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ABSTRACT

Introduction:  Early, simple predictors for long-
term survival in Parkinson’s disease (PD) may 
help identify patients at elevated risk and are 
crucial for more personalized treatment.

Methods:  This large, retrospective study exam‑
ined whether higher levodopa equivalent daily 
dose (LEDD) a year after diagnosis predicts long-
term survival.
Results:  Mortality risk was increased among 
292 patients receiving ≥ 600 mg LEDD versus 
2233 patients receiving < 600 mg LEDD (hazard 
ratio 1.5; 95% confidence interval 1.3–1.7), par‑
ticularly among patients aged < 75 years (1.8; 
1.4–2.4).
Conclusion:  In PD, higher LEDD can be an 
early risk marker of increased mortality, prob‑
ably because it reflects more severe disease.

Keywords:  Antiparkinson’s agents; Drug dos-
age calculations; Mortality; Parkinson’s disease

Key Summary Points 

Why carry out this study?

There is a need for a quantifiable, early, and 
simple predictor for long-term survival in 
patients with Parkinson’s disease (PD).

Our analysis assessed the relationship 
between treatment intensity (measured by 
the dose of oral levodopa equivalent in the 
first year following PD diagnosis) and long-
term survival.

Prior Presentation. Data included in this manuscript 
have been previously presented at the 9th Congress of 
the European Academy of Neurology 2023 (1–4 July, 
poster number EPO-616) in Budapest, Hungary.
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What was learned from the study?

Patients receiving ≥ 600 mg levodopa equiva‑
lent daily dose (LEDD) in the first year fol‑
lowing diagnosis had higher mortality risk 
compared with patients receiving < 600 mg 
LEDD.

Treatment intensity in the first year after a 
PD diagnosis may serve as an early indicator 
of increased risk of mortality.

INTRODUCTION

Identifying early and simple predictors for sur‑
vival in patients with Parkinson’s disease (PD) 
is crucial to understand and prevent PD-related 
deaths. Survival prediction, however, is limited 
by the complexity of PD, even in earlier phases, 
and the lack of an optimal progression bio‑
marker [1, 2]. Identifying a vast and generaliz‑
able predictor may enable a more individually 
targeted treatment.

Known clinical predictors of mortality in PD 
include, among others, dementia at baseline, 
dysphagia, and postural instability [3]. Due 
to the variability of the disease, and difficul‑
ties quantifying some of these predictors, the 
total dose of oral anti-PD medication (referred 
to here as “treatment intensity”) at an early 
stage of disease may serve as a good indicator 
for disease severity. Treatment intensity is usu‑
ally measured by the levodopa equivalent daily 
dose (LEDD), an artificial summary of the total 
daily anti-PD medications a patient receives 
[4]. This surrogate marker was previously sug‑
gested for the identification of patients with 
advanced PD [5, 6].

This study assesses the relationship between 
treatment intensity, reflected by LEDD, in the 
first year following PD diagnosis and long-term 
patient survival.

METHODS

Study Design, Settings, and Population

This population-based, retrospective, cohort 
study utilized data from Maccabi Healthcare 
Services (MHS). MHS is the second largest 
health insurance provider in Israel, represent‑
ing 26% of the Israeli population with < 1% 
annual moving-out rate. This study was con‑
ducted in accordance with the principles of 
the International Council for Harmonisation 
guidelines for Good Clinical Practice, which 
have their origin in the Declaration of Hel‑
sinki. The study was approved by the MHS-IRB 
committee (0047–20-MHS). Data were de-iden‑
tified and are, therefore, exempt from obtain‑
ing members’ informed consent.

With emphasis on specificity, members were 
included in the study only if they had ≥ 1 valid 
PD diagnosis. “Valid diagnosis” was one of the 
following: (1) inpatient diagnosis; (2) diagno‑
sis given by a neurologist; (3) ≥ 2 diagnoses 
given by a family physician; or (4) a chronic 
diagnosis in the electronic medical record, 
actively defined as such by the family physi‑
cian. The index date was defined as the first PD 
diagnosis (regardless of treatment initiation) or 
anti-PD therapy initiation (to avoid bias from 
late documentation of the diagnosis), which‑
ever occurred earlier. Patients were included if 
their index date occurred between 2005–2010 
and if they also had ≥ 5-year membership in 
the health plan prior to the index date and up 
to 10 years of follow-up (unless prior death). 
We excluded patients with diagnosis of other 
parkinsonian syndromes (Supplementary Mate‑
rial Table S1) if given during the first 3 years 
post-index date.

Patients were categorized into two cohorts 
based on their LEDD [4] during the first year 
post-index date: (1) the low-dose cohort 
(< 600 mg LEDD), and (2) the high-dose cohort 
(≥ 600 mg LEDD). The 600 mg cutoff was cho‑
sen based on findings from another study that 
demonstrated increased risk for motor com‑
plications in patients with early PD who were 
receiving ≥ 600 mg of levodopa daily [7].
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Variables and Measurements

Patients’ demographics included sex and 
age at index date. Data on baseline comor‑
bidities, including vascular (cerebral and car‑
diac) disease [8], diabetes [9], hypertension 
[10], chronic kidney disease [11], and mild 
cognitive impairment/dementia [12], were 
extracted using the MHS-validated registries. 
Pre-index–reported signs of interest included 
tremor, constipation, dysphagia, urinary symp‑
toms, sexual problems, psychosis, orthostatic 
hypotension, anxiety, depression, and gait 
impairment. The end of follow-up was defined 
as the earlier of death date, leaving MHS date, 
or end of study (December 31, 2019).

Statistical Analyses

Descriptive statistics are presented using fre‑
quencies and proportions for categorical vari‑
ables and mean values with standard devia‑
tions (SDs) or medians with interquartile 
ranges (IQRs). To compare baseline character‑
istics between cohorts, independent t tests for 
continuous variables and Fisher’s exact test for 
categorical variables were applied.

Cumulative case-fatality rates were assessed 
using Cox proportional hazards regression. 
Hazard ratios (HRs) and their 95% confidence 
intervals (CIs) are presented. From a visual 
inspection of the Kaplan–Meier curve, the 
proportionality assumption of the Cox pro‑
portional model was violated at approximately 
2 years of follow-up. After excluding deaths 
occurring within the first 2 years of follow-up, 
proportionality was verified using the Schoen‑
feld residuals test (p = 0.16).

Analyses were adjusted for all baseline char‑
acteristics, regardless of the difference found 
in the univariate analyses. Subgroup analysis 
was stratified according to age at index date 
(< or  ≥ 75 years, the median age of disease 
onset in this study). A two-tailed p value < 0.05 
was considered significant. All analyses were 
performed using IBM-SPSS statistical software 
version 27 (Armonk, NY, USA). Figures were 
created using ggplot2, survival, and survminer 

packages in R statistical software version 4.1.1 
(R Project for Statistical Computing).

RESULTS

Of 17,085 MHS members with at least one idi‑
opathic PD diagnosis, 2525 were eligible for the 
study based on predefined criteria (Supplemen‑
tary Material Fig. S1). Most patients [2233/2525 
(88.4%); mean (SD) age 74.4 (10.9) years; 
54.7% males] were in the low-dose cohort and 
292/2525 patients [11.6%; age 75.4 (8.8) years; 
65.1% males] were in the high-dose cohort. At 
baseline, compared with the low-dose cohort, 
patients treated with higher LEDD were more 
likely to have hypertension and gait impair‑
ment, and were less likely to report dysphagia 
and tremor (Table 1).

The survival analysis included 2177/2525 
patients [86.2%; low dose, 1926/2233 (86.3%); 
high dose, 251/292 (86.0%)] who had ≥ 2 years 
of follow-up post-index date. Throughout 
the follow-up period (median, 9.3 years; IQR, 
5.5–11.7; range, 2–15), 1381/2177 (63.4%) 
patients died [low dose, 1183/1926 (61.4%); 
high dose, 198/251 (78.9%)]. Compared with 
the low-dose cohort, patients treated with 
high LEDD had a significantly higher mor‑
tality risk (adjusted HR, 1.5; 95% CI, 1.3–1.7; 
p < 0.001; Fig. 1a). After stratification by age at 
index date, compared with patients in the low-
dose cohort, those treated with higher LEDD 
had 1.8-fold and 1.3-fold increased risks for 
mortality among those aged < 75 years (95% 
CI, 1.4–2.4; p < 0.001; Fig. 1b) and ≥ 75 years 
(95% CI, 1.1–1.6; p = 0.007; Fig. 1c) at baseline, 
respectively.

DISCUSSION

In this nationwide, population-based study, we 
observed an increased mortality risk in patients 
with PD receiving higher LEDD treatment dur‑
ing the first year after diagnosis. This observa‑
tion aligns with findings from a previous, much 
smaller, study of 133 patients with early PD 
[13]. A greater risk was observed in patients who 
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were aged < 75 years at baseline. Results were 
robust after adjustment for sex, age, and baseline 
comorbidities and symptoms.

While the reduced life expectancy of patients 
with PD compared with the general popula‑
tion is well established [2, 13, 14], identifying 
predictors of increased mortality within the 

Table 1   Baseline characteristics comparison between patients with PD who are treated with low dose or high dose of anti-
PD oral medications

Data are presented as n (%) unless otherwise noted
IQR interquartile range, PD Parkinson’s disease

Characteristic Low dose
(n = 2233)

High dose
(n = 292)

p value

Age at first PD indication, years

 Mean (SD) 74.4 (10.9) 75.4 (8.8) 0.074

 Median (IQR) 75.9 (68.5–82.1) 75.8 (72–81.3)

 Range 23.1–101.8 31.3–94.3

  < 75 1040 (46.6) 130 (44.5) 0.274

  ≥ 75 1193 (53.4) 162 (55.5)

Sex

 Male 1222 (54.7) 190 (65.1)  < 0.001

 Female 1011 (45.3) 102 (34.9)

Cardiovascular disease 624 (27.9) 89 (30.5) 0.201

Hypertension 1634 (73.2) 229 (78.4) 0.031

Cerebrovascular disease 184 (8.2) 23 (7.9) 0.47

Diabetes 644 (28.8) 95 (32.5) 0.109

Chronic kidney disease 1349 (60.4) 176 (60.3) 0.506

Anxiety/depression/mood disorders 935 (41.9) 114 (39.0) 0.195

Mild cognitive impairment/dementia 295 (13.2) 34 (11.6) 0.259

Constipation 555 (24.9) 63 (21.6) 0.124

Psychosis 121 (5.4) 18 (6.2) 0.339

Urinary symptoms 402 (18.0) 43 (14.7) 0.095

Sexual problems 87 (3.9) 15 (5.1) 0.193

Dysphagia 67 (3.0) 3 (1.0) 0.03

Orthostatic hypotension 21 (0.9) 3 (1.0) 0.537

Tremor 471 (21.1) 45 (15.4) 0.013

Gait abnormalities 184 (8.2) 46 (15.8)  < 0.001

First fall 481 (21.5) 64 (21.9) 0.467
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population of patients with PD is more com‑
plex due to the large disease heterogeneity. 
Previously documented factors include clini‑
cal, genetic, dopaminergic, neuroimaging, 
and cerebrospinal fluid biomarkers [3]. Treat‑
ment intensity of oral medication is a poten‑
tial marker that may incorporate many of these 
features, and can serve as a marker for disease 
severity. Indeed, increased LEDD (> 1000 mg) 
was previously suggested as a marker to iden‑
tify patients with advanced PD manifested by 
increased risk for mortality, hospitalizations, 
and disability [5].

Our study cannot distinguish between LEDD 
dosage as a marker for disease severity and the 
less likely possibility that higher dosage contrib‑
utes directly to mortality risk. Another, more 
likely, possibility is that the higher medication 
dosage in the first year post-diagnosis may result 
from a delayed diagnosis, which occurs mostly 
in males and patients presenting with gait dis‑
turbances [15], similar to our findings in the 
high-dose cohort. In addition, the higher preva‑
lence of gait impairments and lower prevalence 
of tremor in the high-dose population suggests a 
higher prevalence of the postural instability and 
gait disorders PD subtype. The postural instabil‑
ity and gait disorders subtype is usually charac‑
terized by a faster and more aggressive disease 
progression and, therefore, requires a higher 
dosage of medication early in the course of dis‑
ease [16].

One of the strengths of this predictor, com‑
pared with previously suggested published 

algorithms to predict mortality risk in PD, is its 
availability and generalizability. A predictive 
algorithm for disease progression (manifested 
in motor progression) based on longitudinal 
clinical, molecular, and genetic data has been 
developed [17]. However, this model was con‑
structed using information not necessarily avail‑
able in most datasets. Additional strengths of 
the current study are (1) sizable cohort, (2) long 
follow-up period (up to 15 years), and (3) the use 
of incident cases to avoid selection bias.

Aside from its retrospective nature and reli‑
ance on database analysis, our study has sev‑
eral limitations. First, we lack the cause of 
death of patients in the MHS database; thus, 
we were not able to differentiate between PD-
related and non-PD-related deaths. This might 
explain the weaker association measured in 
patients aged ≥ 75 years  due to increased risk 
of competing causes of death. Second, we were 
unable to assess the risk for mortality through‑
out the follow-up period due to the violation 
of the proportionality assumption in the first 
2 years; however, the current analysis included 
13 years (vs. 2 years), 86% of the study popu‑
lation, and 80% of overall deceased patients. 
Third, the inclusion of patients with PD diag‑
noses from only family physicians could result 
in the inclusion of patients misdiagnosed with 
PD. However, only a small minority of patients 
in this analysis were diagnosed solely by family 
physicians, minimizing the risk of bias from 
misdiagnosis. Additionally, our analysis was 
not able to distinguish between different PD 

Fig. 1   Kaplan–Meier survival curves for all-cause mor-
tality, by low (<  600  mg) and high (≥  600  mg) levodopa 
equivalent daily dose in the member population with at 

least 2  years of follow-up: a entire cohort; b age at base-
line < 75 years; c age at baseline ≥ 75 years; shading 95% 
confidence interval
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subtypes or levels of motor impairment, both 
of which may contribute to the difference in 
mortality rates between the groups.

CONCLUSION

Treatment intensity of oral anti-PD medi‑
cations during the first year, measured by 
LEDD ≥ 600 mg, may be an objective, robust, 
and accessible indicator for higher risk of mor‑
tality. This indicator could be used in addition 
to physicians’ clinical judgment to identify 
patients with PD who require more intensive 
follow-up and optimization of PD treatment.
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