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ABSTRACT: Background: Previous studies reported
various symptoms of Parkinson’s disease (PD) associated
with sex. Some were conflicting or confirmed in only one
study.
Objectives: We examined sex associations to PD phe-
notypes cross-sectionally and longitudinally in large-
scale data.
Methods: We tested 40 clinical phenotypes, using longi-
tudinal, clinic-based patient cohorts, consisting of 5946
patients, with a median follow-up of 3.1 years. For con-
tinuous outcomes, we used linear regressions at baseline
to test sex-associated differences in presentation, and
linear mixed-effects models to test sex-associated differ-
ences in progression. For binomial outcomes, we used
logistic regression models at baseline and Cox regres-
sion models for survival analyses. We adjusted for age,
disease duration, and medication use. In the secondary
analyses, data from 17 719 PD patients and 7588 non-
PD participants from an online-only, self-assessment PD

cohort were cross-sectionally evaluated to determine
whether the sex-associated differences identified in the
primary analyses were consistent and unique to PD.
Results: Female PD patients had a higher risk of devel-
oping dyskinesia early during the follow-up period, with a
slower progression in activities of daily living difficulties,
and a lower risk of developing cognitive impairments
compared with male patients. The findings in the longitu-
dinal, clinic-based cohorts were mostly consistent with
the results of the online-only cohort.
Conclusions: We observed sex-associated contributions
to PD heterogeneity. These results highlight the neces-
sity of future research to determine the underlying mech-
anisms and importance of personalized clinical
management. © 2020 International Parkinson and Move-
ment Disorder Society

Key Words: Parkinson’s disease; gender; sex; dyskine-
sias; cognitive impairment; activities of daily livings

The prevalence of Parkinson’s disease (PD) is 1.5–2.0
times higher in men than in women. This discrepancy
suggests the potential existence of sex-associated factors
that modify the disease process. Identifying the interplay
between sex and PD has the potential to assist the devel-
opment of disease-modifying therapy, inform patient
management strategies, and allow the planning of more
efficient clinical trials. Researchers have previously investi-
gated sex-associated differences in phenotypes among
patients with PD.1-3 Male PD patients have been reported
to present akinesia/rigid features,4 cognitive
impairment,5-7 daytime sleepiness,8 and rapid eye move-
ment (REM) sleep behavioral disorder (RBD) more fre-
quently than female PD patients.9,10 In contrast, anxiety
disorder/depression11-14 and dyskinesia11,15-17 were docu-
mented to occur more frequently in female PD patients
than in male PD patients. However, these studies were

generally small in sample size and predominantly per-
formed in a cross-sectional setting.
In this study, we analyzed longitudinal data from

12 PD cohorts, representing 5946 participants, with a
median of 3.1 years of follow-up. This study had two
objectives: (1) to identify the baseline differences
between men and women, in terms of disease presenta-
tion, and (2) to identify the influences of sex on longitu-
dinal symptom trajectory. Further, we analyzed the Fox
Insight dataset, an online-only, PD research cohort, to
assess whether the observations made using the longitu-
dinal datasets were consistent in an independent
dataset. Moreover, by analyzing the data from both PD
participants and non-PD participants in the Fox Insight
dataset, we were able to evaluate differences in the
prevalence of self-reported outcomes between partici-
pants with and without PD. This analysis further
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illustrated that some of the identified differences may be
influenced by general differences between men and
women, whereas others are disease-specific.

Patients and Methods
Participants

Longitudinal Cohorts
We analyzed data from 12 longitudinal PD cohorts,

from North America, Europe, and Australia, in this
study (Table 1). Among these cohorts, the following
four studies enrolled people with early-phase PD who
were not being treated at the time of study enrollment
(de novo cohorts): Parkinson’s Progression Markers Ini-
tiative (PPMI), Parkinson Research Examination of
CEP-1347 Trial study and its subsequent prospective
study (PreCEPT/PostCEPT), the Norwegian ParkWest
study (PARKWEST), and Deprenyl and Tocopherol
Antioxidative Therapy of Parkinsonism (DATATOP).
Other cohorts included Parkinsonism Incidence and

Cognitive and Non-motor heterogeneity In Cambridge-
shire (PICNICS), National Institutes of Health Explor-
atory Trials in Parkinson’s Disease Large Simple Study
1 (NET_PD_LS1), Drug Interaction with Genes in
Parkinson’s Disease (DIGPD), Parkinson’s Disease Bio-
marker Program (PDBP), Harvard Biomarkers Study
(HBS), ParkFit Study (PARKFIT), Profiling Parkinson’s
Disease Study (PROPARK), and Udall Centers Program
(UDALL_PENN). Participants’ information was
obtained under appropriate written consent and with
local institutional and ethical approval. The summary
of the designs and inclusion/exclusion criteria applied
to these cohorts are documented in the Supplemental
Materials. The study protocols were approved at the
local institutional review boards, and the participants
provided written informed consent.

Fox Insight

To evaluate the consistency of results from the longi-
tudinal dataset, we explored an independent dataset,
Fox Insight. Fox Insight is an online-only, PD research

TABLE 1. Baseline characteristics of study cohorts

Cohort N f-u, y European, % Female, % Stratum Age, year old Duration, y LD, % DA, %

PPMI 408 7.0 95.1 34.6 Male 62.15 (9.86) 0.53 (0.49) – –

Female 60.76 (9.60) 0.60 (0.63)
PreCEPT_PostCEPT 390 6.9 97.7 33.8 Male 59.83 (9.51) 0.79 (0.80) – –

Female 60.96 (9.56) 0.84 (0.85)
PARKWEST 181 5.0 100 37.8 Male 67.82 (9.21) 0.16 (0.10) – –

Female 68.36 (9.10) 0.20 (0.14)*
DATATOP 796 1.1 97.7 33.7 Male 61.45 (9.35) 1.16 (1.14) – –

Female 60.34 (9.80) 1.10 (1.05)
PICNICS 122 3.5 98.4 35.2 Male 67.85 (8.40) 0.30 (0.49) 30.4 17.7

Female 67.93 (10.28) 0.12 (0.50)* 27.9 23.3
NET_PD_LS1 1705 4.0 92.7 35.7 Male 62.07 (9.32) 1.55 (1.08) 57.5 60.4

Female 61.20 (10.06) 1.54 (1.10) 55.3 63.3
DIGPD 350 3.0 85.8 39.4 Male 61.45 (10.34) 2.55 (1.52) 65.6 77.8

Female 62.40 (9.61) 2.46 (1.59) 62.3 63.0
PDBP 486 3.0 93.0 39.7 Male 65.03 (9.13) 5.31 (4.74) 81.9 50.2*

Female 64.87 (8.67) 5.22 (4.78) 76.9 56.8
HBS 482 1.9 96.3 35.3 Male 65.79 (9.67) 4.28 (4.79) 73.7 39.4

Female 66.60 (9.40) 3.97 (4.30) 70.0 42.4
PROPARK 327 5.0 NA 33.9 Male 59.56 (10.29) 6.48 (5.00) 67.1 69.9

Female 59.51 (11.63) 6.98 (4.18) 64.0 79.3
PARKFIT 466 2.0 NA 33.3 Male 65.28 (7.41) 4.97 (4.25) NA NA

Female 65.49 (7.60) 5.38 (4.76)
UDALL_PENN 233 4.0 94.4 30.9 Male 70.53 (7.29) 5.73 (4.96) 84.5 46.0

Female 70.14 (8.15) 6.64 (5.80) 90.3 56.9
Fox Insight (non-PD) 7588 – 95.8 78.8 Male 63.55 (7.89) – – –

Female 62.51 (7.39)*
Fox Insight (PD) 17 719 – 96.4 45 Male 66.72 (7.16) 4.61 (3.24) 80.3 29.4

Female 66.00 (7.10)* 4.50 (3.25)* 76.8* 35.0*

f-u, median follow-up period; European, European descent; Duration, mean disease duration; LD, levedopa use; DA, dopamine agonist use. Age, mean (standard
deviation).
*P < 0.05 for t test comparing with male versus female.
Abbreviations: DATATOP, Deprenyl and Tocopherol Antioxidative Therapy of Parkinsonism; DIGPD, Drug Interaction with Genes in Parkinson’s Disease; HBS,
Harvard Biomarkers Study; NET-PD_LS1, NIH Exploratory Trials in Parkinson’s Disease Large Simple Study 1; PARKFIT, ParkFit study; PARKWEST, The Norwe-
gian ParkWest study; PDBP, Parkinson’s Disease Biomarker Program; PICNICS, Parkinsonism Incidence and Cognitive and Non-motor heterogeneity In Cam-
bridgeshire; PPMI, Parkinson’s Progression Markers Initiative; PreCEPT_PostCEPT, Parkinson Research Examination of CEP-1347 Trial and PostCEPT;
PROPARK, Profiling Parkinson’s disease study; and UDALL_PENN, Morris K. Udall Centers for Parkinson’s Research.

108 Movement Disorders, Vol. 36, No. 1, 2021

I W A K I E T A L



cohort.18 The details of the study are available online
(https://foxinsight.michaeljfox.org/). Individuals, aged
18 or older, with and without PD, were enrolled
through in-person referral or online advertisements.
The participants provided online informed consent, and
self-reported demographic, characteristics, symptoms,
medical history, and PD medication data were col-
lected. Although Fox Insight is a longitudinal study, we
analyzed the data cross-sectionally for the present study
because the follow-up periods were relatively short (eg,
the median follow-up period was 0.4 years for Non-
Motor Symptoms Questionnaire). During the analysis
step, we adjusted for age and disease duration. To limit
the impacts of the extreme data points, we included
participants from the middle 80% of the age distribu-
tion and the disease duration distribution (only among
PD participants), which excluded any participants
younger than the lower 10th percentile (< 46.8 years
old) or older than the 90th percentile (> 77.4 years old)
and PD patients with a disease duration shorter than
1 year (10th percentile) and longer than 13.5 years
(90th percentile).

Measurements
Clinical Data Harmonization Among the
12 Cohorts

Twenty-three measurements, 11 binomial and 9 con-
tinuous measurements, were analyzed as outcome mea-
sures. Binomial outcomes included constipation, mild
cognitive impairment, depression, daytime sleepiness,
hyposmia, insomnia, wearing off, dyskinesias, RBD,
restless-leg syndrome, and modified Schwab and
England Activities of Daily Living Scale scores of 70 or
lower (SEADL70). Some binomial outcomes had study-
specific outcomes, and these criteria are summarized in
the Supplemental Materials. For continuous outcomes,
we collected the Hoehn and Yahr (HY) stage scale,
total and sub-scores for the Unified Parkinson’s Disease
Rating Scale (UPDRS) or the Movement Disorder
Society–revised version (MDS-UPDRS), Mini-Mental
State Examination, Montreal Cognitive Assessment
(MoCA), and modified Schwab and England Activities
of Daily Living Scale (SEADL). UPDRS scores were
normalized to the z-values (UPDRS*_scaled).

Fox Insight

The February 2020 data were downloaded from
https://foxden.michaeljfox.org. The demographic and
disease status data were obtained from enrollment and
registration questionnaires. For clinical outcomes of
interest, we obtained the responses from the following
questionnaires: Geriatric Depression Scale (GDS) for
depression (score of six or higher);19 Non-Motor Symp-
toms Questionnaire (NMS-QUEST) for constipation,
depressed mood (mood depressed) and a proxy for lack

of the sense of smell/taste;20 MDS-UPDRS Part II ques-
tionnaire; REM Sleep Behavior Disorder Single-
Question Screen;21 15-item Penn Parkinson’s Disease
Daily Activities Questionnaire (PDAQ-15) for
cognition-related instrumental functional abilities;22

and Understanding the Impact of Off and On in
Parkinson’s Patients Questionnaire for dyskinesia and
wearing off.

Statistical Analysis
Linear and logistic models were used to analyze base-

line differences in PD presentation between male and
female patients, per cohort. For binomial outcomes, a
minimum of 25 outcomes should be observed in the
analyzed cohort. Covariates were the linear and square
terms of age and disease duration, to adjust for linear
and nonlinear effects. We also adjusted for levodopa
(L-dopa) and dopamine agonist use. To test differences
in the progression rates among continuous outcomes,
we used linear mixed-effects models, with the same
covariates as the baseline models and random effects on
the individual intercept and slope (change per year). We
evaluated sex-associated differences in progression rates
by testing the interaction between sex and disease dura-
tion. Survival analyses were conducted among those
who did not have an outcome at baseline. Cox regres-
sion models were used, adjusting for the same
covariates as those used in the baseline models. Any
outcomes with fewer than 20 events over the follow-up
period were not analyzed. The R model statements for
these analyses are summarized in the Supplemental
Materials.
Then, we combined the cohort-level results with an

inverse variance-weighted random-effect model. We
focused on robust associations throughout the cohorts;
therefore, meta-analyses with P-values less than 0.05
for a test of homogeneity were excluded from further
evaluations. Any associations with a two-sided P-value
of 0.05, after Bonferroni-correction for the number of
total analyses, were considered significant.
For the analysis of the Fox Insight dataset, we tested

two terms: the mean difference between men and
women (main term) and the interaction between sex
and disease duration (interaction term). The adjusted
covariates were linear and square age, linear and square
disease duration, and indicators of L-dopa and dopa-
mine agonist usage. We further analyzed the association
between sex and outcomes among non-PD participants,
adjusted for linear and square age. Then, we conducted
a test of homogeneity between sex-associated differ-
ences identified among PD cases and non-PD partici-
pants, to evaluate whether the sex differences were PD-
specific or reflected differences observed in the non-PD
population. In the analyses for this dataset, we used a
significance level of 0.05 for the raw P-value because
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the purpose of these analyses was to evaluate consis-
tency with the longitudinal analyses.
All the statistical analyses and drawings were exe-

cuted using R version 3.6 and python version 3.7. The
analysis scripts are available at https://github.com/
neurogenetics/PDpheno_by_sex.

Results

The cohort participants are summarized in Table 1.
Participants in these cohorts varied in age and PD stage;
however, most participants were in relatively early PD
phases. The majority of participants were of European
descent. Fox Insight included more female participants
than the other cohorts, and the ratio of women to men
was especially high among non-PD participants, as pre-
viously described.23 Moreover, we did not observe a
significant difference in age of diagnosis between the
men and the women among each cohort except for Fox
Insight, in which the female patients had on average
0.61 (SD: 0.12) years younger age of diagnosis than the
male patients. Interestingly, the age of non-PD partici-
pants in Fox Insight was also younger than male non-
PD participants. The younger age of onset may be
reflecting different age distributions of the study popu-
lation by sex in Fox Insight. In the following analyses,
we adjusted for age, disease duration, and medications.
In total, we conducted 40 meta-analyses, using the

clinic-based longitudinal data, three of which were
rejected following a test of heterogeneity, with a signifi-
cance level of 0.05. Using the Bonferroni correction of
multiple comparisons, we set our P-value (P) threshold
to 0.05/37 = 0.00135. Among these associations, nine
were significant, and the direction and magnitude of
associations linked to being female compared with
being male are shown in Table 2 and Figs. 1 and 2. (All

meta-analysis results can be found in Supplemental
Materials.)
Female PD patients were less likely to develop cogni-

tive impairments over time (hazard ratio [HR] 0.65
[0.53, 0.79] [mean {95% confidence interval}],
P = 2.1E-5) than male PD patients, and an even stron-
ger association was observed when we adjusted for
years of education (HR 0.59 [0.48, 0.73], P = 4.6E-7,
Supplemental Material). This association remained sig-
nificant when we further adjusted for the baseline
MoCA score (HR 0.56 [0.37, 0.86], P = 0.007) or the
baseline MMSE score (HR 0.67 [0.51, 0.90],
P = 0.007, Supplemental Material) at the significance
level of 0.05. In addition, the baseline MoCA scores
were higher in female patients (0.63 [0.27, 1.00]) than
in male patients, whereas the baseline MMSE score was
not significantly different between sexes (P = 0.97, Sup-
plemental Materials).
Female patients presented with a higher rate of devel-

oping dyskinesia (HR 1.29 [1.16, 1.44]). To assess the
impacts of weight, body mass index (BMI), and medica-
tion on this association, we conducted ad hoc analyses
on a subset of data (PDBP, PPMI, and NET_PD_LS1:
2281 participants) for which height at baseline, weight
at baseline, and medication at visits were recorded. We
adjusted the analyses for each of these factors. With the
“weight” adjustment, the association was no longer sig-
nificant (P = 0.058), whereas the magnitude of the asso-
ciation became larger when adjusted for L-dopa
dosages or L-dopa equivalent dosages. Adjusting for
BMI did not substantially change the magnitude of the
association (Beta: from 0.284 to 0.249), and the sex dif-
ference remained still significant (Supplemental Mate-
rials). Consistent with the higher incidence rate of
dyskinesia in female patients, female PD patients in
non-de novo cohorts also presented more dyskinesia at
baseline than male patients.

TABLE 2. Meta-analysis results for significant associations with sex and phenotypes (reference: male)

Outcome Beta SE P P-adj Mean [95%CI]

Progression analysis
Cognitive_Impairment −0.436 0.102 2.1E-05 7.7E-4 0.65 [0.53, 0.79] (HR)
Dyskinesia 0.255 0.055 4.1E-06 1.6E-4 1.29 [1.16, 1.44] (HR)
UPDRS2_scaled −0.139 0.029 1.1E-06 4.1E-5 −0.14 [−0.20, −0.08]
UPDRS_scaled −0.113 0.025 5.3E-06 2.0E-4 −0.11 [−0.16, −0.06]

Baseline analysis
Dyskinesia 0.434 0.129 7.3E-04 0.0277 1.54 [1.20, 1.99] (OR)
MoCA 0.634 0.186 6.8E-04 0.0251 0.63 [0.27, 1.00]
UPDRS2_scaled −0.124 0.031 6.5E-05 0.0024 −0.12 [−0.18, −0.06]
UPDRS3_scaled −0.114 0.031 2.5E-04 0.0093 −0.11 [−0.17, −0.05]
UPDRS_scaled −0.107 0.027 6.9E-05 0.0026 −0.11 [−0.16, −0.05]

Progression analyses test the association between incidence rates (binomial) or rates of change per years (continuous) and sex. The models were adjusted for
age and disease duration (both linear and square terms), indictors for levodopa and/or agonist usages. “_scaled” scores were normalized (mean 0, standard devi-
ation of 1) to the baseline distributions as the original scores.
SE, standard error; P-adj, Bonferroni adjusted P (raw-P times 37 [the number of multiple comparisons]).
Mean [95%CI], Mean and 95% confidence interval of the difference in each scale. HR, hazard ratio; OR, odds ratio, UPDRS, unified Parkinson’s disease rating
scale; MoCA, Montreal Cognitive Assessment.
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Activities of daily living (ADL), captured in the
UPDRS Part II, were better in female PD patients than
in male PD patients in the baseline analysis (−0.12
[−0.18, −0.06], in the z-score), and the progression rate
was slower in female patients than in male patients
(−0.14 [−0.20, −0.08] in z-score per year). We added
post-hoc analyses of UPDRS Part II scores in the differ-
ent versions separately. The baseline score differences
(female–male) were − 0.57 [−1.20, 0.06] (P = 0.07) in

MDS-UPDRS and − 0.52 [−0.82, −0.21] (P = 7.9E-4)
in the original UPDRS. The differences in the progres-
sion rate were − 0.81 [−1.18, −044] (P = 1.4E-5) in
MDS-UPDRS and − 0.43 [−0.71, −0.15] (P = 2.5E-3)
in the original UPDRS. A more detailed analysis of the
forest plots of the UPDRS Part II scores at baseline
showed that the associations between sex and UPDRS
Part II were not apparent among the de novo cohorts
but, rather, were driven by differences observed in the

FIG. 1. Forest plots depicting sex differences in outcomes in progression analyses. DATATOP, Deprenyl and Tocopherol Antioxidative Therapy of Par-
kinsonism; DIGPD, Drug Interaction with Genes in Parkinson’s Disease; HBS, Harvard Biomarkers Study; NET-PD_LS1, NIH Exploratory Trials in
Parkinson’s Disease Large Simple Study 1; PARKFIT, ParkFit study; PARKWEST, The Norwegian ParkWest study; PDBP, Parkinson’s Disease Bio-
marker Program; PICNICS, Parkinsonism Incidence and Cognitive and Non-motor heterogeneity In Cambridgeshire; PPMI, Parkinson’s Progression
Markers Initiative; PreCEPT_PostCEPT, Parkinson Research Examination of CEP-1347 Trial and PostCEPT; PROPARK, Profiling Parkinson’s disease
study; and UDALL_PENN, Morris K. Udall Centers for Parkinson’s Research.P, non-adjusted P-values; I_sq, I2 statistic; QEp, test of heterogeneity.
“_scaled” scores were normalized (mean 0, standard deviation of 1) to the baseline distributions as the original scores.
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FIG. 2. Forest plots depicting sex differences in outcomes in baseline analyses. DATATOP, Deprenyl and Tocopherol Antioxidative Therapy of Parkin-
sonism; DIGPD, Drug Interaction with Genes in Parkinson’s Disease; HBS, Harvard Biomarkers Study; NET-PD_LS1, NIH Exploratory Trials in
Parkinson’s Disease Large Simple Study 1; PARKFIT, ParkFit study; PARKWEST, The Norwegian ParkWest study; PDBP, Parkinson’s Disease Bio-
marker Program; PICNICS, Parkinsonism Incidence and Cognitive and Non-motor heterogeneity In Cambridgeshire; PPMI, Parkinson’s Progression
Markers Initiative; PreCEPT_PostCEPT, Parkinson Research Examination of CEP-1347 Trial and PostCEPT; PROPARK, Profiling Parkinson’s disease
study; and UDALL_PENN, Morris K. Udall Centers for Parkinson’s Research.P, non-adjusted P-values; I_sq, I2 statistic; QEp, test of heterogeneity.
“_scaled” scores were normalized (mean 0, standard deviation of 1) to the baseline distributions as the original scores.
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non-de novo cohorts (Fig. 1). Although we did not find
significant sex-associated differences in progression
rates in the UPDRS Parts I/III/IV, the rate of change for
the total UPDRS scores was significantly milder in
female patients than in male patients (−0.11 [−0.16,
−0.06] per year, in the z-score). In the raw scores, the
sex-associated difference (female–male) in rate of
change in MDS-UPDRS total score (female–male) was
−2.7 [−3.47, −1.95] (P = 2.3E −12) and that of the
original UPDRS total score was −0.91 [−1.33, −0.49],
(P = 2.66E-05). When only considering the de novo
cohorts, similar results were reported for UPDRS Part
III, with a slower progression rate in female patients
than in male patients (−0.14 [−0.21, −0.07] in z-score
per year, P = 2.6E-5, Supplemental Materials). This
was corresponding to −1.59 [−2.47, −0.71] (P = 4.6E-
4) per year difference (female–male) in the rate of
change in MDS-UPDRS Part III or − 1.01 [−1.78,
−0.24] (P = 0.01) per year in the original UPDRS
Part III.
Finally, female patients also had lower scores on the

UPDRS Part III and the UPDRS total score compared
with male patients during the baseline analyses.
When analyzing similar phenotypes within the Fox

Insight dataset, we generally confirmed the results of the
longitudinal dataset analyses (Table 3). In the Fox
Insight dataset analysis, the interaction terms between
sex and disease duration indicated the average sex-
associated differences in the longitudinal trajectories for
the outcomes. For example, a positive association for the
interaction between disease duration and PDAQ-15 indi-
cated that the PDAQ-15 scores for female patients were
higher than those in male patients (ie, better cognition-
related instrumental functional abilities) among patients
with longer disease durations in the Fox Insight dataset.
To illustrate this, we visualized the sex differences, strati-
fied by disease duration (Supplemental Materials). The
results are consistent with those for the longitudinal
dataset analysis, indicating that female patients had a
lower risk of developing cognitive impairments during
the disease course. Similarly, the results from the Fox
Insight dataset were consistent with the increased rate of
dyskinesia development among female patients com-
pared with male patients, and the lower scores and a
slower deterioration rate in UPDRS Part II among female
patients, as observed in the longitudinal analyses.
In addition, null differences between male and female

patients in the presentation and progression of wearing
off, depression, and hyposmia were also supported by
the Fox Insight dataset. In contrast, the loss of the sense
of smell/taste was significantly more frequently reported
in men among the control participants. Having PD
might diminish the general sex difference associated
with this phenotype.
Single-question answers for RBD and some NMSQuest

questionnaire questions regarding “difficult to stay

awake” (NMSQ_Awake), “difficulty in getting to sleep”
(NMSQ_Sleep), “feeling sad, low or blue”
(NMSQ_Feel), and NMSQ_Constipation were signifi-
cantly different according to sex in the Fox Insight
dataset. The prevalences of similar outcomes, such as
possible RBD, daytime sleepiness, insomnia, depression,
and constipation, were not significantly associated with
sex in the meta-analyses of 12 longitudinal cohorts.
However, the test for these associations gives raw P-
values less than 0.05, with the same directions as the Fox
Insight results. The primary analyses may not have
included large enough sample sizes to detect these associ-
ations. All of the sex-phenotype associations among PD
participants, not significant in the longitudinal dataset
but significant in the Fox Insight dataset, were also signif-
icant among non-PD participants. In addition, based on
the test of homogeneity between the results from PD and
non-PD participants, suggesting that the magnitudes of
these sex-associated differences in PD participants did
not differ from those in non-PD participants.

Discussion

We analyzed clinic-based, longitudinal data from 5946
participants and meta-analyzed the differences in presen-
tation and progression of phenotypes between men and
women with PD. We also used web-based, online
cohorts and analyzed data from 17 719 PD patients and
7588 non-PD participants to confirm our results. The
results suggested that female PD patients develop dyski-
nesia early, progress more slowly with respect to ADL
restrictions, and are less likely to develop cognitive
impairments. For some non-motor symptoms explored
in the online questionnaires (eg, possible RBD, daytime
sleepiness, insomnia, depressive mood, and constipa-
tion), we found significant sex-associated differences
among PD participants, only in the Fox Insight dataset.
These unconfirmed sex-associated differences may not be
specific to PD, as we also observed the same associations
in the non-PD participants.
Some studies have previously reported that female

patients demonstrated an increased risk of developing
earlier and more severe dyskinesia11,15 and a longer
duration of dyskinesia.16 These reports are consistent
with the faster development of dyskinesia among
female patients and the large rate of UPDRS Part IV
score increases observed in our study. The reasons for
this phenomenon are not fully understood, but the rela-
tively higher L-dopa dosages with respect to body
weight in women may be partially responsible.17 For
example, the commonly used L-dopa tablet contains
50 mg or 100 mg L-dopa, and this is relatively a larger
jump for those with less weight, and that may result in
stronger treatment for them compared with those with
more weight. Our ad hoc analyses also suggested that
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body weight plays a role in the association between sex
and the early development of dyskinesia.
Contradictory results have been reported previously

with regard to sex-associated differences in ADL
impacts. Two studies evaluated patients who under-
went surgical treatment for PD. One study observed no
differences in the UPDRS Part II scores between men
and women, whereas the other study reported that
women had worse scores than men. In these studies,
women had a longer duration of disease, which may
have affected the results. Another cross-sectional study
also reported worse UPDRS Part II scores among
female patients.11 They reported that, among the five
categories of overall ADL capacity, the two most-severe
categories were more frequent among women than
men, based on the results of a chi-squared test, whereas
our analyses used UPDRS Part II scores and multivari-
able regression models. These different outcome mea-
surements and statistical approaches may account for
different results.
The slower development of cognitive declines in

female patients was reported by some longitudinal stud-
ies.5,6,24 The executive and attention features were pri-
marily affected in PD patients. Although Alzheimer’s
disease, for which women confer more risk, is empha-
sized as disability in the memory feature, the executive
and attention features are primarily affected in PD
patients. MoCA is more sensitive for detecting dysfunc-
tions in these areas than MMSE,25 and this may be one
of the reasons that we observed baseline difference in
MoCA but not MMSE. In contrast, the longitudinal
differences in the rates of decline for either the MoCA
or MMSE were not significantly different between the
two sexes, in our data. Interestingly, MoCA scores were
sometimes reported to be higher in healthy aging
women than in men.26-28 The slower development of
cognitive impairment observed in female patients may
reflect their relatively high baseline abilities in the areas
that are susceptible to PD, although neither the baseline
MoCA score nor MMSE score was able to completely
explain the association between sex and the develop-
ment of cognitive impairment in the current data.
Several associations that were previously reported

were not observed in the current analysis. RBD was
reported to be more prevalent in men with PD than in
women with PD,9,10 although some studies have dis-
agreed.29,30 We were unable to confirm this association
in the current longitudinal dataset. Although the preva-
lence of possible RBD, as detected by single-question
screening was higher in male patients among the Fox
Insight cohort, a similarly increased prevalence in possi-
ble RBD for non-PD male participants makes the PD-
specific nature of this association questionable. Female
PD patients were more depressed, according to previous
reports.11-14 We were not able to confirm a sex-
associated difference in the presentation or progression

of depression, in either the longitudinal data or the Fox
Insight dataset. However, female PD patients expressed
a depressive mood more frequently than male patients,
in response to the related NMSQuest question (“feeling
sad, ‘low’ or ‘blue’”) from the Fox Insight dataset.
However, the magnitude of the association was not dif-
ferent between PD and non-PD participants, indicating
that the sex difference associated with this outcome
may not be PD-specific. Regarding the NMSQ items
evaluated, the similar null results except for
NMSQ_Smell were reported previously in a cross-
sectional analysis of de novo PD patients.31 Regarding
the discrepancy in NMSQ_Smell, it may be possible
that the sex difference in reported loss of smell/taste
may be detectable only in the de novo PD stage.
The current study has some limitations. Fox Insight is

an online-only cohort, which is inherently different from
a clinic-based cohort; however, our analyses were mostly
consistent across these two different settings. In addition,
because the study participants were almost all of
European descent, the generalizability of these observa-
tions across different ancestrally distinct groups should
be verified. In this study, we focused on the overall asso-
ciations between sex and phenotypes and did not sepa-
rate the biological mechanisms from the environmental
mechanisms. For example, the effect of estrogen on PD
has been investigated frequently, and the conflicting
results were reported.32 but we did not collect necessary
data to rigorously evaluate the impact of estrogen on the
differences. Similarly, we did not have enough data to
investigate environmental factors such as smoking, alco-
hol, diet, physical activity levels, and socioeconomic fac-
tors. The different distribution of these factors by sex
may explain the differences we observed in the current
study. Well-designed studies are warranted to dissect the
overall differences into each underlying pathway.
Despite some limitations, the current study has some

strengths. First, the total number of participants exam-
ined in our longitudinal analysis was one of the largest
populations studied. Second, although each study had
different cohort characteristics, we controlled for hetero-
geneity and multiple comparisons to detect robust sig-
nals. Most of the associations identified between sex and
disease presentation and progression were consistent
between the longitudinal cohort and analyses performed
using the independent Fox Insight dataset. Thus, our
results could be generalized to PD patients across various
disease stages in different contexts, given the range of
studies incorporated. Third, by comparing PD patients
with non-PD individuals, we obtained insight into
whether sex-associated phenotypes in PD were disease-
specific or reflected more general sex differences. Finally,
female PD patients have been an underrepresented popu-
lation in clinical trials.33 The current work emphasizes
the importance of recognizing gender biases when devel-
oping treatments for PD in the real world.
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