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Abstract

Background Progressive supranuclear palsy (PSP) is a rare and fatal neurodegenerative movement disorder with no disease
modifying therapy currently available. Data on the costs associated with PSP are scarce. This study aims to assess the direct
medical expenditure of patients with PSP (PwPSP) throughout disease course.

Methods This retrospective cohort study is based on the data of a large state-mandated health provider in Israel. We identi-
fied PwPSP who were initially diagnosed between 2000 and 2017. Each PwPSP was randomly matched to three health-plan
members without PSP by birth-year, sex, and socioeconomic status. Healthcare resources’ utilization and related costs were
assessed.

Results We identified 88 eligible PWPSP and 264 people in the reference group; mean age at diagnosis was 72.6 years
(SD=38.4) and 53.4% were female. The annual direct costs of PwPSP have risen over time, reaching US$ 21,637 in the fifth
year and US$ 36,693 in the tenth year of follow-up vs US$ 8910 in the year prior diagnosis. Compared to people without
PSP, PwPSP had substantially higher medical expenditure during the years prior- and post-index date.

Conclusion The present study demonstrates higher economic burden, which increases with time, in PWPSP as compared to
those without.

Keywords Economic burden - Progressive supranuclear palsy - Healthcare services - Medical expenditure - Direct costs

Background

Progressive supranuclear palsy (PSP) is a fatal but rare
neurodegenerative disease [1] with an estimated annual
prevalence of 0.2—-8.3 per 100,000 person [2] and median
survival time of 5-8 years [3]. PSP’s prevalence in Maccabi
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healthcare services (MHS) is 5.3/100,000 [4]. PSP is char-
acterized by various symptoms, such as mobility difficulties
(slowness and unsteadiness which lead to frequent falls),
cognitive impairment, behavioral changes, dysarthria and
dysphagia, and visual manifestations (blurred vision and
vertical supranuclear gaze palsy) [5]. There are no disease
modifying treatments for PSP, and therefore, with time,
those clinical features deteriorate, even under the best
symptomatic medical management [6]. Symptomatic ther-
apy includes some pharmacologic therapies: (a) levodopa,
dopamine agonists and amantadine for bradykinesia and
other motor symptoms; however, effect is usually mild and
transient; (b) zolpidem and ophthalmic lubricants for ocular
motor deficits and saccadic speed; (c) melatonin, clonaz-
epam, or trazodone for sleep initiation and maintenance; (d)
gentle laxatives for constipation; (e) anti-depressants; and (f)
botulinum toxin for blepharospasm, eyelid opening apraxia,
retrocollis, or sialorrhea. Patients with PSP (PwPSP) also
benefit from a multidisciplinary non-pharmacologic thera-
pies including (a) physical therapy to reduce the risk of falls;
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(b) speech therapy for vocal changes, communication, and
safe eating and drinking; (c) occupational therapies for safety
at home; and (d) social workers to aid with patients’ and
families’ quality of life, especially toward the end of life, and
stress [7]. Despite PSP’s rarity, the use of these healthcare
services is accompanied by elevated medical expenditure,
which might put a significant burden on healthcare systems
[8]. To our knowledge, other than one abstract reporting
3 years of follow-up [9], there are no studies longitudinally
measure the economic burden in PwPSP throughout disease
course, exploring the trajectory of healthcare use and related
costs as disease progresses. In addition, we were able to
find only one abstract dealing with the comparison of PSP’s
economic burden to that of people without PSP [10], in the
interest of understanding the excess burden of PSP on the
healthcare system. The objective of this study is to assess the
direct medical costs of PwPSP compared with matched non-
PSP controls from the health provider perspective in Israel.

Methods
Study design and patients

This retrospective cohort study was performed using the
comprehensive database of the Maccabi Healthcare Services
(MHS), a 2.6-million-member state-mandated health plan
(payer—provider) in Israel. Membership in MHS is free and
open to all Israeli residents. MHS has maintained a com-
puterized database of electronic health records since 1993,
containing extensive longitudinal data on a stable population
(~ 1% annual turnover).

We identified all MHS members aged 40 or above that
had at least 1 documented PSP diagnosis anytime between
2000 and 2017 (inclusive). PSP was documented either
using an internal MHS specific code for PSP or an exter-
nal documented diagnosis using International Classifica-
tion of Diseases ninth edition (ICD-9) code 333.0. Due to
ICD-9=1333.0 unspecific nature, potential cases indicated
solely by an external diagnosis were verified by reviewing
hospital discharge reports. The index date was defined as the
earliest date of PSP diagnosis. Eligible study patients were
also required to have at least 1 year of continuous enroll-
ment in MHS prior to the index date (to ensure cases were
incident) as well as 1-year post-index date. Each PWPSP was
randomly matched by birth-year, sex, and socioeconomic-
status (SES) categories (low, medium or high) to MHS mem-
bers without PSP in a 1:3 ratio. MHS members without PSP
were given their respective matched PwPSP’s index date.

All data were anonymous. This study followed the
Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) reporting guideline for cohort
studies.

Variables and measurements
Demographic variables

MHS's databases were used to collect information on base-
line demographics, including age, sex, and SES. SES was
based on a score ranked with 1 (lowest) to 10 derived for
commercial purposes by Points Location Intelligence® using
data on patients’ residential area. This score is highly corre-
lated with SES measured by the Central Bureau of Statistics
[11]. SES was categorized into low (1-4), medium (5-6),
and high (7-10). Populations’ comorbidities were assessed
using MHS chronic disease registries (i.e., cardiovascular
disease [12], diabetes [13], hypertension [14], chronic kid-
ney disease [15], mild cognitive decline [16], dementia [16],
and cancer [17]).

PSP’s economic burden

Two analyses were performed to assess the healthcare
resource utilization (HCRU) and the economic burden of
PSP. First, we analyzed the long-term burden manifested by
the annual HCRU and its related costs from 1 year prior to
the index date until end of follow-up. HCRU was defined as
all hospitalizations days, emergency department (ED) vis-
its, outpatient visits, treatments (procedures and tests), and
medications dispensations. End of follow-up was defined
as the earlier of (1) death date, (2) MHS leave date, (3)
10 years post-diagnosis, or (4) end of study—December
31, 2018. Second, we compared the HCRU and its related
costs between PwPSP and randomly matched MHS members
without PSP during 1 year prior- and 1 year post-index.

Direct costs were extracted from the ministry of health’s
January 2019 price list [18] and presented in US Dollars
(USD) using the Purchasing Power Parities (PPP) of 2018
as a conversion factor [1 USD =3.663 Israeli shekels]. Dis-
count for cost of different years was not taken into account
and a fixed price was considered.

Statistical methods

Descriptive statistics are presented using frequencies and
proportions for categorical variables and mean values with
standard deviations (SD) or medians with interquartile range
(IQR) as appropriate. Baseline differences between groups
were assessed using Chi-square test and two independent
samples T test or non-parametric test, as appropriate.

PSP's economic burden manifested as annual, per patient
HCRU and direct costs presented as estimated means (EM,
and 95% confidence interval [CI]). In cases where the last
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year of follow-up was less than 12 months, data were annual-
ized. The SD of annualized cost in the last year was plotted
versus the number of months of the same, incomplete, year
[19]. Pearson correlation was assessed and the results sug-
gest that the SD for the annualized cost is fairly independent
of the number of months of follow-up (R=0.29, p=0.379,
data not shown). For the long-term burden analysis, general-
ized linear mixed models (GLMMs) were used. For the com-
parison between PwPSP and MHS members without PSP
using generalized Estimating Equations (GEE) were used,
with matched subjects defined as repeated measurements
and correlation matrix defined as exchangeable. HCRU were
considered to have a negative binomial distribution with log
link and cost data were considered to have a gamma distribu-
tion with log link and top 1% of data were excluded from the
analysis to exclude sever oncologic patients. Patients without
any use of a specific healthcare resource were excluded from
each specific analysis. Adjustments for baseline characteris-
tics and comorbidities were made when needed. In addition,
each healthcare resource costs for the both populations were
summed and plotted to compare the overall costs per year.
Since we matched in a 1:3 ratio, the costs of the non-PSP
cohort were divided by 3. All analyses were performed in
SPSS 27 (IBM-SPSS Inc., Armonk, NY). Figures were cre-
ated using ‘ggplot2’ package in R software version 4.02.

Results
Patients’ characteristics

We identified and matched 88 eligible PwPSP to 264
MHS members without PSP; mean age at index date was
72.6 years (SD=28.3) and 53.4% were female. Baseline char-
acteristic were similar between cohorts, apart from preva-
lence of dementia (PwWPSP: 29.5% vs. patients without PSP:
2.5%) and mild cognitive impairment (PwPSP: 14.8% vs.
patients without PSP: 0.4%), which were significantly higher
among PwPSP (p <0.001) (Table 1).

Overall, one PwPSP (1.1%) and 14 (5.3%) of the refer-
ence group left MHS during the study period.

Long-term economic burden of PwPSP

Throughout the 10-years study follow-up period, an
increase of overall direct costs was observed (Fig. 1a).
Overall costs during the tenth year after diagnosis was
more than four times the costs in the year preceding first
diagnosis (US$ 36,693 [95% CI 10,729-125,490] n= 16,
US$ 8910 [95% CI 7379-10,759] n =88, respectively).
Even when comparing the cost increase in the fifth year
(n=42), there is a 2.5-fold increase of costs (US$ 21,637

@ Springer

Table 1 Baseline characteristics PwPSP and MHS members without
PSP

PSP No PSP p value®
(n=288) (n=264)

Age at index, years

Mean (SD) 72.6 (8.4) 72.6 (8.4) 0.991
Sex, female

Yes (%) 47 (53.4) 141 (53.4) 1
Socioeconomic status

Low (%) 7 (8.0) 21 (8.0) 1

Medium (%) 30 (34.1) 90 (34.1)

High (%) 46 (52.3)  138(52.3)

Missing (%) 5(.7) 15(5.7)
Smoking status

Current (%) 4(4.5) 25(9.5) 0.460

Past (%) 3(34) 934

Never (%) 74 (84.1) 204 (77.3)

Missing (%) 7 (8.0) 26 (9.8)
Cardiovascular disease

Yes (%) 30 (34.1) 102 (38.6) 0.446
Diabetes mellitus

Yes (%) 18 (20.5) 59 (22.3) 0.710
Hypertension

Yes (%) 59 (67.0) 172 (65.2) 0.746
Chronic kidney disease

Yes (%) 54 (61.4) 130(49.2) 0.049
Cancer

Yes (%) 21 (23.9) 44 (16.7) 0.132
Dementia

Yes (%) 26 (29.5) 6(2.3) <0.001
Mild cognitive impairment

Yes (%) 13 (14.8) 1(0.4) <0.001

PwPSP patients with progressive supranuclear palsy, SD standard
deviation

P values were calculated using Chi-square test for categorical vari-
ables and independent t test for continuous variables

[95% CI 9218-50,788]). While, an increase of number of
hospitalizations days was observed (Fig. 1b, from 4.1 days
[95% CI 2.7-6.6] in the year prior index date to 36.8 days
[95% CI 8.9-151.6] in the tenth year post-index date), a
decrease in use of treatments, outpatients’ clinics, and ED
was observed (Fig. 1panels c—e). There was no change
in the number of medication dispensations per patient
(Fig. 1f). The numbers of patients with at least one use in
each healthcare resource are shown in Online Resource 2.

Estimated means (95% CI) were calculated using
GLMM for each year of follow-up from the last year prior
to PSP first diagnosis (“—17) to the 10th year post-diagno-
sis. For each year, the model included only patients with
at least one event. Note, each panel has a different Y axis.
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Comparison of economic burden, PwPSP vs.
reference group

During 1-year prior index date (Table 2), compared with
MHS members without PSP, higher proportion of PwPSP
were hospitalized (PwPSP: 40% vs. patients without PSP:
15.9%); however, among those with at least one hospitali-
zations, the length of stay was similar between cohorts.
A higher proportion of PwPSP had at least one ED visit
(38.6%) compared to those without PSP (13.6%). PwPSP
had more visits to outpatient clinics (adjusted EM [95%
CI], PwPSP: 48.8 [41.2-57.8] vs. patients without PSP:
26.1 [21-32.4]) and purchased more medications (PwPSP:
104.8 [85.4-128.7] vs. patients without PSP: 70.8 [55.1-91])
compared to MHS members without PSP. In line with these
results, the corresponding costs of outpatient visits and med-
ication dispensations as well as outpatient treatment and pro-
cedures were higher in PWPSP compared to those without.
Finally, the overall direct costs during the year preceding
PSP diagnosis were approximately twofold higher among
PwPSP compared to those without PSP (adjusted EM [95%
CI], PwPSP: US$ 9128 [6994-11,914] vs. patients without
PSP: US$ 4316 [3214-5796])).

In the year post-index date (Table 3), PWPSP were sig-
nificantly more likely to be hospitalized and visit the ED,
and have a lower use of outpatient treatment and proce-
dures. Finally, the overall direct costs during 1 year after

PSP diagnosis were approximately 1.5-fold higher among
PwPSP compared to those without PSP (adjusted EM [95%
CI], PwPSP: US$ 12,020 [8643-16,716] vs. patients without
PSP: US$ 7258 [5041-10,449]).

Figure 2 demonstrates the overall direct costs by type
of HCRU for the whole PSP cohort compared with the
non-PSP cohort. During both years, the difference between
population was mainly derived by higher hospitalization and
outpatient clinic costs.

Discussion

This retrospective cohort study utilized a clinical database
spanning over two decades to quantify the HCRU and direct
costs associated with PSP. It is well established that PSP is
a progressive disease, where gait, swallowing, and speech
functions deteriorate with time [6]. To improve the under-
standing of longitudinal utilization patterns, we examine
the annual HCRU and related costs among PwPSP, up to
10 years after diagnosis.

Our results show that PSP is associated with a substan-
tial direct medical costs that quadrupled between the year
prior diagnosis and the tenth year after diagnosis, indicating
that a greater use of services that PwPSP require over time.
Throughout a period of 10 years after diagnosis, there is a
cumulative added cost of US$ 148,000 per patient.
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Fig.2 Overall direct costs in the PSP cohort compared with the non-
PSP cohort* 1 year prior and 1-year post-index date. *Costs in the
non-PSP cohort were divided by 3 to match the number of patients in
the PSP cohort

Data on the direct medical costs of PSP are scarce. Our
findings are in line with two previous publications assess-
ing the economic burden of PSP, demonstrating that disease
severity is a significant contributor to the increase of direct
costs [8, 20]; the semiannual costs increased from €9290 in
patients in early stages (1-2, measured by the Unified MSA
Rating Scale, Part IV) to €20,630 in patients in advanced
stages (4-5) [20]. Similar trends are shown in France, Ger-
many and the UK where disease severity was measured using
Parkinson Plus Symptoms scale [8]. A recently published
abstract reported a 10% increase of number of hospitaliza-
tions per year, for 3 year follow-up [9]. We observed a 30%
increase in length of hospital stay per year. One publication
addressed the economic burden associated with frontotem-
poral degeneration, while 5.4% of patients were defined as
either PSP or corticobasal syndrome, the economic burden
was not reported for that group [21]. Due to the scarcity
of studies in the field, we compared this study’s findings
to those of other neurodegenerative diseases: Alzheimer’s
disease (AD)—another tau based neurodegenerative dis-
ease, and PD, the most common misdiagnosis in PwWPSP
[4, 22]. Both conditions demonstrated an increase of medi-
cal expenditure with disease progression [23—-30]. Whereas
PD's direct costs were approximately US$ 6000 for patients
with mild—moderate PD and US$ 7400 [29] for patients with
advanced disease (median disease duration: 4 years), and
PSP’s direct costs were approximately US$ 10,000 and US$
18,000 at the first diagnosis and fourth year after diagnosis,
respectively. While PSP’s medical expenditure continued
to increase throughout disease course, the current study
observed a decrease in community-based HCRU and an
increase in length of hospital stay. This discrepancy might be
explained by the understanding of the Israeli health system;

@ Springer

In Israel, when the more severe patients are relocating to
nursing homes or assisted living facilities are not reimbursed
by MHS and therefore were not captured. Similar observa-
tion was reported in a study in Germany [26] where HCRU
of patients with AD living at home were compared with
those of institutionalized patients. The number of outpatient
and treatments as well as related costs were lower in institu-
tionalized patients, while the number of hospitalization and
related costs were higher in these patients [26].

Overall, during 1 year prior- and post-index date, when
compared with people without PSP, PWPSP had higher
HCRU. Direct medical expenditure per patient and that for
the whole cohort were higher in PwPSP during both years.
These findings resemble those of a recent published abstract
[10]. In addition, these findings are in line with those of
resembling conditions; AD [31] and PD [27, 32, 33]. The
higher costs during the year prior index can be explained
by the known delayed in PSP’s diagnosis [4], and by higher
HCRU leads to the diagnosis.

The present study has several limitations. First, the analy-
sis was conducted from the healthcare system perspective,
and therefore, we focused on direct medical expenditure.
Direct costs of services provided beyond the framework of
the MHS or indirect costs, such as home renovation, nurs-
ing home, loss of caregiver income, and unpaid care, were
not included. However, when excluding the unpaid costs in
a study reporting cross-sectional costs analysis (mean PSP
duration ranges 3.9—4.4), the mean direct annual costs (cal-
culated by [total semiannual costs — the unpaid care]*2) is
approximately €16,000, similar to our corresponding fourth
year costs; US$ 18,358 [8]. In addition, it has been shown
that unpaid family care accounts for most of the cost of PSP
[8]; thus, we may have underestimated the overall economic
burden of disease. However, given the low copayment rates
in Israel, it can be assumed that the majority of patients
received mostly MHS-subsidized treatments. Second, dis-
count for cost of different years was not taken into account
and a fixed price was considered. However, we believe that
this method serves the study objective better. In the long
term, we wanted to explore the change in medical costs
through disease course, and thus, changes caused by cur-
rency or price changes would have register as changes due
to the disease and cause a misleading conclusion. For the
comparison between PSP and non-PSP cohorts, since the
matched MHS members were given their respective PwWPSP
index date, prices were identical per event. Third, follow-up
time was lower in PWPSP compared with MHS members
without PSP. However, the comparison of economic burden
between study populations was assessed for 1 year—before
and after—index date, thus ensuring 100% of patients in
the analysis. Notwithstanding, this requirement might cause
an exclusion of the most severe patients who might have
died during that year. Despite this possible selection bias
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toward the less severe cases (which might have caused an
underestimate of economic burden), we were able to show
a significant difference in the economic burden compared
to people without PSP. Forth, it is known that some PSP
phenotypes may be more severe; however, we were not
able to differentiate between PSP’s different phenotypes.
In addition, it is known that PwPSP surviving 10 years
post-diagnosis are most likely the less severe cases [34];
still, we were able to observe an increased direct medical
expenditure. Fifth, we were unable to extract the cause of
admission to the hospital to understand and help a more
targeted supportive care. Additional limitations are those
inherit to database research. First, we identified PWPSP only
by one diagnosis, which may cause misclassification of the
disease; however, in a previous analysis of PSP’s epidemiol-
ogy, using the same criteria, we showed that our results are
in line with the other publications [4]. The consequence of
such non-differential misclassification of PSP is dilution of
the measure of effect size and underestimation of the true
economic burden of the disease due to “bias towards the
null”. Second, despite adjustment of the models, residual
confounding by unmeasured variables cannot be excluded.
One such important unmeasured confounders is low educa-
tional attainment that was found as a major risk factor for
PSP [35]. Lower educational level and poorer health literacy
have been association with lower use of healthcare services,
primarily of digital services in Israel [36]. Therefore, the
true economic burden of PSP might have been greater than
calculated in our analysis. This study has several strengths.
First, to our knowledge, this is the first study assessing the
economic burden associated with PSP in such comprehen-
sive manner. Second, our use of routinely captured clinical
database allowed for long study period, with some patients
followed for more than 10 years.

Conclusions

Compared with individuals without PSP, PwPSP have con-
siderably higher use of healthcare services and greater asso-
ciated direct medical costs accruing from around the time
of diagnosis throughout disease progression. PSP’s direct
costs also increase with time. Investing in disease modify-
ing therapies’ clinical trials nowadays might reduce the eco-
nomic burden for this population and the healthcare system
in the long term.
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