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Impact of age at onset on symptom
profiles, treatment characteristics
and health-related quality of life

in Parkinson’s disease

Lars Lau Raket?, Daniel Oudin Astrém?, Jenny M. Norlin?, Klas Kellerborg?,
Pablo Martinez-Martin* & Per Odin®5"*

Parkinson’s disease (PD) is typically considered an age-related disease, but the age at disease onset
can vary by decades between patients. Aging and aging-associated diseases can affect the movement
system independently of PD, and advanced age has previously been proposed to be associated

with a more severe PD phenotype with accelerated progression. In this work, we investigated how
interactions between PD progression and aging affect a wide range of outcomes related to PD

motor and nonmotor symptoms as well as Health Related Quality of Life (HRQoL) and treatment
characteristics. This population-based cohort study is based on 1436 PD patients from southern
Sweden followed longitudinally for up to approximately 7.5 years from enrollment (3470 visits
covering 2285 patient years, average follow-up time 1.7 years). Higher age at onset was generally
associated with faster progression of motor symptoms, with a notable exception of dyskinesia and
other levodopa-associated motor fluctuations that had less severe trajectories for patients with higher
age at onset. Mixed results were observed for emergence of non-motor symptoms, while higher age
at onset was generally associated with worse HRQoL trajectories. Accounting for these identified age-
associated differences in disease progression could positively impact patient management and drug
development efforts.

Parkinson’s disease (PD) is typically considered an age-related disease'. While age is often mentioned as the
major risk factor, the age at disease onset can vary by decades®. Both in its prodrome and after disease onset,
clinical and pathological milestones have been identified that seem to occur with some regularity’. A range of
symptoms that are associated with PD, including motor and cognitive symptoms, may also arise due to aging
and co-pathologies, and age at symptom onset or age at diagnosis have previously been reported to influence
the course of disease*8. Further to this, it has been proposed that aging-associated co-pathologies are not only
additive, but may interact with the PD-pathology to produce a more severe phenotype than what one would
expect from the individual contributions of disease progression and aging’.

While there is strong evidence that PD manifestation is influenced by two major timescales, namely age and
disease duration (e.g. years since onset of motor symptoms), the mechanisms and resulting effects have only been
explored to a limited extent. Simple hypotheses such as monotone decline in clinical scores along with both age,
disease duration and their interaction may not be well grounded. This is for example illustrated by the fact that
known pathogenic genetic variants have been found to affect both age at onset, rate of disease progression, and
likelihood of occurrence of specific symptoms!?, which points to the biological complexity of disease manifesta-
tion. Furthermore, while higher age is generally associated with a higher load of non-PD specific pathology'!, a
higher age at onset of PD could potentially also indicate that the patient has been in better general health prior
to disease!? or has experienced less detrimental exposures. In these cases, one could imagine that older age at
onset would lead to a slower progression of PD, all other things being equal.
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In this paper, we explore the different timescales of PD by analyzing the evolution of symptom scores, clini-
cal scale components, health-related quality of life (HRQoL) instruments, and medication use along aging and
disease duration.

Materials and methods
The Swedish National Parkinson Register, PARKreg. The Swedish National registry for Parkinson’s
Disease (PARKreg), which was established in 2011 with the aim to contribute to Swedish Parkinson care through
continuous follow-up of clinical measures and HRQoL instruments in clinical practice and through research.
The register includes demographic variables, diagnosis, treatments, and physician reported clinical measures of
disease severity, and patient reported outcomes. Information is included per clinical practice when the patients
visit the doctor/nurse at the neurologist’s office, which is at least once a year. Due to the longitudinal nature of
the study, patients were not necessarily assessed by the same neurologist at all visits. The registry currently covers
at least one registration in approximately 6800 patients out of approximately 22 000 patients with Parkinson’s
disease in Sweden. This study is based on data on patients from the southernmost region of Sweden, Scania, with
idiopathic Parkinson’s disease in PARKreg that was retrieved in April 2020.

The Scania Cohort of PARKreg has an estimated coverage of approximately 50% of patients diagnosed with
PD in the region. Included patients were required to have at least one valid assessment of one of the study out-
comes apart from treatment variables.

Treatment data. Data on prescriptions and pick-ups of treatment was linked to the PARKreg Cohort by a
unique personal identification number using data from the Swedish Prescribed Drug Register, maintained by
the National Board of Health and Welfare. Medications in the register had associated defined daily dose data that
describe the assumed average maintenance dose per day for the medication when used for its main indication in
adults. Daily doses were calculated as the number of defined daily doses picked up divided by pick up frequency
(i.e. a patient picking up a prescription with a total of 7 defined daily doses every week would be assigned a daily
dose of 1).

Levodopa prescriptions were considered any prescription with ATC code in the category N04BA Dopa and
dopa derivatives. Average daily levodopa dose was computed for each half year between first and last registered
pick up. Daily dose at any time was computed by linear interpolation of the half-yearly average doses. Before
first registered pick up, the dose was set to 0. After the last half-year mark before the last pick up, daily doses
were set to the last average half-yearly dose until all subsequent picked-up doses would run out, and after that
the daily dose was set to 0.

Average Levodopa Equivalent Daily Dose (LEDD) of all prescribed medications was computed for each
patient. This computation was done following the above description for average daily levodopa dose where for
prescriptions outside of N04BA, conversion factors from the Parkinson’s Measurement Levodopa Equivalent
Dose Calculator!® were used to convert to the LEDD scale.

Current and former (ever or last 6 months) treatments with drugs in any direct sub-categories of ATC code
N04B DOPAMINERGIC AGENTS were included as outcomes. If a sub-category contained at least two individual
drugs that each had more than 10.000 registered pickups, each of these drugs were also included as separate
outcomes.

Study variables and outcomes. The study examined different time variables and their relation to PD
progression. The five main time variables considered were age at PD onset, age at PD diagnosis, age at baseline,
years since PD onset, and years since PD diagnosis. PD onset was defined as self-reported onset of motor symp-
toms while time variables related to age and diagnosis were defined based on central registers.

This study included symptom-based outcomes, HRQoL outcomes, and treatment outcomes. The symptom-
based outcomes were investigated using the following scales; Clinical Impression of Severity Index for Parkinson’s
Disease (CISI-PD)' (six-item scale (0-6) with a total score ranging from 0-36, with higher scores indicating
higher levels of disability), Modified Hoehn & Yahr staging (H&Y)>'* (seven categories ranging from 0.0-5.0
with higher scores indicating higher levels of disability) and Non-Motor Symptom Questionnaire (NMSQ)**
(30-item scale with a total score ranging from 0-30 with higher scores indicating higher non-motor symptom
load). In addition, dystonia and daily dystonia time were evaluated along with freezing of gait and off fluctuations.
The HRQoL outcomes were investigated using the Eight-item Parkinson’s Disease Questionnaire (PDQ-8)'” and
the EQ-5D-3 level version (EQ-5D-3L), including the EQ-5D-3L visual analogue scale (VAS)'®. Treatment out-
comes (such as active prescriptions and doses) were extracted using data on filled prescriptions. The treatment
outcomes included average daily levodopa dose, averaged LEDD and number of different dopaminergic agents
(ATC prefix N04B) the patient had been exposed to (last 6 months/ever) at a given visit. Current or former use
of individual drugs or drug types within the group of dopaminergic agents were also considered as outcomes at
baseline following the convention described in the previous section.

A detailed description of the outcomes scales is available in the Supplementary material.

Statistical analysis. Spearman correlations were used to evaluate the relation between symptom scores and
scale components at baseline and the five considered time variables, age at PD onset, age at PD diagnosis, age at
baseline, years since PD onset, and years since PD diagnosis. Years on dopaminergic treatment were highly cor-
related with years since PD diagnosis, correlation coefficient 0.83, and thus not further included in the analyses.

Longitudinal trajectories of outcomes were analyzed using linear mixed-effects models. The models all assume
that unobserved data is missing at random. Outcome trajectories were modeled by fixed-effect natural splines
over both age and time since onset. For each model, the degrees of freedom for each spline basis (between 1 and
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N
Male—N (%) 900 (62.7%)
Birth year—median [IQR] 1436 | 1944 [1939, 1949]
Age at baseline—median [IQR] 72 [66,77]
Age at onset—median [IQR] 1256 | 65 [57,71]
Age at diagnosis—median [IQR] 1317 | 67 [59, 73]
Years since onset—median [IQR] 1256 |6.2[3.7,10.7]
Years since diagnosis—median [IQR] 1317 | 4.2[1.6,8.6]
Relatives with PD—N (%) 1251 | 238 (19.0%)
Levodopa treatment at baseline—N (%) 1436 | 1301 (90.6%)
Levodopa-naive at baseline—N (%) 1436 | 58 (4.0%)
Hoehn and Yahr score at baseline—N (%)
No signs of disease 10(0.8%)
Unilateral involvement only 3022.9%)
Unilateral and axial involvement 1370.4%)
Bilateral involvement without impairment of balance 1320 | 2821.4%)
Mild bilateral disease with recovery on pull test 193 (14.6%)
Mild to moderate bilateral disease; some postural instability; physically independent 251 (19.0%)
Severe disability; still able to walk or stand unassisted 77 (5.8%)
Wheelchair bound or bedridden unless aided 22 (1.7%)
Number of visits—median [IQR] 2(1,3]
Patients with only baseline visit—N (%) 1436 | 516 (36%)
Follow up time—mean [SD] 1.7 [2.2]

Table 1. Patient characteristics and follow up.

5) were selected using the Schwarz Bayesian Information Criterion (BIC). All models had a random intercept,
slope and second-order polynomial term in time since baseline describing the within-patient time variation. A
free covariance structure between the random coefficients was assumed. For each outcome, four distinct models
of the temporal evolution of outcomes were considered and the one with the lowest BIC was selected as the final
model. The first model only included effects of age, the second model only included effects of time since onset,
the third model included additive effects of age and time since onset, and the fourth model included interactions
between age and time since onset. The interpretation of the first and second models is that the outcomes are not
affected by disease progression and age, respectively. The interpretation of the third model (additive) is that aging
and disease progression affect outcomes independently, while the interpretation of the fourth model (interaction)
is that the outcome is affected synergistically by an interactions between aging and disease progression that give
rise to different outcomes than what one would expect from the individual estimated contributions. All statistical
analyses were done using R 4.0.2"°. Mixed-effects models were fit using the Ime4 package®.

Ethics. The study was conducted in compliance with the Helsinki Declaration. Participants in the Parkin-
son registry are included after giving their informed consent. All participants were able to withdraw from the
registry at any point in time. This study was approved by the Swedish Ethical Review Authority on 4. Feb 2020
(Decision number 2019-05791).

Results

This study included 1436 PD patients with at least one valid assessment of one of the non-treatment outcomes.
Data on prescriptions and pick-ups included 205,463 records classified as anti-parkinson drugs (ATC code
N04). The average number of visits per patient was 2.4 (standard deviation (sd) 1.5) and the average and median
follow-up times were 1.7 and 0.3 years with an interquartile range of [0, 3.4]. The demographics and patient char-
acteristics are given in Table 1. The median age at baseline was 72 years and the patients had a median duration
of 4.2 years since diagnosis and 6.2 years since onset of motor symptoms. The disease status of the patients was
relatively mild, with approximately three quarters of patients having unilateral or mild bilateral involvement at
baseline according to H&Y stage I or II. Most patients (90.6%) were treated with levodopa at the time of their
baseline visit.

Baseline correlations. The correlations between the individual outcomes and time variables are shown
in Fig. 1. Due to the high correlation between time at onset of motor symptoms and time at diagnosis within
patient, almost identical correlations for variables anchored in these two milestones were observed across out-
comes. Therefore, we will focus on time variables related to the onset milestone in the following.

For the symptom-based outcomes, the largest correlations were observed for CISI-PD items and outcomes
relating to staging and motor fluctuations, while the non-motor symptom outcomes captured by NMSQ generally
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Figure 1. Baseline Spearman correlations between time variables (age at Parkinson’s Disease onset, age at
Parkinson’s Disease diagnosis, age at baseline, years since Parkinson’s Disease onset, years since Parkinson’s
Disease diagnosis), and respectively, symptom-based outcomes, Health related Quality of Life outcomes, and
treatment outcomes.

only had modest correlations to the time variables. The numerically largest correlations to time since onset were
seen for CISI-PD motor complications (0.49), H&Y score (0.45), CISI-PD total score (0.42), and dyskinesia
(0.42); all p<0.0001. The largest correlations to age were seen for CISI-PD disability (0.28), H&Y score (0.25),
CISI-PD total score (0.22), and CISI-PD cognitive status (0.21); all p<0.0001. The largest correlations to age at
onset were dyskinesia (-0.27), NMSQ nightly urination (0.23), CISI-PD motor complications (-0.22), off fluctua-
tions (-0.19); all p<0.0001.
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Figure 2. Patient ages at study visits against patient age at onset. The black line represents age at onset, the
orange line represents 7.5 years after onset, and the dark red line represents 15 years after onset.

For the outcomes related to HRQoL, the largest correlations to time since onset were the PDQ8 items getting
around (0.32), dressing (0.31), and activities (0.27), followed by the EQ5D-3L index (-0.27); all p <0.0001. The
largest correlations to age were seen for EQ5D-3L mobility (0.23) and EQ5D-3L self-care (0.19); both p <0.0001.
The largest correlations to age at onset were PDQ8 relationship problems (-0.18) and PDQ8 painful muscle
cramps (-0.15); all p<0.0001.

For treatment outcomes, the largest correlations to time since onset were number of distinct dopaminergic
agents tried, ever/last 6 months (0.67/0.50) and LEDD (0.51); all p <0.0001, suggesting that longer disease dura-
tion was associated with a wider variety of treatments tried and higher LEDD. The largest correlations to age
were seen for number of distinct dopaminergic agents tried, last 6 months (-0.28) and use of dopamine agonists,
last 6 months/ever (-0.24/-0.21); all p <0.0001, suggesting that older patients were less exposed to different
dopaminergic agents in the 6 months leading up to baseline and generally less exposed to dopamine agonists.
The largest correlations to age at onset were number of distinct dopaminergic agents tried, ever/last 6 months
(-0.50/-0.48), followed by use of dopamine agonists, last 6 months/ever (-0.41/-0.37); all p <0.0001, suggesting
that patients with higher age at onset, like patients with higher age at baseline, were less exposed to different
dopaminergic agents and less use of dopamine agonists.

Longitudinal trajectories. Patient ages at every study visit are plotted against the patient age at onset in
Fig. 2. This figure shows that there is good data coverage at least 15 years following onset for onset ages between
45 and 75.

Estimated 15-year longitudinal trajectories of symptom-based outcomes for patients with onset at ages 45,
55, 65, and 75 are shown in Figs. 3, 4, 5, 6.

All selected models for CISI-PD outcomes included interactions between time since onset and age, albeit
the contribution of the interaction effect for Motor complications was very small. In general, higher age at onset
was associated with faster progression.

For staging and motor fluctuation outcomes, interactions were seen for H&Y score where later onset was
associated with faster progression, for Dyskinesia where later onset was associated with less dyskinesia and for
Daily dystonia time, where the contribution of the interaction effect was small. For Dystonia, main effects of both
time since onset and age were found where later onset was associated with less dystonia, but symptom presence
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Figure 3. Estimated 15-year mean trajectories of CISI-PD outcomes from Parkinson’s disease onset at
respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data from 2298 visits. Dotted line
represents the estimated mean scores for patients with onset at the given age.
only showed very limited change with the progression of disease. Both Freezing of gait and Off fluctuations were
found to become more frequent with the progression of disease, but no effect of age was found.
For the NMSQ total score, an interaction between time since onset and age was seen, such that later onset was
associated with slightly more nonmotor symptoms and more symptoms appearing over time. For the individual
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Figure 4. Estimated 15-year mean trajectories of staging and motor fluctuation outcomes from Parkinson’s
disease onset at respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data from 2307 visits
(Hoehn & Yahr) and 2510 visits (motor fluctuation outcomes). Dotted line represents the estimated mean scores
for patients with onset at the given age.

NMSQ outcomes, interactions were only seen for six outcomes (Saliva problems, Unexplained weight change,
Forgetting recent events, Visual or auditory hallucinations, Falling, Double vision) where higher age at onset was
in general associated with worse outcomes. Dizziness when standing was the only outcome showing additive
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Figure 5. Estimated 15-year mean trajectories of Non-Motor Symptom Questionnaire outcomes from

Parkinson’s disease onset at respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data
from 2758 visits. Dotted line represents the estimated mean scores for patients with onset at the given age.
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Figure 6. Estimated 15-year mean trajectories of 8-item Parkinson’s Disease Questionnaire outcomes from
Parkinson’s disease onset at respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data
from 2421 visits. Dotted line represents the estimated mean scores for patients with onset at the given age.

main effects of age and time since onset without an interaction. Five outcomes (Nausea/vomiting, Constipation,
Nightly urination, Sexual difficulty, Swelling of legs) did not show any association with progression of disease.
The remaining outcomes (Change of taste and smell ability, Difficulty swallowing, Fecal incontinence, Incom-
plete bowel emptying, Rush to pass urine, Unexplained pains, Loss of interest, Difficulty focusing, Feeling sad,
Feeling anxious, Change of interest in sex, Falling, Difficulty staying awake, Difficulty sleeping, Intense dreams,
Acting out dreams, Restless legs, Excessive sweating, Delusions) all showed higher incidence of the symptoms
with disease progression without an effect of age.

Estimated 15-year longitudinal trajectories of HRQoL outcomes for patients with onset at ages 45, 55, 65,
and 75 are shown in Figs. 6, 7.

All selected models for PDQ-8 outcomes included interactions between time since onset and age. For most of
the outcomes, a negative trend in age was seen around age at onset, suggesting that earlier onset was associated
with lower HRQoL or a greater initial impact on HRQoL than later onset. However, later onset was associated
with faster worsening of HRQoL as measured by most of the outcomes.

For EQ-5D-3L outcomes, Mobility, Self-care, Activities, VAS and the 3L index all included interactions. In
general, higher age at onset was associated with faster deterioration in HRQoL. The VAS did display somewhat

Scientific Reports |

(2022) 12:526 | https://doi.org/10.1038/s41598-021-04356-8 nature portfolio



www.nature.com/scientificreports/

3- 3-
>, o
= @
g 2- e 2-
= ?
1-I ] 1 1 1 1 1
40 50 60 70 80 90 90
Age
3- 3-
(%2}
(]
2 c
= 21 ©
5 o
<
1-I 1 1 1 1 1 1-I 1 1 1 1 1
40 50 60 70 80 90 40 50 60 70 80 90
Age Age
34 100 -
£
2
X 21
C
<
1-I 1 1 1 1 1 O-I 1 1 1 1 1
40 50 60 70 80 90 40 50 60 70 80 90
Age Age
1.0-
xR
2 05-
£
| OO_
(45}
-0.5-
40 50 60 70 80 90

Age

— Onset at age 45 — Onset at age 55
— Onset at age 65 Onset at age 75

Figure 7. Estimated 15-year mean trajectories of EQ5D-3L outcomes from Parkinson’s disease onset at
respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data from 1800 visits. Dotted line
represents the estimated mean scores for patients with onset at the given age.

complex trajectories. Neither pain nor anxiety showed any effects of age but did show an increasing burden with
disease progression.

Estimated 15-year longitudinal trajectories of treatment outcomes for patients with onset at ages 45, 55, 65,
and 75 are shown in Fig. 8. Both number of distinct dopaminergic agents tried, and average daily levodopa dose
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Figure 8. Estimated 15-year mean trajectories of treatment outcomes from Parkinson’s disease onset at
respectively 45, 55, 65, and 75 years of age. Trajectories estimated based on data from 205,463 prescriptions and
pick-ups mapped to 3407 visits. Dotted line represents the estimated mean scores for patients with onset at the
given age.

showed interactions between time since onset and age. Higher age at onset was associated with less exposure
to different dopaminergic agents as disease progressed and with less increase (and eventual decrease) in daily
levodopa dose.

Discussion

The manifestation of Parkinson’s disease is a complex and heterogeneous. In the present population-based cohort
study, we investigated how symptom profiles, treatment characteristics and HRQoL were affected by the interplay
between aging and disease progression. We found that progression in many outcomes seemed to be affected by
interactions between these two timescales, and when interactions were seen, it was typically such that higher age
at onset was associated with a more severe course of disease. The two notable exceptions to this were measures
of dyskinesia and dystonia, where higher age at onset was associated with less compared to patients with earlier
onset. These exceptions are in line with previous findings indicating that lower age at onset is predictive of time
to wearing off and time to dyskinesia?!.

Understanding the factors that drive heterogeneity of disease presentation is useful both on the individual
level and for clinical research. In particular, when defining subpopulations of patients, it is important for the
grouping factors to be simple, implementable and interpretable??, which is certainly the case for age at onset. On
the individual level, prognostic information can be useful for guiding treatment choices and for planning for the
future, which is identified as a key need for patients and care partners?***. For drug development, knowledge of
factors that affect longitudinal outcomes can be used to increase the statistical power of studies; either by adjust-
ing efficacy analyses for these factors, or by enriching studies by restricting inclusion to patients that are likely
to have a more homogeneous progression. Furthermore, knowing that higher age at onset generally associated
with worse outcomes may suggest that other age-related pathologies interact with the Lewy-body pathology
to produce a more severe phenotype. This in turn could indicate that drug candidates targeting PD pathology
such as alpha synuclein antibodies could have a relatively lower efficacy in patients with a higher age at onset.

Analyses of associations between HRQoL and motor/non-motor symptoms suggests significant contribu-
tions to PD burden®. Regarding temporal changes in HRQoL in this large and well-defined PD cohort, we found
increasingly impaired HRQoL over time, similar to other findings in the literature. Reuther and colleagues®
and Visser and colleagues® both reported decreased HRQoL as measured by EQ-5D over a 12- and 24-month
follow-up period. In a Scandinavian setting Karlsen and colleagues® reported similar findings. However, these
studies were limited in cohort size as well as follow-up time.

Strengths of this study includes its size, the population-based cohort, the longitudinal study design, and the
ability to link patients to the Swedish Prescribed Drug Register to accurately capture their use of medication.
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The study also has some weaknesses regarding the data as the coverage of patients diagnosed in the region is
approximately 50% with patients with advanced disease being underrepresented. Furthermore, the study did not
include the Unified Parkinson’s disease rating scale?’’, a common endpoint in interventional clinical trials, and
thus we could not investigate the potential impact of aging and disease progression interaction on the typical
primary outcome measure of clinical trials. Another weakness related to the outcomes was the use of NMSQ that
only asses presence of symptoms and not changes in symptom severity or frequency, which are captured with
the Non-Motor Symptom Scale?. Finally, the analyses did not assess the potential effects of other comorbidities.

Data availability

The data that support the findings of this study are available from the corresponding author upon reasonable
request. The fitted model objects describing the longitudinal trajectories and estimated variance parameters are
available for download at https://github.com/larslau/PD_progression/.

Received: 24 September 2021; Accepted: 20 December 2021
Published online: 11 January 2022

References
1. Hindle, J. V. Ageing, neurodegeneration and Parkinson’s disease. Age Ageing 39, 156-161. https://doi.org/10.1093/ageing/afp223
(2010).
2. de Lau, L. M. & Breteler, M. M. Epidemiology of Parkinson’s disease. Lancet Neurol. 5, 525-535. https://doi.org/10.1016/S1474-
4422(06)70471-9 (2006).
3. Rascol, O., Lozano, A., Stern, M. & Poewe, W. Milestones in Parkinson’s disease therapeutics. Mov. Disord. 26, 1072-1082. https://
doi.org/10.1002/mds.23714 (2011).
4. Hely, M. A. et al. Age at onset: The major determinant of outcome in Parkinson’s disease. Acta Neurol. Scand. 92, 455-463 (1995).
5. Hoehn, M. M. & Yahr, M. D. Parkinsonism: Onset, progression and mortality. Neurology 17, 427-442. https://doi.org/10.1212/
wnl.17.5.427 (1967).
6. Pagano, G., Ferrara, N., Brooks, D. J. & Pavese, N. Age at onset and Parkinson disease phenotype. Neurology 86, 1400-1407. https://
doi.org/10.1212/Wnl.0000000000002461 (2016).
7. Wickremaratchi, M. M. et al. The motor phenotype of Parkinson’s disease in relation to age at onset. Mov. Disord. 26, 457-463.
https://doi.org/10.1002/mds.23469 (2011).
8. Diamond, S., Markham, C., Hoehn, M., McDowell, F. & Muenter, M. Effect of age at onset on progression and mortality in Par-
kinson’s disease. Neurology 39, 1187-1187 (1989).
9. Levy, G. The relationship of Parkinson disease with aging. Arch. Neurol.-Chicago 64, 1242-1246. https://doi.org/10.1001/archn
eur.64.9.1242 (2007).
10. Lunati, A., Lesage, S. & Brice, A. The genetic landscape of Parkinson’s disease. Rev. Neurol. (Paris) 174, 628-643. https://doi.org/
10.1016/j.neurol.2018.08.004 (2018).
11. Robinson, J. L. et al. Neurodegenerative disease concomitant proteinopathies are prevalent, age-related and APOE4-associated.
Brain 141, 2181-2193. https://doi.org/10.1093/brain/awy146 (2018).
12. Paillard, T., Rolland, Y. & de Souto Barreto, P. Protective effects of physical exercise in Alzheimer’s disease and Parkinson’s disease:
A narrative review. J Clin Neurol 11, 212-219. https://doi.org/10.3988/jcn.2015.11.3.212 (2015).
13. Parkinson’s Measurement Levodopa Equivalent Dose Calculator, https://www.parkinsonsmeasurement.org/toolBox/levodopaEq
uivalentDose.htm.
14. Martinez-Martin, P. et al. Global versus factor-related impression of severity in Parkinson’s disease: A new clinimetric index (CISI-
PD). Mov. Disord. 21, 208-214. https://doi.org/10.1002/mds.20697 (2006).
15. Jankovic, J. et al. Variable expression of Parkinson’s disease: A base-line analysis of the DATATOP cohort The Parkinson Study
Group. Neurology 40, 1529-1534. https://doi.org/10.1212/wnl.40.10.1529 (1990).
16. Chaudhuri, K. R. et al. International multicenter pilot study of the first comprehensive self-completed nonmotor symptoms ques-
tionnaire for Parkinson’s disease: the NMSQuest study. Mov. Disord. 21, 916-923. https://doi.org/10.1002/mds.20844 (2006).
17. Jenkinson, C., Fitzpatrick, R., Peto, V., Greenhall, R. & Hyman, N. The PDQ-8: development and validation of a short-form Par-
kinson’s disease questionnaire. Psychol. Health 12, 805-814 (1997).
18. EuroQol, G. EuroQol—A new facility for the measurement of health-related quality of life. Health Policy 16, 199-208. https://doi.
0rg/10.1016/0168-8510(90)90421-9 (1990).
19. Team, R. C. R: A language and environment for statistical computing (2020).
20. Bates, D., Méchler, M., Bolker, B. & Walker, S. Fitting linear mixed-effects models using Ime4. arXiv preprint 1406.5823 (2014).
21. WarrenOlanow, C, et al. Factors predictive of the development of Levodopa-induced dyskinesia and wearing-off in Parkinson’s
disease. Mov. Disord. 28, 1064-1071. https://doi.org/10.1002/mds.25364 (2013).
22. Marras, C. & Lang, A. Parkinson’s disease subtypes: lost in translation?. J. Neurol. Neurosurg. Psychiatry 84, 409-415 (2013).
23. Sokol, L. L. et al. Advance care planning in Parkinson’s disease: ethical challenges and future directions. npj Parkinson’s Disease 5,
1-7 (2019).
24. Jordan, S. R. et al. Optimizing future planning in Parkinson disease: suggestions for a comprehensive roadmap from patients and
care partners. Ann. Palliat. Med. 9, S63 (2020).
25. Schrag, A. Quality of life and depression in Parkinson’s disease. J. Neurol. Sci. 248, 151-157 (2006).
26. Karlsen, K. H., Tandberg, E., Arsland, D. & Larsen, J. P. Health related quality of life in Parkinson’s disease: A prospective longi-
tudinal study. J. Neurol. Neurosurg. Psychiatry 69, 584-589 (2000).
27. Goetz, C. G. et al. Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS):
process, format, and clinimetric testing plan. Mov. Disord. 22, 41-47 (2007).
28. Chaudhuri, K. R. et al. The metric properties of a novel non-motor symptoms scale for Parkinson’s disease: Results from an inter-
national pilot study. Mov. Disord. 22, 1901-1911 (2007).

Acknowledgements

We would like to thank patients, health care professionals and SWEPAR-net for using and advancing PARKreg.
The Swedish National Government and County Councils, Skane University Hospital Foundations and Donations,
Lund University Medical Faculty, the Swedish Parkinson Academy and Multipark provided funding in support
for PARKreg and/or of this study. Lundbeck A/S supported data management and data analyses of this study.

Scientific Reports |

(2022) 12:526 | https://doi.org/10.1038/s41598-021-04356-8 nature portfolio


https://github.com/larslau/PD_progression/
https://doi.org/10.1093/ageing/afp223
https://doi.org/10.1016/S1474-4422(06)70471-9
https://doi.org/10.1016/S1474-4422(06)70471-9
https://doi.org/10.1002/mds.23714
https://doi.org/10.1002/mds.23714
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1212/Wnl.0000000000002461
https://doi.org/10.1212/Wnl.0000000000002461
https://doi.org/10.1002/mds.23469
https://doi.org/10.1001/archneur.64.9.1242
https://doi.org/10.1001/archneur.64.9.1242
https://doi.org/10.1016/j.neurol.2018.08.004
https://doi.org/10.1016/j.neurol.2018.08.004
https://doi.org/10.1093/brain/awy146
https://doi.org/10.3988/jcn.2015.11.3.212
https://www.parkinsonsmeasurement.org/toolBox/levodopaEquivalentDose.htm
https://www.parkinsonsmeasurement.org/toolBox/levodopaEquivalentDose.htm
https://doi.org/10.1002/mds.20697
https://doi.org/10.1212/wnl.40.10.1529
https://doi.org/10.1002/mds.20844
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1002/mds.25364

www.nature.com/scientificreports/

Author contributions

L.LR.,D.O.A,JN, KK, PM.M. and P.O. all contributed to the conceptional framework and the study design.
L.L.R. and D.O.A. carried out the statistical analyses with contribution from PM.M. L.L.R. and D.0.A. wrote
the manuscript with input from J.N., K.K., PM.M. and P.O.

Funding
Open access funding provided by Lund University.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-04356-8.

Correspondence and requests for materials should be addressed to P.O.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:526 | https://doi.org/10.1038/s41598-021-04356-8 nature portfolio


https://doi.org/10.1038/s41598-021-04356-8
https://doi.org/10.1038/s41598-021-04356-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of age at onset on symptom profiles, treatment characteristics and health-related quality of life in Parkinson’s disease
	Materials and methods
	The Swedish National Parkinson Register, PARKreg. 
	Treatment data. 
	Study variables and outcomes. 
	Statistical analysis. 
	Ethics. 

	Results
	Baseline correlations. 
	Longitudinal trajectories. 

	Discussion
	References
	Acknowledgements


