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Abstract
Background and Objectives
There is increasing interest in characterizing the earliest phases of Parkinson disease (PD).
However, few studies have investigated prediagnostic trajectories of cognition and function.
Our objective was to describe prediagnostic cognitive and functional trajectories in PD in older
women and men.

Methods
We studied 9,595 women and 5,795 men from 2 prospective cohort studies of community-
dwelling elders followed up to 20 years. In individuals without prevalent PD, we estimated the
associations of incident PD diagnosis with rates of change in cognition and function before and
after diagnosis compared with healthy older adults using multivariate mixed-effects models.

Results
Over follow-up, 297 individuals developed incident PD. Interactions between the terms in our
model and sex were statistically significant for the 3 outcomes (p < 0.001 for all), so we stratified
results by sex. Compared with older men without PD, men who developed PD exhibited faster
decline in global cognition (0.04 SD more annual change, p < 0.001), executive function (0.05
SD more annual change, p < 0.001), and functional status (0.06 SD more annual change, p <
0.001) in the prediagnostic period. Women who developed PD compared with women without
PD displayed faster decline in executive function (0.02 SD more annual change, p = 0.006) and
functional status in the prediagnostic period (0.07 SD more annual change, p < 0.001).

Discussion
Individuals with incident PD exhibit cognitive and functional decline during the prediagnostic
phase that exceeds rates associated with normal aging. Better understanding heterogeneity in
prodromal PD is essential to enable earlier diagnosis and identify impactful nonmotor symp-
toms in all subgroups.
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Parkinson disease (PD) is a currently incurable, progressive
disorder that is rising in prevalence.1,2 PD is diagnosed when
individuals develop the typical motor symptoms.However, up to
half of dopamine-containing neurons are lost before diagnosis3

due to years of preceding neurodegeneration.4 Nonmotor fea-
tures such as dysautonomia, sleep disruption, and neuropsychi-
atric changes are increasingly appreciated as an integral part of
the disease and typically predate the onset of motor symptoms.5

To enable earlier diagnosis, improve recognition and manage-
ment of symptoms, and facilitate recruitment of patients into
neuroprotective interventions, there is growing interest in further
characterizing the earliest, premotor stages of PD. There is also
little understanding of heterogeneity of prodromal symptoms in
different demographic groups, such as men and women, despite
evidence for sex differences in diagnosed PD.6-8

Previously considered a symptom of more advanced disease
or an indication of the diagnosis of Lewy body dementia,
cognitive changes are now recognized even in newly di-
agnosed individuals with PD.9-12 Cognitive and functional
changes are likely to be an early manifestation of neuro-
degeneration, characterized by the accumulation of misfolded
alpha-synuclein in structures outside of the substantia nigra.13

Cohorts of individuals at risk for PD due to the presence of
REM sleep behavior disorder, hyposmia, or genetic risk fac-
tors provide evidence for early changes in executive function,
global cognition, and attention.14-17 However, there have
been few population-based studies evaluating trajectories of
prediagnostic function using repeated cognitive and func-
tional measures.18Women have been underrepresented in PD
research19 to date, so heterogeneity in prodromal changes by
sex is largely unknown. Better understanding the prodromal
phase of PD and its heterogeneity through prospective studies
has been identified as a high research priority to identify at-
risk individuals as prior therapeutic interventions may have
failed due to administration too late in the disease course.20

Therefore, our aim was to determine the prediagnostic tra-
jectories of the cognitive and functional changes among those
with incident PD in 2 large, prospective aging cohort studies
of community-dwelling men and women.

Methods
Participants
The Study of Osteoporotic Fractures (SOF) is a prospective co-
hort study of aging that enrolled 9,704 community-dwelling
women aged 65 years and older at baseline between 1986 and
1988 from 4 sites in the United States (Minneapolis, MN; Port-
land, OR; Baltimore, MD; and the Monongahela Valley, PA).21

Participants were identified throughmailings to community-based

listings (e.g., health maintenance organizations and voter regis-
tration lists). Participants underwent 8 evaluations over 20 years of
follow-up.

The Osteoporotic Fractures in Men Study (MrOS) is a
related prospective cohort study of aging that enrolled
5,994 community-dwelling men aged 65 years and older
from 2000 to 2002 from 6 sites in the United States (Bir-
mingham, AL; Minneapolis, MN; Palo Alto, CA; the
Monongahela Valley, PA; Portland, OR; and San Diego,
CA).22 Recruitment methods included mailings using
community and provider contact lists, newspaper adver-
tisements, and presentations to elderly individuals.23 Par-
ticipants underwent 12 study evaluations over 17 years and
are currently being followed. From 2003 to 2005, 3,135
men were recruited into an ancillary sleep study and un-
derwent 2 additional visits with cognitive measurements.
These 2 studies used comparable eligibility criteria and
measures.

Cognitive Assessments
In the SOF study, a modified version of the Mini-Mental
Status Examination was performed at baseline and years 5, 8,
10, and 16. This global assessment of cognition includes
questions evaluating orientation, concentration, language,
praxis, and immediate and delayed memory. Total scores
range from 0 (worst cognitive function) to 26 (best cognitive
function).24 Trails B was used to measure attention, executive
function, sequencing, and visual scanning25 and was admin-
istered shortly after baseline and then at years 5, 10, and 16.
Trails B is scored in seconds needed to complete the task, with
slower times representing worse cognitive function.

All MrOS participants were administered 2 cognitive tests at
baseline and years 5, 7, and 14. TheModifiedMini-Mental State
Examination (3 MS)26 assesses global cognition with questions
on orientation, concentration, language, praxis, and immediate
and delayed memory and is scored 0 (worst cognition) to 100
(best cognition).26 Trails B was also administered at these time
points. The ancillary sleep study participants underwent addi-
tional cognitive assessments at 3.5 and 9.5 years.

Functional Assessments
Participants in both studies completed an interviewer ad-
ministered questionnaire on 3 instrumental activities of daily
living (housework, shopping, and meal preparation) and 2
measures of physical function (climbing stairs and walking
2–3 blocks outside on level ground). Participants rated their
difficulty on a Likert scale, and this was used to calculate a
total score from 0 (least functional difficulty) to 20 (most
functional difficulty).27 Women completed the questionnaire
at baseline and years 2, 5, 8, 10, and 16. Men completed this at

Glossary
MrOS = Osteoporotic Fractures in Men; PD = Parkinson disease; SOF = Study of Osteoporotic Fractures.
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baseline and years 5, 7, 9, and 14 with additional measure-
ments at years 3.5 and 9.5 for the ancillary study.

Ascertainment of Incident PD
In both studies, participants were repeatedly queried about
a physician diagnosis of PD at baseline and follow-up visits.
At every visit, participants were asked about medications
they took in the last 30 days for PD (carbidopa/levodopa,
pramipexole, ropinirole, benztropine, selegiline, amantadine,

entacapone, rivastigmine, or trihexyphenidyl in both studies,
with the addition of rotigotine, and rasagiline in MrOS),
which were matched to the Iowa Drug Information Service
Drug Vocabulary. Date of PD diagnosis was defined as the
first visit where a participant reported a physician diagnosis of
PD. For the main analysis, we defined PD diagnosis as those
self-reporting a physician diagnosis of PD. In a sensitivity
analysis, we defined PD diagnosis as those who self-reported
both a physician diagnosis of PD and use of PD medications.

Other Measurements
Age, race, sex, educational level, tobacco and alcohol use, and
medical history were self-reported at baseline. Body mass
index (kg/m2) was calculated based on direct height and
weight measurements at baseline. To assess depression, par-
ticipants in both studies completed the Geriatric Depression
Scale either at baseline or shortly after baseline.28 This well-
validated assessment is scored from 0 to 15, with higher scores
correlating with more severe symptoms of depression and
score ≥6 coded as likely clinical depression. Cardiovascular
risk factors and disease (diabetes, stroke, and high blood
pressure) were ascertained at baseline in both studies. Par-
ticipants were considered to have baseline coronary artery
disease if they reported a prior diagnosis of congestive heart
failure, angina, or myocardial infarction at their first visit.

Statistical Analysis
Differences between participants who did and did not develop
incident PD were compared using analysis of variance and χ2

tests. To make cognitive assessments comparable, raw scores
were z-transformed to mean 0 and SD 1, and signs were
modified so that negative values represent worse cognition and
positive values represent better cognition. To investigate asso-
ciations of PD diagnosis with the rate of changes in cognition
and function, we estimated mixed-effects models for repeated
measures data, with random intercepts and slopes to account for
within-subject correlation of the responses. Model 1 included a
term for time in years since study start, the interaction between
time and PD status, and time in years after PD diagnosis (set to
zero before diagnosis). Model 2 included these terms and ad-
ditionally adjusted for age, education, race, cardiovascular risk
factors and disease, depression, tobacco use, and alcohol use.
We also tested for interactions between the terms in our model
and sex. Given the statistically significant interactions between
the terms in our model and sex (p ≤ 0.0001), we reported all
results as stratified by sex. We also plotted outcome trajectories,
estimated using 4-knot cubic splines, against time since study
entry, as well as against time since PD diagnosis for the incident
PD group. Between-group comparisons of the slopes were done
using χ2 tests for differences in the first derivative of the cubic
spline, evaluated at 5-year intervals. All analyses were performed
using STATA statistical software.

Standard Protocol Approvals, Registrations,
and Patient Consents
All participants provided written informed consent. The
studies were approved by institutional review boards at each

Table 1 Baseline Characteristics of 9,594 Women by PD
Status and 5,795 Men by PD Status

Female cohort,
mean ± SD or N (%)

Incident PD,
N = 129

No PD,
N = 9,465 p Value

Age, y 70.7 ± 4.3 71.6 ± 5.2 <0.001

Race (N, % White) 128 (99.2) 9,433 (99.7) 0.400

Education < high school
graduation

33 (25.6) 2,142 (22.7) 0.436

Body mass index (kg/m2) 27.3 ± 4.8 26.4 ± 4.5 <0.001

Smoking, current 8 (6.2) 945 (10.0) 0.005

Alcohol use, >13 drinks/wk 3 (2.3) 403 (4.3) 0.279

Likely depression (GDS
score>5)

14 (11.6) 598 (7.0) 0.054

Comorbidities

Stroke 3 (2.3) 283 (3.0) 0.662

Hypertension 45 (34.9) 3,658 (38.7) 0.382

Coronary artery disease 18 (14.0) 1,244 (13.1) 0.787

Type 2 diabetes 8 (6.3) 666 (7.1) 0.742

Male cohort,
mean ± SD or N (%)

Incident PD,
N = 168

No PD,
N = 5,627 p Value

Age, y 73.0 ± 5.5 73.6 ± 5.8 0.237

Race (N, % White) 153 (91.1) 5,071 (90.1) 0.212

Education < high school
graduation

7 (4.2) 339 (6.0) 0.317

Body mass index (kg/m2) 27.5 ± 3.6 27.4 ± 3.8 0.845

Smoking, current 4 (2.4) 193 (3.4) 0.596

Alcohol use, >13 drinks/wk 15 (8.9) 669 (11.9) 0.239

Likely depression
(GDS score >5)

25 (15.2) 344 (7.0) <0.001

Comorbidities

Stroke 6 (3.6) 312 (5.5) 0.268

Hypertension 78 (46.4) 2,409 (42.8) 0.351

Coronary artery disease 41 (24.4) 1,323 (23.5) 0.788

Type 2 diabetes 19 (11.3) 605 (10.8) 0.818

Abbreviations: GDS = Geriatric Depression Scale; PD = Parkinson disease.
Race options for women includedWhite, African American, Asian, and other.
Race options for men included White, African American, Asian, Pacific Is-
lander, American Indian, multiracial, or unknown.
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clinical site and the coordinating center at UCSF. These
analyses followed reporting guidelines specified by Strength-
ening in Reporting of Observational Studies in Epidemiology.

Data Availability
The data supporting the findings of this study are available
from the corresponding author on reasonable request.

Results
Sample Characteristics
Our analytic sample included 9,594 women from SOF and
5,795 men from MrOS (selection of the sample is summa-
rized in eFigure 1, links.lww.com/WNL/C585). We excluded
individuals with prevalent PD or missing cognitive or func-
tional data at baseline. In the SOF study, participants were
followed for a maximum of 22 years (mean 6.3 years ±SD
5.4), and 129 women (1.3%) developed incident PD. Par-
ticipants in MrOS were followed up to 17 years (mean 4.9
years ±SD 4.0), and 168 men (2.8%) developed incident PD.
Compared with women without incident PD, women with
incident PD were younger (70.7 ± 4.3 compared with 71.6 ±
5.2; p < 0.001), less likely to report current smoking (6.2% vs
10.0%; p = 0.005), and showed a trend toward endorsing
more depressive symptoms (11.6% vs 7.0%; p = 0.054)
(Table 1) Men with incident PD were more likely to endorse
symptoms of depression compared with men without in-
cident PD (15.2% vs 7.0%; p < 0.001) (Table 1).

Longitudinal Effect of Incident PD Before and
After Diagnosis on Rate of Change in Cognition
Table 2 summarizes the results from our mixed-effects model
analyses. For women, there were no differences in slopes for
global cognition. Men with incident PD exhibited greater
prediagnostic decline in global cognition compared with men
without PD (−0.04 SDmore annual change, p < 0.001), which
further increased after PD diagnosis (−0.10 SD more annual
change, p = 0.002). In other words, men without PD declined
in global cognition by 1 SD in 10 years, whereas those with
prodromal Parkinson declined by 1 SD in 7 years and those
with PD declined by 1 SD in 4 years.

Women with prediagnostic PD also exhibited faster decline in
executive function before diagnosis (−0.02 more annual
change, p = 0.006) compared with women without PD, but no
differences were observed between these groups after di-
agnosis. Men with incident PD had greater rate of decline in
executive function compared with men without incident PD
in the prediagnostic (−0.05 SD more annual change, p <
0.001) and postdiagnostic period (−0.20 SD more annual
change, p < 0.001).

As shown in Figure 1, rates of decline between those with and
without incident PD for global cognition diverged at year 5 for
men (p < 0.001) and at year 10 for women (p = 0.022).
Among both sexes, the level and rate of decline in executive
function between those with and without incident PD di-
verged at year 5 (p < 0.001 for all), although for women, there

Table 2 Association Between Incident PD Status and Trajectories of Global Cognition, Executive Function, and Functional
Status, Stratified by Sex

Cognitive function trajectory
by PD statusb

Trajectory by PD status, β (95% CI)a

Female Male Female Male Female Male

Global
cognition

Global
cognition

Executive
function

Executive
function

Functional
status

Functional
status

Annual growth rate,
without PD

−0.08
(−0.09 to −0.06)

−0.10
(−0.13 to −0.07)

−0.05
(−0.06 to −0.04)

−0.02
(−0.16 to 0.05)

−0.01
(−0.02 to 0.11)

0.03
(0.00 to 0.06)

p Value <0.001 <0.001 <0.001 0.313 0.544 0.025

Additional annual growth
rate if PD, before diagnosisc

0.01
(−0.01 to 0.03)

−0.04
(−0.06 to −0.02)

−0.02
(−0.04 to −0.01)

−0.05
(−0.08 to −0.03)

−0.07
(−0.09,- 0.05)

−0.06
(−0.08 to −0.05)

p Value 0.351 0.001 0.006 <0.001 <0.001 <0.001

Additional difference in slope
after PD diagnosisc

−0.06
(−0.16 to 0.03)

−0.10
(−0.16 to −0.04)

−0.02
(−0.09 to 0.05)

−0.22
(−0.30 to −0.15)

−0.11
(−0.18 to −0.04)

−0.17
(−0.21 to −0.13)

p Value 0.207 0.002 0.523 <0.001 0.003 <0.001

Abbreviation: PD = Parkinson disease.
a Interactions were statistically significant between the 3 terms in the model and sex for global cognition (p = 0.0001), executive function (p < 0.0001), and
functional status (p < 0.0001).
b All results displayed are from adjusted models that include time in years since the start of the study, PD status, the interaction between time in years since
the start of the study and PD status, time in years after PD diagnosis, age (centered on mean), race, education, vascular risk factors, smoking, alcohol use,
depression, and each of these covariate’s interactions with time.
c The estimated slope for annual growth rate, without PD represents the estimated slope of the trajectory for participants in the normal category. The
estimated prediagnostic rate of change for individuals with incident PD can be obtained by summing themain effects for annual growth rate, without PD and
additional annual growth rate if PD, before diagnosis. The estimated postdiagnostic rate of change for individuals with incident PD can be obtained by
summing the main effects for annual growth rate, without PD, additional annual growth rate if PD, before diagnosis, and additional difference in slope after
PD diagnosis.
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was no difference at subsequent time points. Sex differences in
slopes emerged at 5 years before diagnosis for global cogni-
tion (p = 0.006) and 15 years before diagnosis for executive
function (p = 0.007) (see Figure 2 for cognitive trajectories of
participants who developed incident PD, zeroed at diagnosis).

Longitudinal Effect of Incident PD Before and
After Diagnosis on Rate of Change in Function
Women showed increased rates of prediagnostic (−0.07 SD
more annual change, p < 0.001) and postdiagnostic (−0.11 SD
more annual change, p = 0.003) functional decline compared

Figure 1 Trajectories in Global Cognition in Men (A), Global Cognition in Women (B), Executive Function in Men (C),
Executive Function inWomen (D), Functional Status inMen (E), and Functional Status inWomen (F) for Individuals
Who Developed Incident Parkinson Disease (PD) During the Course of the Study Compared With Those Without
Incident PD*

*For global cognition, differences in level between those with incident PD and those without became statistically significant at year 5 of the study formen and
year 15 for women (p < 0.001 for both). Differences in rates of change of global cognition between those with incident PD and those without became
statistically at year 5 of the study for men (p < 0.001) and year 10 for women (p = 0.022). For executive function, level and rate of change in executive function
for those with incident PD significantly differed from those without PD at year 5 for both men and women (p < 0.001 for all), although for women, this
difference did not remain statistically significant at subsequent time points. For functional status, differences in level of functional status for both men and
women (p = 0.003 for men, p < 0.001 for women) and rates of change in functional status (p < 0.001 for men and women) between those with and without PD
became statistically significant at year 5. PD = Parkinson disease.
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with women without PD. Similarly, men with incident PD
similarly displayed increased prediagnostic (−0.06 SD more
annual change, p < 0.001) and postdiagnostic decline (−0.17
SD more annual change, p < 0.001) compared with men
without PD. For both sexes, differences in rates of functional
decline between those with and without PD emerged at study
year 5 (p < 0.001 for both) (Figure 1). As shown in Figure 2,
sex differences in level and rate of change in functional status
emerged 15 years before diagnosis (p < 0.001) (Figure 2).

We conducted a sensitivity analysis defining incident PD as
those that reported both patient-reported physician-diagnosed
PD and PD medication use (eTable 1, links.lww.com/WNL/
C586). Of the 297 incident cases of physician-diagnosed PD,
163 individuals (55%) also reported a PD medication. Of
15,092 individuals who did not report PD, 186 (0.01%)
reported the use of a PDmedication. The results of our analysis
were largely unchanged except prediagnostic decline in global
cognition for men became borderline statistically significant
(p = 0.06).

Discussion
In 2 community-based cohorts of older adults, both men and
women with incident PD exhibited faster prediagnostic de-
cline in cognition and function compared with those without
incident PD. There were important sex differences. Men
with incident PD had a steeper decline in executive function
compared with women. Men but not women with incident
PD exhibited detectably faster prediagnostic decline in
global cognition. Our study provides novel information on
the long-term cognitive and functional trajectories in pre-
diagnostic PD as well as evidence for heterogeneity by sex
starting up to 15 years before diagnosis.

There is a growing literature showing that cognitive and
functional changes occur earlier in PD than previously ap-
preciated, with measurable impairment at the time of
diagnosis.11,29 Cohorts of individuals at risk for PD due to
REM sleep behavior disorder, hyposmia, or genetics provide
additional evidence for even earlier, prodromal cognitive
changes in executive function,30 attention,15 memory,31 and
visuoconstructional abilities.32 The few prior studies evalu-
ating prediagnostic cognitive trajectories in population-based
cohorts of PD have yielded mixed results, which may be due
to a number of factors including unidentified prodromal
heterogeneity. In a nested case-control study in the Rotter-
dam study, there were differences in decline between those
with and without PD in functional status 6 years before PD
diagnosis, global cognition 6 years before diagnosis, and ex-
ecutive function 3–6 years before diagnosis.33 In smaller
studies over 2–3 years, investigators found evidence for
changes in psychomotor speed and functional status 2–3 years
before PD diagnosis and functional status 2–3 years before
diagnosis,34 but no change in global cognition.34 Several
population-based cohorts such as the Honolulu Aging Study

Figure 2 Trajectories of Change in Standardized Global Cog-
nition (A), Executive Function (B), and Functional
Status (C) for Men and Women Who Developed In-
cident Parkinson Disease (PD) During the Course of
the Study, Centered at the Time of Diagnosis*

*For global cognition, sex differences in level emerged as statistically sig-
nificant at the time of diagnosis (p = 0.024), and between-sex differences in
slopes were different 5 years before diagnosis (p = 0.006). For executive
function, sex differences in level emerged as statistically significant 15 years
before PD diagnosis (p = 0.005), and between-sex differences in slopes were
different 15 years before diagnosis (p = 0.007). For functional status, sex
differences in level became statistically significant 15 years before diagnosis
(p < 0.001). Between-sex differences in slopes were different at 15, 10, and 5
years before diagnosis (p = 0.01, p < 0.001, and p = 0.004) and at diagnosis
(p = 0.04), but not after diagnosis (p > 0.4 for all time points after diagnosis).
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identified executive impairment as a risk factor for future PD,
but often, no trajectory analyses were performed. Another
case-control study alternatively found changes in language but
not executive function, though in a small sample with 5 in-
cident PD cases.35 Our study provides additional evidence
from a large, prospective, community-based US cohort that
cognitive changes may occur even earlier before PD diagnosis,
exhibit a faster rate of progression over time compared with a
control group with age-related cognitive decline, and vary by
sex. Our results presented in SDs can provide insight into the
rate of decline over years in men and women pre- and post-
PD diagnosis, which can be interpreted in the context that
mild cognitive impairment is typically diagnosed when an
individual tests 1–1.5 SDs below the population mean.36 In
our sample, a decline of 1 SD clearly exceeded minimal clin-
ically significant differences for each neuropsychological test
(eTable 2, links.lww.com/WNL/C587).

Our finding that participants with incident PD declined faster
on the Trails B assessment confirms prior literature showing
early changes executive function in diagnosed PD6,7 and ex-
tends these findings to the prodromal period. Of interest, the
decline in executive function in our study accelerated in men
after diagnosis (with men with diagnosed PD declining at 10
times the rate as those without PD), but women did not show
increased postdiagnostic decline. Sex differences in the clinical
manifestation of PD may be due to neuroprotective effects of
estrogen,37 although mechanisms have not been fully eluci-
dated. Our finding that sex differences in the rate of change of
executive function were detectable 15 years before diagnosis
in our study highlights potential very early differences.

Our finding that global cognition declines in the prediagnostic
period in men but not women with incident PD further in-
dicates cognitive heterogeneity in the prodromal period by
sex. Prior studies in diagnosed PD showed that men exhibited
faster decline in global cognition compared with women,8 and
our study shows that sex differences may be detectable as early
as 5 years before diagnosis. However, measurement of global
cognition differed between the studies, and this finding could
be partially due to differences in ascertainment or sample. Of
note, men in this study had higher educational attainment but
also increased prevalence of vascular risk factors compared
with female participants.

Our finding that both men and women with prediagnostic PD
exhibit a faster decline in functional status compared with
those without PD highlights functional changes as a possible
early marker of PD. In both men and women, function de-
clined faster in the prediagnostic period (occurring faster and
earlier for women) and accelerated in the postdiagnostic pe-
riod. Prior studies on rates of functional status change in
diagnosed PD have yielded mixed results, with some studies
showing slower decline in ADLs in women38 and others
finding that women have worse functional status at the time of
PD presentation.39 Early functional changes are an important
and measurable aspect of prodromal PD.

Strengths of this study include its design with repeated as-
sessments over long duration before and after PD diagnosis
and in the comparison group, larger sample size enabling an
interaction analysis, and its recruitment from multiple geo-
graphic communities in the United States rather than from a
specific subpopulation of at-risk individuals that may only
represent a subtype of PD. Our study was less subject to the
referral bias that occurs in academic settings, though may be
influenced by healthy volunteer bias. Limitations include the
ascertainment of PD by physician diagnosis reported by the
patient, which may not be as sensitive as repeated clinical
evaluations. However, our intent was to characterize changes
before the typical timing of PD diagnosis in the community.
In addition, several prior studies have shown high concor-
dance between clinically determined PD and patient self-
report.40-42 Our results were also unchanged in a sensitivity
analysis including only those who reported both a physician
diagnosis of PD and PD medication use. If individuals were
underdiagnosed in our cohort, our results underestimate
differences compared with cognitive and functional changes
associated with normal aging. Our study was limited by a lack
of exact date of symptom onset. Because we used the first visit
where PD was reported as the date of diagnosis, there may be
some changes classified as prediagnostic that in fact represent
very early PD. These studies were conducted in mostly White
older adults, and our findings may not be generalizable to
those with younger onset PD or other racial and ethnic
groups. The Trails B assessment and certain components of
the MMSE are dependent on motor speed, so deficits likely
reflect both physical and executive function, although physical
impairment is likely to be subtle in the prediagnostic phase.
Although changes in rates of decline were statistically signif-
icant, the magnitude of changes was small and would likely
take several years to become clinically significant.

This study contributes novel information about the pro-
dromal phase of PD and its heterogeneity, which has been
identified as a high research priority to enable earlier di-
agnosis43 and clinical priority to appropriately counsel pa-
tients about the trajectory of cognitive symptoms. Even
dementia-level impairment is underrecognized in current PD
clinical practice.44 These findings can inform widely used
diagnostic and research criteria. Importantly, the current
MDS criteria for prodromal PD do not incorporate functional
changes or executive function deficits as risk factors for PD.45

There is no mention of heterogeneity of prodromal symp-
toms by sex in the guidelines as there is no prior evidence for
this, likely because women are underrepresented in prior PD
research.19 PD has a low prevalence in the population, and
cognitive and functional changes are common in the elderly,
so these changes alone are unlikely to be sufficient to identify
prodromal PD. However, cognitive and functional changes
can be incorporated into a risk score, in which there is growing
interest, but prior attempts have had modest predictive
value.46-49 Symptom constellations are a particularly promis-
ing approach to PD risk assessment, with inclusion of multiple
clinical features improving specificity of predictive scores.50
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This study additionally contributes to the growing body of
work challenging the notion that cognitive impairment occurs
later in the disease course of PD compared with Lewy Body
dementia and supports a spectrum inclusive of these 2
diagnoses.

Our study illustrates the presence of cognitive and functional
changes in PD years before diagnosis, and these changes may
differ in important ways by sex. A better understanding of the
prodromal phase of PD can facilitate symptom management
for the many impactful sequelae of early neurodegeneration
and recruitment into neuroprotective trials. Future research is
needed to further explore the predictive value of combina-
tions of prodromal symptoms and prodromal heterogeneity
in other subpopulations.
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