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ARTICLE INFO ABSTRACT

Keywords: Introduction: Frailty is recognized as a clinical condition associated with increased vulnerability for developing
Frailty . negative health outcomes but has been little studied in patients with Parkinson’s disease (PD). Here, we
Dementia investigated the risk of frailty in de novo PD patients and its association with subsequent development of

Parkinson’s disease

Older adults dementia.

Methods: We conducted a three-year longitudinal population-based study of 192 drug-naive newly diagnosed PD
patients and 172 controls (No-PD) matched for age, sex, and education. Frailty was measured using the frailty
index (FI). Logistic regression models, adjusting for potential confounders, were conducted to assess the asso-
ciation between frailty at the time of PD diagnosis and the subsequent odds for developing PD dementia during
follow-up.

Resuits: The mean baseline FI score was higher in the PD (0.21 + 0.10) than in the No-PD group (0.11 + 0.07, p
< 0.001). One-third of PD patients had high-FI (>0,25), compared to 5% in the no-PD group. Participants with
PD had an increased risk to present frailty with an odds ratio (OR) of 6.68 (SE 2.70 IC 95% [3.15; 15.62], p-value
<0.001) compared to the No-PD group. PD Participants with greater FI measured at baseline had increased odds
of having dementia within three years of follow-up, after adjustment for age and sex (OR 2.91 SE 1.00 IC 95%
[1.54; 5.99] p-value = 0.002).

Conclusion: Frailty is common in people with newly diagnosed PD and associated with increased odds for sub-
sequent development of dementia in a three-year follow-up. This study emphasizes the prognostic importance of
frailty in PD from the earliest clinical stages.
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1. Introduction

Parkinson’s disease (PD) is a progressive multisystem neurodegen-
erative disorder leading to a broad spectrum of potentially disabling
motor and non-motor manifestations, including dementia [1]. In addi-
tion, age-related problems and other chronic diseases can interact to
accelerate the functional decline in people with PD [2]. This process of
deficit accumulation ultimately affects tissues, organs, and integrated
organ action, especially under stress [3].

Frailty is characterized by a diminished ability of systems to self-
stabilize in response to external forces across multiple physiologic sys-
tems with increased vulnerability to stress and a higher risk for adverse
health outcomes such as disability, dependency, poor quality of life, and
death [4].

Several tools are used to assess frailty; however, the two most com-
mon measurements are the Frailty Index (FI) and the Fried’s phenotype
[4]. Despite the used tool to categorize an individual as frail and their
differences, frailty has shown to predict several adverse outcomes in
older adults [4]. Moreover, frailty has been associated with functional,
structural, and pathological brain changes and is reported to be an in-
dependent predictor of cognitive decline, Alzheimer’s disease, neuro-
pathologic burden, and dementia more broadly [5-8]. Besides, evidence
suggests that interventions designed to prevent or treat frailty can delay
or avoid negative health consequences [9]. Despite this, the concept of
frailty in people with PD has received limited attention and conse-
quently, such interventions have not been investigated in this patient
group.

Against this background, we investigated the prevalence of frailty in
early PD and its association with the subsequent odds of developing
dementia, one of the most debilitating consequences of the disease.
Identifying predictors of dementia is crucial for patients, families, and
the health care system. Some demographic and clinical features have
been associated with dementia, including age and severity of motor
symptoms [10,11], but little is known regarding frailty in this
population.

2. Materials and methods
2.1. Study design and setting

This is a longitudinal secondary analysis of the Norwegian ParkWest
study, a prospective, population-based, longitudinal multicenter cohort
study designed to investigate the incidence, neurobiology, and prognosis
of people diagnosed with PD. The recruitment procedures and study
design have been described previously in detail [12]. Search strategies
for potential participants included referral letters, notification of
regional hospitals and health careers, and screening of hospital data-
bases. Briefly, we sought to recruit all new cases of PD between
November 2004 and September 2006 within a defined geographical area
in Western and Southern Norway.

The study was approved by the Western Norway Regional Committee
for Medical and Health Research Ethics (#2010/1700) and performed
according to the Declaration of Helsinki. All participants provided
written informed consent before enrollment in the study.

2.2. Participants and Follow-up

In this study, we included 192 drug-naive newly diagnosed PD pa-
tients who fulfilled the Gelb and UK Parkinson’s Disease Society Brain
Bank clinical criteria for PD [13], and none of them had a history of
dementia within 1 year of motor onset. A group of 171 healthy people
(No-PD group) matched for age, sex, and education were recruited in the
same geographical area and free from parkinsonism, dementia, and
major depression at inclusion. All participants were Caucasian.

Standardized examinations were conducted by trained health pro-
fessionals every 6 months, with an extended examination program
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performed at baseline and after 1 year and 3 years of follow-up in both
patients and controls. At baseline, we collected information on de-
mographics, medical history, and comorbidities in the presence of a
caregiver whenever possible, and performed semi-structured interviews
and a general medical and neurological examination.

2.3. Clinical and neuropsychological assessment

Data regarding current diagnoses at baseline and during the study
period was used for further analyses (see Frailty section) to obtain a
detailed overview of the demographic and clinical status of the included
subjects.

The de-novo diagnosis of PD was made by two neurology specialists
in movement disorders, following the standardized criteria and assess-
ments (see Participants and Follow-up section). Similarly, the diagnosis
of dementia associated with PD (PDD) was conducted according to the
published consensus criteria and re-evaluated during the follow-up [11,
12,14].

We assessed the motor severity using the Unified PD Rating Scale
(UPDRS) motor examination subscale (part III). Neuropsychiatric
symptoms were evaluated using the Norwegian version of the Neuro-
psychiatric Inventory (NPI) 12 items, and its NPI total score. Global
cognition was assessed using the 30-item Mini-Mental State Examina-
tion (MMSE). As a measurement of global health-related quality of life,
the Short Form Health Survey (SF36) was used. A detailed description of
PD and PDD diagnosis in the ParkWest cohort, as well as various motor
and non-motor symptoms structured examinations outlined before can
be found elsewhere [11].

In addition, patients underwent a neuropsychological battery of tests
that are considered minimally affected by motor performance to assess
cognitive domains known to be affected in PD, as detailed elsewhere
[11]. The neuropsychological battery included verbal memory, atten-
tion, executive functioning, and visuospatial abilities. For verbal mem-
ory, the total immediate recall, short delay, and long delay free recall
(after 20 min) were evaluated using the California Verbal learning test II
[11]. Visuospatial abilities were examined using the Silhouettes and
Cube subtests of the Visual Object and Space Perception Battery.
Attention and executive functions were assessed through different tests
(i.e. verbal fluency in 1 min, serial 7 test from the MMSE, and the sum of
color and word conditions in the Stroop test). A detailed description of
the neuropsychological assessment can be found elsewhere [15].

2.3.1. Frailty

Following the criteria for inclusion of health-related variables/defi-
cits as outlined by Searle et al. we determined frailty at baseline using
the FI approach. The FI is a widely used instrument which has been
validated in different populations, clinical and research scenarios [16].
The criteria for the determination of the FI includes: 1) exclusion of
candidate deficits not related to age, 2) exclusion of deficits with too low
or too high prevalence to not be informative, 3) exclusion of potential
deficit variables missing more than 5% data, and 4) exclusion of par-
ticipants missing more than 20% of variable data in the FI.

A health deficit can be any health variable in which the deficit/
riskier state increases with age, and is associated with death or other
adverse outcomes of interest, such as hospitalization or nursing home
admission [16]. Our FI included 31 deficits: 1. Hypertension, 2. Hypo-
tension, 3. Arrhythmia or flutter, 4. Hypercholesterolemia, 5. Depres-
sion, 6. Anxiety, 7. Cardiac failure, 8. Myocardial infarction, 9. Stroke,
10. COPD, 11. Diabetes mellitus, 12. Ulcer disease, 13. Cancer, 14. Renal
disease, 15. Rheumatic disease, 16. Unable to drive, 17. Urinary
dysfunction, 18. Constipation, 19. Daytime sleepiness (Epworth scale),
20. Self-rated health, 21. Pain in any part of your body during the last 4
weeks, 22. Fatigue, 23. Problems with dressing alone, 24. Problems
doing own hygiene tasks, 25. Cutting food, 26. Falls, and Unable to
perform: 27. Moderate efforts, such as moving a table, vacuuming,
bowling, or walking for more than 1 h, 28. Take or carry the shopping
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bag, 29. Climb several floors up the stairs, 30. Crouching or kneeling, 31.
Walkabout 100 m. See appendix 1 for a better comprehension of FL

Binary variables were transformed into a zero (no deficit) or one
(deficit) value. Variables with more than two responses were coded as a
fraction of the complete deficit. For example, self-rated health-related
quality of life had five response options, resulting in the following
coding: excellent = 0, very good = 0.25, good = 0.5, fair = 0.75 and
poor = 1 (Appendix 1). Finally, to calculate the FI score for each indi-
vidual, deficits were summed and divided by the total number of deficits
measured. Individual FI scores range theoretically from zero to one with
zero indicating the lowest level of frailty [17]. For the analysis here, an
FI score of 0.25 or above was considered high frailty [18]. For detailed
information about the FI construction and scoring method, see appendix
1.

2.4. Statistical analysis

We performed a descriptive analysis by calculating percentages for
categorical variables and means and standard deviations for quantita-
tive variables after normality was confirmed. We compared differences
between the PD and no-PD control group using t-tests for continuous
variables and Pearson’s chi-square tests for categorical variables.

For baseline cross-sectional analysis of PD concerning frailty, we
fitted a logistic regression model to assess the association between
diagnostic group (PD vs. no-PD controls) and a high FI score. This model
takes the baseline FI score equal or greater than 0.25 as the dependent
variable, diagnostic group as the independent variable, and was
adjusted for age, sex, neuropsychiatric symptoms, and cognition.

A logistic regression model was also adjusted to analyze the associ-
ation between baseline frailty with subsequent probability of developing
dementia within the next 3 years among people with PD. A first model
was fixed including the standardized continuous FI score as the exposure
variable (model 1), then, we fixed a second model adjusting by age and
sex (model 2). Besides, we performed some extra models adjusting for
baseline cognition (model 3) and neuropsychiatric symptoms (NPI total
score), and motor severity (UPDRS part III score) (model 4). The per-
formance of the classification in the prediction for each model was
evaluated as well through Receiver Operating Characteristic (ROC)
curves. Significance probability was set at 0.05. All analyses were per-
formed in R statistical software.

3. Results

Considering our matched design, PD and No-PD control groups were
comparable in age and sex, while PD patients had higher scores on
clinical scales as expected. The mean UPDRS motor examination score
was 23.56 + 11.34 in the PD group (Table 1).

The mean FI score at baseline was significantly higher in people with
PD than No-PD controls (0.21 + 0.10 vs. 0.11 + 0.07, p < 0.001;
Table 1). About a third of PD patients (n = 65, 33.9%) had a high FI (FI
> 0.25) compared to only 5% (n = 9) among the no-PD controls p-value
< 0.001; Fig. 1A. The frailty index tended to increase across the studied
age ranges, particularly in the PD group; Fig. 1B.

Model estimation showed an adjusted odds ratio (OR) of 6.682 (SE
2.703, p-value: <0.001) for having a high-FI at baseline (FI > 0.25) in
the PD group when compared to No-PD, as shown in Appendix 2.

During the three-year study period, 14 out of 192 patients with PD
developed PDD (7.9%). Our model estimations in the PD group showed
consistently a direct association between FI and odds of developing PDD,
as summarized in Table 2 and Fig. 2. The unadjusted model (model 1)
showed a significantly increased OR for developing dementia in those
PD patients with greater FI (OR 3.25 SE 0.99 IC 95% [1.85; 6.18] p-value
< 0.01). Similarly, in the age- and sex-adjusted model (model 2), PD
patients with greater FI had a statistically significant increased odds of
developing dementia within the first 3 years after PD diagnosis (OR 2.91
SE 1.00 IC 95% [1.54; 5.99] p-value = 0.002). In line with the above
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Table 1
Sample characteristics at baseline.
Variable PD No-PD P-value
n (%) or Mean + Standard Deviation

Sample size 192 (52.75) 172 (47.25) 0.2945

Frailty Index 0.21 +£0.10 0.11 £ 0.07 <0.001
Low frailty (FI 0-0.25) 127 (66.15) 163 (94.77) <0.001
High frailty (FI 0.26-1) 65 (33.85) 9 (5.23)

Age at baseline 68.13 + 9.32 67.50 + 9.09 0.5169
40-70 years 108 (56.25) 98 (57.31) 0.6120
70-80 years 65 (33.85) 61 (35.67)

80-90 years 19 (9.90) 12 (7.02)

Sex
Men 117 (60.94) 101 (58.72) 0.6670
Women 75 (39.06) 71 (41.28)

NPI Total score 4.71 £ 7.90 0.70 £+ 2.63 <0.001

UPDRS motor 23.56 + 11.34 - -

MMSE Total score 27.66 + 2.53 28.56 + 1.49 <0.001

PD: Parkinson’s disease, No-PD: Control subjects without Parkinson’s disease,
MMSE: Mini-Mental State Examination, NPI: Neuropsychiatric Inventory,
UPDRS: Unified Parkinson’s Disease Rating Scale. P-value indicates differences
between PD and No-PD groups.

models, significance was maintained even after adjusting by global
cognitive performance, global neuropsychiatric symptoms, and PD
severity (models 3 and 4).

4. Discussion

To our knowledge, this is the first study of frailty in newly diagnosed
PD patients and the first to study the association between frailty and
dementia in PD. We found an increased adjusted odds of presenting a
high FI in patients with a de-novo diagnosis of PD when compared to
controls and increased odds of developing PDD in those who had a
greater FI at baseline.

Frailty is an aging-related condition of physiological decline, char-
acterized by increased vulnerability and higher risk for developing
adverse health-related outcomes. This risk arises in relation to the
number of health deficits that people have and is diminished by pro-
tective factors. The clinical relevance of frailty has been shown in many
other diseases, such as COPD, Diabetes, cancer, Alzheimer disease, be-
tween others [3].

People living with PD, even in the early stages, have motor and non-
motor symptoms, a high burden of comorbidities, and associated func-
tional limitations [19]. According to a recent systematic review, five
studies provided data regarding the presence of frailty in PD patients,
with reported a prevalence ranging between 29 and 67% [20]. As a
complement to the above studies conducted in patients with a longer
duration of PD, our study showed that 33.9% of de-novo PD patients had
a high frailty index (i.e. FI > 0.25).

Although current reports show that frailty is common in people
living with PD, there might be biased estimations when it comes to
defining frailty. Despite the potential overestimation of index-based
methods [17], frailty has consistently been shown (regardless of the
tool or definition used for its estimation) to be a significant predictor of
negative outcomes, both general and disease-specific, across several
different diseases, settings, and regions [4,21]. In addition, one study
conducted in the US from Medicare beneficiaries reported that severe
frailty was associated with higher 1-year mortality, hospitalization,
emergency department visits, and fall-related injury in patients with PD
[22]. A negative effect of frailty on important patient-reported outcomes
such as quality of life scores in Community-Dwelling Persons with PD
has also been reported [23].

Dementia is a devastating event for people living with PD, their
families, and their caregivers. And a key factor in a decline of function
leading to dependency. Cognitive decline has been associated with
increased mortality, poor quality of life, poor well-being, increased
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Figure caption: A) Frailty index distributions among people with Parkinson’s disease (PD; blue) and healthy controls (No-PD; red). B) Frailty index distributions
among people with Parkinson’s disease and healthy controls by age. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)

Table 2
Fixed models for developing PDD during the study period among people with PD.
Variable Model 1 (unadjusted) Model 2
OR S.E. 95% CI P-value OR S.E. 95% CI P-value
Frailty Index” 3.25 0.99 [1.85;6.18] < 0.01 291 1.00 [1.54;5.99] 0.002
Age
70-80 years 6.47 5.30 [1.52;44.59] 0.023
80-90 years 3.49 3.61 [0.45;31.50] 0.228
Sex (Woman) 0.82 0.50 [0.24;2.66] 0.741
Model 3 Model 4
Frailty Index” 2.49 0.87 [1.30;5.19] 0.009 2.63 1.03 [1.26;6.00] 0.014
Age
70-80 years 5.32 4.46 [1.19:37.59] 0.046 5.73 4.91 [1.23;41.67] 0.042
80-90 years 2.68 2.89 [0.30;25.55] 0.361 2.80 3.04 [0.32;27.13] 0.343
Sex (Woman) 0.88 0.55 [0.25;3.00] 0.839 0.82 0.53 [0.22;2.86] 0.756
MMSE 0.84 0.08 [0.69;1.01] 0.067 0.98 0.04 [0.89;1.04] 0.532
NPI 1.00 0.03 [0.95;1.06] 0.902
UPDRS motor 0.85 0.08 [0.70-1.02] 0.089

Logistic regression. MMSE: Mini-Mental State Examination, NPI: Neuropsychiatric Inventory, UPDRS: Unified Parkinson’s Disease Rating Scale.

Est = Estimation; S.E. = Standard Error; CI = Confidence Interval.
2 Standardized.

caregiver burden as well as increased healthcare and institutionalization
costs [24]. Therefore, the identification of risk factors for cognitive
decline and dementia in people with PD is crucial. Early biomarkers and
manifestations of PDD, including frailty, are of most importance since
the early intervention of modifiable targets could prevent adverse health
outcomes.

We are aware of only one cross-sectional study of the association
between dementia and frailty in PD, reporting a 9-11 fold increased
odds ratio for having dementia in frail PD patients with a long duration
of PD [25]. In the current study, we reported an increased odds of
developing PDD in those with greater FI at drug-naive PD diagnosis,
pointing out that FI might be an early marker of future development of
PDD. Our findings complement previous reports made in Alzheimer’s
disease, where dementia has been predicted by frailty, even when
adjusting for specific Alzheimer pathology burden [5] and other types of
dementia-related neuropathological markers [26].

Previous findings in non-PD cohorts have shown that the risk of
dementia that is attributed to frailty (using index-based measurements)
can be equivalent to the attributed burden of neuropathology markers
[8,27]. In neurodegenerative diseases, particularly PD, FI might
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complement the conventional focus on motor and non-motor symptom,
and providing an estimate of the health-related burden and capacity to
respond to stressors [3].

Frailty is a potentially modifiable target that might contribute to
improving the prognosis of people diagnosed with PD. Evidence has
shown that frailty is sensitive to change with interventions such as
physical activity, protein-calorie supplementation, and de-prescription
of unnecessary medications [9,28,29]. Such interventions have the po-
tential to be implemented in PD care to improve prognosis [30]. Even so,
it remains unknown if treating frailty might prevent dementia in at-risk
patients, and this seems a promising objective for future research.

FI can be reproduced in various settings and has an operationalized
creation method facilitating its validation. However, calculating the FI is
time-consuming, future automatization of index-based estimations
generated from medical records could facilitate its implementation in
dementia-prevention initiatives, geriatrics, and mental health centres.
For the purposes of our study and the context of PD, the FI is particularly
useful compared to other instruments. For example, some other tools
include physical performance tests that are difficult to interpret in a
patient with PD. Moreover, the granularity of the FI allows a broader
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Fig. 2. Estimated probability of dementia at three years according to baseline frailty index.

The unadjusted model 1 (left) and the adjusted by age and sex model 2 (right).

assessment of these individuals and a better understanding of the
complexity of an older adult with PD.

Some methodologic limitations must be considered.

We acknowledge that some variables included into the FI are com-
mon features of PD, (e.g., problems in cutting food), possibly resulting in
an overestimation of the FI scores or circular associations. In addition,
the FI implemented in this study was only possible to be calculated at
baseline and included a limited number of deficits, as the ParkWest
study was not targeted initially to assess frailty. The three-year study
period may be too short for presenting the outcome since PDD risk in-
creases with the duration of PD. Strengths of the study include the
longitudinal design and inclusion of drug-naive patients, and thus all
variables used for the FI were measured in the absence of potentially
confounding effects of medication for PD. Finally, the inclusion of a No
PD control group, the standardized approach for clinical diagnosis of PD
and PDD, and the low attrition rate during follow-up support our
conclusions.
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Appendix 1. Deficit selection for frailty index creation
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Deficit Age related Prevalence % Frequency Total answers
1. Hypertension yes 41.97 175 417
2. Hypotension yes 0.48 2 417
3. Arrythmia o flutter yes 6 25 417
4. Hypercholesterolemia yes 8.87 37 417
5. Depression yes 9.11 38 417
6. Anxiety yes 2.16 9 417
7. Cardiac failure yes 2.4 22 417
8. Miocardial infarction yes 5.28 22 417
9. Stroke yes 5.04 21 417
10. COPD yes 6.24 26 417
11. Diabetes yes 6.47 27 417
12. Ulcer disease yes 2.4 10 417
13. Cancer yes 10.07 42 417
14. Renal Disease yes 0.24 1 417

(continued on next page)
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(continued)
Deficit Age related Prevalence % Frequency Total answers
15. Rheumatic diseases yes 5.04 21 417
16. Not able to drive yes 23.29 97 417
17. Urinary dysfunction * 417
0 63.55 263
0.33 27.58 115
0.66 7.91 33
1 1.44 6
18. Constipation yes 417
0 72.66 303
0.33 20.86 87
0.66 5.76 24
1 0.72 3
19. Epworth sleepiness scale * 417
0 63.55 265
0.5 19.42 81
1 17.03 72
20. Self rated health * 417
0 8.39 35
0.25 20.14 84
0.5 38.61 161
0.75 22.78 95
1 10.07 42
21. Moderate efforts, such as moving a table, vacuuming, bowling, or walking more than 1 h * 417
0 12.95 54
0.5 42.45 177
1 44.6 186
22, Take or carry the shopping bag * 417
0 69.3 289
0.5 21.58 90
1 9.11 38
23. Climb several floors up the stairs * 417
0 56.83 237
0.5 31.65 132
1 11.51 48
24. Crouching or kneeling * 417
0 47.72 199
0.5 34.77 145
1 17.51 73
25. Walk about 100 m * 417
0 83.93 350
0.5 12.23 51
1 3.843 16
26. Did you have pain in any part of your body during the last 4 weeks? yes 45.08 188 417
27. Fatigue yes 41.25 172 417
28. Dressing * 417
0 62.59 261
0.33 30.22 126
0.66 6.71 28
1 0.48 2
29. Hygiene * 417
0 73.38 306
0.33 22.78 95
0.66 3.12 13
1 0.72 3
30. Cutting food * 417
0 66.91 279
0.33 27.58 115
0.66 4.8 20
1 0.72 3
31. Falls * 417
0 90.41 337
0.33 8.63 36
0.66 0.72
1 0.24 1
*From best to worst score.
Appendix 2. Adjusted risk of having frailty if PD is present
OR SE P value
PD 6.682 2.703 <.001
Age (40, 70]
(70, 80] 2.781 0.954 0.003
(80, 90] 2.853 1.492 0.045

(continued on next page)
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(continued)
OR SE P value
Sex (Woman) 1.720 0.549 0.089
NPS 1.074 0.024 0.001
MMSE 0.813 0.056 0.003

NPS: Neuropsychiatric symptoms.

References

[1]

[2]
[3]
[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

D. Aarsland, L. Batzu, G.M. Halliday, G.J. Geurtsen, C. Ballard, K. Ray Chaudhuri,
D. Weintraub, Parkinson disease-associated cognitive impairment, Nat. Rev. Dis.
Prim. 7 (1) (2021) 47.

M. Minar, J. Dragasek, P. Valkovic, Comorbidities in Parkinson’s disease — the
results from national epidemiological study cosmos, J. Neurol. Sci. 405 (2019) 211.
K. Rockwood, S.E. Howlett, Age-related deficit accumulation and the diseases of
ageing, Mech. Ageing Dev. 180 (2019) 107-116.

J.E. Morley, B. Vellas, G.A. van Kan, S.D. Anker, J.M. Bauer, R. Bernabei, M. Cesari,
W.C. Chumlea, W. Doehner, J. Evans, L.P. Fried, J.M. Guralnik, P.R. Katz, T.

K. Malmstrom, R.J. McCarter, L.M. Gutierrez Robledo, K. Rockwood, S. von
Haehling, M.F. Vandewoude, J. Walston, Frailty consensus: a call to action, J. Am.
Med. Dir. Assoc. 14 (6) (2013) 392-397.

L.M.K. Wallace, O. Theou, J. Godin, M.K. Andrew, D.A. Bennett, K. Rockwood,
Investigation of frailty as a moderator of the relationship between neuropathology
and dementia in Alzheimer’s disease: a cross-sectional analysis of data from the
Rush Memory and Aging Project, Lancet Neurol. 18 (2) (2019) 177-184.

A.S. Buchman, J.A. Schneider, S. Leurgans, D.A. Bennett, Physical frailty in older
persons is associated with Alzheimer disease pathology, Neurology 71 (7) (2008)
499-504.

L. Sargent, M. Nalls, E.J. Amella, P.W. Slattum, M. Mueller, S. Bandinelli, Q. Tian,
T. Swift-Scanlan, S.K. Lageman, A. Singleton, Shared mechanisms for cognitive
impairment and physical frailty: a model for complex systems, Alzheimers Dement
(N'Y) 6 (1) (2020) e12027-e12027.

L.M.K. Wallace, O. Theou, S. Darvesh, D.A. Bennett, A.S. Buchman, M.K. Andrew,
S.A. Kirkland, J.D. Fisk, K. Rockwood, Neuropathologic burden and the degree of
frailty in relation to global cognition and dementia, Neurology 95 (24) (2020)
€3269-e3279.

E. Dent, F.C. Martin, H. Bergman, J. Woo, R. Romero-Ortuno, J.D. Walston,
Management of frailty: opportunities, challenges, and future directions, Lancet 394
(10206) (2019) 1376-1386.

J. Marinus, K. Zhu, C. Marras, D. Aarsland, J.J. van Hilten, Risk factors for non-
motor symptoms in Parkinson’s disease, Lancet Neurol. 17 (6) (2018) 559-568.
K.F. Pedersen, J.P. Larsen, O.B. Tysnes, G. Alves, Prognosis of mild cognitive
impairment in early Parkinson disease: the Norwegian ParkWest study, JAMA
Neurol. 70 (5) (2013) 580-586.

G. Alves, B. Muller, K. Herlofson, I. HogenEsch, W. Telstad, D. Aarsland, O.

B. Tysnes, J.P. Larsen, Incidence of Parkinson’s disease in Norway: the Norwegian
ParkWest study, J. Neurol. Neurosurg. Psychiatry 80 (8) (2009) 851-857.

D.J. Gelb, E. Oliver, S. Gilman, Diagnostic criteria for Parkinson disease, Arch.
Neurol. 56 (1) (1999) 33-39.

M. Emre, D. Aarsland, R. Brown, D.J. Burn, C. Duyckaerts, Y. Mizuno, G.A. Broe,
J. Cummings, D.W. Dickson, S. Gauthier, J. Goldman, C. Goetz, A. Korczyn, A. Lees,
R. Levy, L Litvan, I. McKeith, W. Olanow, W. Poewe, N. Quinn, C. Sampaio,

E. Tolosa, B. Dubois, Clinical diagnostic criteria for dementia associated with
Parkinson’s disease, Mov. Disord. 22 (12) (2007) 1689-1707.

57

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

D. Aarsland, K. Brgnnick, J.P. Larsen, O.B. Tysnes, G. Alves, Cognitive impairment
in incident, untreated Parkinson disease: the Norwegian ParkWest study,
Neurology 72 (13) (2009) 1121-1126.

S.D. Searle, A. Mitnitski, E.A. Gahbauer, T.M. Gill, K. Rockwood, A standard
procedure for creating a frailty index, BMC Geriatr. 8 (2008) 24.

M.U. Pérez-Zepeda, J. Godin, J.J. Armstrong, M.K. Andrew, A. Mitnitski,

S. Kirkland, K. Rockwood, O. Theou, Frailty Among Middle-Aged and Older
Canadians: Population Norms for the Frailty Index Using the Canadian
Longitudinal Study on Aging, Age Ageing, 2020.

E.O. Hoogendijk, O. Theou, K. Rockwood, B.D. Onwuteaka-Philipsen, D.J.H. Deeg,
M. Huisman, Development and validation of a frailty index in the longitudinal
aging study amsterdam, Aging Clin. Exp. Res. 29 (5) (2017) 927-933.

K.R. Chaudhuri, D.G. Healy, A.H. Schapira, Non-motor symptoms of Parkinson’s
disease: diagnosis and management, Lancet Neurol. 5 (3) (2006) 235-245.

N. Smith, L. Brennan, D.M. Gaunt, Y. Ben-Shlomo, E. Henderson, Frailty in
Parkinson’s disease: a systematic review, J. Parkinsons Dis. 9 (3) (2019) 517-524.
F. Panza, M. Lozupone, G. Logroscino, Understanding frailty to predict and prevent
dementia, Lancet Neurol. 18 (2) (2019) 133-134.

D.S. Abraham, T.P. Pham Nguyen, A.W. Willis, Claims-Based Frailty and Outcomes:
Applying an Aging Measure to Older Adults with Parkinson’s Disease, Mov Disord,
2021.

K.P. Roland, J.M. Jakobi, C. Powell, G.R. Jones, Quality of life as a determinant of
frailty phenotype in community-dwelling persons with Parkinson’s disease, J. Am.
Geriatr. Soc. 60 (3) (2012) 590-592.

C. Vossius, J.P. Larsen, C. Janvin, D. Aarsland, The economic impact of cognitive
impairment in Parkinson’s disease, Mov. Disord. 26 (8) (2011) 1541-1544.

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

H. Stockner, R. de Marzi, B. Heim, A. Djamshidian, P. Willeit, J. Willeit, S. Kiechl,
D. Valent, F. Krismer, G.K. Wenning, M. Nocker, K. Mair, W. Poewe, K. Seppi,
Prevalence and associated factors of sarcopenia and frailty in Parkinson’s disease: a
cross-sectional study, Gerontology 65 (3) (2019) 216-228.

D.D. Ward, L.M.K. Wallace, K. Rockwood, Cumulative health deficits,
<em>APOE</em> genotype, and risk for later-life mild cognitive impairment and
dementia, J. Neurol. Neurosurg. Psychiatr. 92 (2) (2021) 136-142.

L. Wallace, S. Hunter, O. Theou, J. Fleming, K. Rockwood, C. Brayne, Frailty and
neuropathology in relation to dementia status: the Cambridge City over-75s Cohort
study, Int. Psychogeriatr. (2021) 1-9.

E.O. Hoogendijk, J. Afilalo, K.E. Ensrud, P. Kowal, G. Onder, L.P. Fried, Frailty:
implications for clinical practice and public health, Lancet 394 (10206) (2019)
1365-1375.

S.J. Woolford, O. Sohan, E.M. Dennison, C. Cooper, H.P. Patel, Approaches to the
diagnosis and prevention of frailty, Aging Clin. Exp. Res. 32 (9) (2020) 1629-1637.
A.M. Negm, C.C. Kennedy, L. Thabane, A.A. Veroniki, J.D. Adachi, J. Richardson, I.
D. Cameron, A. Giangregorio, M. Petropoulou, S.M. Alsaad, J. Alzahrani, M. Maaz,
M.M. Ahmed, E. Kim, H. Tehfe, R. Dima, K. Sabanayagam, P. Hewston, H. Abu
Alrob, A. Papaioannou, Management of frailty: a systematic review and network
meta-analysis of randomized controlled trials, J. Am. Med. Dir. Assoc. 20 (10)
(2019) 1190-1198.


http://refhub.elsevier.com/S1353-8020(22)00123-7/sref1
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref1
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref1
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref2
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref2
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref3
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref3
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref4
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref4
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref4
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref4
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref4
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref5
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref5
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref5
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref5
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref6
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref6
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref6
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref7
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref7
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref7
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref7
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref8
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref8
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref8
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref8
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref9
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref9
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref9
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref10
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref10
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref11
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref11
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref11
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref12
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref12
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref12
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref13
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref13
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref14
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref14
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref14
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref14
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref14
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref15
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref15
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref15
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref16
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref16
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref17
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref17
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref17
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref17
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref18
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref18
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref18
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref19
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref19
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref20
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref20
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref21
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref21
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref22
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref22
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref22
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref23
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref23
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref23
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref24
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref24
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref25
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref25
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref25
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref25
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref25
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref26
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref26
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref26
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref27
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref27
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref27
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref28
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref28
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref28
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref29
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref29
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30
http://refhub.elsevier.com/S1353-8020(22)00123-7/sref30

	Frailty in Parkinson’s disease and its association with early dementia: A longitudinal study
	1 Introduction
	2 Materials and methods
	2.1 Study design and setting
	2.2 Participants and Follow-up
	2.3 Clinical and neuropsychological assessment
	2.3.1 Frailty

	2.4 Statistical analysis

	3 Results
	4 Discussion
	Statement of ethics
	Declaration of conflicts of interest
	Funding sources
	Declaration of competing interest
	Acknowledgments
	Appendix 1 Deficit selection for frailty index creation
	Appendix 2 Adjusted risk of having frailty if PD is present
	References


