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ABSTRACT

Introduction: Frailty, a common syndrome of aging associated with a decline in physiological reserve, places
individuals with Parkinson’s disease (PD) at a greater risk of poor health outcomes. We hypothesized that frailty
would also be greater in prodromal PD patients compared to the general population and, thus, could be part of
the prodromal phase of PD.

Methods: We conducted a population-based case-control study of incident PD cases (N = 82,560) and controls (N
= 96,482) ages 70-90 identified in 2009. Using 2004-2009 Medicare data, we examined frailty in five individual
12-month time windows during the prodromal period using the claims-based frailty index (CFI), categorized as
nonfrail, mildly frail, and moderately-to-severely frail. For each time window, we calculated the odds ratios
(ORs) and 95 % confidence intervals (CIs) for the association between frailty and PD, while adjusting for age, sex,
race/ethnicity, and use of care. We examined variables in CFI that were associated with PD in the 12 months
prior to diagnosis.

Results: Mildly frail (OR = 1.70, 95 % CI 1.62-1.78) and moderately-to-severely frail (OR = 1.29, 95 % CI
1.16-1.43) were associated with PD five years prior to diagnosis. This association strengthened in the final year
prior to diagnosis: mildly frail (OR = 7.75, 95 % CI 7.51-7.99); moderately-to-severely frail (OR = 10.22, 95 %
CI 9.63-10.86). In the 12 months prior to PD diagnosis, the CFI variable encompassing psychiatric/cognitive
disorders had the most marked association with PD (OR = 4.63, 95 % CI 4.50-4.77).

Conclusions: Medicare beneficiaries with PD are frailer than controls in the prodromal period. Frailty was highest

in the 12 months prior to PD diagnosis.

1. Introduction

Parkinson’s disease (PD) is an age-related neurodegenerative dis-
ease, and among neurological disorders, it has the fastest increase in
prevalence, death, and disability-adjusted life-years [1,2]. Although the
clinical diagnosis of PD requires the presence of motor symptoms (e.g.,
bradykinesia, tremor, rigidity, and/or postural instability) [3], several
non-motor symptoms often precede the motor symptoms by years or
even decades [4]. The pre-diagnosis phase, also known as prodromal PD,
may start as early as two decades before PD diagnosis and is charac-
terized by various subclinical motor and non-motor manifestations [5].
These symptoms of PD often interact with other age-related syndromes,
such as frailty, leading to acceleration of functional decline and other

clinical complications.

Frailty is a syndrome of aging characterized by a weakened ability of
the human body to respond to external stressors across multiple physi-
ologic systems, resulting in poor health outcomes [6]. Frailty affects
over 17 % of community-dwelling adults aged 50 and older, with
prevalence varying by setting, population, approach to frailty mea-
surement, and age [7]. In persons with PD (PwP), frailty may be even
higher due to shared characteristics, underlying mechanisms, and
potentially similar pathological processes [8-10]. One of the most
common measurements used in frailty, the Fried Frailty Phenotype [11],
includes variables such as fatigue, reduced gait speed, diminished grip
strength, and weight loss, which are all common symptoms of PD
[8-10]. As aresult, previous studies in PD have reported a wide range of
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frailty, between 22.2 and 69.4 % due to the potential overlap between
frailty and PD [12-15]. Frailty in PwP has been linked to worse motor
severity [15], greater co-morbidities [14], greater non-motor symptom
burden [12], worse overall disease severity, and poorer cognitive
function [15]. Until recently [16], frailty research in PwP was primarily
based on small samples [12-15,17]. This limitation is even more pro-
nounced in the prodromal phase of PD, where data on frailty are limited
to two European studies [18,19]. Given the strong association between
frailty and adverse health outcomes [16], identification and consider-
ation of frailty in early PD management is critical. While there is no cure
for PD, frailty is modifiable and there are potential opportunities for
intervention to prevent or reverse frailty progression, which could
enhance the effectiveness of current treatments for PD symptoms [20,
21].

Administrative data provides an opportunity to examine frailty and
its associated outcomes using a frailty measure with a wide range of
variables in a larger population [22,23]. Therefore, we conducted a
case-control study identified from a geographically diverse United States
(US) Medicare population to investigate the association between frailty
and PD in five separate 12-month time windows within the prodromal
period, as compared to controls. Additionally, we examined whether
specific frailty variables were positively associated with PD in the 12
months prior to diagnosis. We hypothesized that frailty would be posi-
tively associated with PD in all five separate time windows prior to
diagnosis and that the association would strengthen with proximity to
diagnosis date.

2. Study materials and method
2.1. Standard protocol approvals, registrations, and patient consents

The Human Research Protections Office at Washington University in
St. Louis, the St. Joseph’s Hospital and Medical Center Institutional
Review Board, and the Centers for Medicare & Medicaid Services (CMS)
approved this study, which was deemed exempt, as it does not meet the
definition for human subject research.

2.2. Study design and cohort

This study was constructed from a previous case-control data set
using 2009 Medicare data that has previously been described [24].
Briefly, all eligible incident PD cases were obtained from 2009 along
with a random sample of eligible controls. Beneficiaries had to have all
available claims data including carrier (physician/supplier part B),
outpatient, inpatient, skilled nursing facility, durable medical equip-
ment, and home health claims from 2004 to 2009 along with de-
mographic data obtained from the 2009 beneficiary annual summary
file. The original study included all beneficiaries who met the following
eligibility criteria: 1) born by February 1, 1942, 2) had Medicare parts A
or B coverage without Medicare Advantage Plan coverage to exclude
plans that do not report detailed claims to CMS, 3) US residence, 4) age
<90 years or died by the end of 2009, and 5) age >66 years, 11 months
to ensure incident cases who had a minimum of 2 years of claims data
before PD diagnosis/control reference date in 2009 [24]. For the current
study, we further required all beneficiaries to be at least 70 years of age
at the time of PD diagnosis or control reference date in 2009 to have the
full claims data for the five years preceding their date of PD diagnosis or
control reference date.

2.3. Assessment of PD cases and controls in the prodromal period

We identified incident PD cases with the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
codes 332.0 or 332 in 2009, with no past occurrence of these codes in
2004-2008 [24]. We excluded beneficiaries with ICD-9-CM codes sug-
gestive of secondary PD or Lewy body dementia (ICD-9-CM codes 333.0
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and 331.82). Controls were randomly selected using random number
generation from all remaining beneficiaries who met the same study
eligibility criteria but with no ICD-9-CM code for PD, atypical Parkin-
sonism, or Lewy body dementia in 2004-2009, and were alive in 2009
prior to their randomly assigned reference date in 2009. The prodromal
period was defined as the five years prior to PD diagnosis date or control
reference date in 2009. We did not match controls to PD patients on
demographic factors but instead adjusted for them in analyses to
maintain sample size.

2.4. Assessment of frailty in the prodromal period

We used a previously validated claims-based frailty index (CFI),
which was developed to measure frailty from administrative claims data
[22,23]. The CFI is a measure of frailty status, using the cumulative
deficit approach to quantify the proportion of symptoms, diseases, and
disabilities present in each individual, reflecting the individual’s risk of
poor health outcomes and mortality [22,23]. The CFI model includes 93
variables using ICD-9-CM diagnosis codes, current procedural termi-
nology (CPT) codes, and the healthcare common procedure coding
system (HCPCS) from Medicare over a 12-month look back period [22,
2.3]. The final codes for the CFI model were grouped based on previously
defined chapters, subheadings, or categories of the ICD-9-CM coding
system, CPT-4 services, and HCPCS level II supplies [22]. The total CFI
score represents the proportion of total health deficits (out of the 93
variables) present in an individual, with higher scores indicating poorer
health [22,23]. The complete list of the 93 variables included in the CFI
can be found in Kim DH et al. [22]. In this study, we estimated frailty in
five separate 12-month time windows during the prodromal period
using the CFI as a continuous measure (ranging from 0 to 1) and then
categorized using standard cut points: nonfrail (<0.25), mildly frail
(0.25-0.34), moderately-to-severely frail (>0.35) [22,23].

Given that motor and non-motor symptoms of PD may contribute to
the frailty phenotype and could potentially increase the frailty score in
PD cases compared to controls, we conducted a sensitivity analysis by
excluding codes suggestive of symptoms of PD. In this analysis, two
physicians, including a movement disorder specialist, reviewed the
frailty-related codes that were positively associated with PD. The second
physician independently reviewed the code list, and any discrepancies
were resolved through consensus. Codes suggestive of motor and non-
motor symptoms of PD were excluded from the CFI and the model was
re-estimated to assess the impact of their removal.

2.5. Assessment of covariates

Covariates included beneficiary demographic information (age, sex,
and race/ethnicity) and use of medical care [25] in each individual time
window. We classified race/ethnicity into six categories (non-Hispanic
White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, Native
American, and Other). We calculated age from beneficiaries’ birth date
and treated it as a continuous variable in the model. We also classified
age into four categories for demographic summary (70-74, 75-79,
80-84, and 85-90). We treated sex as binary (female, male). We quan-
tified use of medical care using beneficiaries’ records from inpatient,
outpatient, skilled nursing facility, and physician office, and calculated
the total number of unique ICD-9-CM diagnosis and procedure codes
observed within each 12-month window in the five-year prodromal
period [25].

2.6. Statistical analysis

All statistical analyses were performed using Stata software (MP
14.2; StataCorp LLC, College Station, TX) or R version 3.6.3 (The R
Project for Statistical Computing). We used logistic regression models to
estimate the odds ratios (ORs) and 95 % confidence intervals (CIs) for
the association between frailty and PD in five individual 12-month time
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Table 1
Characteristics of incident Parkinson’s disease cases and randomly sampled
population-based controls, United States, Medicare, 2009.
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Table 2
Association between claims-based frailty index” and PD in five separate 12-
month time windows” prior to PD diagnosis/control reference date in 2009¢.

Characteristics PD Cases Controls OR? (95 % CI) Characteristics PD Cases Controls ORY (95 % CI)
N = 82,560 N = 96,482 N = 82,560 N = 96,482

Sex, n (%") 0-1 year, n (%)

Male 40,832 40,463 1.000 (reference) Nonfrail 39,221 86,852 1.00 (reference)
(49.46) (41.94) (47.51) (90.02)

Female 41,728 56,019 0.659 (0.646-0.672) Mildly Frail 31,515 7795 (8.08) 7.75 (7.51-7.99)
(50.54) (58.06) (38.17)

Race/Ethnicity, n (%) Moderately-to-Severely 11,824 1835 (1.90) 10.22

White 73,417 83,754 1.00 (reference) Frail (14.32) (9.63-10.86)
(88.93) (86.81) 1-2 years, n (%)

Black 4833 (5.85) 7013 (7.27) 0.792 (0.760-0.826) Nonfrail 63,342 88,943 1.00 (reference)

Hispanic 1768 (2.14) 1803 (1.87) 1.000 (0.930-1.075) (76.72) (92.19)

Asian/Pacific Islander 1434 (1.74) 2083 (2.16) 0.862 (0.801-0.927) Mildly Frail 15,374 6326 (6.56) 2.38 (2.30-2.47)

Other 851 (1.03) 1440 (1.49) 0.849 (0.775-0.930) (18.62)

Native American 257 (0.31) 389 (0.40) 0.866 (0.732-1.025) Moderately-to-Severely 3844 (4.66) 1213 (1.26) 2.31 (2.15-2.49)

Age Frail

Mean (SD) 79.7 (5.42) 77.74 (5.54) 1.057 (1.055-1.059) 2-3 years, n (%)

Category, n (%) Nonfrail 68,426 90,559 1.00 (reference)

70-74 17,522 34,180 1.000 (reference) (82.88) (93.86)
(21.22) (35.43) Mildly Frail 11,623 5041 (5.22) 2.10 (2.02-2.19)

75-79 22,304 26,511 1.541 (1.500-1.583) (14.08)
(27.02) (27.48) Moderately-to-Severely 2511 (3.04) 882 (0.91) 1.90 (1.74-2.07)

80-84 24,150 21,494 1.974 (1.920-2.029) Frail
(29.25) (22.28) 3-4 years, n (%)

85-90 18,584 14,297 2.254 (2.187-2.323) Nonfrail 71,786 91594 1.00 (reference)
(22.51) (14.82) (86.95) (94.93)

CFI Score® Mildly Frail 8943 (10.83) 4137 (4.29) 1.84 (1.76-1.92)

Mean (SD) 0.266 (0.08) 0.166 (0.06) - Moderately-to-Severely 1831 (2.22) 751 (0.78) 1.55 (1.41-1.71)

Category’, n (%) 4-5 years, n (%)

Nonfrail 39,221 86,852 1.000 (reference) Nonfrail 74,015 92,388 1.00 (reference)
(47.51) (90.02) (89.65) (95.76)

Mildly Frail 31,515 7795 (8.08) 7.645 (7.410-7.888) Mildly Frail 7257 (8.79) 3500 (3.63) 1.70 (1.62-1.78)
(38.17) Moderately-to-Severely 1288 (1.56) 594 (0.62) 1.29 (1.16-1.43)

Moderately-to-Severely 11,824 1835 (1.90) 10.194 Frail

Frail (14.32) (9.602-10.823)

Abbreviations: CFI, claims-based frailty index; CI, confidence interval; n, fre-
quency; OR, odds ratio; PD, Parkinson’s disease; SD, standard deviation.

# OR is adjusted for age, sex, race/ethnicity, and use of medical care.

b Percents may not sum to 100 due to rounding.

¢ CFI score is a continuous measure ranging from 0 to 1.

4 CFI category is measured using standardized thresholds: Nonfrail (CFI
<0.25), mildly frail (CFI = 0.25-0.34), moderately-to-severely frail (CFI >0.35).

intervals prior to PD diagnosis/control reference date in 2009. Our
exposure variable was frailty [nonfrail (<0.25), mildly frail (0.25-0.34),
moderately-to-severely frail (>0.35)] and PD our outcome variable. We
generated separate models for each time window: 0-1 year, 1-2 years,
2-3 years, 3-4 years, and 4-5 years prior to PD diagnosis/control
reference date in 2009. In addition, we used a continuous CFI variable to
compute the mean and standard deviation (SD) of CFI scores in each 12-
month time window and used a two-sample t-test with unequal vari-
ances to compare the average CFI scores between PD cases and controls
across the years. Next, we assessed the presence of a monotonic upward
or downward trend in the mean CFI values over time using the Mann-
Kendall test, which helped determine whether the mean CFI scores
consistently increased or decreased over the five-year period. Finally, to
determine which of the 93 frailty variables in the CFI were positively
associated with PD in the final 12-months prior to diagnosis, we
dichotomized each CFI variable [22] and included it as our exposure
variable and PD as our outcome variable using a logistic model. All
models were adjusted for age, sex, race/ethnicity, and use of medical
care and statistical significance was set at p<0.05. When multiple
comparisons were performed, the p values were adjusted using the
Bonferroni post-hoc correction.

Abbreviations: CFI, claims-based frailty index; CI, confidence interval; n, fre-
quency; OR, odds ratio; PD, Parkinson’s disease.

# Claims-based frailty index (CFI) category is measured using standardized
thresholds: Nonfrail (CFI <0.25), mildly frail (CFI = 0.25-0.34), moderately-to-
severely frail (CFI >0.35).

b The five 12-month time windows include: 0-1 year, 1-2 years, 2-3 years,
3-4 years, and 4-5 years prior to PD diagnosis/control reference date.

¢ PD diagnosis date is the date PD was first diagnosed in 2009, and control
reference date is a randomly selected date in 2009 for eligible controls.

4 OR was adjusted for age, sex, race/ethnicity, and use of medical care.

3. Results
3.1. Beneficiaries’ characteristics

Compared to controls (N = 96,482), PD cases (N = 82,560) were
more likely to be male, non-Hispanic White, and older (Table 1). The
mean (SD) CFI score for PD cases in the final 12 months leading up to PD
diagnosis was 0.27 (0.08), with 47.5 % nonfrail, 38.2 % mildly frail, and
14.3 % moderately-to-severely frail. For controls, the mean (SD) of CFI
scores was 0.17 (0.06), with 90.0 % nonfrail, 8.1 % mildly frail, and 1.9
% moderately-to-severely frail (Table 1). The mean frailty scores in this
final year leading up to PD diagnosis or control reference date were
higher in PD cases compared to controls (p < 0.001).

3.2. Frailty assessment

In all five time-windows, the mean CFI scores were higher in cases
than controls (p < 0.001). The mean (SD) CFI score for PD cases was
0.17 (0.06) in the 4-5 year time window, and increased to 0.27 (0.08) in
the 0-1 year time window (Supplementary Table 1). While the mean CFI
scores for both cases and controls increased with proximity to PD
diagnosis or control reference date, the trend was statistically significant
only for PD cases (p < 0.05). When examining the OR between frailty
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and PD, we similarly observed that the OR increased with proximity to
PD diagnosis or control reference date (Table 2). We observed that
mildly frail (OR = 1.70, 95 % CI 1.62-1.78) and moderately-to-severely
frail (OR = 1.29, 95 % CI 1.16-1.43) were positively associated with PD
in the 4-5 year time window prior to diagnosis (Table 2) and the asso-
ciation strengthened in the final year leading up to diagnosis: mildly frail
(OR = 7.75, 95 % CI 7.51-7.99); moderately-to-severely frail (OR =
10.22, 95 % CI 9.63-10.86).

When examining the CFI variables in the final year leading up to PD
diagnosis or control reference date, we observed that 34 out of the 93
CFI variables were positively associated with PD (Fig. 1). Supplementary
Table 2 includes all individual ORs, 95 % ClIs, and frequency of cases and
controls for individual CMS-established ICD-9-CM codes included in the
top three CFI variables most positively associated with PD: “organic
psychotic conditions," "symptoms," and "other psychoses." In the 12
months prior to PD diagnosis, the CFI variable "organic psychotic con-
ditions" [individual CMS-established ICD-9-CM codes Supplementary
Table 2a] had the most marked association with PD (OR = 4.63, 95 % CI
4.50-4.77) (Fig. 1). The next two CFI variables that were most strongly
positively associated with PD included: “symptoms,” [individual CMS-
established ICD-9-CM codes including signs and symptoms suggestive
of PD in addition to signs and symptoms of other diseases/medical
conditions; Supplementary Table 2b] (OR = 3.87, 95 % CI 3.73-4.00)
(Fig. 1), and “other psychoses” [individual CMS established ICD-9-CM
codes suggestive of various mood disorders; Supplementary Table 2c]
(OR = 3.46, 95 % CI 3.34-3.58) (Fig. 1).

Twenty-two out of the 93 variables were inversely associated with
PD in the 12 months prior to diagnosis (Fig. 2). The top three CFI var-
iables most strongly inversely associated with PD included: “allergy and
clinical immunology” (OR = 0.43, 95 % CI 0.32-0.56), “oxygen delivery
systems and related supplies" (OR = 0.58, 95 % CI 0.54-0.63), and
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“therapeutic drug assays" (OR = 0.58, 95 % CI 0.48-0.70) (Fig. 2).

3.3. Sensitivity analysis

The mean (SD) CFI scores did not change after excluding signs and
symptoms most clinically associated with PD in our sensitivity analysis.
The frequency and percentage of beneficiaries categorized as nonfrail,
mildly frail, and moderately-to-severely frail in each 12-month period
across the five years were similar as well (Supplementary Table 3;
Sensitivity Analysis). The top three CFI variables and associated ORs
most positively associated with PD slightly changed in our sensitivity
analysis to “organic psychotic conditions (OR = 4.20, 95 % CI
4.06-4.35),”"other psychoses (OR = 3.92, 95 % CI 3.75-4.09),” and
“other disorders of the central nervous system (OR = 2.78, 95 % CI
2.68-2.89).” While “symptoms” was still positively associated with PD,
the OR decreased after excluding codes suggestive of motor and non-
motor symptoms of PD (OR = 2.04, 95 % CI 1.98-2.09).

4. Discussion

In this large population-based case-control study, we demonstrated
that frailty is positively associated with PD in all five individual time-
windows prior to PD diagnosis/control reference date and that the as-
sociation was strongest in the 12 months prior to PD diagnosis date. We
also observed that psychiatric and cognitive disorders within the CFI
were more strongly associated with PD as compared to other CFI vari-
ables in the 12 months prior to PD diagnosis. Our study has several
important strengths. We used CFI, a well-established and validated
method for measuring frailty when using claims data, which has been
shown to outperform other claims-based frailty models [23]. The CFI
accounts for the total number of diseases, symptoms, and disabilities

Category Cases Controls
n n OR (95% CI)
Organic psychotic conditions 30318 7449 4.63 (4.50-4.77) -
Symptoms 77951 65846 3.87 (3.73-4.00) =)
Other psychoses 17638 4710 3.46 (3.34-3.58) \niid
Other disorders of the central nervous system 15202 4437 2.78(2.68-2.89) [aal
Neurotic disorders, personality disorders, and other nonpsychotic mental disorders 33056 16395 2.34(2.28-2.40) et
Cerebrovascular disease 34028 15884 220 (2.14-2.25) -
- Transportation services including ambulance 22287 8212 2.10(2.04-2.17) -
e
8, Disorders of the peripheral nervous system 18756 9437 1.78(1.73-1.83)
Q Contusion with intact skin surface 12728 5865 1.72(1.66-1.78) L]
8 Hospital beds and associated supplies 2524 Ak 1.69 (1.54-1.85) e
E Wheelchairs, components, and accessories 3740 1170 1.69(1.57-1.81) -
.g Rheumatism, excluding the back 49981 34710 1.60 (1.56-1.63) -
8 Walking aids and attachments 7889 3559 1.50 (1.44-1.57) L
& Mycoses 26915 15200 150 (1.46-1.54) -
'3 Arthropathies and related disorders 54012 42584 1.46 (1.43-1.49) L]
§ Other diseases of urinary system 40612 26811 1.45 (1.42-1.49) L
g ll-defined and unknown causes of morbidity and mortality 13181 5410 1.43(1.38-1.48) L
Dorsopathies 37937 27950 1.38 (1.35-1.41) -
Other bacterial diseases 9504 3898 1.23(1.18-1.29) L
Diseases of arteries, arterioles, and capillaries 27886 17972 1.22(1.19-1.25) L
Congenital anomalies in musculoskeletal system 1942 1303 1.21(1.12-1.30) g
Administrative, miscellaneous and experimental 15633 11956 1.17 (1.13-1.20) L]
Disorders of thyroid gland 26095 22402 1.17 (1.14-1.17) L]
Persons encountering health services for specific procedures and aftercare 49880 39772 1.16 (1.14-1.19) L]
Pneumonia and influenza 12634 6195 1.16 (1.12-1.21) e
Other and unspecified effects of external causes 7349 3848 1.15(1.10-1.20) L]
Other and unspecified anemias 29626 19106 1.15(1.12-1.18) "
Diseases of , stomach, and 28902 21658 1.14 (1.12-1.17) "
Other forms of heart disease 46464 34443 1.13(1.10-1.15) L}
Hypertensive disease 69545 68137 1.10 (1.07-1.13) L]
Diseases of veins and lymphatics, and other diseases of circulatory system 22560 14673 1.09 (1.06-1.12) L]
Diseases of male genital organs 19012 14124 1.08 (1.05-1.11) "
Osteopathies, chondropathies, and acquired musculoskeletal deformities 33635 30475 1.08 (1.05-1.10) L}
Nonspecific abnormal findings 41485 33954 1.06 (1.04-1.09) "

T T T T T T T T 1
02 08 14 2 26 32 38 44 5
Odds ratio

Fig. 1. Odds ratios (ORs) and the 95 % confidence intervals (CIs) for variables in the claims-based frailty index (CFI) that were positively associated with PD in the
final 12 months prior to PD diagnosis or control reference date. Note: OR was adjusted for age, sex, race/ethnicity, and use of medical care.



G.K. Karway et al.

Parkinsonism and Related Disorders 138 (2025) 107965

Category Cases Controls
n n OR (95% CI)
Allergy and clinical immunology 144 120 0.43 (0.32-0.56) ——
Oxygen delivery systems and related supplies 1717 1530 0.58 (0.54-0.63) o
Therapeutic drug assays 297 216 0.58 (0.48-0.70) —a—
Surgery, nervous system 3761 2469 0.62 (0.59-0.66) e
g Surgery, female genital system 2231 1285 0.65 (0.60-0.70) [l
% Radiology, nuclear medicine 1678 1075 0.66 (0.61-0.73) e
:>~ Malignant neoplasm of other and unspecified sites 2408 2128 0.68 (0.64-0.73) [an)
g Medicine, ophthalmology 1691 1040 0.69 (0.63-0.75) -
% Medicine, cardiovascular 1840 1141 0.69 (0.63-0.75) —
‘J, Surgery, respiratory system 3955 2338 0.71(0.67-0.75) -
'g Inhalation solutions 1810 1384 0.77 (0.72-0.84) -
© Neoplasms of uncertain behavior 10266 10300 0.81(0.79-0.84) L]
Benign neoplasms 13841 15217 0.82 (0.79-0.84) -
Persons without reported diagnosis encountered during 39756 45080 0.84 (0.82-0.86) L
and i ion of individ and
Other supplies including diabetes supplies and contraceptives 2734 2652 0.85 (0.80-0.90) -
Breathing aids 3152 2333 0.85 (0.80-0.90) -
Open wound of lower limb 2861 1851 0.85 (0.80-0.91) -
Persons with a condition influencing their health status 35315 29911 0.89 (0.87-0.91) L]
Disorders of the eye and adnexa 50003 51386 0.92 (0.90-0.94) L
Persons with potential health hazards related to communicable diseases 49663 52243 0.93 (0.91-0.95) L
Other inflammatory conditions of skin and subcutaneous tissue 13860 13223 0.94 (0.91-0.96) H
Drugs, administered by injection 29605 25511 0.95 (0.93-0.97) L
1
[‘) 0‘5 ‘: 1v‘5 2
Odds ratio

Fig. 2. Odds ratios (ORs) and the 95 % confidence intervals (Cls) for variables in the claims-based frailty index (CFI) that were inversely associated with PD in the

final 12 months prior to PD diagnosis or control reference date.
Note: OR was adjusted for age, sex, race/ethnicity, and use of medical care.

using claims data. Predictors in the CFI model use a variety of data
including ICD-9-CM, CPT, and HCPCS codes to avoid omission of key
predictors that may not be used in clinical frailty models. Our study
offers unique insights into the temporal association of frailty and PD
diagnosis, supporting the notion that frailty may serve as an important
risk factor for PD and should be considered at the time of PD diagnosis
particularly as it relates to the management and treatment of PD
symptoms.

The clinical importance of frailty is gaining increasing recognition in
neurology [26] and in PD [12-17,27-32]. The largest and most
comprehensive study to date used a national sample of older Medicare
beneficiaries diagnosed with PD [16]. In this study, researchers applied
the CFI model to assess frailty levels and examined associations with
clinical outcomes in 62,786 beneficiaries with PD diagnosed in 2013.
Our study findings, demonstrating a higher prevalence of frailty in PD
during the prodromal phase, were consistent with that Medicare
claims-based study examining prevalent PD [16]. Specifically, they
found that frail individuals with established PD were older, exhibited a
greater burden of comorbidities, and experienced poorer health out-
comes compared to their non-frail counterparts [16]. These findings, in
conjunction with ours, support using the CFI across the spectrum of PD,
from the prodromal phase to established disease. Studying frailty in the
prodromal phase may minimize the potential confounding effect of PD
disease severity on frailty scores, given the potential overlap of PD
symptomatology and frailty variables, a limitation often acknowledged
in studies of frailty in prevalent PD [16,32]. Studies of frailty during the
prodromal phase of PD are limited to only two studies to date — with one
employing the frailty phenotype model [19] and another using a frailty
index with limited variables [18]. Both were conducted in European
populations. The frailty phenotype model, while it is simple to use, is
known to have substantial overlap with PD symptomatology and other
clinical features [10], which may lead to an overestimation of frailty in
PD cases compared to controls. The frailty index consists of only 38
variables may omit some key aspects of frailty, particularly in PD [33].

In contrast, the CFI model used in this study contained 93 variables
comprised of the combination of diseases, symptoms, and disabilities
using multiple data sources from CMS (e.g., hospital vs. outpatient, and
diagnosis vs. procedure codes) [22,23,33].

Using Medicare, a population-based dataset that covers over 98 % of
Americans aged 65 and older, allowed us to focus on the elderly US
population that is at higher risk for both PD and frailty. While one of the
prior studies has provided valuable insights on how frailty differentially
impacts PD cases and controls in the years leading up to PD diagnosis or
control reference date [19], the focus on a mixture of middle-aged and
older individuals may limit its generalizability in the US. The majority of
adults aged 65 and older in the US are eligible for Medicare coverage for
health-related expenses, however, this is not the case for individuals
<65 years of age. Frailty may be underestimated when combining
middle-aged and older individuals due to key differences in how frailty
affects diverse age groups. Additionally, adults of various age de-
mographics may access health care settings differently due to
age-related comorbidities more common with age, such as cancer or
stroke [34]. Similarly, the other prodromal PD frailty study from Greece
used a small sample size from a homogenous group of Greek
community-dwelling adults [18]. Using Medicare data to study frailty in
prodromal PD in demographically and geographically diverse US pop-
ulations aged 65 and older makes our results more generalizable to the
US population of older adults and may inform future studies assessing
frailty in neurodegenerative diseases.

There has been a growing interest in understanding the relationship
between frailty and PD given the effects of frailty on movement,
cognition and overall health. Frailty in PwP is associated with greater
disease severity as measured by higher unified Parkinson’s disease rat-
ing scale scores, recurrent falls, loss of independence, decreased quality
of life, institutionalization, and higher use of medical care [12,13].
While the exact underlying mechanisms of frailty in PD are still
unfolding, an inability to recover from a stressful event due to
age-related changes to multiple physiological systems that interact
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cumulatively and detrimentally, often describes the frail older adult
[35]. The proposed mechanisms involved in the onset of frailty syn-
drome include chronic inflammation and oxidative stress, which have
also been described in neurodegeneration [36,37]. Frailty in prodromal
PD likely represents a combination of direct organ pathology due to PD
[38] and comorbid conditions contributing to worse overall health.
Future studies are needed to understand whether frailty mechanisms
differ in PD compared to other aging adults without neurodegeneration
and whether these differences contribute to more adverse outcomes or
acceleration of PD symptoms.

There are several potential limitations of this study. Medicare is
limited to specific patient populations including adults 65 years of age
and older, however, our analysis was limited further to beneficiaries
aged 70 years and older to allow us to compute the CFI using the full
five-year assessment windows prior to PD diagnosis/control reference
date. As a result, our findings are generalizable to those elderly adults
who were healthy enough to survive until age 70. Nevertheless, we
applied the same inclusion criteria for both cases and controls. Future
studies should examine frailty in prodromal PD in younger individuals
given that Medicare is only population based for those >65 in the US.
We were also unable to examine frailty in beneficiaries enrolled in a
Medicare Advantage plan (Part C) given that their data are not always
submitted to CMS. In addition, Medicare data are not collected for pri-
mary research purposes but rather from health care provider charges
submitted to CMS for reimbursement, therefore our codes rely on ac-
curate provider diagnoses and charge entries by billing staff. However,
previous studies have shown that the accuracy of Medicare claims has
improved over time [39]. Frailty measured from claims data is only a
proxy for frailty, and the specific CFI used in this study is based on deficit
accumulation using 12 months of retrospective claims data and may not
capture symptom severity or management. Additionally, CFI variables
include deficits that may be suggestive of PD motor and non-motor
symptoms. Therefore, frailty scores in PD may be falsely inflated
compared to controls. However, there are equally important medical
conditions, such as certain types of cancer, which may contribute
strongly to frailty and have been reported to be inversely associated with
PD [40,41]. Furthermore, the CFI model has previously been applied
successfully to prevalent PD cases, differentiating between frail and
non-frail individuals, and revealing poorer outcomes in the frail PD
group [16]. In our sensitivity analyses that excluded codes suggestive of
motor and non-motor symptoms of PD, there was no material change to
our results. Finally, the association between frailty and prodromal PD,
identified in this study, may not be causally related, as PD has a long
prodromal phase and we were limited to only 5 years prior to PD
diagnosis date. Future studies should examine whether the frailty syn-
drome itself is part of the prodromal period of PD. Despite these limi-
tations, this study provides unique insights into the changes in frailty as
an individual approaches PD diagnosis. Our work highlights the po-
tential value of incorporating frailty assessment into the diagnostic
workup of patients undergoing evaluation for neurological conditions
such as PD, prior to a formal diagnosis. This period represents a critical
window of opportunity to identify individuals at higher risk and to guide
early clinical decision-making.

5. Conclusion

This US population-based study offers important insights into the
temporal relationship between frailty and PD diagnosis and provides
evidence that PD cases are more frail than the general elderly population
as early as five years before their diagnosis. Health care providers should
be screening newly diagnosed PD patients for frailty given the adverse
effects of frailty on both motor and non-motor symptoms, overall quality
of life, morbidity, and life expectancy.

Parkinsonism and Related Disorders 138 (2025) 107965
CRediT authorship contribution statement

George K. Karway: Writing — review & editing, Writing — original
draft, Visualization, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. Jordan A. Killion: Writing — review &
editing, Resources, Methodology, Investigation. Irene M. Faust:
Writing — review & editing, Methodology. Kassu M. Beyene: Writing —
review & editing, Methodology. Brad A. Racette: Writing — review &
editing, Supervision, Resources, Investigation, Conceptualization. Ale-
jandra Camacho-Soto: Writing — review & editing, Supervision, Re-
sources, Methodology, Investigation, Conceptualization.

Data statement

The de-identified individual level research data and associated ma-
terials used in this study cannot be made publicly available due to data
use agreements with the Centers for Medicare & Medicaid Services
(CMS). We obtained the data through a formal Data Use Agreement with
CMS via a secure, CMS-approved data access method. The data we used
are a custom dataset as described in the methods. All summary data that
we were able to share are contained in the manuscript and the supple-
mentary materials.

Funding

Research reported in this publication was supported by the Michael
J. Fox Foundation [MJFF-020718 and MJFF-000939]; the U.S. Depart-
ment of Defense [PD190057]; the National Center for Advancing
Translational Sciences of the National Institutes of Health [Award
Number KL2TR002367] (Camacho-Soto); the Kemper and Ethel Marley
Foundation; the Barrow Neurological Foundation; and a gift from the
Moreno Family. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the National
Institutes of Health or any of the mentioned foundations.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.parkreldis.2025.107965.

References

[1] GBD 2016 Parkinson’s Disease Collaborators, Global, regional, and national burden
of Parkinson’s disease, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016, Lancet Neurol. 17 (2018) 939-953, https://doi.org/10.1016/
s1474-4422(18)30295-3.

[2] V.L. Feigin, T. Vos, Global burden of neurological disorders: from global burden of
disease estimates to actions, Neuroepidemiology 52 (2019) 1-2, https://doi.org/
10.1159/000495197.

[3] R.B. Postuma, D. Berg, M. Stern, W. Poewe, C.W. Olanow, W. Oertel, J. Obeso,

K. Marek, I. Litvan, A.E. Lang, G. Halliday, C.G. Goetz, T. Gasser, B. Dubois,

P. Chan, B.R. Bloem, C.H. Adler, G. Deuschl, MDS clinical diagnostic criteria for

Parkinson’s disease, Mov. Disord. 30 (2015) 1591-1601, https://doi.org/10.1002/

mds.26424.

A. Kouli, K.M. Torsney, W.L. Kuan, Parkinson’s disease: Etiology, Neuropathology,

and Pathogenesis, in: T.B. Stoker, J.C. Greenland (Eds.), Parkinson’s Disease:

Pathogenesis and Clinical Aspects, Codon Publications, Brisbane (AU), 2018.

Chapter 1.

[5] D.S. Roos, M. Klein, D.J.H. Deeg, R.L. Doty, H.W. Berendse, Prevalence of
prodromal symptoms of Parkinson’s disease in the late middle-aged population,
J. Parkinsons Dis. 12 (2022) 967-974, https://doi.org/10.3233/jpd-213007.

[6] J. Thillainadesan, I.A. Scott, D.G. Le Couteur, Frailty, a multisystem ageing
syndrome, Age Ageing 49 (2020) 758-763, https://doi.org/10.1093/ageing/
afaall2.

[4

=


https://doi.org/10.1016/j.parkreldis.2025.107965
https://doi.org/10.1016/j.parkreldis.2025.107965
https://doi.org/10.1016/s1474-4422(18)30295-3
https://doi.org/10.1016/s1474-4422(18)30295-3
https://doi.org/10.1159/000495197
https://doi.org/10.1159/000495197
https://doi.org/10.1002/mds.26424
https://doi.org/10.1002/mds.26424
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref4
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref4
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref4
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref4
https://doi.org/10.3233/jpd-213007
https://doi.org/10.1093/ageing/afaa112
https://doi.org/10.1093/ageing/afaa112

G.K. Karway et al.

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

R. O’Caoimh, D. Sezgin, M.R. O’Donovan, D.W. Molloy, A. Clegg, K. Rockwood,
A. Liew, Prevalence of frailty in 62 countries across the world: a systematic review
and meta-analysis of population-level studies, Age Ageing 50 (2021) 96-104.

P. Seiffert, J. Derejczyk, J. Kawa, C. Marcisz, M. Czernek, J. Szymszal, W. Kapko,
M. Bugdol, A. Torbus, O. Stepien-Wyrobiec, Frailty phenotype and the role of
levodopa challenge test in geriatric inpatients with mild parkinsonian signs,
Biogerontology 18 (2017) 641-650, https://doi.org/10.1007/510522-017-9716-6.
A. Di Sabatino, M.V. Lenti, L. Cammalleri, G.R. Corazza, A. Pilotto, Frailty and the
gut, Dig. Liver Dis. 50 (2018) 533-541, https://doi.org/10.1016/].
dld.2018.03.010.

J. Ebina, S. Ebihara, Kano O. Similarities, Differences and overlaps between frailty
and Parkinson’s disease, Geriatr. Gerontol. Int. 22 (2022) 259-270, https://doi.
org/10.1111/ggi.14362.

L.P. Fried, C.M. Tangen, J. Walston, A.B. Newman, C. Hirsch, J. Gottdiener,

T. Seeman, R. Tracy, W.J. Kop, G. Burke, M.A. McBurnie, Cardiovascular health
study collaborative research G. Frailty in older adults: evidence for a
phenotype, J. Gerontol. A Biol. Sci. Med. Sci. 56 (2001) M146-M156.

M. Peball, P. Mahlknecht, M. Werkmann, K. Marini, F. Murr, H. Herzmann,

H. Stockner, R. de Marzi, B. Heim, A. Djamshidian, P. Willeit, J. Willeit, S. Kiechl,
D. Valent, F. Krismer, G.K. Wenning, M. Nocker, K. Mair, W. Poewe, K. Seppi,
Prevalence and associated factors of sarcopenia and frailty in Parkinson’s disease: a
cross-sectional study, Gerontology 65 (2019) 216-228, https://doi.org/10.1159/
000492572.

N.N. Ahmed, S.J. Sherman, D. Vanwyck, Frailty in Parkinson’s disease and its
clinical implications, Park. Relat. Disord. 14 (2008) 334-337, https://doi.org/
10.1016/j.parkreldis.2007.10.004.

AH. Tan, Y.C. Hew, S.Y. Lim, N.M. Ramli, S.B. Kamaruzzaman, M.P. Tan,

M. Grossmann, B.H. Ang, J.Y. Tan, M. Manap, T.K. Tay, S.L. Tan, R.P. New,

F. Fadzli, E.J. Yee, F.M. Moy, S. Mahadeva, A.E. Lang, Altered body composition,
sarcopenia, frailty, and their clinico-biological correlates, in Parkinson’s disease,
Park. Relat. Disord. 56 (2018) 58-64, https://doi.org/10.1016/j.
parkreldis.2018.06.020.

W.C. Lin, Y.C. Huang, C.P. Leong, M.H. Chen, H.L. Chen, N.W. Tsai, H.H. Tso, P.
C. Chen, C.H. Lu, Associations between cognitive functions and physical frailty in
patients with Parkinson’s disease, Front. Aging Neurosci. 11 (2019) 283, https://
doi.org/10.3389/fnagi.2019.00283.

D.S. Abraham, Nguyen T.P. Pham, A.W. Willis, Claims-based frailty and outcomes:
applying an aging measure to older adults with Parkinson’s disease, Mov. Disord.
36 (2021) 1871-1878, https://doi.org/10.1002/mds.28561.

F.F. Ozer, S. Akin, M. Giiltekin, G.E. Zararsiz, A.E. Soylu, Frailty in patients with
Parkinson’s disease: associations with disability and timed up and Go, Noro
Psikiyatr Ars 58 (2021) 206-212, https://doi.org/10.29399/npa.23444.

E. Ntanasi, M. Maraki, M. Yannakoulia, M. Stamelou, G. Xiromerisiou, M.

H. Kosmidis, E. Dardiotis, G. Hadjigeorgiou, P. Sakka, A. Gargalionis, K. Patas,

S. Chatzipanagiotou, S. Charisis, L. Stefanis, N. Scarmeas, Frailty and prodromal
Parkinson’s disease: results from the HELIAD study, J. Gerontol. A Biol. Sci. Med.
Sci. 76 (2021) 622-629, https://doi.org/10.1093/gerona/glaal9l.

Z. Zheng, Y. Lv, S. Rong, T. Sun, L. Chen, Physical frailty, genetic predisposition,
and incident Parkinson disease, JAMA Neurol. 80 (2023) 455-461, https://doi.
org/10.1001/jamaneurol.2023.0183.

M. Racey, M.U. Alj, D. Sherifali, D. Fitzpatrick-Lewis, R. Lewis, M. Jovkovic,

L. Gramlich, H. Keller, J. Holroyd-Leduc, A. Giguere, A. Tang, D. Bouchard,

J. Prorok, P. Kim, A. Lorbergs, J. Muscedere, Effectiveness of nutrition
interventions and combined nutrition and physical activity interventions in older
adults with frailty or prefrailty: a systematic review and meta-analysis, CMAJ Open
9 (2021) E744-E756, https://doi.org/10.9778/cmajo.20200248.

T. Kidd, F. Mold, C. Jones, E. Ream, W. Grosvenor, M. Sund-Levander,

P. Tingstrom, N. Carey, What are the most effective interventions to improve
physical performance in pre-frail and frail adults? A systematic review of
randomised control trials, BMC Geriatr. 19 (2019) 184, https://doi.org/10.1186/
$12877-019-1196-x.

D.H. Kim, S. Schneeweiss, R.J. Glynn, L.A. Lipsitz, K. Rockwood, J. Avorn,
Measuring frailty in Medicare data: development and validation of a claims-based
frailty index, J. Gerontol. A Biol. Sci. Med. Sci. 73 (2018) 980-987, https://doi.
org/10.1093/gerona/glx229.

D.H. Kim, R.J. Glynn, J. Avorn, L.A. Lipsitz, K. Rockwood, A. Pawar,

S. Schneeweiss, Validation of a claims-based frailty index against physical

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Parkinsonism and Related Disorders 138 (2025) 107965

performance and adverse health outcomes in the health and retirement study,

J. Gerontol. A Biol. Sci. Med. Sci. 74 (2019) 1271-1276, https://doi.org/10.1093/
gerona/gly197.

Nielsen S. Searles, M.N. Warden, A. Camacho-Soto, A.W. Willis, B.A. Wright, B.
A. Racette, A predictive model to identify Parkinson disease from administrative
claims data, Neurology 89 (2017) 1448-1456, https://doi.org/10.1212/
WNL.0000000000004536.

A. Gross, B.A. Racette, A. Camacho-Soto, U. Dube, S. Searles Nielsen, Use of
medical care biases associations between Parkinson disease and other medical
conditions, Neurology 90 (2018) e2155-e2165, https://doi.org/10.1212/
WNL.0000000000005678.

E.O. Hoogendijk, J. Afilalo, K.E. Ensrud, P. Kowal, G. Onder, L.P. Fried, Frailty:
implications for clinical practice and public health, Lancet 394 (2019) 1365-1375,
https://doi.org/10.1016/50140-6736(19)31786-6.

J.M. McMillan, Q. Michalchuk, Z. Goodarzi, Frailty in Parkinson’s disease: a
systematic review and meta-analysis, Clin. Park Relat. Disord. 4 (2021) 100095,
https://doi.org/10.1016/j.prdoa.2021.100095.

M.C. Sousa-Fraguas, G. Rodriguez-Fuentes, N.M. Conejo, Frailty and cognitive
impairment in Parkinson’s disease: a systematic review, Neurol. Sci. 43 (2022)
6693-6706, https://doi.org/10.1007/s10072-022-06347-7.

AM.D. Couto, S.M. Soares, Factors associated with frailty syndrome in elderly
people with Parkinson’s disease, Rev. Bras. Enferm. 75 (2022) €20220096, https://
doi.org/10.1590/0034-7167-2022-0096.

M.G. Borda, M.U. Pérez-Zepeda, A. Jaramillo-Jimenez, K.R. Chaudhuri, D.

A. Tovar-Rios, L. Wallace, L. Batzu, K. Rockwood, O.B. Tysnes, D. Aarsland,

G. Alves, Frailty in Parkinson’s disease and its association with early dementia: a
longitudinal study, Park. Relat. Disord. 99 (2022) 51-57, https://doi.org/10.1016/
j.parkreldis.2022.05.004.

M.C. Sousa-Fraguas, G. Rodriguez-Fuentes, D. Lastra-Barreira, N.M. Conejo,
Associations between frailty and cognitive impairment in Parkinson’s disease: a
cross-sectional study, Aging Clin. Exp. Res. 37 (2025) 19, https://doi.org/10.1007/
$40520-024-02922-4.

D. Belvisi, M. Canevelli, M. Costanzo, M. Giangrosso, A. Fabbrini, A. Borraccino,
G. Bruno, A. Berardelli, G. Fabbrini, The role of frailty in Parkinson’s disease: a
cross-sectional study, J. Neurol. 269 (2022) 3006-3014, https://doi.org/10.1007/
s00415-021-10873-3.

D.H. Kim, E. Patorno, A. Pawar, H. Lee, S. Schneeweiss, R.J. Glynn, Measuring
frailty in administrative claims data: comparative performance of four claims-
based frailty measures in the U.S. Medicare data, J. Gerontol. A Biol. Sci. Med. Sci.
75 (2020) 1120-1125, https://doi.org/10.1093/gerona/glz224.

G. Bai, Y. Wang, J.K.L. Mak, M. Ericsson, S. Hagg, J. Jylhava, Is frailty different in
younger adults compared to Old? Prevalence, characteristics, and risk factors of
early-life and Late-life frailty in samples from Sweden and UK, Gerontology 69
(2023) 1385-1393, https://doi.org/10.1159/000534131.

N. Kubben, T. Misteli, Shared molecular and cellular mechanisms of premature
ageing and ageing-associated diseases, Nat. Rev. Mol. Cell Biol. 18 (2017)
595-609, https://doi.org/10.1038/nrm.2017.68.

A. Hald, J. Lotharius, Oxidative stress and inflammation in Parkinson’s disease: is
there a causal link? Exp. Neurol. 193 (2005) 279-290, https://doi.org/10.1016/j.
expneurol.2005.01.013.

S. Dziggielewska-Gesiak, M. Muc-Wierzgon, Inflammation and oxidative stress in
frailty and metabolic syndromes-two sides of the same coin, Metabolites 13 (2023),
https://doi.org/10.3390/metabo13040475.

J. Blesa, G. Foffani, B. Dehay, E. Bezard, J.A. Obeso, Motor and non-motor circuit
disturbances in early Parkinson disease: which happens first? Nat. Rev. Neurosci.
23 (2022) 115-128, https://doi.org/10.1038/s41583-021-00542-9.

D.H. Taylor Jr., T. @stbye, K.M. Langa, D. Weir, B.L. Plassman, The accuracy of
Medicare claims as an epidemiological tool: the case of dementia revisited,

J. Alzheimers Dis. 17 (2009) 807-815, https://doi.org/10.3233/jad-2009-1099.
A. Bajaj, J.A. Driver, E.S. Schernhammer, Parkinson’s disease and cancer risk: a
systematic review and meta-analysis, Cancer Causes Control 21 (2010) 697-707,
https://doi.org/10.1007/510552-009-9497-6.

C. Handforth, A. Clegg, C. Young, S. Simpkins, M.T. Seymour, P.J. Selby, J. Young,
The prevalence and outcomes of frailty in older cancer patients: a systematic
review, Ann. Oncol. 26 (2015) 1091-1101, https://doi.org/10.1093/annonc/
mdu540.


http://refhub.elsevier.com/S1353-8020(25)00706-0/sref7
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref7
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref7
https://doi.org/10.1007/s10522-017-9716-6
https://doi.org/10.1016/j.dld.2018.03.010
https://doi.org/10.1016/j.dld.2018.03.010
https://doi.org/10.1111/ggi.14362
https://doi.org/10.1111/ggi.14362
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref11
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref11
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref11
http://refhub.elsevier.com/S1353-8020(25)00706-0/sref11
https://doi.org/10.1159/000492572
https://doi.org/10.1159/000492572
https://doi.org/10.1016/j.parkreldis.2007.10.004
https://doi.org/10.1016/j.parkreldis.2007.10.004
https://doi.org/10.1016/j.parkreldis.2018.06.020
https://doi.org/10.1016/j.parkreldis.2018.06.020
https://doi.org/10.3389/fnagi.2019.00283
https://doi.org/10.3389/fnagi.2019.00283
https://doi.org/10.1002/mds.28561
https://doi.org/10.29399/npa.23444
https://doi.org/10.1093/gerona/glaa191
https://doi.org/10.1001/jamaneurol.2023.0183
https://doi.org/10.1001/jamaneurol.2023.0183
https://doi.org/10.9778/cmajo.20200248
https://doi.org/10.1186/s12877-019-1196-x
https://doi.org/10.1186/s12877-019-1196-x
https://doi.org/10.1093/gerona/glx229
https://doi.org/10.1093/gerona/glx229
https://doi.org/10.1093/gerona/gly197
https://doi.org/10.1093/gerona/gly197
https://doi.org/10.1212/WNL.0000000000004536
https://doi.org/10.1212/WNL.0000000000004536
https://doi.org/10.1212/WNL.0000000000005678
https://doi.org/10.1212/WNL.0000000000005678
https://doi.org/10.1016/s0140-6736(19)31786-6
https://doi.org/10.1016/j.prdoa.2021.100095
https://doi.org/10.1007/s10072-022-06347-7
https://doi.org/10.1590/0034-7167-2022-0096
https://doi.org/10.1590/0034-7167-2022-0096
https://doi.org/10.1016/j.parkreldis.2022.05.004
https://doi.org/10.1016/j.parkreldis.2022.05.004
https://doi.org/10.1007/s40520-024-02922-4
https://doi.org/10.1007/s40520-024-02922-4
https://doi.org/10.1007/s00415-021-10873-3
https://doi.org/10.1007/s00415-021-10873-3
https://doi.org/10.1093/gerona/glz224
https://doi.org/10.1159/000534131
https://doi.org/10.1038/nrm.2017.68
https://doi.org/10.1016/j.expneurol.2005.01.013
https://doi.org/10.1016/j.expneurol.2005.01.013
https://doi.org/10.3390/metabo13040475
https://doi.org/10.1038/s41583-021-00542-9
https://doi.org/10.3233/jad-2009-1099
https://doi.org/10.1007/s10552-009-9497-6
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540

	Frailty in prodromal Parkinson’s disease in Medicare beneficiaries
	1 Introduction
	2 Study materials and method
	2.1 Standard protocol approvals, registrations, and patient consents
	2.2 Study design and cohort
	2.3 Assessment of PD cases and controls in the prodromal period
	2.4 Assessment of frailty in the prodromal period
	2.5 Assessment of covariates
	2.6 Statistical analysis

	3 Results
	3.1 Beneficiaries’ characteristics
	3.2 Frailty assessment
	3.3 Sensitivity analysis

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Data statement
	Funding
	Declaration of competing interest
	Appendix A Supplementary data
	References


