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Abstract
Background  Cognitive reserve (CR) is considered a protective factor for cognitive function and may explain interindividual 
differences of cognitive performance given similar levels of neurodegeneration, e.g., in Alzheimer´s disease. Recent evidence 
suggests that CR is also relevant in Parkinson’s disease (PD).
Objective  We aimed to explore the role of life-stage specific CR for overall cognition and specific cognitive domains cross-
sectionally and longitudinally in PD.
Methods  The cross-sectional analysis with data from the DEMPARK/LANDSCAPE study included 81 individuals with-
out cognitive impairment (PD-N) and 87 individuals with mild cognitive impairment (PD-MCI). Longitudinal data cov-
ered 4 years with over 500 observations. CR was operationalized with the Lifetime of Experiences Questionnaire (LEQ), 
capturing the complexity of lifestyle activities across distinct life-stages. Cognition was assessed using a comprehensive 
neuropsychological test battery.
Results  Higher LEQ scores, particularly from mid- and late-life, were observed in PD-N compared to PD-MCI 
[F(1,153) = 4.609, p = .033, ηp

2 = 0.029]. They were significantly associated with better cognitive performance 
(0.200 ≤ β ≤ 0.292). Longitudinally, linear mixed effect models (0.236 ≤ marginal R2 ≤ 0.441) revealed that LEQ scores were 
positively related to cognitive performance independent of time. However, the decline in overall cognition and memory over 
time was slightly more pronounced with higher LEQ scores.
Conclusions  This study emphasizes the association between complex lifestyle activities and cognition in PD. Data indicate 
that while CR might be related to a delay of cognitive decline, individuals with high CR may experience a more pronounced 
drop in overall cognition and memory. Future studies will have to replicate these findings, particularly regarding domain-
specific effects and considering reverse causal mechanisms.
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Introduction

Cognitive decline is a common and highly debilitating non-
motor symptom in Parkinson’s disease [PD; 1]. The preva-
lence of mild cognitive impairment (MCI) in PD (PD-MCI) 
is estimated around 40% [2]. Compared to those with PD 
without cognitive impairment (PD-N), individuals with 
PD-MCI have longer disease durations, higher levodopa 
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equivalent daily doses (LEDD), and experience more severe 
motor and non-motor symptoms [2]. Moreover, individu-
als with PD-MCI have an increased risk of progressing to 
PD-dementia [PDD; 3]. Nevertheless, the trajectories of 
cognitive functioning in individuals with PD are highly het-
erogeneous [1, 3]. Understanding the factors that modulate 
cognitive performance and cognitive trajectories in PD and 
contribute to this heterogeneity can have important implica-
tions for prevention and intervention strategies. One such 
factor of interest is cognitive reserve (CR).

CR is a theoretical concept referring to the brain's ability 
to optimize or adapt cognitive processes to cope with brain 
pathology [4, 5]. It helps to explain interindividual differ-
ences in cognitive functioning given similar levels of brain 
pathology: The higher the CR, the better one’s cognitive 
performance [4, 5]. Unlike brain reserve, CR is an active 
concept, influenced by lifetime exposure to complex lifestyle 
activities [5]. The concept of CR was initially established in 
the context auf Alzheimer’s disease [AD; [6, 7]], however, it 
is increasingly recognized in PD as well. In a recent review 
and meta-analysis of studies on the association of CR and 
cognitive functioning in PD, higher educational levels were 
associated with better cognitive functioning and a lower risk 
of longitudinal progression of PD-N to PD-MCI. However, 
these studies also point out that many open questions remain 
[8]: For example, the relation between cognitive function-
ing and CR indicators is explored with educational levels or 
years of education as CR proxies in the majority of studies. 
Moreover, most longitudinal studies do not provide informa-
tion on the trajectories of and timing information on cogni-
tive decline.

Years of education have frequently been employed as a 
proxy measure to quantify CR [8, 9]. However, the unidi-
mensionality of this proxy has faced criticism due to the 
multidimensional nature of the CR construct itself. Hence, 
multidimensional questionnaires have been developed, 
which consider factors beyond educational experiences, such 
as occupational complexity, engagement in diverse lifestyle 
activities, and social involvement [9, 10]. These measures 
consistently demonstrate a positive association between CR 
and cognitive performance [11–13]. One critique of multi-
dimensional measures of CR is that they blur the conclu-
sion regarding whether they function as a causal factor for 
cognitive preservation or simply reflect reverse causation: If 
complex lifestyle activities serve as a proxy for CR, we have 
to consider that people may naturally reduce those activi-
ties not only when they are already experiencing cognitive 
decline but potentially in the prodromal phase of cognitive 
decline and any condition associated with this decline as 
well [4]. Furthermore, not only are multidimensional meas-
ures of CR susceptible to reverse causation or “the chicken-
egg” problem, so is education when used as a proxy for CR, 
as recently discussed by Kremen, et al. [14]. Measures of 

general cognitive ability (i.e., intelligence) administered 
during young adulthood have been shown to significantly 
diminish the prognostic value of education, occupational 
complexity and complex lifestyle activities later in life.

Beyond protective effects on global cognition, CR 
appears to have the greatest impact on cognitive domains 
that are particularly susceptible to decline in PD [11, 12, 15], 
e.g., executive functions [16, 17]. However, no protective 
effect of a more active lifelong cognitive lifestyle compared 
with a less active one on performance in tests of executive 
functions for individuals with PD was found in a cross-sec-
tional study using the Lifetime of Experiences Questionnaire 
[LEQ; [18]] as a proxy for CR [19]. Larger longitudinal stud-
ies are needed to explore the potentially differential effects 
of CR in different cognitive domains in PD.

On the basis of the aforementioned considerations, the 
aim of this study is to evaluate the association of a well-
established, multidimensional measure of CR, the LEQ, with 
the presence of cognitive impairment and general cognitive 
functioning across multiple cognitive domains in individu-
als with PD both cross-sectionally and longitudinally. The 
application of the LEQ as a multidimensional measure of CR 
(well aware of its limitations regarding causal interferences) 
will foster a more detailed understanding of which specific 
life-stages and lifestyle activities contribute to the potentially 
protective effect of CR on cognition in PD, which has not 
been investigated so far. Most longitudinal studies of CR 
and cognitive trajectories in PD relied on unidimensional 
approaches to operationalize CR [8] and have a limited 
number and time-frame of follow-ups [20]. Furthermore, the 
analysis of multiple cognitive domains both cross-section-
ally and longitudinally will contribute to our understanding 
to the potentially heterogeneous effects of CR on different 
cognitive domains [8, 19] given the heterogeneous cogni-
tive profiles of individuals with PD per se [1, 17]. Previous 
studies frequently focused on the progression from PD-N to 
PD-MCI or PDD [8], neglecting the dynamic nature of the 
PD-MCI diagnosis as some individuals transition back to 
PD-N [3]. The use of continuous measures of cognitive func-
tioning — globally and domain-wise — may capture the full 
spectrum of cognitive changes [8]. For these purposes, we 
utilized data from the German DEMPARK/LANDSCAPE 
project, a multicenter, prospective, observational cohort 
study, which was designed to investigate the natural course 
of cognitive decline in individuals with PD [21].

Methods

Dempark/landscape study and participants

For the German DEMPARK/LANDSCAPE project [21], 
a total of 711 individuals with PD were consecutively 
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recruited from nine movement disorder centers across Ger-
many. These individuals underwent comprehensive clini-
cal and cognitive assessments annually over a period of six 
years. The study's inclusion criteria required participants to 
be 45–80 years old at the initial assessment and have a diag-
nosis of idiopathic PD based on the UK Parkinson's Disease 
Society Brain Bank criteria [22].

For the present analyses, we selected those individu-
als of the DEMPARK/LANDSCAPE study with available 
LEQ data and excluded those with a diagnosis of PDD 
at the time of LEQ assessment. PDD [23] was defined 
by the following criteria: (i) criteria for PD according 
to the Queen Square Brain Bank, (ii) gradual onset and 
slow progression of cognitive deficits, (iii) impairment in 
at least two cognitive domains, with one test per domain 
being ≤ 1.5 SD below the mean of published normative 
data, (iv) impairment represented a decline from a pre-
morbid level, and (v) impact of the experienced cognitive 
deficits on daily life independently of motor or autonomic 

symptoms as assessed by medical history. The LEQ was 
incorporated into the study protocol after the initiation of 
the DEMPARK/LANDSCAPE study and was administered 
either at the 2-year or 3-year follow-up. A total of 169 
individuals, constituting 25.7% of the initial DEMPARK/
LANDSCAPE cohort, completed the LEQ at the 2-year 
or 3-year follow-up and did not fulfill the diagnostic crite-
ria for PDD at LEQ baseline, forming the sample for our 
cross-sectional analyses.

For the longitudinal analyses, the (first) time of the indi-
vidual LEQ assessment was designated as baseline and the 
annual re-assessments following this “LEQ baseline” as 
corresponding follow-ups. This resulted in a maximum of 
four years of follow-up for those who completed the LEQ 
at the 2-year follow-up of the DEMPARK/LANDSCAPE 
study and three years of follow-up for those who com-
pleted the LEQ at the 3-year follow-up. The flow of par-
ticipants throughout the time points is presented in Fig. 1.

Fig. 1   Flow of participants for 
the present analyses. Flow of 
participants in the DEMPARK/
LANDSCAPE study and data 
selection for the present analy-
ses based on individuals with 
available Lifetime of Experi-
ences Questionnaire (LEQ) 
data and exclusion of Parkin-
son’s disease dementia (PDD) 
diagnosis
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Clinical and neuropsychological assessment

Clinical assessment included the documentation of the 
disease duration defined as the time since initial PD diag-
nosis, the age at PD diagnosis, the LEDD [24], and the 
assessment of the severity of motor impairment, using 
the Unified Parkinson’s Disease Rating Scale Part III 
[UPDRS-III; 25]. Depressive symptoms were assessed 
with the Geriatric Depression Scale [26]. All assessments 
were performed during ON medication state.

All individuals underwent cognitive screening using 
the Mini Mental State Examination [27] and the Par-
kinson Neuropsychometric Dementia Assessment [28]. 
Furthermore, the comprehensive neuropsychological 
test battery included assessments of executive functions 
(semantic and phonemic verbal fluency, Modified Card 
Sorting Test, digit span backward), memory (word list 
learning and recall, figure recall, digit span forward), 
attention (Stroop Test, Brief Test of Attention), visuos-
patial functioning (figure copy, spatial rotation, spatial 
imagination), and language (Boston Naming Test). Details 
of the neuropsychological test battery can be found in 
Supplementary Table S1. For all five domains, cognitive 
domain composite scores were created by calculating the 
equally weighted mean of individual z-scores within each 
domain [16]. Previously, raw scores were z-standardized 
using the mean and SD of the PD-N sample at LEQ base-
line (note, that these are not the z-scores on which the 
cognitive diagnosis is based [16]). The cognitive domain 
composite scores were not demographically adjusted. As 
a measure for overall cognitive function, the CERAD-Plus 
total score [29] was computed as an equally weighted 
mean score of the demographically adjusted z-scores of 
all subtests included in the German CERAD-Plus [30].

Classification of cognitive status

The individuals’ cognitive status at LEQ baseline was 
defined following diagnostic criteria for cognitive impair-
ment in PD available at time of the initial set-up of the 
DEMPARK/LANDSCAPE study [31] resulting in the 
categories of “no cognitive impairment” (PD-N) and 
PD-MCI. Individuals were classified as PD-MCI [31], if 
they met the following criteria: (i) self-reported subjec-
tive cognitive dysfunctions, (ii) no significant impairment 
in daily life activities, (iii) performance on at least one 
cognitive test relevant for the diagnosis of PD-MCI (for 
details, see Supplementary Table S1) was ≤ 1.5 SD below 
the mean of published normative data, (iv) exclusion of 
PDD according to the criteria described above [23].

Assessment of cognitive reserve: the lifetime 
of experiences questionnaire

The LEQ [18], a well-established instrument assessing the 
complexity of educational, occupational and cognitive life-
style activities across the lifespan, was used to assess CR. 
The original Australian version of the LEQ [18] was trans-
lated to German and was adapted to align with the Ger-
man school system and occupational histories. The LEQ 
has been shown to be a stable and valid instrument across 
countries [32]. It comprises 42 questions, which encom-
pass a combination of multiple-choice questions, 5-point 
Likert scale questions and free responses. The LEQ evalu-
ates both specific and non-specific mental activities across 
three life-stages: young adulthood (13–30 years), mid-life 
(30–65 years), and late-life (from 65 years or retirement).

Life-stage specific questions in the young adulthood sec-
tion primarily pertain to educational experiences (school and 
occupational training). In the mid-life section, they focus on 
the individual’s occupational history, with each occupation 
classified into one of the ten categories according to the Aus-
tralian Standard Classification of Occupations [18]. In the 
late-life section, the questions revolve around current social 
and intellectual activities (e.g., living situation, volunteering, 
memberships, daily activities, media usage, continuing edu-
cation). The non-specific questions for the three life-stages 
encompass questions about the participation and frequency 
of various activities such as travel, visiting family, playing 
musical instruments, doing arts, physical activities, reading, 
and speaking a foreign language [18].

By equally weighting specific and non-specific scores 
from each of the three life-stages (for details, see Supple-
mentary Material), three subscores are constructed: young 
adulthood, mid-life, and late-life. Each subscore combines 
both the specific and non-specific scores, with each sub-
score contributing 33.3% to the overall LEQ total score. 
The higher the LEQ subscores and the LEQ total score, the 
higher the estimated CR [18].

Statistical analysis

Statistical analyses and data visualization were conducted 
in R [33].

Cross‑sectional analyses

For the baseline comparison of demographic, clinical, and 
neuropsychological data between the groups of PD-N and 
PD-MCI as well as individuals lost to attrition and those 
who completed their last possible follow-up, independent 
sample t-tests or χ2-tests were performed. To assess differ-
ences in CR based on cognitive status, ANCOVAs were 
conducted with cognitive status (PD-N vs. PD-MCI) as the 
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between-subjects factor, and age, sex, UPDRS-III, and dis-
ease duration as covariates. The LEQ total score and three 
subscores were used as dependent variables. Multiple lin-
ear regressions were performed to examine the independent 
association of CR derived from the three LEQ life-stages 
on cognitive performance in global cognition and the five 
cognitive domains. Age, sex, UPDRS-III, disease dura-
tion, and depressive symptoms were included as covariates. 
LEQ scores and age were mean-centered prior to model 
estimation.

Longitudinal analyses

To analyze the association between CR and cognitive tra-
jectories over time, repeated-measures linear mixed-effects 
(LME) models were estimated using the lmer() function of 
the lme4-package employing restricted maximum likeli-
hood estimation [34]. Dependent variables were either the 
CERAD-Plus total score or the cognitive domain composite 
scores, each assessed at a maximum of five time points. The 
LME models included time since baseline (0–4 years), the 
LEQ total score, and the interaction between time and LEQ 
total score (time*LEQ) as fixed factors. Furthermore, the 
models were adjusted for age at LEQ baseline (in years), 
sex (male = 0, female = 1), the cognitive diagnosis at LEQ 
baseline (PD-N = 0, PD-MCI = 1), disease duration at LEQ 
baseline (in months), the UPDRS-III score at LEQ baseline, 
and depressive symptoms at LEQ baseline. LEQ scores and 
age were mean-centered prior to model estimation. Subjects 
and time were included as random factors in the models. A 
sensitivity analysis was conducted, including observations 
up to 3 years from the LEQ baseline only.

Model fit was evaluated using marginal R2, which con-
siders the variance of the fixed effects only, and conditional 
R2, which accounts for both fixed and random effects. t-tests 
were conducted to assess the significance of single coeffi-
cients. No imputation methods were used, as one strength of 
LME models is their ability to deal with unbalanced designs, 
for example due to missing values in longitudinal data.

Results

Sample characteristics

Our final sample consisted of n = 169 individuals with PD, 
of which n = 81 were classified as PD-N, and n = 88 as 
PD-MCI. On average, individuals were 70.97 ± 6.45 years 
old, and 71.0% were male. Individuals with PD-N were 
significantly younger than individuals with PD-MCI, 
t(167) = − 2.0, p = 0.047. Total years of formal education 
did not significantly differ between the groups, t(167) = 0.38, 
p = 0.701. Individuals with PD-MCI had more severe 

motor impairment [t(159) = -2.53, p = 0.012], and more 
severe depressive symptoms [t(164) = − 2.58, p = 0.011] 
compared to PD-N. Across all cognitive tests, individuals 
with PD-N performed significantly better than individuals 
with PD-MCI [ps ≤ 0.002]. Further details are displayed in 
Table 1. Details on the composition of the LEQ (sub-)scores 
(life-stage x specificity) are reported in the Supplementary 
Material including Supplementary Figure S1.

Sixty-two percent (n = 105) of the individuals did not 
complete their last possible follow-up (3- or 4 years, depend-
ing on the LEQ baseline). Individuals lost to attrition at 
their maximum possible follow-up were significantly older 
at LEQ baseline (71.52 ± 6.23 years) than individuals who 
completed their last possible follow-up (69.28 ± 6.73 years), 
t(167) = 2.20, p = 0.029. Importantly, there were no signifi-
cant differences regarding clinical and neuropsychological 
parameters. Further details are displayed in Supplementary 
Table S2.

Cognitive status and cognitive reserve

Controlled for age, sex, UPDRS-III, and disease dura-
tion, individuals with PD-N had significantly higher 
LEQ total scores compared to individuals with PD-MCI 
[F(1,153) = 4.609, p = 0.033, ηp

2 = 0.029] with a small effect 
size. Additionally, individuals with PD-N had significantly 
higher mid-life [F(1,153) = 4.724, p = 0.031, ηp

2 = 0.030] 
and late-life [F(1,153) = 6.23, p = 0.014, ηp

2 = 0.039] LEQ 
subscores, both with small effect sizes. No meaningful 
group difference in the young adulthood LEQ subscore was 
observed [F(1,153) = 0.433, p = 0.511, ηp

2 = 0.003]. The 
distribution of LEQ scores across cognitive diagnoses is 
displayed in Fig. 2.

Cognitive performance and cognitive reserve

The adjusted R2 (adjR2) of the evaluated multiple linear 
regression models (Table 2) ranged between 0.16 (CERAD-
Plus total score) and 0.27 (executive composite score). How-
ever, since the model for the language composite score was 
not significant [F(8,147) = 0.88, p = 0.536, adjR2=0.01], it 
was not further interpreted.

The young adulthood LEQ subscore was not found to be 
a meaningful independent determinant of cognitive perfor-
mance, neither for overall cognitive function nor any specific 
domain. The mid-life LEQ subscore was found to be a sig-
nificant independent determinant of cognitive performance 
in overall cognitive function, executive functions, memory, 
and visuospatial functions. Similarly, the late-life LEQ sub-
score was identified as a significant independent determinant 
of cognitive performance in overall cognitive function and 
executive functions. Higher LEQ subscores during these 
life-stages were positively correlated with better cognitive 



5416	 Journal of Neurology (2024) 271:5411–5424

performance in the mentioned cognitive domains. The 
strength of these associations was small (0.2 ≤ |�| ≤ 0.292) 
with a tendency of the mid-life LEQ score being stronger 
associated with cognitive performance than the late-life LEQ 
score.

Beyond the LEQ scores, age was found to be a signifi-
cant independent determinant of cognitive performance 
for overall cognitive function and all cognitive domains, 
indicating that younger age was associated with better 
cognitive performance with small to moderate effect sizes 
(0.157 ≤ |�| ≤ 0.442). Female sex was associated with bet-
ter cognitive performance in the domains of memory, 
executive functions, and attention, with small effect sizes 
(0.157 ≤ |�| ≤ 0.261). Moreover, motor symptom severity was 

determined to be a significant determinant of cognitive per-
formance for overall cognitive function, attention, and visu-
ospatial functions. Here, higher motor symptom severity was 
associated with poorer cognitive performance with small 
effect sizes (0.210 ≤ |�| ≤ 0.272). More depressive symptoms 
were significantly associated with poorer cognitive perfor-
mance in the domain of memory with a small effect size ( |�|
= 0.191). Disease duration was not found to be a meaningful 
independent determinant of cognitive performance.

Cognitive trajectories and cognitive reserve

For the LME models on cognitive trajectories over time 
(Table 3), marginal R2 ranges between 0.236 (CERAD-Plus 

Table 1   Sociodemographic, 
clinical, and cognitive 
characteristics of the 
DEMPARK/LANDSCAPE 
sample at LEQ baseline

Data are mean and standard deviation unless indicated otherwise. P-values of independent sample t-tests 
or χ2-tests between individuals with PD-N and PD-MCI are presented. The cognitive diagnosis (PD-N and 
PD-MCI) refers to the LEQ baseline (not the DEMPARK/LANDSCAPE baseline). CERAD-Plus Total 
Score, Consortium to establish a Registry of Alzheimer’s Disease Plus Total Score; F, female; GDS, Geri-
atric Depression Scale; LEDD, Levodopa Equivalent Daily Dose; LEQ, Lifetime of Experiences Question-
naire; M: male; MMSE, Mini-Mental State Examination; PANDA, Parkinson Neuropsychometric Demen-
tia Assessment; PD-MCI, Parkinson’s disease with mild cognitive impairment; PD-N, Parkinson’s disease 
without cognitive impairment; UPDRS-III, Unified Parkinson´s Disease Rating Scale Part 3

ALL (n = 169) PD-N (n = 81) PD-MCI (n = 88) p-value

Age in years 70.67 (6.5)
[50–85]

69.64 (7.1)
[50–82]

71.62 (5.77)
[56–85]

.047

Sex, n (%) M: 120 (71.0)
F: 49 (29.0)

M: 52 (64.2)
F: 29 (35.8)

M: 68 (77.3)
F: 20 (22.8)

.089

Education in years 14.24 (2.93)
[8–20]

14.33 (2.99)
[8–20]

14.16 (2.89)
[8–20]

.701

PANDA 24.06 (4.55)
[8–30]

25.74 (3.78)
[13–30]

22.52 (4.67)
[8–30]

 < .001

MMSE 28.64 (1.39)
[22–30]

29.01 (1.06)
[26–30]

28.28 (1.57)
[22–30]

 < .001

Disease Duration in months 98.63 (48.27)
[25–308]

95.16 (38.96)
[33–199]

101.86 (55.59)
[25–308]

.376

Age at PD Diagnosis in years 62.38 (7.47)
[42–75]

61.72 (7.66)
[42–74]

63 (7.28)
[44–75]

.267

UPDRS-III 24.78 (11.91)
[3–60]

22.34 (10.73)
[3–56]

27.01 (12.54)
[3–60]

.012

LEDD 655.58 (384.09)
[52–2120]

655.23 (379.76)
[52–1810.25]

655.9 (390.21)
[80–2120]

.991

Depressive Symptoms (GDS) 3.01 (2.88)
[0–15]

2.42 (2.17)
[0–11]

3.56 (3.33)
[0–15]

.011

CERAD-Plus Total Score 0.03 (0.63)
[−2.41 – 1.44]

0.37 (0.45)
[−0.78–1.44]

−0.29 (0.61)
[−2.41–1.08]

 < .001

Executive Functions composite −0.63 (0.79)
[−2.56–1.13]

−0.11 (0.58)
[−1.41–1.13]

−1.11 (0.66)
[−2.56–0.75]

 < .001

Memory composite −0.4 (0.82)
[−3.09 –1.27]

−0.01 (0.68)
[−1.8–1.27]

−0.77 (0.78)
[−3.09–0.65]

 < .001

Attention composite −0.55 (1.16)
[−4 –1.33]

−0.07 (0.8)
[−2.97–1.19]

−0.99 (1.27)
[−4–1.33]

 < .001

Visuospatial Functioning composite −0.4 (0.77)
[−3.5 –1.14]

−0.14 (0.75)
[−3.5–1.14]

−0.64 (0.71)
[−3.5–0.96]

 < .001

Language composite 0.29 (0.88)
[−2.7–1.78]

0.5 (0.7)
[−1.28–1.78]

0.09 (0.98)
[−2.7–1.47]

.002
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total score) and 0.441 (executive functions) and conditional 
R2 ranges between 0.754 (executive functions) and 0.880 
(attention). The standardized β coefficients indicate small 
effect sizes for sex, disease duration, motor symptom sever-
ity and depressive symptoms, and small to moderate effect 
sizes for age and the cognitive diagnostic category.

Time emerged as a significant independent negative 
determinant of cognitive performance across all cognitive 
outcomes, indicating a decline in cognitive performance 
with increasing time since baseline assessment. The LEQ 
total score was found to be a significant independent posi-
tive determinant of cognitive performance across all cog-
nitive outcomes, suggesting that higher LEQ scores were 
associated with better cognitive performance with a small 
effect size. Although differences were small, the time*LEQ 
interaction was found to be significantly negative for the 
CERAD-Plus total score and the memory composite score 
only, indicating that the decline in cognitive performance 
over time tended to be stronger among individuals with 
higher LEQ scores. There was no meaningful time*LEQ 
interaction for executive functions, attention, and visuospa-
tial functioning. Figure 3 presents both the observed individ-
ual cognitive trajectories and the mean predicted trajectories 
for individuals categorized into higher vs. lower LEQ scores.

The life-stage specific vs. non-specific associations with 
cognitive performance over time are explored in the Sup-
plementary Material including Supplementary Figure S2. 
Four-year follow-up data was only available for n = 39 (out 
of n = 169 at LEQ baseline). To check the robustness of 
results, the longitudinal analyses were repeated until the 
3-year follow-up only. The marginal R2 ranges between 
0.244 (CERAD-Plus total score) and 0.408 (executive func-
tions) and conditional R2 ranges between 0.791 (visuospatial 
functions) and 0.897 (attention). The effects of Time and 
LEQ total score appeared robust, however, the time*LEQ 

interaction was significant for the memory composite only. 
The full LME models with data until the 3-year follow-up 
only are reported in Supplementary Table S3.

Discussion

The aim of this study was to evaluate the association of a 
multidimensional proxy of CR, the LEQ [18], which quanti-
fies the complexity of lifestyle activities, with the presence 
of cognitive impairment and cognitive functioning across 
multiple cognitive domains in individuals with PD both 
cross-sectionally and longitudinally. For this purpose, we 
used data from the DEMPARK/LANDSCAPE study [21].

We found that (i) individuals with PD-N had slightly 
higher CR compared to those with PD-MCI; (ii) A higher 
CR, particularly as reported during the stages of mid- and 
late-life, was associated with slightly better overall cogni-
tive performance and performance in executive functions, 
memory, attention, and visuospatial functioning; (iii) Indi-
viduals with higher CR demonstrated slightly better cogni-
tive functioning across time. Notably, with higher levels of 
CR, the protective effect of CR tended to diminish in global 
cognitive functioning and memory, while no accelerated 
cognitive decline with higher levels of CR was observed in 
the other domains.

Our findings are in line with previous research on CR in 
individuals with PD, which has consistently shown a posi-
tive association between levels of CR and cognitive status 
[13] as well as cognitive performance [11–13, 15, 20]. In the 
present study, the use of the LEQ subscores allowed us to 
assess the influence of CR at different life-stages on cogni-
tive status. The use of life-stage specific proxies is important 
not only for determining which specific lifestyle actions are 
relevant for preserving cognitive health and when to start 

Fig. 2   Baseline scores of the Lifetime of Experiences Questionnaire 
by diagnostic category. Baseline scores of the Lifetime of Experi-
ences Questionnaire (LEQ) by diagnostic category, i.e., between 
individuals with Parkinson’s disease without cognitive impairment 
(PD–N, squares) and individuals with mild cognitive impairment 

(PD-MCI, dots) at the corresponding LEQ baseline. Dots/squares rep-
resent individual LEQ (sub-)scores, the group-wise boxplots visualize 
the within-group median, the hinges represent the corresponding first 
and the third quartile, and the whiskers are 1.5 times the inter-quartile 
range. *p < 0.050.
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with prevention and intervention strategies against cognitive 
decline, but also for critically reflecting on the possible bidi-
rectional association between CR and cognitive performance 
[4]. It promotes the understanding of whether CR acts as a 
protective factor against cognitive decline or if prodromal or 
apparent cognitive decline rather leads to less engagement 
in complex lifestyle activities [4, 20].

Cognitive reserve and reverse causation

The phenomenon of reverse causation constitutes a major 
limitation in CR research in general. We cannot rule out 
the possibility that the observed differences in CR, par-
ticularly in the late-life stage, between the two diagnostic 
subgroups PD-N and PD-MCI are influenced in a reverse 
causal manner. Particularly those with PD-MCI may have 
already reduced their lifestyle activities not only recently 
but also in the prodromal phase of this cognitive decline 
and the prodromal phase of PD in general. It has recently 
been shown that lower CR operationalized by the Cogni-
tive Reserve Index questionnaire [35] was associated with 
worse cognitive performance and higher rates of MCI in 
individuals with isolated REM sleep behavior disorder [36], 
a possible prodromal phase of PD. Furthermore, the findings 
of Kremen, et al. [14] emphasize that our reported effects 
of mid- and late-life CR proxies may not be truly causal but 
instead reflect top-down effects of general intellectual capac-
ity assessed early in life [14, 37].

Notably, we observed domain-specific effects of life-stage 
specific CR: An independent association between CR prox-
ies from both mid-life and late-life was found with global 
cognition and executive functions. For memory and visuos-
patial functioning, only the CR proxy of mid-life was posi-
tively associated with cognitive performance. The domain-
specific findings observed in our cross-sectional analyses 
align with the hypothesis that CR has stronger associations 

with cognitive performance in domains that are more sus-
ceptible to decline in PD, i.e., executive functions [11, 12, 
15]. These findings, however, will also be augmented by 
reverse causal mechanisms, thereby artificially amplifying 
the association between CR and cognition [4, 14]. Even 
the LEQ mid-life score (30–65 years) will be influenced by 
reverse causation as it includes the prodromal phase of PD 
and cognitive decline associated with PD.

Since it is not conceivable or possible to randomly control 
the access to primary and secondary education, job complex-
ity and cognitively stimulating lifestyle activities on a study 
design level, we can only statistically control for these vari-
ables. We consistently found a positive association between 
the LEQ total score and cognitive performance across time, 
even when we controlled for the cognitive diagnosis (PD-N 
vs. PD-MCI) in the longitudinal analyses, pointing towards 
the protective effect of cognitive reserve despite the presence 
of reverse causal mechanisms. Future analytical approaches 
may also include cross-lagged panel models, allowing to 
investigate the causal direction of the relation of two vari-
ables over time if time-lagged data of both variables is avail-
able. The application of such models in the context of cogni-
tive reserve reveals the expected bidirectional relationship 
with an emphasis on the protective role of lifestyle choices 
compared to reverse causal mechanisms [38, 39].

Beyond these statistical approaches, some promising find-
ings on the potentially disease-modifying effects of lifestyle 
interventions for slowing down cognitive decline in the con-
text of Alzheimer’s disease especially for those at risk [40] 
and single-domain intervention studies (e.g., on cognitive 
training) in PD [41], provide evidence for the bidirectional 
association between CR and cognitive performance. To sum-
marize: In the absence of necessary information and perfect 
study designs, the most realistic approach is to acknowledge 
the presence of bidirectional influences and to be mindful of 
the potential of overestimated effects of mid- and late-life 

Fig. 3   Cognitive Trajectories Over Time. Observed and predicted 
cognitive trajectories for individuals with higher vs. lower scores 
(determined by median split, for visualization only) in the Lifetime 
of Experiences Questionnaire for the CERAD-Plus total score and the 

memory composite score (both of which show the significant interac-
tion between time*LEQ), and the executive composite score (as an 
example of stable effects of cognitive reserve over time)
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complex lifestyle activities. While many studies on CR 
neglect or do not even mention reverse causation, the pro-
active discussion of potential confounders should be an inte-
gral part of any publication investigating the role of CR.

Domain‑specificity and cognitive trajectories

We further examined the domain-specific effects of CR 
longitudinally. Overall, we observed a decline in cogni-
tive performance across all domains as time progressed. 
CR emerged as a significant independent protective factor 
for cognitive performance: irrespective of time, across all 
cognitive domains. Notably, the largest protective effect of 
CR was observed in the domain of executive functions. The 
observed associations between CR proxies and all covari-
ates were small and overall smaller than the association of 
age with cognitive performance, which is well in line with 
previous CR research [19].

Previous research has consistently shown that individuals 
with PD and higher CR experience less decline or have a 
lower risk of developing cognitive dysfunction [8, 20, 42]. 
Guzzetti, et al. [11] proposed that the protective effect of CR 
increases over the course of PD until a point of inflection is 
reached. At this point, neuropathology overwhelms the com-
pensatory processes associated with CR, leading to a steeper 
decline in cognitive performance, which can be interpreted 
as a “terminal drop” [11]. In contrast, in AD, differences in 
cognitive performance between individuals with higher and 
lower CR tend to diminish shortly after the clinical presen-
tation of the disease, i.e., the point of inflection is reached 
earlier in AD compared to PD, due to the disease-defining 
nature of cognitive impairment in AD compared to PD [6, 
11].

Our findings in PD align with this hypothesis of a gen-
eral protective effect of CR and a “terminal drop” trajectory 
of cognitive performance for individuals with higher CR. 
However, our data rather indicate domain-specific effects 
of CR instead of disease-general mechanisms. We observed 
that individuals with PD and higher CR exhibited a steeper 
decline in memory and overall cognitive functioning com-
pared to those with lower CR. This pattern of decline in the 
memory domain and the CERAD-Plus total score [29] in 
our PD sample aligns with the postulated AD-trajectories 
of cognitive decline as proposed by Guzzetti, et al. [11]. 
Even though the CERAD-Plus total score was treated as 
a proxy for global cognition, the composite score is still 
memory-dominated [29]. Therefore, the observed pattern for 
the CERAD-Plus total score may be skewed by the memory 
contribution. Notably, the domains of executive functions, 
attention, and visuospatial functioning follow the proposed 
PD-trajectories of cognitive functioning with a delayed ter-
minal drop. This strengthens the cross-sectional findings 

of a slightly more pronounced effect of CR in vulnerable 
cognitive domains in PD, including executive functions [11, 
12, 15]. This is especially interesting as in individuals with 
isolated REM sleep behavior disorder, who may already 
show cognitive alterations in various cognitive domains, 
e.g., executive functions [43, 44], CR may modulate the 
development of cognitive changes and the transition to 
motor-dominant α-synucleinopathies [36], highlighting the 
potential of CR as a truly protective marker for neurodegen-
eration. Some studies even suggest a beneficial effect of CR 
on motor outcomes in PD [11, 45]. More research on CR in 
prodromal disease phases is desired.

Strengths and limitations

With a database comprising 169 individuals with PD across 
different levels of cognitive impairment in the cross-sec-
tional database and more than 500 observations for the 
longitudinal analyses with up to 4-year follow-up data, the 
study outperforms the majority of available studies in the 
field in terms of sample size and the number of available 
longitudinal observations over a significant time period [42]. 
However, 62% of the individuals did not complete their last 
possible follow-up, which constitutes a higher attrition rate 
compared to other longitudinal studies in PD. The nation-
wide data collection is a strength of the DEMPARK/LAND-
SCAPE database.

The comprehensive cognitive assessment battery enabled 
examination of domain-specific effects, moving beyond a 
sole focus on global cognition. One limitation is that the 
cross-sectional comparison of CR between PD-N and PD-
MCI relies on the PD-MCI criteria available at the time of 
initial set-up, which have since become revised and may 
overestimate the presence of MCI [31]. Beyond the already 
discussed strengths and limitations associated with the use 
of the LEQ [18], a multidimensional proxy of CR, which 
accounted for complex lifestyle activities across different 
life stages, no proxy of socio-economic status [9, 46] was 
available.

The current analysis focused on selected neuropsycho-
logical, demographic and clinical parameters to predict 
cognitive decline and to model the association between 
CR and cognitive performance. This neglects the potential 
contribution of several other parameters potentially associ-
ated with cognitive decline in PD as reviewed in Aarsland, 
et al. [1], such as genetic subtypes (e.g., mutations in the 
β-glucocerebrosidase gene, GBA) [47], subtypes regarding 
the onset of PD (early vs. late) [48], changes in medica-
tion (especially anticholinergic drugs) [49, 50], and direct 
brain imaging correlates. A subgroup of the sample of the 
current analyses underwent magnetic resonance imaging 
(MRI) at their LEQ baseline (n = 67, 39.6%), which may 
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allow for further analyses combining neuropsychological, 
demographic, clinical, and brain imaging parameters. For 
the present longitudinal analyses, however, the LEQ + MRI 
sample would have been too small. To fully understand the 
contributing factors to cognitive decline in PD, multimodal 
prediction models effectively combining different types of 
data (such as neuropsychological, demographic, clinical, 
brain imaging, genetic assessments) with advanced, such as 
artificial intelligence-assisted techniques for feature selec-
tion, may be beneficial. Another limitation is that the full 
impact of CR on cognitive trajectories may require longer 
follow-up periods to be fully understood.

Conclusion

Overall, our data suggest that CR, operationalized by com-
plex lifestyle activities across the lifespan, especially in 
mid- and late-life, appears to be associated with cognitive 
functioning in individuals with PD. Furthermore, its influ-
ence varies across different cognitive domains: While CR 
seems to be protective for all cognitive domains, it is also 
related to a slightly more pronounced drop of functioning 
for global cognition and memory. These results contribute 
to our understanding of the factors influencing cognitive 
decline in PD and have implications for developing targeted 
interventions and prevention strategies to optimize cognitive 
functioning in individuals with PD.
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