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Abstract

Background Progressive supranuclear palsy (PSP) is usually diagnosed in elderly. Currently, little is known about comor-
bidities and the co-medication in these patients.

Objectives To explore the pattern of comorbidities and co-medication in PSP patients according to the known different
phenotypes and in comparison with patients without neurodegenerative disease.

Methods Cross-sectional data of PSP and patients without neurodegenerative diseases (non-ND) were collected from three
German multicenter observational studies (DescribePSP, ProPSP and DANCER). The prevalence of comorbidities accord-
ing to WHO ICD-10 classification and the prevalence of drugs administered according to WHO ATC system were analyzed.
Potential drug—drug interactions were evaluated using AiDKIlinik®.

Results In total, 335 PSP and 275 non-ND patients were included in this analysis. The prevalence of diseases of the circula-
tory and the nervous system was higher in PSP at first level of ICD-10. Dorsopathies, diabetes mellitus, other nutritional
deficiencies and polyneuropathies were more frequent in PSP at second level of ICD-10. In particular, the summed prevalence
of cardiovascular and cerebrovascular diseases was higher in PSP patients. More drugs were administered in the PSP group
leading to a greater percentage of patients with polypharmacy. Accordingly, the prevalence of potential drug—drug interac-
tions was higher in PSP patients, especially severe and moderate interactions.

Conclusions PSP patients possess a characteristic profile of comorbidities, particularly diabetes and cardiovascular diseases.
The eminent burden of comorbidities and resulting polypharmacy should be carefully considered when treating PSP patients.

Keywords Progressive supranuclear palsy - Comorbidities - Polypharmacy - Drug—drug interactions

Introduction

Progressive supranuclear palsy (PSP) is a rare neurodegen-
Giinter U. Hoglinger and Martin Klietz have equally contributed to erative movement disorder with a mean onset between 60
this work. and 66 years of age [1, 2]. Hence, PSP is a disease of elderly
people, who often suffer from various additional chronic
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diseases. A previous report detected diabetes mellitus and
cerebrovascular diseases as characteristic pre-diagnostic
accompanying disorders of PSP.[3] A similar pattern of
comorbidities in PSP, including arterial hypertension, was
found in two other cohorts from Western countries [4, 5].

Treatment of the diverse motor and non-motor symptoms
of PSP often requires the administration of multiple drugs
[6, 7]. Together with the drug therapy necessary for comor-
bidities, this can result in polypharmacy [8]. The amount of
administered drugs and therefore the prevalence of polyphar-
macy increases dramatically with patients’ age up to>40%
in people aged 85 years or older [9, 10]. Polypharmacy is a
leading cause for drug-related problems, e.g., adverse drug
reactions (ADR) or drug—drug interactions (DDIs), that may
result in falls, hospitalizations or death [11-13].

Since patients with PSP represent a highly vulnerable
group, multimorbidity and polypharmacy should be given
special attention in medical care. There currently is a lack of
detailed knowledge on comorbidities and specific aspects of
drug therapy in patients with PSP. In this study, we aimed to
analyze the comorbidity profile and particular issues of drug
therapy in PSP patients from two large German, multicenter
PSP cohorts compared to a German, multicenter cohort of
patients without neurodegenerative diseases. In addition, we
elaborated aspects of drug safety in PSP patients with differ-
ent disease phenotypes.

Methods
Participants

Ethical approvals were obtained from the local Ethics Com-
mittees of all participating study centers. The data analysis of
the study was additionally amended to the Ethics Committee
at Hannover Medical School (No. 3558-2017, amendment
in 2020). Cross-sectional data of 350 PSP patients were col-
lected within two German, multicenter, observational cohort
studies, the ProPSP study (German Parkinson and Movement
Disorders Society, DPG) and the DescribePSP study (Ger-
man Center for Neurodegenerative Diseases, DZNE) [14, 15].
PSP diagnosis and phenotype were determined by expert neu-
rologists according to Movement Disorders Society diagnostic
criteria for PSP (MDS-PSP criteria) [16]. In case of multiple
allocations of phenotypes to one patient, the clinical pheno-
type was defined using the Multiple Allocations eXtinction
(MAX) rules [17]. PSP with predominant Parkinsonism (PSP-
P), with predominant corticobasal syndrome (PSP-CBS), with
predominant progressive gait freezing (PSP-PGF), with pre-
dominant frontal presentation (PSP-F), with predominant ocu-
lar motor dysfunction (PSP-OM), with predominant postural
instability (PSP-PI) and with predominant speech/language
disorder (PSP-SL), were summarized as variant phenotypes
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(vPSP). The data of 363 patients from multicenter cohort study
DANCER (DZNE) were used for a comparison (non-ND).
Relatives of patients with neurological diseases, interested per-
sons and neurological patients without neurodegenerative dis-
ease were participating in this study. As the DANCER cohort
accordingly included young patients (lowest age: 20 years), the
comparability with the PSP cohort was established by selec-
tion for age. Therefore, the age of selection was increased until
no significant difference persisted in the age distribution of the
PSP and non-ND group. This cut-off point was >57 years of
age. In this way, the data of 335 PSP and 275 non-ND patients
could be compared. Participants did not receive any financial
compensation for participating in the study.

Data acquisition

Experienced movement disorder specialists in all participating
centers together with study nurses performed the survey and
examination. Demographic information (age, sex and symp-
tom onset), clinical scales (CGI, Clinical Global Impression;
MoCA, Montreal Cognitive Assessment; PSPSS, Progressive
Supranuclear Palsy Staging System; PSP-RS, Progressive
Supranuclear Palsy Rating Scale; GDS-15, Geriatric Depres-
sion Scale-15) and medical history (comorbidities and medi-
cation) were collected from patients or their caregivers, if a
proper survey could not be performed. Data from the most
recent visit were used for analysis. The comorbidities were
classified according to the first and second level of the World
Health Organization (WHO) International Classification of
Diseases, 10th Revision (WHO ICD-10, latest version, 2019).
Only ongoing conditions or diseases that required regular med-
ical check-up or continuous treatment were included. The med-
ication was classified according to the WHO Anatomical Ther-
apeutic Chemical (ATC) system. The levodopa equivalent dose
(LED) was calculated as described previously [18]. Potential
drug—drug interactions (pDDIs) were identified using the
clinical decision support system (CDSS) AiDKlinik® (AID,
version 01.05.2020; Dosing GmbH, Heidelberg, Germany)
[19-21]. The analysis did not consider whether pDDIs resulted
in actual side effects. PDDIs were differentiated according to
their severity ranging from “disputed evidence,” “light inter-
action,” “moderate interaction,” and “severe interaction’ to
“contraindicated combination.” Patients aged > 70 years, with
multimorbidity (> three ongoing diseases) and polypharmacy
(> five long-term drugs) were defined as “geriatric.”’[22]

Statistical analysis

Descriptive statistical analyses were performed using Graph-
Pad Prism 9 (GraphPad Prism Software Inc., San Diego, Cal-
ifornia) and IBM SPSS Statistics 27 (IBM, Corp., Armonk,
New York, USA). Continuous variables are reported as
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mean and standard deviation (SD). To test for normal dis-
tribution, the Shapiro—Wilk and Kolmogorov—Smirnov tests
were used. In case of a normal distribution, the unpaired t
test was carried out to detect significant differences; in case
of non-normal distribution, the Mann—Whitney U test was
used. Chi-squared test was performed to compare propor-
tions for categorical variables (e.g., sex, prevalence). Odds
ratios (OR) are displayed together with the 95% confidence
intervals.

Results
Patient characteristics

All demographic characteristics are shown in Table 1. PSP
(n=335) and non-ND (n=275) were similar in age (PSP,
71.1 £6.7 years; non-ND, 70.0+ 7.1 years; p=0.090)
but offered a different sex distribution (PSP, 151 (45.1%
females); non-ND, 146 (53.1% females); p =0.049). The
PSP group met the characteristics (age > 70 years, multi-
morbidity and polypharmacy) of geriatric patients signifi-
cantly more often (PSP, 97 (29.0%); non-ND, 20 (7.3%);
p<0.001).

Comorbidities

Since neuropsychiatric disorders, in particular apathy and
depression, are often part of the non-motor symptom com-
plex of PSP, these disorders (F30-F39) were not included in
the following comparison. The total number of comorbidi-
ties did not differ between PSP and non-ND patients (PSP,
3.4+2.4; non-ND, 3.6 +2.3; p=0.450). Two hundred and
six (61.5%) PSP and 174 (63.3%) non-ND patients offered
multimorbidity (Table 1). Figure 1A illustrates the preva-
lence of the ten most common comorbidities in PSP and
non-ND patients corresponding to the chapters of the first
level of ICD-10. PSP patients showed significantly more

Table 1 Main demographic and clinical characteristics of PSP and
non-ND patients

Characteristic PSP (n=335) Non-ND (n=275)

Age, mean+ SD (min, max) 71.1+6,7 (57,88) 70.0+7.1(57,91)

Sex, female (%) 151 (45.1) 146 (53.1)*
Geriatric patients, n (%) 98 (29.2) 20 (7.2)%***
Age>70, n (%) 193 (57.6) 148 (53.8)
Multimorbidity, n (%) 212 (63.3) 163 (59.3)

Polypharmacy, n (%) 181 (54.0) 56 (20.4)%**

Abbreviations: PSP progressive supranuclear palsy; SD standard
deviation

“p<0.03, #¥p <0.01, ¥*¥p <0.001, Chi-squared test

diseases of the circulatory system (PSP, 226 (67.5%); non-
ND, 160 (58.2%); OR 1.49 [1.07-2.08]; p=0.018) and the
nervous system (PSP, 87 (26.0%); non-ND, 51 (18.5%);
OR 1.54 [1.04-2.28]; p=0.029) compared to non-ND
patients. In particular, the prevalence of dorsopathies (PSP,
55 (16.4%); non-ND, 27 (9.8%); OR 1.80 [1.10-2.95];
p=0.017), diabetes mellitus (PSP, 45 (13.4%); non-ND, 13
(4.7%); OR 3.13 [1.65-5.93]; p<0.001), other nutritional
deficiencies (PSP, 39 (11.6%); non-ND, 9 (3.3%); OR 3.89
[1.85-8.19]; p<0.001) and polyneuropathies/other disorders
of the peripheral nervous system (PSP, 39 (11.6%); non-ND,
8(2.9%); OR 4.40 [2.02-9.58]; p <0.001) was significantly
higher in PSP patients according to the second level of ICD-
10 (Fig. 1B). In contrast, non-ND patients showed more dis-
eases of the respiratory system (PSP, 26 (7.8%); non-ND,
41 (14.9%); OR 0.48 [0.29-0.81]; p=0.005), diseases of
the digestive system (PSP, 19 (5.7%); non-ND, 35 (12.7%);
OR 0.41 [0.23-0.74]; p=0.002) and diseases of the ear and
mastoid process (PSP, 14 (4.2%); non-ND, 34 (12.4%); OR
0.31 [0.16-0.59]; p=0.001) on the first level of ICD-10. The
prevalence of arthropathies (PSP, 39 (11.6%); non-ND, 78
(28.4%); OR 0.33 [0.22-0.51]; p<0.001) and disorders of
the thyroid gland (PSP, 57 (17.0%); non-ND, 73 (26.5%);
OR 0.57 [0.38-0.84]; p=0.004) was higher in non-ND on
the second level of ICD-10.

Medication

The medication was analyzed with the help of the WHO
ATC classification. Both the number of patients with polyp-
harmacy was significantly higher in PSP (PSP, 181 (54.0%);
non-ND 56 (20.4%); OR 4.60 [3.20-6.61]; p<0.001), and
the number of administered drugs (PSP, 5.2 +3.0; non-ND,
2.8+2.4; p<0.001). This difference persisted even after
exclusion of anti-Parkinson drugs (PSP, 4.1 +2.9; non-ND,
2.7+2.4; p<0.001). Figure 2A displays the ten most com-
mon administered drugs in PSP patients according to ATC
Level II. In particular, the prevalence of psychoanaleptics
(NO6; PSP, 140 (41.8%); non-ND, 21 (7.6%); OR 8.68
[5.29-14.25]; p <0.001), antithrombotic agents (BO1; PSP,
109 (32.5%); non-ND, 61 (22.2%); OR 1.69 [1.18-2.44];
p=0.005), diuretics (C0O3; PSP, 71 (21.2%); non-ND, 27
(9.8%); OR 2.47 [1.54-3.98]; p<0.001), vitamins (A11;
PSP, 69 (20.6%); non-ND, 37 (13.5%); OR 1.67 [1.08-2.58];
p=0.021), antianemic preparations (B03; PSP, 64 (19.1%);
non-ND, 5 (1.8%); OR 12.75 [5.05-32.18]; p<0.001) and
drugs for acid-related problems (A02; PSP, 61 (18.2%);
non-ND, 28 (10.2%); OR 1.96 [1.22 —3.17]; p=0.005) was
higher in PSP patients compared to non-ND. Thyroid prepa-
rations were administered more often in non-ND patients
(HO3; PSP, 55 (16.4%); non-ND, 68 (24.7%); OR 0.60
[0.40-0.89]; p=0.011).

@ Springer
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Fig.1 Prevalence of comorbidities according to ICD-10 classifica-
tion. *p<0.05, **p<0.01, ***p<0.001, Fisher’s exact test. Preva-
lence of the most common comorbidities on the first (A, C) and on
the second level (B, D) of the ICD-10 classification. Comparison

The CDSS AiDKIinik® was used to identify pDDIs. The
data are shown in Fig. 2B. PSP patients exhibited signifi-
cantly more pDDIs than non-ND patients (PSP, 1.4+ 1.8;
non-ND, 0.6+ 1.2; p<0.001). Severe (PSP, 56 (16.7%);
non-ND, 15 (5.5%); OR 3.48 [1.92-6.30]; p <0.001),
moderate (PSP, 165 (49.3%); non-ND, 55 (20.0%); OR
3.88 [2.70-5.59]; p<0.001) and light interactions (PSP,
82 (24.5%); non-ND, 32 (11.6%); OR 2.46 [1.58-3.84];
p <0.001) were significantly more frequent in PSP patients.
The most common severe interactions in PSP patients were
between diuretics/non-steroidal anti-inflammatory drugs
(NSAIDs)/agents acting on the renin-angiotensin system
(risk for acute kidney injury), acetylsalicylic acid/NSAIDs
(attenuation of platelet aggregation inhibition), NSAIDs/
selective serotonin reuptake inhibitors or selective serotonin-
norepinephrine reuptake inhibitors (risk for gastrointestinal

@ Springer
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between PSP and non-ND patients (A, B) as well as in PSP-RS and
vPSP (C, D). Abbreviations: /CD International Classification of Dis-
eases, VPSP progressive supranuclear palsy-variants, PSP-RS pro-
gressive supranuclear palsy-richardson syndrome

bleeding), central acting agents (e.g., melperone)/levodopa
(increased or decreased effect of levodopa) and potassium-
sparing agents/agents acting on renin-angiotensin system
(risk for hyperkalemia). Amantadine, domperidone and
amitriptyline were involved in most of the contraindicated
combinations (risk of QTc-prolongation).

Cardiovascular diseases

Based on the previous observations, aspects of the car-
diovascular system were analyzed in detail. Diagnoses
classified 105-09, 110-15, 120-25, 126-28, 160-69, 170-79
and Q20-28 according to ICD-10 level II were summa-
rized as “cardiovascular diseases,” diagnoses classified
G45 and 160-69 as “cerebrovascular diseases” and diag-
noses classified E10-14, E78, 110-15 as “cardiovascular
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Fig.2 Prevalence of administered drugs according to ATC classifi-
cation and potential drug—drug interactions. *p <0.05, **p<0.01,
*#%p <(0.001, Chi-squared test. Prevalence of the most common
drugs administered on the third level of ATC system (A, C) and the
prevalence of potential drug—drug interactions according to their

risk factors.” The prevalence of cardiovascular (PSP,
80 (23.9%); non-ND, 40 (14.5%); OR 1.84 [1.21-2.80];
p=0.004) and cerebrovascular diseases (PSP, 39 (11.6%);
non-ND, 13 (4.7%); OR 2.65 [1.38-5.06]; p=0.002) was
higher in PSP patients compared to non-ND. In addition
to diabetes mellitus, the prevalence of ischemic strokes
was higher in PSP patients (PSP, 32 (9.6%); non-ND, 9
(3.3%); OR 3.12 [1.46-6.56]; p=0.002). Looking at the
subgroup of diabetics, the number of untreated patients
was larger in PSP patients (PSP, 25/45 (55.6%); non-ND
1/13 (7.7%); OR 15.00 [1.80-125.35]; p=0.003), whereas
the groups of treated or insulin-dependent diabetics did not
differ. Unlike antithrombotic drugs (s. 3.4.), the number

prevalence (%)

severity (B, D). Comparison between PSP and non-ND patients (A,
B) as well as in PSP-RS and vPSP (C, D). Abbreviations: ATC ana-
tomical therapeutic chemical, vPSP progressive supranuclear palsy-
variants, PSP-RS progressive supranuclear palsy-richardson syn-
drome

of cardiovascular drugs (ATC C) and antidiabetics (ATC
A10) did not significantly differ between PSP and non-ND
patients.

Comparison of PSP subgroups

For the PSP subgroup comparisons, all collected PSP patients
from the ProPSP and DescribePSP study were included with-
out any selection (n=350). This PSP cohort was classified
into PSP-RS (n=270, 77.1%) and vPSP phenotypes (n =80,
22.9%) using the MDS-diagnostic criteria and MAX rules
(Figs. 1, 2) [17]. Three hundred and eighteen PSP patients
were diagnosed with a certainty of “probable” (90.9%), 15
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with “possible” (4.3%) and 17 with “suggestive of” (4.8%)
according to the current MDS-PSP-criteria [16]. Table 2
shows some clinical characteristics of all PSP patients and
the subgroups PSP-RS and vPSP. Patients with vPSP pheno-
types were significantly less likely to be female (PSP-RS, 133
(49.3%); vPSP, 27 (33.8%); p=0.014). Most of the collected
clinical scores indicate a higher disease burden for patients
with PSP-RS (Table 2).

While the number of comorbidities between the PSP sub-
groups differed (PSP-RS, 3.67 +£2.40; vPSP, 3.10 +2.44;
p=0.04), the pattern according to the first and the sec-
ond level of ICD-10 was comparable (Fig. 1C, D). Only
endocrine, nutritional and metabolic diseases on the first
level (PSP-RS, 150 (55.6%); vPSP, 34 (42.5%); OR 1.69
[1.02-2.80]; p=0.040) and hypertensive diseases on the
second level of ICD-10 (PSP-RS, 154 (57.0%); vPSP, 35
(43.8%); OR 1.71 [1.03-2.82]; p=0.036) were significantly
more prevalent in patients with PSP-RS.

More anti-Parkinson drugs (PSP-RS, 1.14+0.79;
vPSP, 0.88 +0.77; p=0.006) in a higher LED (PSP-
RS, 435.48 +356.15 mg; vPSP, 360.93 +371.90 mg;
p=0.049) were administered to patients with PSP-RS. In
particular, patients with PSP-RS took amantadine more

frequently (PSP-RS, 71 (26.3%); vPSP, 11 (13.8%); OR
2.23 [1.12-4.47]; p=0.020) in a higher LED (PSP-RS,
57.59+111.46; vPSP, 30.63 +91.23; p=0.023).

Except from vitamins (PSP-RS, 63 (23.3%); vPSP, 7
(8.8%); OR 3.17 [1.39-7.24]; p=0.004) and drugs for gas-
tro-esophageal reflux disease (PSP-RS, 55 (20.4%); vPSP, 8
(10.0%); OR 2.30 [1.05-5.06]; p=0.034), the number of the
other commonly administered drugs according to ATC level
IT was comparable between PSP-RS and vPSP (Fig. 2C).
The mean number of pDDIs differed significantly between
the PSP subgroups (PSP-RS, 1.54 +2.00; vPSP, 0.99 + 1.35;
p=0.01), especially severe interactions were more frequent
in patients with PSP-RS (PSP-RS, 52 (19.3%); PSP vPSP, 6
(7.5%); OR 2.94 [1.21-7.13]; p=0.016; Fig. 2D).

Discussion

To our knowledge, this is the first systematic analysis
of common comorbidities and relevant aspects of drug
therapy in a large cohort of PSP patients compared to a
multicenter cohort of patients without neurodegenera-
tive diseases. PSP patients presented a specific profile of

Table 2 Disease-specific
characteristics and anti-

Parkinson drugs (ATC NO4) in

Age, mean + SD (min, max)
PSP patients

Sex, female (%)

Diseases duration, mean + SD, years

n=349

CGI, mean+SD

n=325

MoCA, mean+SD
n=282

PSPSS, mean+SD
n=328

PSP-RS, mean+SD
n=329

GDS-15, mean+ SD
n=293

LED total, mean =+ SD, mg
Levodopa, n (%)
Dopamine agonists, n (%)
MAO-inhibitors, n (%)
COMT-inhibitors, n (%)
Amantadine, n (%)
Anticholinergics, n (%)

PSP (n=350) PSP-RS (n=270)  PSP-Variants (n=80)
70.4+7.4(51,88) 70.7+7.2(51,88) 69.2+7.9 (52, 86)
160 (45.7) 133 (49.3) 27 (33.8)*
4.1£3.0 42430 37428

44412 55+12 4.0+ 1.3%%x
21.0+6.0 21.0+538 21.0+6.6
33+1.0 35409 2.5+ 1.0%5%
3824157 41.1+145 28.7+ 15.8%%*
6.1+4.2 6.3+4.1 56+4.6
418.4£360.6 435.5+356.2 360.9+371.9%
237 (67.7) 190 (70.4) 47 (58.8)

30 (8.6) 25(9.3) 5(6.3)

19 (5.4) 14 (5.2) 5(6.3)

9 (2.6) 7 (2.6) 2(2.5)

81(23.4) 71 (26.3) 11 (13.8)*

2(0.6) 2(0.7) 0(0)

Abbreviations: ATC anatomical therapeutic chemical; PSP progressive supranuclear palsy; PSP-RS pro-
gressive supranuclear palsy-richardson syndrome; LED levodopa equivalent dose; MAO monoamine oxi-
dase; COMT catechol-O-methyltransferase; SD standard deviation; CGI clinical global impression; MoCA
montreal cognitive assessment; PSPSS progressive supranuclear palsy staging system; PSP-RS progressive
supranuclear palsy rating scale; GDS-15 geriatric depression scale-15

*p<0.05, #*%p <0.001, Mann—Whitney U test or Chi-squared test
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comorbidities, especially a considerably higher prevalence
of cardiovascular and neurological diagnoses. In particu-
lar, diabetes mellitus, cerebrovascular diseases and poly-
neuropathies were found more frequently in PSP patients.
Hence, more antithrombotic drugs and antidepressants
were prescribed to PSP patients, but not cardiac or anti-
diabetic drugs.

So far, only few studies investigated the prevalence of
cardiovascular diseases in PSP patients. The most reli-
able data in this regard are available for arterial hyperten-
sion. In two large cohorts of PSP patients from Germany
and North America, the prevalence of arterial hyperten-
sion was 48% and 57%, respectively [4, 5]. Another study
detected arterial hypertension in 50% of autopsy-con-
firmed PSP cases [23]. These data reflect the prevalence
of hypertension in our cohort (54.6%). Moreover, diabetes
mellitus was more prevalent in our PSP cohort compared
to non-ND patients. The current literature indicates a prev-
alence of approximately 15% in the age of 70-79, which
is comparable to that of the PSP group (13.4%) [24].
Lastly, PSP patients showed a significantly higher preva-
lence of cerebrovascular diseases than non-ND patients.
With approximately 9.6%, the demonstrated prevalence
in PSP was comparable to the age-matched prevalence of
ischemic stroke in Germany, but considerably lower than
in PSP patients prior to diagnosis [3, 25]. However, the
observed differences in the prevalence of cardiovascular
diseases and diabetes between PSP and non-ND patients
could be based on a lower prevalence of these diseases in
the non-ND group compared to data from other Western
countries [24-26].

An association between cardiovascular diseases, diabe-
tes and neurodegenerative diseases is broadly assumed [27,
28]. A recent review attempted to illustrate the role of cer-
tain risk factors in Parkinson’s disease (PD) and cardiovas-
cular diseases [28]. Based on common factors that increase
(diabetes mellitus, male sex) or decrease (physical activity,
moderate coffee consumption, female sex) the risk for both
PD and cardiovascular diseases, the authors hypothesized
shared pathophysiological pathways involving metabolic
and inflammatory processes [28]. Previous reports have
also shown an association between cerebrovascular and
certain neurodegenerative diseases [29, 30]. Beside neu-
rodegenerative diseases directly caused by a stroke, athero-
sclerosis and small-vessel disease was frequently detected
as copathology in PD, Alzheimer’s disease (AD) and even
in PSP.[31-33] Moreover, the emerging basic scientific and
epidemiological evidence suggest a linkage between dia-
betes mellitus and neurodegenerative diseases [27, 34-36].
A recent meta-analysis showed that patients with diabetes
were not only at higher risk for developing PD, but disease
progression was also accelerated [35, 37]. In addition, Uyar
et al. demonstrated poorer cognitive functioning in patients

with PD and comorbid diabetes [34]. In this group of PD
patients with cognitive decline, higher levels of serum neu-
rofilament light chain (NfL) were detected, indicative for
increased neuronal damage. The latter results are consist-
ent with previous reports [38, 39]. Kwasny et al. analyzed
pre-diagnostic features of a subsequent PSP diagnose in
general practice and demonstrated for the first time an
association between diabetes mellitus and PSP.[3] Inter-
estingly, the group of untreated diabetics was markedly
larger in the analyzed PSP cohort (25/45, 55.6%) compared
to the non-ND group (1/13, 7.7%). This difference could
be overestimated due to the small number of diabetics in
the non-ND group. On the other hand, possible preventive
effects of antidiabetic drugs could be considered. A num-
ber of epidemiological studies have examined the effect
of antidiabetic drugs on AD, but obtained controversial
results [27, 40, 41].

However, whether there is an indirect association via a
common predisposition or a direct causal relationship of
cardiovascular diseases, diabetes and neurodegenerative
diseases remains a subject of much debate. A possible
causality between cardiovascular diseases, diabetes and
tauopathies is best described for AD. Baglietto-Vargas and
colleagues extensively discussed the impact of diabetes on
various pathophysiological processes involved in AD [27].
The disease-specific hyperglycemia and insulin resistance
could initiate signaling pathways that impair neuronal glu-
cose metabolism and thus stimulate phosphorylation and
cleavage of tau as a cornerstone of tau accumulation and
tau-mediated neurodegeneration [42, 43]. Furthermore,
the accumulation of tau and p-amyloid in AD can be
accelerated in the context of cardio- and cerebrovascular
diseases [44, 45]. Due to a reduced cerebral blood flow
and resulting hypoxia-induced ischemia, cerebrovascular
diseases can induce a dysfunction of blood—brain barrier
and mitochondria, enabling the deposition of misfolded
proteins [44, 46]. On the other hand, cerebrovascular dis-
eases and tau pathology appear to have a reverse associa-
tion [47]. In this context, Kapasi and colleagues described
increased tissue damage caused by small-vessel patholo-
gies in the presence of f-amyloid and tau neurofibrillary
tangles [48]. In addition to these causal considerations, the
idea of a common predisposition or rather cause of cardio-
vascular diseases, diabetes and neurodegenerative diseases
appears reasonable, since all of these result from an accu-
mulation of misfolded proteins, for example f-amyloid
or islet amyloid polypeptide (IAPP) [49, 50]. According
to several hypotheses about the formation of misfolded
proteins, molecular chaperones seem to play a crucial role
[50]. Chaperones are highly conserved proteins that are
an integral part of the proteostasis network regulation by
acting as monitors for protein folding [51]. In the course
of aging, various pathophysiological processes facilitate
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chaperone dysfunction and thus promote a disruption of
proteostasis balance in favor of the accumulation of mis-
folded proteins [49, 52, 53]. More evidence is urgently
needed to definitively answer these questions.

In our analysis, PSP patients suffered from significantly
more pDDIs than non-ND patients. Since polypharmacy cor-
relates directly with the number of pDDIs, the detected differ-
ence could be due to the higher number of administered drugs
in PSP patients [54]. As previously described, the complex
therapy of parkinsonism and associated comorbidities can
facilitate polypharmacy [55, 56]. The prevalence of moderate
and severe interactions in PSP patients was lower compared to
a cohort of geriatric PD patients but considerably higher than
reported in other cohorts of elderly [11, 55, 57]. Not only the
sheer number of administered drugs, but also especially certain
drugs, e.g., amantadine, amitriptyline and domperidone, pose
arisk for pDDIs. The named drugs were involved in 66.7% of
the contraindicated combinations in our PSP cohort because
of their QTc-prolonging effects and consequent risk for cardiac
arrhythmia [58—61]. Further, the most frequent severe interac-
tion was between diuretics/NSAIDs/agents acting on the renin-
angiotensin system. Known as “triple whammy,” this danger-
ous combination can cause acute kidney injury, especially at
the start of treatment [62—-64]. Since PSP patients show a non-
negligible burden of cardiovascular diseases, which can often
require the use of such a drug combination, and PSP patients
represents a vulnerable group due to their disease-specific
symptoms (e.g., dysphagia), pDDIs should be evaluated both
at the beginning of a new drug therapy and during follow-up
[65-67].

Admittedly, this systematic acquisition and analysis
shows some limitations. Due to diseases-specific symp-
toms, such as early cognitive dysfunction, the collection
of a detailed medical history can be prolonged, incomplete
or not possible from patients themselves [16]. Therefore,
the interviewer is sometimes dependent on questioning car-
egivers which may lead to loss of information but avoids
anosognosia. This reporting bias between the groups was
particularly noticeable for diseases long past or rather acute,
for example appendicitis. Another level of this report-
ing bias presumably results from being diagnosed with a
chronic neurological disease. Hereby, PSP patients regularly
keep an appointment with a neurologist, which promotes
the identification of new diagnoses (e.g., polyneuropathy).
Another limitation concerns the reliability of the non-ND
cohort. First of all, the non-ND group was only similar
to the PSP patient in basic demographic parameters after
selection for age. This could be caused by a selection bias,
since usually patients without neurodegenerative diseases
were selected for the non-ND cohort. These patients may
tend to be generally healthier than other people in this age.

@ Springer

However, this does not diminish the quality and validity of
the data from PSP patients. In this way, these data provide
important insights into prevalence of certain comorbidities
in PSP patients with different phenotypes.

The magnitude and complexity of disease burden in the
aging population is one of the major challenges in future
medicine. The polypharmacy often used for drug treatment
of elderly not only endangers the individual patient safety, but
also places a burden on the healthcare system. For this rea-
son, precise knowledge of typical comorbidities and pitfalls of
drug therapy is crucial. In this study, we demonstrate for the
first time the number and profile of comorbidities as well as
key aspects of drug therapy in a large cohort of PSP patients.
Due to the non-negligible number of comorbidities, in par-
ticular neurological and cardiovascular, a large proportion of
PSP patients showed polypharmacy. The obtained insights can
improve mindfulness and thus more drug safety in the treat-
ment of PSP patients.

Moreover, the detected burden of cardio—and cerebro-
vascular diseases in PSP patients supports previous reports
suggesting an association of cardiovascular diseases and
neurodegenerative diseases. Further research may uncover
the pathophysiological connection between the two disease
spectra. Based on this, cardiovascular diseases could represent
possible modifiable risk factors for the development of PSP.
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