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Purpose: To examine work loss and indirect costs during the three-year periods prior to and following initial diagnosis of Parkinson’s
disease (PD) in patients and in spouses of PD patients, as well as direct costs of healthcare.

Patients and Methods: This is a retrospective, observational cohort study using the MarketScan Commercial and Health and
Productivity Management databases.

Results: A total of 286 employed PD patients and 153 employed spouses met all diagnostic and enrollment criteria for short-term
disability (STD) analysis (PD Patient cohort and Caregiving Spouse cohort). The proportion of PD patients having a STD claim
increased from roughly 5% and plateaued at around 12—14% starting in the year prior to first diagnosis of PD. The mean number of
days lost from work due to STD per year increased from 1.4 days in the 3rd year prior to diagnosis to 8.6 days in the 3rd year after
diagnosis (corresponding to an increase in indirect costs from $174 to $1104). STD use for spouses of patients with PD was lowest in
the year after their spouses were diagnosed and then rose dramatically in the 2nd and 3rd years after the spouse’s diagnosis. Total all-
cause direct health-care costs increased during the years leading up to PD diagnosis and were highest in the years following diagnosis,
with PD-related costs contributing ~20-30% of the total.

Conclusion: PD has both a significant direct and indirect financial burden on patients and their spouses when analyzed for 3 years
before and after diagnosis.
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Introduction
Parkinson’s disease (PD) is a progressive neurodegenerative disease characterized by bradykinesia and other motor and
non-motor clinical features." Approximately 572 per 100,000 persons ages 45 years and older in North America suffer
from PD,” and PD is estimated to affect 1.6% of persons ages 65 years and older,” with a median age of onset is 60 years
old.*

There is a large, direct economic burden associated with PD due to its chronic, progressive, and debilitating nature.
A report from the Lewin Group, supported by the Michael J. Fox Foundation, showed that on average PD patients in the
United States had $24,439 higher direct medical costs in 2017 when compared with a control group of similar age,
gender, and insurance coverage.’ Diseases of the central nervous system tend to have a disproportionately high burden of
indirect costs, and this is particularly true for PD because its median age of onset occurs while many patients and
caregivers are still working. The indirect cost of PD is an important component often left out of models that attempt to
quantify the economic burden of PD. A few studies have measured the indirect cost associated with PD, but those
measurements are often based on survey data.’>’ Recently, two different database studies have looked at the indirect
costs of PD for PD patients® and their caregivers,* each finding a significant economic burden.

This retrospective, observational cohort study adds to the literature of database studies that quantify the indirect
burden of PD by measuring time off work (and associated indirect costs) due to short-term disability (STD) and
absenteeism (ABS) for both patients with PD as well as spouses potentially providing care for PD patients in the
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United States. In addition, this study describes direct health-care costs among PD patients who are full-time employees as
well as PD patients who are the spouses of full-time employees (but who may not be working themselves) to provide
a comprehensive analysis of PD patients.

Materials and Methods
Study Design and Data Source

This retrospective, observational cohort study was conducted using commercial claims from the MarketScan®
Commercial Database and the MarketScan Health and Productivity Management (HPM) Database. The Commercial
database contains the inpatient, outpatient, and outpatient prescription drug experience of employees and their depen-
dents, covered under a variety of fee-for-service and managed care health plans, including exclusive provider organiza-
tions, preferred provider organizations (PPOs), point-of-service (POS) plans, indemnity plans, and health maintenance
organizations (HMOs). The HPM database contains workplace absence, short-term disability, long-term disability, and
workers’ compensation data for a subset of employees. The database is fully linkable to the corresponding medical and
pharmacy claims data for these employees.

All definitions of variables used to identify study outcomes and cohorts were measured based on inpatient medical,
outpatient medical, and outpatient pharmaceutical data using enrolment records, service dates, International Classification
of Diseases, 9th/10th Revision, Clinical Modification (ICD-9-CM/ICD-10-CM) codes, Current Procedural Technology
4th edition (CPT) codes, Healthcare Common Procedure Coding System (HCPCS) codes, and National Drug Codes
(NDCs).

Study Populations and Period

There were three main populations of interest included in this study. Patients with PD who are also the full-time
employee and insurance subscriber (referred to as the “PD Patient” cohort). Individuals who are the full-time employee
and insurance subscriber, do not have PD, but are spouses potentially providing care for their PD-diagnosed spouse
(“Caregiving Spouse” cohort). Patients with PD who are linked to the Caregiving Spouses (“PD Spouse” cohort).
Patients in the PD Spouse cohort may or may not be employed themselves (see Table S1 for elaboration on cohort
terminology) and were included as a contrast to employed Parkinson’s patients (PD Patient cohort) when reporting direct
health-care costs. Separate cohorts of PD Patients and Caregiving Spouses meeting eligibility criteria were identified for
analysis of STD (core) and ABS (Figures S1, S2, and S3) work loss outcomes.

The time period captured in the study spanned from January 1, 2005, through December 31, 2019. The pre-index
period was the three years prior to PD diagnosis and was divided into three year-long increments (ie, Year —3, Year —2,
and Year —1). The follow-up period was the three years following PD diagnosis and also was divided into three year-long
increments (ie, Year +1, Year +2 and Year +3).

PD Patient Cohort

Employees with HPM eligibility who had at least two non-diagnostic claims (inpatient or outpatient) at least 6 months
apart with an ICD-9-CM or ICD-10-CM diagnosis code for PD between January 1, 2008, and December 31, 2019 were
initially selected for the PD Patient cohort. The earliest diagnosis of PD was used as the index date. All patients were
required to be between ages 18—64 years on the index date, to have at least three years of continuous enrollment with
medical and pharmacy benefits and work loss eligibility prior to the index date (pre-index period) and after the index date
(follow-up period), and to remain a full-time employee during this time. PD patients were excluded from the study if they
had any claims with a diagnosis code for PD during the pre-index period (to ensure patients were newly diagnosed) or if
they had evidence of pregnancy or childbirth during the study period (January 1, 2008 — December 31, 2019).

Caregiving Spouse and PD Spouse Cohorts
Employees with HPM eligibility who had a spouse on their insurance plan with an eligible diagnosis of PD (ie, at least
two non-diagnostic claims at least 6 months apart with an ICD-9-CM or ICD-10-CM diagnosis code for PD) were
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initially selected for the Caregiving Spouse cohort. The earliest PD diagnosis of the spouse with PD was used as the
index date. Caregiving Spouses were excluded if they had claims with a diagnosis code for PD at any time during the
study period. All other inclusion and exclusion criteria were consistent with the PD Patient cohort. After selecting
employees to the Caregiving Spouse cohort, their spouses (who had PD) were assigned to the PD Spouse cohort. Both of
the linked spouses (ie, the Caregiving Spouse and the PD Spouse) were included to address different aspects of the study
objectives.

Patient Characteristics

Demographic characteristics of PD Patients and Caregiving Spouses were measured on the index date and included age,
sex, work industry, geographic region of residence, population density of area of residence, insurance plan type, and
index year. The Deyo-Charlson Comorbidity Index (DCI) as well as its individual components were reported in the
one year prior to the index date as a measure of baseline health status.

Productivity Loss and Indirect Cost Outcomes

STD and ABS productivity loss and indirect cost outcomes were reported during the three one-year increments of
both the pre-index and follow-up periods for the PD Patient and Caregiving Spouse cohorts. The number and
percentage of PD Patients and Caregiving Spouses with at least one day of work loss were measured. Mean
number of days lost from work and mean indirect costs among individuals with work loss were also measured.
Indirect costs were reported descriptively by converting the number of days lost to a dollar amount using
a “median daily wage” constant of $183.40 per day ($917 per week/5 days), which is equivalent to the median
daily wage for employed full-time, wage and salary workers from the 2019 US Bureau of Labor and Statistics
Current Population Survey.” For ABS, the calculation was [number of workdays lost] x [median daily wage].
Since STD benefits generally pay 70% of wages, 70% of the wage rate per day was used to quantify indirect costs
incurred due to STD.

Direct Healthcare Cost Outcomes

All-cause and PD-related health-care costs were reported in the PD Patient cohort and the PD Spouse cohort during the
three one-year increments of both the pre-index and follow-up periods. The PD Patient cohort included full-time
employees who remain employed for the full follow-up period, while the PD Spouse cohort included individuals who
may or may not be employed. Reporting health-care costs in these two groups (ie, PD Patients who are employed and
healthy enough to stay at their job and PD Spouses who may no longer be able to work) is an important consideration and
required for a comprehensive analysis.

PD-related costs were defined as inpatient admissions with primary diagnosis of PD, outpatient claims with diagnosis
of PD in any position, and pharmacy claims for PD treatments (see Table S2 for list of generic names for PD treatments
that were included). Service categories included inpatient (IP) admissions, outpatient (OP) medical services (emergency
room [ER] visits, office visits and other outpatient services), and OP pharmacy prescriptions. Total direct medical costs
included the sum of medical costs (IP + OP services) and OP pharmacy prescriptions. Health-care costs were based on
paid amounts of adjudicated claims, including insurer and health plan payments as well as patient cost-sharing in the
form of copayment, deductible, and coinsurance. All dollar estimates were inflated to 2019 dollars using the Medical
Care Component of the Consumer Price Index (CPI).

Utilization in each of the above service categories also was reported. Additionally, the number and percentage of
patients with a prescription or office administration of any PD drug and three specific classes of PD drugs (levodopa,
dopamine agonists, and monoamine oxidase B (MAO B) inhibitors) were reported.

Analyses
Bivariate analyses were calculated for all study variables. Categorical variables were presented as the count and
percentage of PD Patients and Caregiving Spouses in each category. Continuous variables were summarized by providing
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the mean, median, and standard deviation (SD). All data analyses were conducted using WPS version 4.2 (World
Programming, United Kingdom).

Results

Patient Characteristics

After application of all inclusion and exclusion criteria, there were 286 PD Patients and 153 Caregiving Spouses eligible
for the core study of STD work loss and direct health-care costs (Figure 1). In addition, there were 104 PD Patients and
45 Caregiving Spouses eligible for the analysis of ABS work loss (Figure S1). For the core study, the PD Patient cohort
had a mean (SD) age of 53.1 (5.2) years, were mostly male (85.0%), and had an average DCI score of 0.51 (1.2). The
Caregiving Spouse cohort had a mean (SD) age of 53.0 (5.2) years old, 64.1% were male, and had an average DCI score
of 0.42 (1.0) (Table 1).

Productivity Loss and Indirect Costs
The proportion of PD Patients with work loss due to STD increased steadily during the three years prior to and following
diagnosis (4.9-14.0%) (Figure 2). The mean number of days lost from work due to STD per year increased from 1.4 days

PD Patient Attrition Caregiving Spouse Attrition

Patients in MarketScan® Commercial
database linked to the HPM database,
aged 18-64, with =2 non-diagnostic
claims =6 months apart, with a diagnosis
code for PD during study period

(earliest diagnosis = index date)
N =4812

U

Continuous enrollment with medical and
pharmacy benefits =3 years before and

=1 year after the index date without any

claims for PD during the pre-index period

N =1,933

Patients in MarketScan® Commercial database,
aged 18-64, with =22 non-diagnostic claims =6
months apart, with a diagnosis code for PD
during study period
(earliest diagnosis = index date)

N = 48,021

.

Continuous enroliment with medical and
pharmacy benefits =3 years before and =1 year
after index date without any claims for PD during
the pre-index period

N =7,533

<

Employees aged 18-64 identified as a spouse
of the PD patient (identified above), with
continuous enroliment in medical and pharmacy
benefits =3 years before and =1 year after the
index date

-

N =

2,014

¢

¥

COHORT: “PD PATIENTS”

Full-time employees eligible for STD =3
years before and =3 year after index date
and no evidence of pregnancy

N =286

Outcomes:
+ Baseline characteristics
* Indirect costs and work loss

+ Direct healthcare costs and
utilization

COHORT: “CAREGIVING SPOUSES” COHORT: “PD SPOUSES”
Full-time employees linked to HPM The PD patient identified above with a
database and eligible for STD =3 years spouse in the “Caregiving Spouses”
before and =3 year after index date, and cohort
no evidence of PD or pregnancy N =153
N =153
Outcomes: Outcomes:

+ Baseline characteristics + Direct healthcare costs and
+ Indirect costs and work loss utilization

Figure | PD Patient and Caregiving Spouse attrition.
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Table | PD Patient and Caregiving Spouse Characteristics

PD Patients | Caregiving Spouses
N = 286 N =153

Age (Mean, SD) 53.1 5.6 53.0 5.2
Male (N, %) 243 | 85.0% 98 64.1%
Industry (N, %)

Manufacturing, durable goods 142 | 49.7% 70 45.8%

Manufacturing, nondurable goods 26 9.1% 19 12.4%

Transportation, communications, utilities 6l 21.3% 34 22.2%

Retail trade 2 0.7% 0 0.0%

Finance, insurance, real estate 4] 14.3% 19 12.4%

Services 14 4.9% I 7.2%
Deyo-Charlson Comorbidity Index (Mean, SD) | 051 I.16 0.42 0.99

Abbreviations: PD, Parkinson’s disease; SD, Standard deviation.

in the 3rd year prior to diagnosis to 8.6 days in the 3rd year after diagnosis (corresponding to an increase in indirect costs
from $174 to $1104) (Figure 3). Among those with work loss due to STD, the mean number of days lost from work
per year increased from 27.6 days in the 3rd year prior to diagnosis to 61.5 days in the 3rd year after diagnosis with
a corresponding increase in indirect costs from $3549 to $7892.

The proportion of Caregiving Spouses with STD increased from 5.9% to 11.8% during the three years prior to
diagnosis of their PD Spouse, fell to 8.5% during the first year after diagnosis, then increased again to 14.4% and 9.8%
for the following two years (Figure 2). The mean number of days lost from work due to STD per year followed a similar
trend, increasing during the years prior to diagnosis (from 3.9 to 5.3 days per year), falling during the first year after
diagnosis (to 2.4 days per year), and then rising again the following two years (5.5 and 6.6 days per year in Year +2 and
Year +3, respectively) (Figure 3). This increase in workdays lost due to STD in the post-diagnosis years corresponds to
an increase in indirect costs from $302 to $850.

Work ABS (proportion of with work loss and number of days lost) remained relatively stable during the three years prior to
and following diagnosis for both PD Patients and Caregiving Spouses (Figures S2 and S3). The mean number of ABS days

lost was high in the year prior to diagnosis and trended upward throughout the post-diagnosis years.
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Figure 3 Number of short-term disability days among the PD Patient cohort and Caregiving Spouse cohort.

Direct Healthcare Costs

Total all-cause average costs increased steadily from Year —3 (§5742) to Year +3 ($18,527) in the PD Patient cohort (full-
time employees with PD) but were lower in each year when compared with the PD Spouse cohort (spousal dependents
with PD who are on the insurance of the Caregiving Spouse cohort) (Figure 4). Total all-cause average health-care costs
of the PD Spouse cohort increased from Year —3 ($16,998) to Year +2 ($35,488), and then slightly decreased by Year +3
($28,968) (Figure 4). During the three years after diagnosis, increases in costs were consistent in most services categories
(IP, OP, pharmacy) (Table 2).

Average PD-related health-care costs (medical and pharmacy) remained fairly stable during the first three years after
diagnosis and were similar for the PD Patient cohort ($5313 in Year +1 to $6179 in Year +3) and PD Spouse cohort
($5630 in Year +1 to $6489 in Year +3). PD-related costs were 31-36% of total health-care costs in the PD Patient cohort
and 13-22% of total health-care costs in the PD Spouse cohort (Table 2 and Figure 4).

Utilization trends of PD-related treatments were similar in the PD Patient cohort and PD Spouse cohort. Treatment
utilization started to rise in the year preceding initial diagnosis of PD (~30-35%) with a majority (~83—89%) of patients
having at least one treatment during the first year following diagnosis (Figure S4). PD drugs may be present prior to the
first PD diagnosis because the patient may have undergone the “levodopa challenge” (trial of the medication that

confirms a PD diagnosis if the patient’s symptoms improve while taking the medication), the patient may be treated for

$50,000
0]
2
& 540,000 2 8 o
) & - 8
@ @ ©
Q @ 9 54512 &
O 530,000 2 8 &
= P 5 & - 2 S
£ g ’& & § & ©&
s 2 ~ ~ = ©
© $20,000 g— P > &
)]
2 o
c o g “ $5,313 [$30.974
4,
2 510000 | g 2 4
$0
-3 -2 -1 +1 +2 +3 -3 -2 =1 +1 +2 +3
PD Patients PD Spouses
(Patient Analysis): (Spouse Analysis):
N=286 N=153
Year
@Non-PD related costs mPD related costs
Figure 4 Direct healthcare costs for PD Patients and PD Spouses.
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Table 2 PD Patient and PD Spouse Direct Health-care Costs

Healthcare Cost Category (Mean, SD)

PD Patients PD Spouses
N =286 N =153
Year | Year 2 Year 3 Year | Year 2 Year 3

PD-Related Costs

Inpatient costs

$123 ($2082)

$754 ($6659)

$690 ($8286)

$255 ($2306)

$213 ($2635)

$1470 ($12,924)

Outpatient costs

$2333 ($5439)

$2062 ($10,219)

$1402 ($2543)

$3238 ($5587)

$1920 ($6864)

$2421 ($8499)

ER visit costs

$42 ($338)

$78 ($381)

$47 ($269)

$118 ($574)

$42 ($248)

$226 ($1241)

Outpatient office visit costs

$807 ($504)

$490 ($421)

$517 ($475)

$775 ($658)

$418 ($451)

$360 ($395)

Other outpatient services costs

$1483 ($5362)

$1494 ($10,163)

$838 ($2308)

$2345 ($5220)

$1460 ($6599)

$1835 ($7955)

Outpatient medication costs

$2857 ($3537)

$3463 ($4192)

$4087 ($4948)

$2137 ($3089)

$2379 ($3536)

$2598 ($3679)

Total medical costs (Inpatient + Outpatient)

$2456 ($7015)

$2815 ($16,233)

$2092 ($9104)

$3493 ($5935)

$2133 ($9087)

$3891 ($19,577)

Total costs (Total medical costs + Outpatient medication)

$5313 ($7900)

$6278 ($16,879)

$6179 ($10,176)

$5630 ($6938)

$4512 ($9697)

$6489 ($20,213)

All-Cause Costs

Inpatient costs

$1830 ($7649)

$3301 ($24,799)

$3733 ($17,124)

$5504 ($21,198)

$10,983 ($47,036)

$6247 ($26,850)

Outpatient costs

$9947 ($16,188)

$8211 ($17,008)

$7772 ($12,552)

$14,542 ($19,953)

$13,364 ($20,615)

$12,850 ($24,609)

ER visits costs

$237 ($716)

$239 ($749)

$271 ($1217)

$786 ($2424)

$567 ($1356)

$826 ($2506)

Outpatient office visit costs

$1613 ($946)

$1183 ($843)

$1258 ($948)

$2045 ($1436)

$1685 ($1394)

$1468 ($1227)

Other outpatient services costs

$8096 ($15,693)

$6789 ($16,600)

$6243 ($11,753)

$11,710 ($17,885)

$ILITI ($19,068)

$10,556 ($22,687)

Outpatient medication costs

$5259 ($8687)

$5785 ($8157)

$7022 ($10,000)

$9605 ($21,706)

$11,142 ($29,730)

$9871 ($23,537)

Total medical costs (Inpatient + Outpatient)

$11,776 ($18,958)

$11,512 ($34,499)

$11,505 ($24,435)

$20,046 ($32,498)

$24,347 ($62,269)

$19,097 ($47,528)

Total costs (Total medical costs + Outpatient medication)

$17,035 ($20,793)

$17,297 ($35,365)

$18,527 ($26,860)

$29,650 ($42,533)

$35,488 ($71,385)

$28,968 ($53,481)

Abbreviations: PD, Parkinson’s disease; SD, Standard deviation; ER, emergency room.
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PD-related symptoms prior to a specific PD diagnosis, or the patient may be prescribed the drug for non-PD conditions
(eg, some dopamine agonists may be prescribed for restless leg syndrome). Levodopa was the most commonly observed
drug, followed by dopamine agonists and MAO-B inhibitors (Figure S4).

Discussion

In this retrospective, observational cohort study assessing work loss and health-care costs associated with PD (patients
and caregiving spouses), PD patients had steady increases in the percent with a STD claim (roughly 5% to 14%) and the
mean number of days of STD per year (roughly 1 to 9 days) comparing a couple of years before to a couple of years after
diagnosis of PD. This roughly 8-day increase in annual work loss translates to an increase in indirect costs of $1027 per
PD patient. After restricting only to PD patients with STD, the mean number of STD days per year increased from
roughly 26-28 days per year before PD diagnosis to roughly 62—70 days per year after PD diagnosis. This roughly 40-
day increase in annual work loss translates to an increase in indirect costs of $5135 per PD patient with STD. While the
$1027 increase reflects a rise in indirect costs due to PD (as well as age-related worsening health status), the $5135
increase shows that PD is more debilitating than other conditions for which STD may be utilized. The number of STD
days decreased slightly in the third year following diagnosis (from 9.3 days in Year 2+ to 8.6 days in Year 3+),
potentially due to an increase in levodopa utilization yielding greater symptom control (50.7% of PD patients used
levodopa in Year +1 compared with 61.2% and 67.5% in Year +2 and Year +3).

Work loss due to STD among spouses potentially providing care to those with PD was lowest in the year after their
spouses were diagnosed with PD and then rose dramatically the next two years. The delayed sharp increase may reflect
that caregiving-related comorbidities (such as depression, arthritis, etc.) take time to develop. A recent study* of PD
caregiver burden also found substantial increases in caregiving-related indirect costs in the years following a family
member’s PD diagnosis. In that study, caregivers experienced $345 higher indirect costs in Year +1 compared to controls,
and $457 and $607 higher indirect costs in Years +2 and +3.

Mean all-cause health-care costs increased steadily from Year —3 to Year +3 in both the PD Patient cohort and the PD
Spouse cohort. The rise in costs across the years prior to PD diagnosis may reflect costs associated with treatment of PD
prodromal symptoms and tests to narrow in on the PD diagnosis. All-cause health-care costs were much higher for the
PD Spouse cohort compared with the PD Patients cohort, which may be attributed to the requirement that the PD Patient
cohort retain full-time employment for the three years after PD diagnosis and therefore may represent a generally
healthier PD population. Given this, the trends observed in both indirect cost analyses (STD and ABS) may be
representative of a less severe PD population.

A report from the Lewin Group® estimated that on average, PD patients had $24,439 higher direct medical costs in
2017 when compared with a control group of similar age, gender, and insurance coverage. Our study also demonstrated
a large direct economic burden for PD patients (mean all-cause total costs of $17,035-$18,527 in the first 3 years after
diagnosis [PD Patient cohort], and $28,968-$35,488 [PD Spouse cohort]), though our reported PD-related costs were
much lower than those in the Lewin Group report. In our study, PD-related costs were about $4500 to $6500 annually,
which accounted for 31-36% of total health-care costs in the PD Patient cohort and 13-22% of total health-care costs in
the PD Spouse cohort. The difference in PD-related costs between the Lewin Group report and our study may be
explained by several factors. First, the Lewin Group report included all PD patients (82% of which were age 65 years and
older), while our study only analyzes younger PD patients (under age 65) and therefore may have less severe disease.
Second, our PD-related costs may be underestimated because they only reflect costs from health-care claims that specify
a PD diagnosis and pharmacy claims for PD treatments, potentially missing costs for conditions that may be intertwined
with PD (such as depression). Third, our study only analyzed the first three years after initial diagnosis, but costly PD-
related events (such as falls) usually do not take place until several years later.'®!!

This study analyzed data available for patients and caregivers during the three years prior to and the three years after
initial PD diagnosis, providing a consistent denominator population throughout the entire six year period in order to
avoid spurious trends due to non-random attrition. Additionally, the databases allowed for analysis of a wide range of
outcomes for both the patient and caregiver populations.
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However, the study results should be examined while considering its limitations, many of which are inherent in any
retrospective study. This study was limited to individuals ages 18-64 who had commercial health coverage.
Consequently, results of this study may not be generalizable to individuals diagnosed with PD after age 65 or to those
with other insurance or without health insurance coverage. The study relied on diagnosis, procedure, and medication
codes to identify a patient’s clinical profile. While such information is available in claims data, it is subject to data coding
limitations and data entry error. Work absence claims reflect any absence that a patient takes from work, and although
some employers do provide some classification for absences (eg, illness), the reason is largely unknown. For STD, the
reason for the claim is also unknown, so we reported all-cause work loss, rather than PD-specific work loss. This study is
based on data from 2005 through 2019 and thus the reported direct and indirect cost estimates may not be generalizable
to recent PD trends. For instance, historically, levodopa was reserved for sicker PD patients due to the risk of associated
side effects but there has been a recent shift toward using levodopa earlier now that doctors are learning how to titrate
levodopa dosing and thus limit those side effects.'? Finally, relatively small sample sizes (due to studying a condition not
commonly found in working-age individuals within a linked database of health-care claims and work productivity data)
have low power to detect statistically significant changes, and thus, formal statistical comparisons were not pre-specified.
Moreover, our study did not aim to show statistically significant trends in health-care costs; rather, health-care costs were
included in our study to benchmark the relative magnitude of the work-loss-related (indirect) costs versus healthcare
(direct) costs and to contrast the trends of indirect versus direct costs before and after PD diagnosis.

Several avenues for additional research are suggested by the results of this study. For PD patients, non-PD-related
health-care costs in the follow-up period were much higher than the pre-period, suggesting that there may be some costs
related to PD that were not accounted for in the current study. A control cohort could help isolate PD-related healthcare
cost burden from total costs. The control cohort also could quantify how much of the rise in STD use (and all-cause
health-care costs) for PD patients is attributable to increasing age (and thus, age-related worsening health status) versus
PD. Additional research could also follow PD patients for more than three years after initial PD diagnosis, which would
allow for more severe progression of PD to be accounted for in both direct and indirect cost outcomes since costly
disease milestones (such as falls with trauma and hospitalization, hallucinations, residential home placement, etc.)
typically occur several years after diagnosis. These conditions require specific treatments with related high costs,
which could be explored in future works. Likewise, longer follow-up of PD caregivers would allow more time for
caregiving-related comorbidities to develop. Finally, this analysis did not focus on device-aided therapies like levodopa-
carbidopa intestinal gel infusion (LCIG), continuous subcutaneous apomorphine infusion (CSAI), and deep brain
stimulation (DBS). Prior research'® has studied the direct costs of these treatments; however, the work loss (and
associated indirect costs) among patients receiving these treatments has not been studied.

Conclusions

Overall, this study adds to the growing body of literature that PD has both a significant direct and indirect financial
burden on patients and their caregivers. Using administrative claims data, we were able to quantify the indirect economic
burden of PD for three years before and after diagnosis. These results are consistent with previous literature that has

shown the significant economic burden of PD.
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