 17]. The different hippocampal
sclerosis frequency between the TDP-43 groups was
also expected, as hippocampal sclerosis is the most
significant predictor of comorbid TDP-43 pathology
in AD [18]. Significant differences between the LB
groups included age and APOE �4 status. Similar
to a previous study [19], the LB-positive group was
younger although they had more advanced amyloid
deposition. Additionally, having at least one APOE
�4 allele was more frequent in the LB-positive group.
Considering that APOE �4 is associated with AD
onset at a younger age [20], age differences between
the LB groups may be due to higher frequency of
APOE �4 carriers in the LB-positive group.

TDP-43 follows a distinct spread pattern in AD
compared to that observed in FTLD [15], which may
explain why it does not appear to produce FTLD-like
neuropsychiatric symptoms in AD. Our findings are
consistent with studies reporting that TDP-43 in AD
does not affect the total NPI score [21] or neuropsy-
chiatric symptom occurrence [22]. However, TDP
positivity was associated with more severe aberrant
motor behavior, and less severe depression. Similar
results have been shown in FTLD patients compared
to AD, with more severe apathy and disinhibition in
FTLD [23]. Although our TDP-43 positive group did
not exhibit a complete FTLD-like profile, more severe
aberrant motor activity and less severe depression
suggest a potential TDP-43 effect in AD.

The association between comorbid LB and
neuropsychiatric symptoms in AD have been incon-
sistent with some reporting increased delusions,
hallucinations, depression, confusion, and motor dis-
turbances in LB-positive AD [19, 24, 25], and some
reporting no differences between LB-positive and
negative AD [26–28]. Compared to AD, higher
NPI total, delusions, hallucinations, anxiety, aberrant
motor behavior, sleep behavior, and appetite problem
scores in DLB have been shown [29]. Our findings



E. Bayram et al. / Comorbid TDP-43 and Lewy Body Pathology in AD 959

were similar, suggesting a partially DLB-like pro-
file in LB-positive AD. Both frequency and severity
of anxiety was increased in the LB-positive group,
in line with studies showing that anxiety is more
common in DLB than AD [30, 31]. However, as
delusions and hallucinations are important aspects of
DLB [32], the lack of delusion and hallucination dif-
ferences prevent the full scope of DLB-like profile
to be associated with LB comorbidity in AD in our
study.

There were also several interactions between TDP-
43, LB, and diffuse plaques. LB was related to more
severe aberrant motor behavior without TDP-43 pos-
itivity, supporting previous reports on more severe
aberrant motor activity in DLB compared to AD [29].
TDP-43 pathology was associated with increased
severity of multiple symptoms in AD patients with
sparse diffuse plaques; and decreased severities in
patients with moderate diffuse plaques. LB pathol-
ogy was associated with increased NPI-Q total score
as well as apathy, and irritability severity especially
in AD patients with sparse diffuse plaques. This
association decreased as diffuse plaque frequency
increased. These patterns of interaction suggest that
effects of comorbid pathologies in AD may be more
pronounced in the earlier stages.

Compared to the 1997 NIA-Reagan neuropatho-
logic criteria [33], the sensitivity of clinical AD
diagnosis ranges from 70.9 to 87.3%, while the
specificity is 44.3–70.8% [34]. Primary patholo-
gies in misdiagnosis are tauopathy, cerebrovascular
disease, LB, and hippocampal sclerosis. Utilizing
neuropathologic criteria for the accurate diagnosis
may help determine the mechanisms behind clinical
symptomatology better. Multisite studies with patho-
logical data such as NACC allow for the assessment
of a large number of patients with neuropathologi-
cally confirmed AD diagnosis, while earlier studies
relied on clinical diagnosis or small numbers of
individuals with neuropathologically confirmed AD.
Nevertheless, evaluation for TDP-43 pathology was
only recently included in the NACC, which restricted
our sample size. In AD, focal amygdala involvement
represents a very early stage of TDP-43 pathology
[4]. Involvement of multiple regions may be associ-
ated with more neuropsychiatric symptoms, leading
to different neuropsychiatric profiles for advanced
TDP-43 stages. Although our sample size was not
small, it was not large enough to allow stratification
by dementia stage, TDP-43, or LB location. Addi-
tionally, the majority of the patients did not exhibit
symptoms on the NPI-Q. Future studies may benefit

from assessing the effects of comorbid pathologies in
a bigger sample with longitudinal visits.

Although the interval between age when the NPI-
Q was assessed and age at death was not different
between the groups, the interval was around six years,
which is a long gap to represent the accompany-
ing pathology during the time of NPI-Q. Evaluation
closer to death can yield more reliable results. Future
studies may also benefit from using NPI, or other
scales for more detailed assessment of neuropsychi-
atric symptoms, as the NPI-Q is a brief scale.

In conclusion, TDP-43 and LB comorbidities are
partially associated with common FTLD- or DLB-
like neuropsychiatric symptoms. Although both
comorbidities are associated with advanced amy-
loid deposition, their neuropsychiatric effects may be
more pronounced in the earlier stages of AD. Eluci-
dating the pathophysiology can help establish new
and more efficient treatment targets for AD-related
neuropsychiatric symptoms.
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[32] López-Pousa S, Vilalta-Franch J, Garre-Olmo J, Pons S,
Cucurella MG (2007) Characterisation and prevalence of the
psychological and behavioural symptoms in patients with
dementia [Caracterización y prevalencia de los síntomas
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