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Abstract

Background There are few long-term data on the incidence, baseline predictors, and outcomes of dementia in Parkinson’s
disease (PD) from prospective community-based incident cohorts.

Methods The PINE study prospectively identified all incident PD patients in Aberdeen along with age—sex-matched, com-
munity-based controls who consented to standardized annual life-long follow-up. Each year, a clinical expert reviewed the
diagnosis of PD and the presence of dementia according to DSM-IV-based criteria. Age—sex stratified incidence rates for
dementia in PD and controls were calculated and compared with hazard ratios (HR) adjusted for age, sex, education, and
socioeconomic status. Cox proportional-hazard modelling was used to assess baseline predictors for PD dementia and the
influence of dementia on survival and institutionalization.

Results 201 patients (mean age 72.6yrs) and 260 controls (mean age 75.4yrs) were followed for median 9.5 years. The
incidence of dementia was 7.4 (PD) versus 2.1 (controls) per 100 person-years (adjusted HR 6.0, 95%CI 4.1-8.7), with a
sixfold increase from under 60 to over 80 years in PD but no sex difference. Independent baseline predictors of PD dementia
were older age at diagnosis, self-reported cognitive symptoms, dream enactment, lower MMSE scores, worse motor UPDRS
scores, and the ApoE genotype. PD dementia increased the rates of subsequent death and institutionalization (32.0 and 26.9
per 100 person-years, respectively).

Conclusion The incidence of dementia in PD is high, increases markedly with age, is increased in those with baseline
subjective cognitive symptoms as well as other established risk factors, and is associated with high rates of death and
institutionalization.
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Introduction

Dementia is one of the key non-motor features of Parkin-
son’s disease (PD), which is associated with increased mor-
tality [1], poorer quality-of-life [2], worse carer burden [2],
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and higher rates of institutionalization [3]. A systematic
review showed the prevalence of dementia in PD was about
24-31% [4]. However, there are relatively few reliable data
on the annual or cumulative incidence of dementia in PD,
especially over the long term. Widely varying annual inci-
dence rates (5—11 per 100 person-years) [5] and cumulative
proportions (3—28%) have been quoted up to 4 years post-
diagnosis [6], whilst at 20 years, 20-80% of PD survivors
have been found to have dementia [6, 7]. Some of the dif-
ferences relate to the nature and age of the cohorts studied,
many being selected, largely hospital-based cohorts with
relatively young ages of onset, which have limited generaliz-
ability. Very few studies consider the incidence of dementia
in unselected incident, population-based PD cohorts with
prospective long-term follow-up [5, 8-12]. Those that do
have mostly reported short-term results with incidence rates
between 2 and 6 per 100 patient-years in the first 5 years,
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rising with duration of follow-up, and a cumulative propor-
tion of about 10% at 3 years rising to 46% at 10 years (Sup-
plementary Table 1). The rates of dementia in PD were over
twice that in the general population [10, 12].

The limited reliable data on the incidence of PD dementia
(PDD) also mean that there are relatively limited data on the
early clinical factors that predict the subsequent develop-
ment of dementia. Previous studies have suggested numer-
ous factors such older age at onset, male sex, fewer years of
education, worse baseline motor and cognitive scores, mild
cognitive impairment, REM sleep disturbance, visual hal-
lucinations, orthostatic hypotension, vascular risk factors,
obesity and genetic polymorphisms in the apolipoprotein
E (ApoE), B-glucocerebrosidase (GBA), and microtubule-
associated protein tau (MAPT) gene are associated with sub-
sequent dementia [6, 13—15], but some of these are incon-
sistent associations. In addition, some risk factors for other
dementias such as subjective cognitive decline have not been
studied in PDD [6, 16]. Therefore, there is a need for more
robust data on early risk factors from unselected population-
based cohorts.

We aimed to assess the incidence of PDD by age and sex
in a well-characterized, unselected, prospective population-
based incident cohort of people with PD compared to a con-
current control group and to identify baseline predictors for
PDD and outcomes following the development of PDD.

Methods

The Parkinsonism Incidence in North-East Scotland (PINE)
study used multiple overlapping search strategies to identify
all patients with a newly diagnosed degenerative or vascular
parkinsonian syndrome from primary care practices (base-
line population about 315,000) in and around Aberdeen,
Scotland, in two phases (2002-04, 2006-09) [17]. Parkin-
sonism was defined as two or more cardinal motor signs
(bradykinesia, rigidity, rest tremor, otherwise unexplained
postural instability). Eligible patients were offered life-long
yearly follow-up (still ongoing) by a consultant neurologist
with an interest in movement disorders (CC) or a supervised
clinical research fellow with linkage to the national death
register to establish survival. Clinical care was not altered by
participation in the study. For each eligible patient who con-
sented to follow up, we tried to identify an age—sex-matched
community-based control without PD by approaching up
to four people closest in age to the patient from the same
primary care practice or from a register of elderly people
who had taken part in a previous community-based screen-
ing project [18].

At each annual review, the cause of parkinsonian syn-
drome was classified using all available information (clini-
cal syndrome, atypical features, response to dopamine

replacement therapy, development of motor complications,
and results of structural (CT or MRI) or dopamine trans-
porter SPECT imaging where undertaken) using clinical
expertise guided by the appropriate research criteria (the
UK Brain bank criteria for PD [19]) or from pathology in
those who died and had given consent for post-mortem. For
the purposes of this report, we only included patients with
PD and all controls.

Assessments

Patients and controls who gave consent had a standardized
baseline (diagnostic) visit and yearly review including clini-
cal examination looking for atypical features and assessment
of Unified Parkinson’s Disease Rating Scale [UPDRS], dis-
ability [Schwab & England (S&E) and Barthel index], cog-
nitive function (mini-mental state examination (MMSE)
and mini-mental Parkinson’s [MMP] [20]), mood (Geriatric
Depression Scale-15 item version), and a brief questionnaire
for non-motor complications including symptoms of REM
sleep behaviour disorder (i.e. dream enactment) and subjec-
tive cognitive symptoms (“‘do you feel that your memory or
thinking processes are worse than they should be?”). Some
patients only consented to limited assessment including
UPDRS motor score, S&E score, MMSE, and the checklist
of motor and non-motor complications. Patients who con-
sented to all aspects of the study gave blood for genotyping
including testing of MAPT H1 versus H2 haplotype, ApoE
€4 allele, and GBA gene variants using previously described
methods [21], whereas those who consented to more lim-
ited assessment did not have blood taken for genetic testing.
Those who were unable to come to clinic were visited at
home. Controls were able to consent to remote follow-up
(annual medical records review, questionnaires, and linkage
to national death register) or in-person review in which case
they completed the same assessments as patients, performed
by a research nurse.

Definition of dementia

Dementia in patients and controls was diagnosed clinically
according to DSM-IV criteria by an experienced clinician
with expertise in diagnosing dementia, namely either the
study neurologist or a consultant psychiatrist if the latter
had seen the patient as part of their clinical care (identified
by screening primary and secondary care medical records
for each patient and control). There needed to be evidence
of progressive cognitive decline (detected from prospective
follow-up), involving at least two cognitive domains (from
attention, executive function, visuospatial function, verbal
and visual memory, language, agnosia, and apraxia) assessed
from the history, examination, and MMSE and MMP cog-
nitive tests, which was limiting daily activities, social or
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occupational function in the absence of delirium. We did
not apply strict cut-off scores from cognitive tests or require
formal neuropsychological testing. All PD patients who
developed dementia were presumed to have PDD (all met
clinical criteria for probable or possible PDD [22]). The date
of dementia was defined as the date it was first diagnosed
clinically.

Data analysis and statistical methods

Data were extracted after follow-up until 31st May 2020
and double-checked prior to analysis. Follow-up time was
calculated using the reverse Kaplan—Meier method [23].
Incidence rates of dementia were calculated by dividing
the number of cases by the total number of person-years
at risk, stratified by age and sex. Confidence intervals were
calculated assuming a Poisson distribution. Kaplan—-Meier
curves of time-to-dementia were plotted censoring for last
follow-up or death and the hazard ratio (HR) for dementia
in patients compared to controls was calculated using Cox
proportional-hazards modelling controlling for baseline age,
sex, years of education, and socioeconomic status [24]. We
tested whether there was a significant interaction between
patient/control status and sex. We also did a sensitivity
analysis excluding controls who consented to remote rather
than in-person follow-up to investigate whether this altered
the incidence rate or hazards ratio comparing patients and
controls.

Several potential baseline variables that might predict
subsequent dementia in PD were identified from the previ-
ous literature (supplementary Table 2) and were entered into
a Cox proportional-hazards model to identify the statistically
significant predictors of PDD. The primary analysis (model
1) included ten baseline variables (measured at, or shortly
after, diagnosis) with minimal missing data: age, sex, years
of education, smoking history, body mass index, history of
vascular disease (defined as history of previous ischemic
heart disease, stroke, transient ischemic attack or peripheral
vascular disease) or diabetes, presence of subjective cog-
nitive symptoms, history of dream enactment behaviour,
MMSE, and UPDRS part 3. The number who developed
dementia per variable was just under 10 [25]. Secondary
analyses included other variables which were not collected
in all patients (due to different levels of study participa-
tion). Model 2 also included National Adult Reading Test
(NART) score as an alternative measure for premorbid intel-
ligence than years of education [26], GDS-15 as depression
measure, and MMP instead of MMSE as a measure more
likely to capture cognitive deficits in PD. Model 3 added the
three genetic variables to the model 1 variables. In model 1,
missing predictor variable data were imputed with multiple
imputation, assuming that data were missing at random. We
used a predictive mean matching algorithm to impute data
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using all the predictor variables in the model, the dementia
variable, the Nelson—Aalen estimator of the cumulative haz-
ard function, and the year | MMSE values (because some
baseline MMSE values were missing). For each model, 20
imputed datasets were combined using Rubin’s rules. The
missing data in the additional variables included in models
2 and 3 were all missing in most cases with lower levels of
study participation, so we only included patients with com-
plete data in these models. We excluded one person with
longstanding learning disability but no dementia from the
prediction models, because this was unusual clinically and
their low baseline scores (MMSE 18/30, MMP 15/32) were
highly influential on the modelling.

We investigated the risk of institutionalization and death
after dementia. We plotted Kaplan—Meier probabilities of
remaining (i) living at home (not in an institution) and (ii)
alive after dementia in both PD and controls. Participants
were censored at death (in the institutionalization analysis)
or when last seen in those with ongoing follow-up. Hazard
ratios comparing these outcomes in PD versus controls were
calculated using Cox regression adjusted for age at baseline
and sex. We investigated the influence of dementia on both
these outcomes in time-dependent Cox regression models
with the development of dementia as a time-varying covari-
ate (i.e., dementia coded as O until time of development of
dementia and as 1 thereafter). These models were adjusted
for baseline age, sex, and the other significant predictors
of dementia in Model 1. The proportional-hazards assump-
tion was verified by visual inspection of log—log plots and
a formal test based on Schoenfeld residuals (the estat phtest
command in Stata). Functional form was assessed with frac-
tional polynomials [27]. Data were analysed using Stata ver-
sion 16.1.

Results

The recruitment, follow-up, and baseline characteristics
of 201 patients and 260 controls are shown in Fig. 1 and
Table 1. Four people with PD (with delayed diagnosis from
motor onset) had dementia at baseline assessment and were
excluded from all survival analyses. Controls were slightly
older than patients as we included all controls, not just those
age-matched to people with PD.

Ninety-three patients and 46 controls developed dementia
over a median follow-up of 9.5 years (inter-quartile range
[IQR] 5.4-11.4). Onset of dementia was at a younger age in
PD (Table 1). The overall incidence rate of dementia in PD
was 7.4 cases per 100 person-years (95% CI 6.1-9.1) com-
pared to 2.1 cases per 100 person-years (95% CI 1.6-2.8)
in controls, but it was significantly dependant on baseline
age, especially in PD (1.6 per 100 person-years under 60
versus 12.2 over 80) (Table 2). Kaplan—Meier dementia-free
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Median follow-up 7.5 yrs (IQR 4.3-10.8 yrs)

Losses to follow-up: 0

Fig. 1 PINE study flowchart

survival curves are shown in Fig. 2 Median time-to-dementia
in PD was 8.5 years (95% CI 7.0-11.0) and was not reached
in controls. In PD, 25.8% developed dementia by 5 years,
58.1% by 10 years, and 79.9% by 15 years compared to
5.9%, 16.7%, and 39.1%, respectively, in controls.

The HR of dementia in PD versus controls adjusted for
baseline age, sex, years of education, and socioeconomic
deprivation score was 6.0 (95% CI 4.1-8.7), but there was a
significant interaction between sex and patient/control status
and the risk of dementia (p value for interaction was 0.03).
There was no sex difference in the risk of dementia in PD,
whereas in controls, dementia was more common in women
(Fig. 3). Hence, the adjusted HR for dementia was higher
in men (8.7, 95% CI 5.2—-14.7) than in women (3.9, 95% CI
2.3-6.5). In the sensitivity analysis excluding 18 controls
who only consented to remote follow-up, the incidence rate
in controls was slightly lower (1.8 cases per 100 person-
years) and the adjusted HR comparing PD with controls was
slightly higher [6.7 (95% CI 4.5-10.0)] than in the main
analyses including all controls.

Significant baseline prognostic factors for PDD in the
multivariable analyses were age, presence of subjective
cognitive symptoms, history of dream enactment behav-
iour, motor UPDRS score, MMSE score, and the ApoE
€4 allele (Table 3). None of the other prognostic factors
studied were significantly associated when adjusted for

Controls included in analysis

\ 4

Median follow-up 10.3 yrs (IQR 6.9-11.9 yrs)

Losses to follow-up:
Dementia 3
Institutionalization 1

confounders. The proportional-hazards assumption was
satisfied and there was no evidence of non-linearity of
interval variables.

Kaplan—Meier survival curves of the risk of death and
institutionalization after dementia are shown in Fig. 4, but
should be interpreted cautiously more than 4 years after
dementia onset due to the very small number of surviving
patients and controls who were event-free. The rate of insti-
tutionalization after dementia was 26.9 per 100 person-years
(95% CI 19.6-36.8) in PD and 21.4 per 100 person-years
(95% CI 13.3-34.4) in controls (see Table 2). Median sur-
vival free from institutionalization after dementia was lower
in PD (2.7 years, 95% CI 2.1-3.2) than controls (4.3 years,
95%CI 1.7 to undefined). The mortality rate after demen-
tia was 32.0 per 100 person-years (95% CI 25.9-39.7) in
PD and 23.7 per 100 person-years (95% CI 16.5-33.8) in
controls. Median survival after dementia was similar in PD
and controls: 3.1 years (95%CI 2.3-3.6) in PD and 3.1 years
(95% CI 2.2-5.8) in controls. The risk of institutionalization
and death after dementia were non-significantly higher in
PD than controls (HR 1.8, 95%CI 0.9-3.7 and 1.5, 95% CI
0.9-2.5, respectively), adjusted for baseline age, sex, cogni-
tive symptoms, dream enactment behaviour, and MMSE.

In PD, the development of dementia (as a time-varying
covariate in Cox model, adjusted for the same potential con-
founders) was associated with an increased risk of death (HR
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Table 1 Baseline characteristics of patients and controls

Parkinson’s disease Controls
N missing No dementia Dementia All N missing No dementia Dementia All
N=104 N=97 N=201 N=214 N=46 N=260
Mean age at baseline (SD) 0 70.4 (12.0) 75.0(7.5) 72.6(10.3) O 74.6 (9.8) 79.3(5.4) 754(9.3)
Male sex 0 67 (64%) 56 (58%) 123 (61%) O 136 (64%) 22 (48%) 160 (62%)
DepCat 1-3 0 61 (59%) 67 (69%) 128 (64%) O 117 (55%) 25 (54%) 142 (55%)
History of vascular disease or 0 35 (34%) 31(32%) 66 (33%) 0 66 (31%) 153B3%) 81 (31%)
diabetes
Median years of education (IQR) 4 11 (11-15) 11 (10-14) 11 (10-14)40 11 (10-13) 11 (10-13) 11 (10-13)
Median motor UPDRS (part IIT) 0 22 (14-33) 26 (19-32) 22(14-33)16 2 (0-4) 4(2-7) 2 (0-5)
(IQR)
Median GDS-15 38 3 (2-6) 3(2-5) 3(2-6) 19 1(0-2) 2 (1-3) 1 (0-3)
(IQR)
Median MMSE 15 29 (28-30) 28 (27-29) 29 (28-30) 18 29 (28-30) 28 (27-29) 29 (28-30)
(IQR)
Median MMP (IQR) 38 30 (28-31) 28 (26-30) 29 (27-30) 17 30 (28-31) 29 (27-30) 30 (28-31)
Subjective cognitive symptoms 0 13 (13) 25 (26) 38(19) 15 12 (6) 11 (27) 23 (9)
Median NART score (IQR) 76 33 (28-40) 34 (25-40) 33 (27-40)75 35 (28-41) 32 (24-39) 35 (27-40)
Dream enactment symptoms 0 10 (10) 23 (25) 33(16) 15 12 (6) 2(5) 14 (6)
Smoking 1 0
Current 40 (38) 39 (41) 79 (40) 99 (46) 31(67) 130 (50)
Ex 7(7) 5(05) 12 (6) 24 (11) 3() 27 (10)
Never 57 (55) 52 (54) 109 (55) 91 (43) 12 (26) 103 (40)
Mean BMI (SD) 25 259 (4.3) 26.2(3.8) 26.04.1) 26 27.9 4.7) 26.2(3.8) 27.6 (4.6)
ApoE €4 carrier 56° 20 (27) 26 (37) 46 (32) 260 NA NA NA
Any GBA variant 58P 6(8) 10 (14) 16 (11) 260 NA NA NA
MAPT H1/H1 56* 52 (69) 48 (69) 100 (69) 260 NA NA NA

ApoE apolipoprotein E, BMI body mass index, DepCat deprivation category based on Carstairs index (1-3 is better socioeconomic status), GBA
glucocerebrosidase, GDS-15 geriatric depression Scale-15 item, HR hazards ratio, /QR inter-quartile range, MAPT microtubule-associated pro-
tein tau, MMSE mini-mental state examination, MMP mini-mental Parkinson’s, NA not available, NART national adult reading test, SD standard

deviation, UPDRS unified Parkinson’s disease rating scale

247 patients did not give consent for genetic testing, 9 had no sample or failed DNA extraction

547 patients did not give consent for genetic testing, 9 had no sample or failed DNA extraction, and 2 failed GBA assay

2.5,95% CI 1.6-3.7) and institutionalization (HR 5.6, 95%
CI 3.1-10.0).

Discussion

We have shown that dementia in PD has a high incidence
(7.4% per year), significantly more than in a control popula-
tion, and had similar rates in men and women unlike controls
where it was more common in women, probably because
Alzheimer’s is more common in women [28]; came on at
a younger age in PD than controls; rose sharply with age
at PD diagnosis; and was associated with worse outcomes
(annual rates of institutionalization and death 27 and 30 per
100 person-years, respectively), some of which were worse
than in controls who developed dementia, probably due to
the co-existent motor difficulties of PD. Our incidence rate
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of PDD was higher than most previous estimates (supple-
mentary Table 1), probably due the higher baseline age and
longer follow-up duration. The cumulative proportion of
people with PD who had developed dementia up to 15 years
after diagnosis was nearly 80%.

We also confirmed some of the previously identified early
predictors of PDD [age, dream enactment (a proxy for REM
sleep behaviour disturbance), motor and cognitive function,
ApoE €4 allele]. However, for the first time, we identified
that subjective concern about cognitive symptoms at base-
line was also a predictor of subsequent PDD, independent
of objective cognitive testing, as described in other demen-
tias [16]. This means that clinicians need to be cautious
about dismissing people with Parkinson’s concerns about
their memory, even if routinely applied cognitive testing is
normal. Interestingly, the baseline MMSE cognitive score
was more predictive of subsequent dementia than the more
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Table 2 Dementia incidence and outcomes after dementia

Parkinson’s disease

Controls

No dementia Dementia No dementia Dementia
N=104 N=97* N=214 N=46
Dementia incidence (N/person-years = incidence rate/100 person-years
(95% confidence interval))
All 93/1250.5=7.4 (6.1-9.1) 46/2226.0=2.1 (1.5-2.7)
Men 52/706.4="7.4 (5.6-9.7) 22/1399.4=1.6 (1.0-2.4)
Women 41/548.4=17.5 (5.5-10.1) 24/815.7=2.9 (2.0-4.4)
Age <60 4/252.4=1.6 (0.6-4.2) 0/265.4=0 (undefined)
Age 60-69 15/263.6=5.7 (3.4-9.4) 1/327.8=0.3 (0.0-2.2)
Age 70-79 49/533.5=9.2 (6.9-12.1) 20/1027.1=1.9 (1.3-3.0)
Age 80+ 25/205.2=12.2 (8.2-18.0) 25/605.8=4.1 (2.8-6.1)
Median age at dementia (IQR) 80.4 (75.6-85.3) 86.8 (83.3-89.4)
Median time in years from baseline to demen- 8.5 (7.0-11.0) Not reached
tia
(95% CI)
Number dead (%) 69 (66) 67 (69) 105 (49) 30 (65)
Median age at death (IQR) 81.1 (76.1-86.5) 84.3 (79.2-88.0) 87.1 (81.8-90.3) 90.1 (87.0-92.8)
Median time in years from baseline to death 7.3 (5.5-8.8) 7.8 (7.0-8.8) 12.5 (10.9-14.8) 10.6 (8.5-12.9)
(95% CI)
Median time in years from dementia to death 3.1(2.3-3.6) 3.1(2.2-5.8)
(95% CI)
Number institutionalized (%) 13 (13) 59 (61) 24 (11) 21 (46)
Median age at institutionalization (IQR) 77.7(72.1-83.5) 81.2(77.5-86.7) 92.2 (87.8-94.1) 88.5 (83.4-89.7)
Median time in years from baseline to institu-  Not reached 8.0 (6.5-9.0) 15.6 (14.4-undefined) 11.0 (8.9-undefined)
tionalization
(95% CI)°
Median time in years from dementia to institu- 2.7(2.1-3.2) 4.3 (1.7-undefined)
tionalization
95% CI)*

All median times in this table were calculated from Kaplan—Meier probabilities

CI=confidence interval

4 patients were excluded from survival analyses of dementia, because they developed dementia prior to baseline assessment

®] patient and 2 controls were institutionalized before baseline

€20 patients and 4 controls developed dementia after time of institutionalization

PD-specific MMP, despite concerns that the MMSE does not
adequately capture cognitive deficits in PD [29].

This study has several strengths, particularly in its design
and length of follow-up. It was based on an incident pop-
ulation-based cohort of people with PD with prospective
standardized long-term follow-up with no losses to mortal-
ity, dementia, and institutionalization follow-up in patients
and very few in controls. Hence, the risk of selection and
attrition bias was minimized, and the results should be gen-
eralizable to demographically similar populations. There
was active surveillance for dementia and the diagnosis of
both PD and dementia was made by expert clinicians. PD
was confirmed pathologically in 25% of the patients. Con-
sistency of follow-up gave the opportunity to confirm pro-
gressive cognitive decline impacting on daily function. It is,

therefore, unlikely that cases of clinically significant PDD
were missed (unless they developed it in the maximum 1
year period between their last clinical visit and their death)
and the diagnosis of PD was as accurate as it could be. How-
ever, it is possible that some of the controls who consented
to remote notes/questionnaire-based follow-up and were
not seen in-person may have developed dementia and been
missed, especially if they were not referred for assessment
to secondary care by their primary care physician, but the
sensitivity analysis excluding these controls did not suggest
this was the case.

There are some other weaknesses in the current study.
The numbers were relatively small, so the confidence inter-
vals for incidence rates in specific age groups were wide. It
also meant we were limited in how many predictive variables
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Fig.2 Kaplan—Meier curves
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we could use in the models to avoid overfitting [25] and
there would have been limited power for identifying weaker
predictors. We did not assess anticholinergic medication bur-
den as an independent risk factor for PD dementia, because
previous work had not shown it to be a predictive factor in
our cohort [30]. In addition, we did not have complete base-
line data for some predictor variables, again limiting sample
size in the secondary analyses. Some potentially important
baseline predictors were not available. For example, we did
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not formally diagnose mild cognitive impairment, a known
baseline predictor of PDD [13], although baseline cognition
was captured objectively and subjectively. The primary cog-
nitive score was the MMSE which is not recommended for
use in PD [29], but the more PD-specific MMP measure was
found to be less predictive of dementia. We did not use the
Montreal Cognitive Assessment, because this had not been
developed when we started the PINE study in 2002. We also
did not have the resources to formally diagnose REM sleep
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Table 3 Predictors of Parkinson’s disease dementia
Baseline variable Univariable analysis Multivariable analysis
HR (95% CI) p Value HR (95% CI) p Value
Model 12 Age (10-year increase) 2.17 (1.67-2.81) <0.001 2.36 (1.72-3.25) <0.001
(N=196) Male vs female sex 1.03 (0.68-1.55) 0.91 0.74 (0.48-1.16) 0.19
Years of education 0.94 (0.87-1.02) 0.14 1.05 (0.97-1.14) 0.23
Smoking
Ex vs never 1.36 (0.54-3.43) 0.51 1.24 (0.47-3.29) 0.67
Current vs never 1.74 (1.13-2.67) 0.01 1.16 (0.73-1.83) 0.53
BMI 0.96 (0.91-1.01) 0.12 0.97 (0.90-1.04) 0.36
History of vascular disease or diabetes 1.28 (0.83-2.00) 0.27 0.71 (0.44-1.15) 0.16
History of cognitive symptoms 2.31(1.41-3.78) 0.001 1.98 (1.16-3.40) 0.01
History of dream enactment symptoms 2.24 (1.38-3.65) 0.001 2.63 (1.54-4.49) <0.001
MMSE 0.85 (0.80-0.91) <0.001 0.89 (0.81-0.98) 0.02
UPDRS part 3 (motor) (10-unit increase) 1.41 (1.19-1.68) <0.001 1.01 (0.99-1.03) 0.23
Model 2 NART 0.99 (0.96-1.02) 0.67 1.01 (0.97-1.05) 0.64
(N=128) GDS-15 1.02 (0.94-1.09) 0.68 0.98 (0.89-1.08) 0.64
MMP 0.90 (0.85-0.96) 0.001 0.93 (0.86-1.02) 0.12
Model 3¢ Any GBA variant 1.03 (0.51-2.10) 0.93 1.75 (0.81-3.75) 0.15
(N=141) MAPT H1/H1 haplotype 0.80 (0.48-1.35) 0.41 0.63 (0.36-1.09) 0.10
ApoE &4 carrier 1.82 (1.11-2.98) 0.02 3.12 (1.66-5.87) <0.001

ApoE apolipoprotein E, BMI body mass index, CI confidence interval, GBA glucocerebrosidase, GDS-15 Geriatric Depression Scale-15 item,
HR hazards ratio, MAPT microtubule-associated protein tau, MMSE mini-mental state examination, MMP mini-mental Parkinson’s, NART
National adult reading test, UPDRS Unified Parkinson’s Disease Rating Scale

*Multivariable analysis adjusted for all other variables listed in model 1

®Multivariable analysis adjusted for all variables listed in model 1 except years of education and MMSE

“Multivariable analysis adjusted for all variables listed in model 1

behaviour disorder and so a clinical history of dream enact-
ment was used as a proxy. Although the control group was
population-based, it is never truly randomly selected, and
s0, there is a risk it may have been unrepresentative of the
general population and may have underestimated the risk of
dementia in controls. In terms of generalizability, the PINE
study included few people with young-onset PD due to its
low incidence and almost all were Caucasian.

This study has several implications. First, in clinical prac-
tice, it helps to provide long-term age—sex-specific incidence
rates of PDD to guide patient information on prognosis and
management. It will also help guide those who plan health
care to provide adequate resources in the future for dementia
care in PD. Finally, improved understanding of the rates of
PDD and its baseline predictors will help researchers design

@ Springer
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better, adequately powered trials of potential preventative
treatments for PDD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-022-11058-2.

Acknowledgements We thank the participants and the research staff
who collected data and supported the study database.

Author contributions CC and AM conceived and designed the study.
Data collection and analysis were performed by CG, QIK, JM-G, CC,

@ Springer

and AM. The first draft of the manuscript was written by CC and all
authors commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Funding This work was supported by Parkinson’s UK (grant num-
bers G0502, G0914, and G1302), the Scottish Chief Scientist Office
(CAF/12/05, PCL/17/10), Academy of Medical Sciences, the British
Medical Association Doris Hillier award, RS Macdonald Trust, the
BUPA Foundation, and NHS Grampian endowments.

Data availability Anonymised data used for the analyses in this paper
are available from the corresponding author.


https://doi.org/10.1007/s00415-022-11058-2

Journal of Neurology (2022) 269:4288-4298

4297

Declarations

Conflicts of interest The authors have no relevant financial or non-
financial interests to disclose.

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. Ethical approval was granted by the
Grampian Research Ethics Committee and the Multi-center Research
Ethics Committee A for Scotland.

Consent to participants Participants provided written informed con-
sent for research or, if the participant lacked capacity due to dementia,
assent to participation was provided by the next of kin/legal guardian.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

1. Levy G, Tang MX, Louis ED, C6té LJ, Alfaro B, Mejia H, Stern
Y, Marder K (2002) The association of incident dementia with
mortality in PD. Neurology 59:1708-1713. https://doi.org/10.
1212/01.wnl.0000036610.36834.e0

2. Leroi I, McDonald K, Pantula H, Harbishettar V (2012) Cognitive
impairment in Parkinson disease: impact on quality of life, disabil-
ity, and caregiver burden. J Geriatr Psychiatry Neurol 25:208-214.
https://doi.org/10.1177/0891988712464823

3. Aarsland D, Larsen JP, Tandberg E, Laake K (2000) Predictors
of nursing home placement in Parkinson’s disease: a population-
based, prospective study. ] Am Geriatr Soc 48:938-942. https://
doi.org/10.1111/§.1532-5415.2000.tb06891.x

4. Aarsland D, Zaccai J, Brayne C (2005) A systematic review
of prevalence studies of dementia in Parkinson’s disease. Mov
Disord 20:1255-1263. https://doi.org/10.1002/mds.20527

5. Williams-Gray CH, Foltynie T, Brayne CEG, Robbins TW,
Barker RA (2007) Evolution of cognitive dysfunction in an inci-
dent Parkinson’s disease cohort. Brain 130:1787-1798. https://
doi.org/10.1093/brain/awm111

6. Aarsland D, Creese B, Politis M, Chaudhuri KR, Ffytche DH,
Weintraub D, Ballard C (2017) Cognitive decline in Parkinson
disease. Nat Rev Neurol 13:217-231. https://doi.org/10.1038/
nrneurol.2017.27

7. Szeto JYY, Walton CC, Rizos A, Martinez-Martin P, Halliday
GM, Naismith SL, Chaudhuri KR, Lewis JG (2020) Dementia
in long-term Parkinson’s disease patients: a multicentre ret-
rospective study. npj Parkinsons Dis. https://doi.org/10.1038/
s41531-019-0106-4

8. Pedersen KF, Larsen JP, Tysnes O-B, Alves G (2013) Prognosis of
mild cognitive impairment in early Parkinson disease. Nor Park-
West Study JAMA Neurol 70:580-586. https://doi.org/10.1001/
jamaneurol.2013.2110

9. Williams-Gray CH, Evans JR, Goris A, Foltynie T, Ban M, Rob-
bins TW, Brayne C, Kolachana BS, Weinberger DR, Sawcer SJ,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Barker RA (2009) The distinct cognitive syndromes of Parkin-
son’s disease: 5 year follow-up of the CamPalGN cohort. Brain
132:2958-2969. https://doi.org/10.1093/brain/awp245
Williams-Gray CH, Mason SL, Evans JR, Foltynie T, Brayne C,
Robbins TW, Barker RA (2013) CamPalGN study of Parkinson’s
disease: 10-year outlook in an incident population-based cohort.
J Neurol Neurosurg Psychiatry 84:1258-1264. https://doi.org/10.
1136/jnnp-2013-305277

Domellof ME, Ekman U, Forsgren L, Elgh E (2015) Cognitive
function in the early phase of Parkinson’s disease, a five-year fol-
low-up. Acta Neurol Scand 132:79-88. https://doi.org/10.1111/
ane.12375

Perez F, Helmer C, Foubert-Samier A, Auriacombe S, Dartigues
JF, Tison F (2012) Risk of dementia in an elderly population of
Parkinson’s disease patients: a 15-year population-based study.
Alzheimers Dement 8:463—469. https://doi.org/10.1016/j.jalz.
2011.09.230

Anang JB, Gagnon JF, Bertrand JA, Romenets SR, Latreille V,
Panisset M, Montplaisir J, Postuma RB (2014) Predictors of
dementia in Parkinson disease: a prospective cohort study. Neu-
rology 83:1253-1260. https://doi.org/10.1212/WNL.0000000000
000842

Liu G, Locascio JJ, Corvol JC, Boot B, Liao Z, Page K, Franco
D, Burke K, Jansen IE, Trisini-Lipsanopoulos A, Winder-Rhodes
S, Tanner CM, Lang AE, Eberly S, Elbaz A, Brice A, Mangone
G, Ravina B, Shoulson I, Cormier-Dequaire F, Heutink P, van
Hilten JJ, Barker RA, Williams-Gray CH, Marinus J, Scherzer
CR (2017) Prediction of cognition in Parkinson’s disease with a
clinical-genetic score: a longitudinal analysis of nine cohorts. Lan-
cet Neurol 16:620-629. https://doi.org/10.1016/S1474-4422(17)
30122-9

Guo Y, Xu W, Liu FT, Li JQ, Cao XP, Tan L, Wang J, Yu JT
(2019) Modifiable risk factors for cognitive impairment in Parkin-
son’s disease: a systematic review and meta-analysis of prospec-
tive cohort studies. Mov Disord 34:876-883. https://doi.org/10.
1002/mds.27665

Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y,
Molinuevo JL, Rabin L, Rentz DM, Rodriguez-Gomez O, Saykin
AlJ, Sikkes SAM, Smart CM, Wolfsgruber S, Wagner M (2020)
The characterisation of subjective cognitive decline. Lancet Neu-
rol 19:271-278. https://doi.org/10.1016/S1474-4422(19)30368-0
Caslake R, Taylor K, Scott N, Gordon J, Harris C, Wilde K,
Murray A, Counsell C (2013) Age-, gender-, and socioeconomic
status-specific incidence of Parkinson’s disease and parkinsonism
in North East Scotland: the PINE study. Park Rel Dis 19:515-521.
https://doi.org/10.1016/j.parkreldis.2013.01.014

Taylor KSM, Gordon JC, Harris CE, Counsell CE (2008) Recruit-
ment bias resulted in poorer overall health status in a community-
based control group. J Clin Epidemiol 61:890-895. https://doi.org/
10.1016/j.jclinepi.2007.10.020

Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of
clinical diagnosis of idiopathic Parkinson’s disease. A clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychiatry
55:181-184. https://doi.org/10.1136/jnnp.55.3.181

Caslake R, Summers F, McConachie D, Ferris C, Gordon J, Har-
ris C, Caie L, Counsell C (2013) The mini-mental Parkinson’s
(MMP) as a cognitive screening tool in people with Parkinson’s
disease. Curr Aging Sci 6:273-279. https://doi.org/10.2174/18746
098112059990030

Lunde KA, Chung J, Dalen I, Pedersen KF, Linder J, Domellof
ME, Elgh E, MacLeod AD, Tzoulis C, Larsen JP, Tysnes O-B,
Forsgren L, Counsell CE, Alves G, Maple-Grgdem J (2018) Asso-
ciation of GBA polymorphisms and mutations with dementia in
incident Parkinson’s disease. Alzheimers Dement 14:1293-1301.
https://doi.org/10.1016/j.jalz.2018.04.006

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1212/01.wnl.0000036610.36834.e0
https://doi.org/10.1212/01.wnl.0000036610.36834.e0
https://doi.org/10.1177/0891988712464823
https://doi.org/10.1111/j.1532-5415.2000.tb06891.x
https://doi.org/10.1111/j.1532-5415.2000.tb06891.x
https://doi.org/10.1002/mds.20527
https://doi.org/10.1093/brain/awm111
https://doi.org/10.1093/brain/awm111
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1038/s41531-019-0106-4
https://doi.org/10.1038/s41531-019-0106-4
https://doi.org/10.1001/jamaneurol.2013.2110
https://doi.org/10.1001/jamaneurol.2013.2110
https://doi.org/10.1093/brain/awp245
https://doi.org/10.1136/jnnp-2013-305277
https://doi.org/10.1136/jnnp-2013-305277
https://doi.org/10.1111/ane.12375
https://doi.org/10.1111/ane.12375
https://doi.org/10.1016/j.jalz.2011.09.230
https://doi.org/10.1016/j.jalz.2011.09.230
https://doi.org/10.1212/WNL.0000000000000842
https://doi.org/10.1212/WNL.0000000000000842
https://doi.org/10.1016/S1474-4422(17)30122-9
https://doi.org/10.1016/S1474-4422(17)30122-9
https://doi.org/10.1002/mds.27665
https://doi.org/10.1002/mds.27665
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1016/j.parkreldis.2013.01.014
https://doi.org/10.1016/j.jclinepi.2007.10.020
https://doi.org/10.1016/j.jclinepi.2007.10.020
https://doi.org/10.1136/jnnp.55.3.181
https://doi.org/10.2174/18746098112059990030
https://doi.org/10.2174/18746098112059990030
https://doi.org/10.1016/j.jalz.2018.04.006

4298

Journal of Neurology (2022) 269:4288-4298

22.

23.

24.

25.

26.

217.

Emre M, Aarsland D, Brown R, Burn DJ, Duyckaerts C, Mizuno
Y, Broe GA, Cummings J, Dickson DW, Gauthier S, Goldman
J, Goetz C, Korczyn A, Lees A, Levy R, Litvan I, McKeith I,
Olanow W, Poewe W, Quinn N, Sampaio C, Tolosa E, Dubois B
(2007) Clinical diagnostic criteria for dementia associated with
Parkinson’s disease. Mov Disord 22:1689-1707. https://doi.org/
10.1002/mds.21507

Shuster JJ (1991) Median follow-up in clinical trials. J Clin Oncol
9:191-192. https://doi.org/10.1200/JC0O.1991.9.1.191

McLoone P (2004) Carstairs scores for Scottish postcode sectors
from the 2001 Census. MRC Social and Public Health Sciences
Unit, Glasgow

Peduzzi P, Concato J, Feinstein AR, Holford TR (1995) Impor-
tance of events per independent variable in proportional hazards
regression analysis, II: accuracy and precision of regression esti-
mates. J Clin Epidemiol 48:1503-1510. https://doi.org/10.1016/
0895-4356(95)00048-8

Crawford JR, Deary 1J, Starr J, Whalley LJ (2001) The NART as
an index of prior intellectual functioning: a retrospective valid-
ity study covering a 66-year interval. Psychol Med 31:451-458.
https://doi.org/10.1017/s0033291701003634

Royston P, Amble G, Sauerbrei W (1999) The use of fractional
polynomials to model continuous risk variables in epidemiology.
Int J Epidemiol 28:964-974. https://doi.org/10.1093/ije/28.5.964

@ Springer

28.

29.

30.

Bacigalupo I, Mayer F, Lacorte E, Di Pucchio A, Marzolini F,
Canevelli M, Di Fiandra T, Vanacore N (2018) A systematic
review and meta-analysis on the prevalence of dementia in
Europe: estimates from the highest-quality studies adopting the
DSM 1V diagnostic criteria. J Alzheimers Dis 66:1471-1481.
https://doi.org/10.3233/JAD-180416

Skorvanek M, Goldman JG, Jahanshahi M, Marras C, Rektorova
I, Schmand B, van Duijn E, Goetz CG, Weintraub D, Stebbins GT,
Martinez-Martin P, Members of the MDS Rating Scales Review
Committee (2018) Global scales for cognitive screening in Par-
kinson’s disease: critique and recommendations. Mov Disord
33:208-218. https://doi.org/10.1002/mds.27233

Wood AD, Guillot J, Macleod AD, Counsell CE, Myint PK (2018)
Anticholinergic burden in parkinsonism: relationship with mortal-
ity and cognition. Evidence from a prospective incident cohort
study. Age Ageing 47(3):iii24. https://doi.org/10.1093/ageing/
afy116.01


https://doi.org/10.1002/mds.21507
https://doi.org/10.1002/mds.21507
https://doi.org/10.1200/JCO.1991.9.1.191
https://doi.org/10.1016/0895-4356(95)00048-8
https://doi.org/10.1016/0895-4356(95)00048-8
https://doi.org/10.1017/s0033291701003634
https://doi.org/10.1093/ije/28.5.964
https://doi.org/10.3233/JAD-180416
https://doi.org/10.1002/mds.27233
https://doi.org/10.1093/ageing/afy116.01
https://doi.org/10.1093/ageing/afy116.01

	The incidence, baseline predictors, and outcomes of dementia in an incident cohort of Parkinson’s disease and controls
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Assessments
	Definition of dementia
	Data analysis and statistical methods

	Results
	Discussion
	Acknowledgements 
	References




