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The clinical phenotype of Parkinson's disease (PD) encompgaes a wide range of
non-motor symptoms (NMS) compromising the quality of life foaffected patients.

Currently, information about NMS in PD is scarce among Hispdac populations.

Furthermore, few studies have reported the temporal patter of NMS presentation. We
conducted a cross-sectional study aimed to describe the frquency and time of NMS

occurrence in Hispanic patients with PD using the self-comieted NMS questionnaire
(NMSQuest). Participants were interrogated about the timef each NMS presentation
respect to the onset of motor symptoms. The frequency of NMS was described

according to gender, age at disease onset, disease duratiorand Hoehn and Yahr
(H&Y) stage. We enrolled 120 patients, 73.33% males and 26836 females, with a
mean age of 63.33 8.60 years. All the participants presented at least 1 NMS. Tén
median number of NMS per patient was 12. The most frequent NMSlomains were

miscellaneous, urinary tract, sleep/fatigue, and gastrotestinal tract symptoms, with no
signi cant gender differences. The most frequent individal NMS were nocturia, urinary
urgency, feeling sadness, and constipation. Any patient ported NMS before the onset
of motor manifestations. The pattern of occurrence of NMS dmains in our population
was as follows: attention/memory, cardiovascular, gastrimtestinal tract, perceptual
problems/hallucinations, mood/cognition, urinary, misellaneous, sleep/fatigue, and
sexual function. Nausea/vomiting was the earliest symptonobserved in all patients,
whereas sexual dysfunction and changes in interest for sex eve the last symptoms
to occur. We found no differences in the total number and fregency of NMS between
participants grouped according to their age at disease onste Conversely, patients with
a duration of disease>10 years reported a higher frequency of NMS compared to
participants with a duration of disease< 10 years. The total number of NMS per patient
increased as the HY stage progressed. The proportion of pathts presenting symptoms
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of the gastrointestinal tract, urinary tract, mood/cognibn, cardiovascular, and sexual
function domains was higher in the HY 4-5 group. Our study prades relevant data to
improve our understanding of NMS in PD, which may contributéo anticipate and plan
diagnostic and therapeutic strategies among Hispanic PD piéents.

Keywords: Parkinson disease, non-motor symptoms, NMSQuest, a utonomic symptoms, depression

INTRODUCTION MATERIALS AND METHODS

Parkinson's disease (PD) is a leading cause of neurologicatudy Population
disability due to the progressive development of incapacigati We conducted a cross-sectional study in a group of PD patients
motor symptoms in a ected patients. Cardinal features of PDhat were under regular follow-up at the outpatient clinic gt
such as resting tremor, bradykinesia, rigidity, and posturaDepartment of Neurology of the Centro Medico Nacional 20
instability, result from the functional disruption of neunal ~de Noviembre, Instituto de Seguridad y Servicios Socidees
circuits connecting basal ganglia with motor areas of theeoo 105 Trabajadores del Estado (ISSSTE) in Mexico City. Patient
which are regulated by dopaming)( Nonetheless, PD is also attending to their follow-up medical appointments from Janyar
characterized by the presence of accompanying dysregusation t0 December of 2015 that met the United Kingdom Parkinson's
autonomous, sensitive, sleep, and cognitive functions et~ Disease Society Brain Bank (UKPDSBB) criteria for idiopathic
to the appearance of a wide spectrum of non-motor symptom&D were enrolled in the study. Individuals presenting withtoro
(NMS) (2). uctuations during “o periods” were not eligible, as certai
Currently, it is widely accepted that not only motor Cognitive alterations that occur mainly during “o periodsbuld
manifestations, but also NMS exert a negative impact on thmit the patients’ ability to report their symptoms.§). We also
quality of life (QoL) of PD patients 3-5). However, NMS excluded subjects with parkinsonism due to alternative eaas
were unappreciated for many years remaining under-targete@ell as PD patients that underwent to surgical management and
for mechanism-specic therapeutic purposes. Converselydeep-brain stimulation for their motor symptoms, since these
several pharmacological agents enhancing dopamine productignanagement strategies may a ect the burden of NMS in PD
within the central nervous system exist for the managemen{l4). Moreover, patients unable to provide informed consent due
of motor PD symptoms ). This remarks the necessity for to signi cant cognitive impairment were not considered foreth
a better understanding of the pathophysiological aspectstudy in order to exclude possible alterations in their cafyetti
and clinical phenotype of NMS among di erent populations self-report reliable information3, 15). The current investigation
of individuals with PD. In this regard, most of what is was reviewed and approved by the Ethics committee of the
currently known about the frequency of NMS in PD comesCentro Médico Nacional “20 de Noviembre” in Mexico City. Al
from studies in white Caucasians3-G, 7-11). However, the enrolled individuals provided written informed consent to
ethnic di erences in the prevalence and clinical phenotype oparticipate in the study.
motor features in PD have been described in the pds),(
indicating that the genetic background may also inuenceClinical Evaluation and Data Retrieval
the occurrence of NMS. Despite this, little literature existsAtthe time of their recruitment, all participants were intéewed
about the incidence of NMS in non-Caucasian groups ofind examined neurologically by trained neurologists corapet
PD patients. Furthermore, most of the studies that havén the evaluation and management of movement disorders.
addressed the frequency of NMS have not described thBemographic (age and gender) and disease information (age at
dynamics of NMS presentation during the course of PDonset, disease duration, current use of medication) werainbl
Thus, a better knowledge of the temporal pattern of NMSpy direct interview or review of the clinical records of the
presentation would allow physicians to anticipate theirpatients. The progression of PD was evaluated according to the
occurrence and to plan their management, with the ultimateHoehn and Yahr (H&Y) scale. The presence of NMS was assessed
goal of limiting their detrimental e ect on the QoL of patients with the self-completed NMS questionnaire (NMSQuesit})(
with PD. which is a 30-items survey featuring “yes” and “no” response
In the current study we evaluated the frequency and temporajptions that comprehensively screens the presence of the most
pattern of NMS presentation in a cohort of Hispanic PD patientsrelevant NMS in PD 16). For the current study, the items
Our results show that the frequency of certain NMS in ourevaluated in such questionnaire were grouped based on the
population is almost similar to the phenotype described inorganization of NMS into domains according to the NMS
the global literature, but here we also provide data about thecale (NMSS) 3. We excluded the item of legs swelling
dynamics of NMS presentation in PD. Hence, our study add$rom the NMSQuest as it is not further considered within
valuable information useful to improve our understanding ofany of the NMSS domains. To address the dynamics of
NMS in PD, which may contribute to anticipate and individualize NMS presentation, participants were interrogated about the
the diagnostic approach and therapeutic interventions amongme of each NMS occurrence respect to the onset of their
Hispanic PD patients. disease (de ned as the time when motor symptoms appeared).
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TABLE 1 | Participants characteristics.

Variable All Males Females p-value
n D 120 nD 88 nD 32

Gender
Males, n (%) 88 (73.33) NA NA NA
Females,n (%) 32 (26.66)

Age (years), mean (SD) 63.33 (8.60) 63.05 (8.53) 64.13 (8.87 0.5455

Age at onset (years), mean (SD) 54.45 (10.32) 53.64 (9.90) B9 (11.23) 0.1269

Age group
EOPD, n (%) 35 (29.16) 27 (30.68) 8 (25) 0.5448
LOPD, n (%) 85 (70.83) 61 (69.31) 24 (75)

Disease duration (years), median (IQR) 8 (5-12) 9 (5-12.75) (3625-10) 0.0466

Hoehn & Yahr stage, median (IQR) 2 (2-3) 2 (2-3) 2 (2-3) 0.7300
1, n (%) 11 (9.16) 6 (6.81) 5 (15.62) 0.1600
2, n (%) 63 (52.5) 49 (55.68) 14 (43.75) 0.3029
3, n (%) 33(27.5) 23 (26.13) 10 (31.25) 0.6456
4, n (%) 12 (10) 9 (10.22) 3(9.37) >0.9999
5, n (%) 1(0.83) 1(1.13) 0 (0) >0.9999

EOPD, early-onset Parkinson's disease; IQR, 25%75% interquartile range; LOPD, late-onset Parkinson's disease; NAot applicable; NMS, non-motor symptom; SD, standard
deviation. Differences in continuous variables between males arfémales were estimated using the Student-T test or Mann-Whitney U test. fiérences in categorical variables were
calculated using the Fisher's exact or Chi square test.

For patients started complaining of new onset NMS at theof continuous variables between more than two subgroups
moment of their recruitment, the time of NMS presentation of patients we used the Kruskal-Wallis test. Correlations
was registered by the medical doctor as the interval betwedsetween the total number of NMS per patient and the age
disease onset and the current date. In order to corroboratk a at enrollment, age at disease onset or disease duration were
match temporal information provided by participants during estimated using the Pearson's and Spearman’s rank comelati
their interrogation, we performed a retrospective review ofcoe cients. Values ofp < 0.05 were considered statistically
the medical registries of PD patients looking for previoussigni cant. All analyses were conducted using IBM SPSS
NMSQuest evaluations or past medical notes describing th8tatistics v20 (SPSS, Inc., Chicago, IL) and GraphPad Prism 8
appearance of NMS symptoms. Patients that provided temporéla Jolla, CA).

information conicting with the data retrieved from their

medical records were considered only for the descriptive

analysis of the frequency but not for the temporal pattern ofRESULTS

NMS presentation. . L
Participants Characteristics

Statistical Analysis We enrolled a total of 120 PD patients. Their mean age at
Descriptive statistics were used to clinically charactetize enrollment was 63.33 8.60 years, whereas their mean age at
study population. Frequencies and proportions were calculatednset of disease was 54.4510.32 years. From these 73.33%
for categorical data. Means, medians, standard deviati8bg,( were males and 26.66% females with a mean age at disease onset
95% con dence intervals (95% CI), and interquartile range®f 53.64 9.90 years and 56.69 11.23 years, respectively (see
(IQR) were used for continuous variables. The frequency ofable 1). Thirty- ve of the participants belong to the group of
individual NMS was expressed as the percentage of patierggrly-onset PD (EOPD) as their age at onset of diseas&®as
presenting each item of the NMSQuest. In addition, wheryears (7, 18), whereas 85 individuals were categorized as late-
presenting the prevalence of NMS grouped as domains, wenset PD (LOPD) patientsX(50 years). No statistically signi cant
considered the proportion of patients presenting at least onéi erences in the distribution of EOPD and LOPD cases were
item of each domain. Patients were divided into subgroup®bserved between males and females. The overall median time
according to gender, age at disease onset, disease duratafrdisease duration from onset to recruitment was 8 years, but
and HY stage. The analysis of di erences in the frequency ahales had a signi cant longer duration of disease compared
individual NMS and NMS domains between patient subgroupsvith females Table 1). Most of the enrolled patients were at
was performed using the Chi-square or Fisher exact testhe H&Y stage 2, and no di erences in the disease staging were
Di erences in median times of NMS presentation respect toobserved between males and females. All the participants were
the onset of disease, as well as in other continuous vasiablender stable treatment with levodopa/carbidopa without any
between patient subgroups were estimated using the Manmaotor uctuation at their recruitment. Demographic and disea
Whitney U or StudentT-test as appropriate. For comparison characteristics of participants are summarizedable 1
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TABLE 2 | Frequency of NMS presentation in PD patients.

NMS Frequency, n (%)

All Males Females p-value

(n D 120) (n D 88) (n D 32)

No. of patients presenting at least 1 NMS 120 (100) 88 (100) 3@100) >0.9999
Number of NMS per patient, median (IQR) 12 (9-16) 12 (9-16.75) 12 (9.25-15) 0.5801
Cardiovascular 90 (75) 65 (73.86) 25 (78.12) 0.8122
Orthostatic lightheadedness/dizziness 59 (49.16) 43 (488 16 (50) >0.9999
Falls because of fainting 66 (55) 48 (54.54) 18 (56.25) >0.9999
Sleep/Fatigue 104 (86.66) 78 (88.63) 26 (81.25) 0.3627
Excessive day time sleepiness 33 (27.5) 22 (25) 11 (34.37) 3575
Insomnia 69 (57.5) 49 (55.68) 20 (62.5) 0.5380
Intense/vivid dreams 47 (39.16) 38 (43.18) 9(28.12) 0.1462
REM behavior disorder 53 (44.16) 42 (47.72) 11 (34.37) 0.217
Restless legs 41 (34.16) 33(37.5) 8 (25) 0.2768
Mood/Cognition 93 (77.5) 67 (76.13) 26 (81.25) 0.6287
Loss of interest 48 (40) 33(37.5) 15 (46.87) 0.4025
Feeling sadness 72 (60) 49 (55.68) 23 (71.87) 0.1411
Anxiety 51 (42.5) 38 (43.18) 13 (40.62) 0.8375
Perceptual problems/Hallucinations 49 (40.83) 34 (38.63) 1 5(46.87) 0.5291
Visual/auditory hallucinations 32 (26.66) 24 (27.27) 8 (25) 0.2800
Delusions 20 (16.66) 15 (17.04) 5 (15.62) >0.9999
Diplopia 13 (10.83) 10 (11.36) 3(9.37) >0.9999
Attention/Memory 72 (60) 55 (62.5) 17 (53.12) 0.4025
Dif culties maintaining concentration 41 (34.16) 28 (31.81L 13 (40.62) 0.3904
Memory impairment 66 (55) 52 (59.09) 14 (43.75) 0.1511
Gastrointestinal 102 (85) 75 (85.22) 27 (84.37) >0.9999
Drooling of saliva 61 (50.83) 51 (57.95) 10 (31.25) 0.0130
Dif culty in swallowing 46 (38.33) 36 (40.9) 10 (31.25) 0.39®
Nausea/vomiting 19 (15.83) 11 (12.5) 8 (25) 0.1543
Constipation 71 (59.16) 48 (54.54) 23 (71.87) 0.0976
Fecal incontinence 26 (21.66) 21 (23.86) 5(15.62) 0.4540
Incomplete bowel emptying 43 (35.83) 31 (35.22) 12 (37.5) o®3
Urinary 104 (86.66) 79 (89.77) 25 (78.12) 0.1281
Urgency 84 (70) 64 (72.72) 20 (62.5) 0.3676
Nocturia 88 (73.33) 68 (77.27) 20 (62.5) 0.1600
Sexual function 65 (54.16) 52 (59.09) 13 (40.62) 0.0974
Loss of libido/hypersexuality 51 (42.5) 42 (47.72) 9(28.12) 0.0627
Sexual dysfunction 55 (45.83) 46 (52.27) 9(28.12) 0.0230
Miscellaneous 106 (88.33) 76 (86.36) 30 (93.75) 0.3485
Taste/smell impairment 66 (55) 47 (53.4) 19 (59.37) 0.6790
Weight uctuations 55 (45.83) 40 (45.45) 15 (46.87) >0.9999
Hyperhidrosis 60 (50) 44 (50) 16 (50) >0.9999
Pain 49 (40.83) 35(39.77) 14 (43.75) 0.8339

IQR, 25% 75% interquartile range; NMS, non-motor symptom; PD, Parkinson's disgse; REM, rapid eye movements. Differences in categorical variables taeeen males and females
were estimated using Fisher's exact or Chi square test. Differems in continuous variables between males and females were estimatedsing the Mann—-Whitney U-test. Bold values
indicate statistics for a global symptom domain/group, whereas unbold Vaes correspond to each individual symptom included in a domain.

Gender Differences in the Frequency and onset, de ned as the moment when cardinal motor symptoms
Time of NMS Presentation in PD Patients manifested, did not correlate with the number of NMS per
All the participants enrolled in the current study presented afPatient Figures 1A,B, whereas disease duration showed a
least 1 NMS. The median number of NMS per patient wa$ositive signi cant correlation with such variabléigure 10,

12, with no signi cant di erences between males and female§uggesting that the burden of NMS in our population increased
(Table 2. Interestingly, age at enrollment and age at diseasever time. When grouped as domains, the most frequent
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NMS observed in the study participants were miscellaneousnd sexual function NMS domains tended to be more
(88.33%), followed by urinary tract (86.66%), sleep/fatigueommon in males. The most frequent individual NMS were
(86.66%), gastrointestinal tract (85%), mood/cognition.$%%),
cardiovascular (75%), attention/memory (60%), sexual fonct constipation (59.16%), insomnia (57.5%), drooling of saliva
(54.16%), and perceptual problems/hallucinations symptomg0.83%), taste/smell impairment (55%), and hyperhidrosis

nocturia (73.33%), urinary urgency (70%), feeling sadneé¥¥)6

(40.83%, sedable 2. There were no signi cant dierences (50%), as shown iffable 2 Only drooling of saliva and sexual
between males and females in the frequency of any speci c NM@/sfunction were signi catively di erent between gendees

domain. However, urinary tract, sleep/fatigue, attentimemory

A B
30+
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S22 s
4 4
N N
o (<]
2 104 2
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T T T T T T T T 1
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FIGURE 1 | Correlations between disease characteristics and total naber of NMS in PD patients.(A) Correlation between age at enrollment and number of NMS per
patient. (B) Correlation between age at disease onset and number of NMS pepatient. (C) Correlation between disease duration and number of NMS peratient.
Correlations were estimated using the Pearson'¢A) and Spearman’s (B,C) rank correlation coef cients. NMS, non-motor symptoms.
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Memory impairment, nocturia, and loss of libido/hypersextiali presentation of 24 months, whereas sexual function
also tended to be more common in males, whereas constipatiosymptoms were the last to appear (s&égure2A and
nausea/vomiting and feeling sadness were more frequent Bupplementary Table L Overall, the pattern of occurrence
femalesTable 2. of NMS domains in our population from the earliest to
Any patient reported NMS before the onset of motorthe last was as follows: attention/memory, cardiovascular,
manifestations. NMS of the attention/memory domain wheregastrointestinal tract, perceptual problems/hallucinasipn
the earliest symptoms to occur during the course of PDmood/cognition, urinary, miscellaneous, sleep/fatigue, and
with a median interval from disease onset to symptomsexual function. In males, attention/memory, cardiovdacu

FIGURE 3 | Temporal pattern of individual NMS presentation in PD patigs. (A) Temporal pattern of individual NMS presentation in all padipants. (B) Time of NMS
presentation in males.(C) Time of NMS presentation in females. mo, months; NMS, non-mtor symptoms; REM, rapid-eye movements.
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perceptual problems/hallucinations, and mood/cognitionTABLE 3 | Frequency of NMS presentation in PD patients according to agat

were the earliest NMS domains to occurFigure 2B),  disease onset

whereas gastrointestinal, perceptual problems/halluamati /. iapie/nms
cardiovascular, attention/memory and urinary symptoms ever
the earliest NMS domains in femaleEidgure 2C). However,

Frequency, n (%)

EOPD LOPD p-value
(n D 35) (n D 85)

only gastrointestinal symptoms occurred signi cativelylesarin

females $upplementary Table L Age at onset (years), median (IQR)

The dynamics of individual NMS in PD showed that pisease duration (years), median (IQR)

nausea/vomiting was the earliest symptom observed in afoehn & Yahr stage, median (IQR)

43 (40-47) 58 (54-63.5K 0.0001
10 (6-15)  8(5-10) @0

patients independently of their gender, with a median time of 1,n (%)
presentation of 12 months. This symptom was followed by fecal 2, n (%)

incontinence, di culty in swallowing, and delusions, whexrg 3,n (%)
sexual dysfunction and changes in interest for sex wereasie | 4. n (%)
symptoms to occur Kigure 3A and Supplementary Table L 5,n (%)

2 (2-3) 2 (2-3) 0.0366
1(2.85  10(11.76)  0.1726
17 (48.57) 46 (54.11)  0.6882
10 (28.57) 23 (27.05) >0.9999
6 (17.14) 6 (7.05) 0.1060
1(2.85) 0 (0) 0.2917

Among males, the earliest NMS reported by participants werBlumber of NMS per patient, median (IRQ) 12 (10-16) ~ 12(8-18) 9827

nausea/vomiting, fecal incontinence, diculties maintang = Cadiovascular

concentration, di culty in swallowing and delusions, whexs

constipation was the last symptom to appedfigure 35, IS because offainting

. . . . Sleep/Fati
On the other hand, fecal incontinence, drooling of saliva eepiratgue )

L. . . L Excessive day time sleepiness
nausea/vomiting, and delusions were the earliest mdwhduqnsomnia

Orthostatic lightheadedness/dizziness

26 (74.28) 64 (75.29)  >0.9999
11(31.42) 48 (567)  0.0160
25(71.42)  41(48.23)  0.0263

28(80)  76(89.41)  0.2356
14 (40) 19 (22.35)  0.0710
21 (60) 48 (56.47)  0.8396

NMS in females, whereas loss of libido/hypersexuality, stexuf';\
dysfunction, feeling sadness and taste/smell

ntense/vivid dreams
EM behavior disorder

occurred late during the course of PD in the same group,. iess legs
(Figure 3Q). Despite these gender patterns of NMS presentationq,q/cognition

only drooling of saliva occurred signi catively earlier imfieles
than males $upplementary Table L

Loss of interest

Feeling sadness

Anxiety

Perceptual problems/Hallucinations

13 (37.14) 34 (40) 0.8387
15 (42.85) 38 (44.70) >0.9999
11(31.42) 30(35.29)  0.8327
29(82.85) 64 (75.29)  0.4733
16 (45.71)  32(37.64)  0.4209
20 (57.14)  52(61.17)  0.6874
18 (51.42) 34 (40) 0.3118
17 (48.57) 32 (37.64) 3098

Frequency of NMS in PD Patients
According to Their Age at Disease Onset

Visual/auditory hallucinations
Delusions 6 (17.14)

13(37.14) 19 (2235 0174
14 (16.47) >0.9999

and Duration of Disease Diplopia 5 (14.28) 8 (9.41) 0.5200
Our previous results suggested that the burden of NMS igttention/Memory 21 (60) 51 (60) >0.9999
not in uenced by the age at onset of PD in our population pif culties maintaining concentration 14 (40) 27 (31.76) @041

(Figure 1B). Conversely, recent studies have shown that theemory impairment 20(57.14) 46 (54.11)  0.8412
frequency of NMS is dierent among EOPD and LOPD Gastrointestinal 28 (80) 77(90.58)  0.1329

individuals ©, 19). Hence, we further looked for di erences in Drooling of saliva 14 (40) 47 (55.29)  0.1607
the burden of NMS between patients grouped according to theiPif culty in swallowing 13(37.14)  33(38.82) >0.9999
age at onset of disease. In the current study, the median tage Ngusea/vomiting 3(857)  16(18.82)  0.2700
onset of disease in EOPD patients was 43 years, whereas medtapstiration 20(57.14)  51(60)  0.8392

age at onset of LOPD participants was 58 ye@able 3. Disease Fecalincontinence 7(20) 19 (22.35) >0.9999
duration was signi catively longer in EOPD than LOPD patignt '"complete bowel emptying 15(4285)  28(3294) 04024
(10 vs. 8 years) D 0.0070). However, we found that the total V@Y 321 (8;'357) 720(85688; 0'07 ;226
number of NMS per patient did not di er between participants "% 4 (68.57) (70.58) 0.
. ; . Nocturia 25(71.42) 63 (74.11)  0.8216
grouped according to their age at disease ongable 3. In fact,
. . . . 22(62.85) 43(50.58)  0.2345

only miscellaneous and gastrointestinal NMS domains tertded 18 (5142) 33(3882) 02275
occur more fr,t\e/lquentlg_lamonghLOPl_D V\ll_'ﬂ;]oﬁt rza(;hlng;;[ma}matl Sexual dysfunction 20(57.14)  35(41.17)  0.1578
signi cance. .ea.nyv ile, orthostatic lightheal g nes. gss Miscellaneous 28 (80) 78(91.76)  0.1133
was the only |nd!V|duaI NMS that occurred with a signi cant 1aqte/smell impairment 20 (57.14) 46 (5411)  0.8412
higher frequency in LOPD as compared with EOPD, whereas falieignt uctuations 16 (45.71) 39 (45.88) >0.9999
because of fainting were signi catively more common in EOPDHyperhidrosis 21 (60) 39 (45.88)  0.2280
patients Table 3. Pain 14 (40) 35(41.17) >0.9999

On ,the other . hand’ ,We also. grouped StUdy partlCIpantSEOPD, early-onset Parkinson's disease; IQR, 25%75% interquartile range; LOPD, late-
accordlng to their duration of disease< 10 years vse 10 onset Parkinson's disease; NMS, non-motor symptom; PD, Parkinson's disese; REM,
years) and estimated di erences in the frequency of NMS. Thepid eye movements. Differences between males and females werestmated using the
median age at onset of disease was signi catively highere’m tH:isher's exact or Chi square test. Differences in continuous varias were estimated

. . . . using the Mann-Whitney U test. Bold values indicate statistics for a global syptom

group of patients with a shorter duration of diseaSalfle 4.

. K X R X domain/group, whereas unbold values correspond to each individual symptom gluded
Interestingly, patients with a duration of diseas@0 years had i a domain.

Sexual function
Loss of libido/hypersexuality
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a higher number of NMS per individual as compared with theTABLE 4 | Frequency of NMS presentation in PD patients according to dease
group of participants with a duration of disease10 years (13 duration.

vs. 10 symptoms per patierp, D 0.0098;Table 4. In general, . iapie/nms Frequency, n (%)
all the NMS domains except sleep/fatigue tended to occur
with a higher frequency in participants with a longer duration <l0years >10years p-value
of disease. Nonetheless, only mood/cognition, sexualtimmc (D69 (D39
and urinary symptoms were signi catively more common in age at onset (years), median (IQR) 57 (50-65) 51 (42-58)<0.0001
patients with a duration of disease 10 years. Our analysis y,mper of NMS per patient, median (IQR) 10 (8.5-15) 13 (10-18) 0.0098
of individual NMS showed that urinary urgency, constipation, -, qiovascular 46 (70.76) 44 (80) 0.2931
feeling sadness, sexual dysfunction, REM behavior disA® o otaic lightheadedness/dizziness 33(50.76) 26 (472  0.7180
of_ |ntere_st,_ anX|ety, and |ncomplet_e bowel emptying _opcurreqans because of fainting 32(49.23) 34(61.81)  0.1991
w!th a signi cant h|_gher frt_aquency in the group of participant Sleep/Fatigue 57(87.69) 47 (8545 07910
with a Ionger duration of dlseasé'e(ble 4) Excessive day time sleepiness 14 (21.53) 19 (34.54) 0.1509
) ] ] Insomnia 40 (61.53) 29 (52.72)  0.3588
NMS Presentation According to Disease Intense/vivid dreams 26(40)  21(38.18) 0.8535
Stage REM behavior disorder 22 (33.84) 31(56.36) 0.0167
Previous studies have shown that the severity of motor m$in Restless legs 19 (29.23) 22 (40) 0.2492
and NMS in PD patients are closely relatéd]1, 19), suggesting Mood/Cognition 45(69.23) 48 (87.27)  0.0273
that the mechanisms of cellular degeneration underlyings th Loss of interest 19 (29.23) 29(52.72)  0.0147
disease parallelly a ect multiple neuronal systems over timeseeling sadness 33(50.76) 39 (70.90)  0.0269
Hence, in order to determine di erences in the frequency of NMSanxiety 22(33.84) 29 (52.72)  0.0430
presentation according to the degree of motor dysfuncticereh  perceptual problems/Hallucinations 26 (40) 23(41.81) 0.85 43
we also grouped study participants according to their HY stag@isual/auditory hallucinations 16 (24.61) 16 (29.09) 0.6
As expected, we found that age at onset was higher in patientgusions 13 (20) 7(12.72)  0.3328
presenting at initial stages of disease, and disease duna8s pjpiopia 7(10.76)  6(10.90)  0.9999
signi catively longer in those presenting at late diseas®es$  agention/Memory 36 (55.38) 36 (65.45)  0.3499
(seeTable 5. Furthermore, we observed that the total numberDif culties maintaining concentration 20(30.76) 21(38.13 0.4426
of NMS per patient increased as the HY staging progresseglemory impairment 32(49.23) 34 (61.81)  0.1991
Despite most patients were at HY2 stage at the moment of . inestinal 56 (86.15) 49 (89.09) 07835
their enrollment, the proportion of patients presenting sympt®m Drooling of saliva 31(47.69) 30 (54.54)  0.4700
of the gastrointestinal tract, urinary tract, mo_od/cogon,_ Dif culty in swallowing 30(46.15) 16 (29.09)  0.0621
cardiovascular, and sexual function NMS domains was highey, .. alvomiting 11(1692) 8(1454) 08049
in the HY 4-5 group Table 9. Interestingly, sleep/fatigue and Constipation 32(4923) 39(70.90)  0.0249
attention/memory symptoms were more frequent at HY1 stage.. . incontinence 14(2153) 12(2181)  0.9999
Only d.i Cu.lty i.n swallowing and loss of Iibido/hypersexuay_i Incomplete bowel emptying 16 (24.61) 27 (49.09) 0.0073
were signi catively more frequent at advanced stages aatis .
(HY 4-5), whereas feeling sadness was most common at HYULS»Inary °1(78.46) 53(96.36) 00057
stage Table 5. Urgen(.:y 38 (58.46) 46 (83.63)  0.0029
Nocturia 44 (67.69) 44 (80) 0.1504
Sexual function 29 (44.61) 36 (65.45) 0.0278
DISCUSSION Loss of libido/hypersexuality 25(38.46) 26 (47.27)  0.3588
Sexual dysfunction 22 (33.84) 33 (60) 0.0057
It has been increasingly recognized that the clinical phgpet wmiscellaneous 57(87.69) 49 (89.09)  0.9999
of PD is greatly heterogeneous, encompassing both the presengste/smell impairment 34(52.30) 32(58.18)  0.5825
of cardinal motor symptoms, as well as the progressiv@eight uctuations 33 (50.76) 22 (40) 0.2727
development of a wide range of NMS, which in conjunctyyperhidrosis 29 (44.61) 31(56.36) 0.2716
exert a detrimental impact on the functional independence ob,i, 27 (41.53) 22 (40) 0.9999

ill subjects. In fact, it is now accepted that NMS are more

common among PD patients Compared to age- and gendetLQR’ 25% 75% interquartile range; NMS, non-motor symptom; PD, Parkinson's disease;
.. . REM, rapid eye movements. Differences in frequencies between subgroups ere

matched h(_%&“hy 'nd|V|dua|S8(_ 10, 20, 21)' Mpreover, it has estimated using the Fisher exact or Chi square test. Differences iroatinuous variables

been described that NMS can independently impact on the QOluere estimated using the Mann-Whitney U test. Bold values indicate statiss for a global

of patients with PD 4' 5), Contributing even more than motor symptom domain/group, whereas unbold values correspond to each individual spptom

symptoms to the clinical burden of the diseaSe4). However, "¢dedinadomain.

NMS remained unappreciated for a long time hindering the

implementation of individualized therapeutic strategieditoit  patterns of NMS presentation along the progression of disease

the clinical implications of speci ¢ manifestations. In thiegard, has impeded clinicians to anticipate their occurrence in orde

the incomplete understanding of the frequency and temporato better rationalize and plan their management. Currenity,
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TABLE 5 | Frequency of NMS in PD patients according to the stage of disese.

Variable/NMS Frequency, n (%)

HY 1 HY 2 HY 3 HY 4/5 p-value

(n D 11) (n D 63) (n D 33) (n D 13)

Age at onset (years), median (IQR) 60 (55-64) 54 (49-60) 55 {#D) 42 (40.5-56) 0.0282
Disease duration (years), median (IQR) 6 (1-8) 8 (4-10) 106(8.3.5) 15 (11-17) <0.0001
Number of NMS per patient, median (IQR) 10 (5-13) 10 (9-16) 1P0-16) 15 (9.5-17.5) 0.2521
Cardiovascular 7 (63.63) 45 (71.42) 27 (81.81) 11 (84.61) 0.4496
Orthostatic lightheadedness/dizziness 4 (36.36) 31 (49.20 19 (57.57) 5 (38.46) 0.5219
Falls because of fainting 4 (36.36) 36 (57.14) 16 (48.48) 106.92) 0.1910
Sleep/Fatigue 11 (100) 55 (87.30) 28 (84.84) 10 (76.92) 0.4110
Excessive day time sleepiness 1(9.09) 18 (28.57) 11 (33.33) 3(23.07) 0.4580
Insomnia 8(72.72) 33 (52.38) 19 (57.57) 9 (69.23) 0.4841
Intense/vivid dreams 1 (9.09) 30 (47.61) 13 (39.39) 3(23.07) .@681
REM behavior disorder 4 (36.36) 29 (46.03) 14 (42.42) 6 (465) 0.9357
Restless legs 2(18.18) 21 (33.33) 15 (45.45) 3(23.07) 0.2782
Mood/Cognition 4 (36.36) 49 (77.77) 28 (84.84) 12 (92.30) 0.0040
Loss of interest 2(18.18) 28 (44.44) 11 (33.33) 7 (53.84) 0.2261
Feeling sadness 3(27.27) 34 (53.96) 27 (81.81) 8 (61.53) 0.0061
Anxiety 3(27.27) 26 (41.26) 13 (39.39) 9 (69.23) 0.1708
Perceptual problems/Hallucinations 6 (54.54) 21 (33.33) 17  (51.51) 5 (38.46) 0.2712
Visual/auditory hallucinations 4 (36.36) 15 (23.80) 8 (242 5 (38.46) 0.6115
Delusions 1 (9.09) 12 (19.04) 5 (15.15) 2 (15.38) 0.8539
Diplopia 2(18.18) 4(6.34) 7(21.21) 0 (0) 0.0662
Attention/Memory 8(72.72) 37 (58.73) 19 (57.57) 8 (61.53) 0. 8306
Dif culties maintaining concentration 4 (36.36) 20 (31.74) 12 (36.36) 5 (38.46) 0.9473
Memory impairment 7 (63.63) 33 (52.38) 18 (54.54) 8 (61.53) .8653
Gastrointestinal 10 (90.90) 56 (88.88) 26 (78.78) 13 (100) 0.2237
Drooling of saliva 4 (36.36) 31 (49.20) 20 (60.60) 6 (46.15) 0.5005
Dif culty in swallowing 2(18.18) 30 (47.61) 7(21.21) 7 (538 0.0223
Nausea/vomiting 3(27.27) 8 (12.69) 7 (21.21) 1(7.69) 0.4061
Constipation 8 (72.72) 35 (55.55) 18 (54.54) 10 (76.92) 0.3668
Fecal incontinence 3(27.27) 12 (19.04) 9 (27.27) 2 (15.38) 22
Incomplete bowel emptying 4 (36.36) 21 (33.33) 13 (39.39) 5 8346) 0.9416
Urinary 9 (81.81) 56 (88.88) 26 (78.78) 13 (100) 0.2342
Urgency 6 (54.54) 44 (69.84) 23 (69.69) 11 (84.61) 0.4618
Nocturia 9 (81.81) 48 (76.19) 23 (69.69) 8 (61.53) 0.6115
Sexual function 6 (54.54) 31 (49.20) 17 (51.51) 11 (84.61) 0.1343
Loss of libido/hypersexuality 6 (54.54) 24 (38.09) 11 (33.33 10 (76.92) 0.0352
Sexual dysfunction 3(27.27) 26 (41.26) 16 (48.48) 10 (76.92 0.0655
Miscellaneous 9 (81.81) 55 (87.30) 31 (3.03) 11 (84.61) 0.6372
Taste/smell impairment 7 (63.63) 30 (47.61) 22 (66.66) 7 (534) 0.3156
Weight uctuations 2 (18.18) 33(52.38) 16 (48.48) 4 (30.76) 0240
Hyperhidrosis 4 (36.36) 30 (47.61) 17 (51.51) 9 (69.23) 0.4050
Pain 3(27.27) 22 (34.92) 17 (51.51) 7 (53.84) 0.2388

IQR, 25% 75% interquartile range; NMS, non-motor symptom; PD, Parkinson's dis#se; REM, rapid eye movements. Differences in frequencies of NMS betweelisease stages were
estimated using the Chi square test. Differences in continuous vabies between subgroups were analyzed using the Kruskal-Wallis test. Bblalues indicate statistics for a global
symptom domain/group, whereas unbold values correspond to each indidual symptom included in a domain.

is known that some NMS can even precede the appearance mpdpulations are needed to understand how these symptoms
cardinal symptomsZ4?2, 23), but the time at which other NMS a ect PD patients according to their ethnic background. Ttes i
occur with respect to the beginning of the motor abnormaltie quite important as emerging evidence suggests that the alinic
has not been well-described. Also, more studies addressang phenotype of PD may vary between distinct populations probably
frequency and pattern of NMS presentation among di erentbecause of the e ect of genetic, sociocultural, sociodeaygc
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and environmental factors speci c of each ethnic grou)( were miscellaneous, urinary tract, sleep/fatigue, gagtstinal,
Despite these, the burden of NMS in PD has mainly beemood/cognition and cardiovascular NMS domains. Similar
explored in white-Caucasian populations. ndings were reported in two studies conducted in Mexico
Here, we investigated the frequency and dynamics of NM&ity and Monterrey, where the investigators observed that
presentation in a group of non-Caucasian Hispanic patientsniscellaneous, urinary tract, sleep/fatigue and mood/digmn
with PD. To our knowledge, the current study is one of thedomains are very common in Mexican patients with PI%,(26).
largest investigations about NMS in PD conducted in LatinMoreover, it has been found that sleep/fatigue, mood/cogniti
American populations, and one of the rst reports describingand miscellaneous are the most frequent NMS domains in
the temporal pattern of NMS occurrence with respect to theChinese individuals with PD1(©), whereas sleep/fatigue, urinary
onset of motor manifestations. Our results showed, rstlyatt tract and gastrointestinal domains are more common in
most of the clinical and demographic characteristics of ouMoroccans 27). Interestingly, some of these are among the
study participants, such as their age at disease onset arasdiseNMS domains that better discriminate between PD and normal
duration, are similar to the clinical features describedother elderly 0, 21). Thus, these data suggest that the mechanisms
reports about the clinical phenotype of PD in MexicaBg<26).  responsible of the occurrence of NMS in PD may be conserved
Nonetheless, we found a lower proportion of females a ected bpcross populations, and despite the multisystem nature of the
PD, which may be accounted to discrepancies in study desigmsease, certain functional domains of the central nervous
(single-center vs. multi-center) and gender dierences et system might be more susceptible to get a ected. In fact, a
incidence and access to health care of PD patients acros®dier recent work showed almost similar phenotypes of NMS domain
regions of our country. Secondly, we found that 100% of oupredominance in PD patients from di erent ethnic group29,
patients reported the presence of at least 1 NMS, which coincidesipporting our previous assumption. Despite this, we do not
with the results of other studies showing a high frequency ofule out the possibility that genetic ancestry may drive &ibt
non-motor manifestations in individuals with PD from ItaBnd  di erences in the prevalence of certain NMS domains.
Morocco (L1, 27). In fact, we also observed that the median In the current study, the most frequent individual NMS
number of NMS per patient in our study was 12, similar to otherwere nocturia, urgency, feeling sadness, constipation, ingm
large studies conducted in Mexico, Italy and the United Kingdo and drooling of saliva. Other reports have also shown that
that have also showed that the number of NMS a ecting eaclthe most common NMS in British PD patients are urinary
patient ranges from 8 to 117( 11, 25). Collectively, these data (7). Similarly, nocturia, urgency and drooling of saliva were
reveal that the burden of NMS in PD, in terms of the numberthe most frequent NMS in a multicenter study conducted
of symptoms per patient, is high even among populations within Spain and the United Kingdom4j. Among males, we
di erent ethnic background. found that the most common NMS domains were urinary,
Although the frequency of NMS in our population was similar sleep/fatigue, attention/memory, and sexual function, dhe
to other groups, our results also demonstrate that the e ectnost common individual symptoms were drooling of saliva and
of certain demographic characteristics on the burden of NMS$exual dysfunction. In females, miscellaneous, gastroinés
in PD may not be the same among di erent populations. Forand mood/cognition were the most frequent NMS domains,
instance, several studies conducted in Asia have shown thahereas constipation, nausea/vomiting, and feeling sadnes
females present a higher number of NMS compared to mélgs ( were the most common individual symptoms. These gender
28). Conversely, we did not nd gender di erences in the number phenotypes have also been observed in other studies conducted
of individuals reporting NMS nor in the amount of NMS per in European populationss). Of note, several research groups
patient. Perhaps, the lower proportion of females enrolled & thincluding us, have also found that females tend to present
current study, as well as they lower duration of disease coetpa mood alterations with higher frequency than males (L9
to males explain why we did not nd gender di erences in the 28), and depression can even precede the beginning of motor
burden of NMS. Therefore, although other studies addressingymptoms in female<2Q). A possible explanation for this gender
NMS in PD have also reported a higher proportion of maledi erence in the presentation of depression may be related to
participants £9), the gender comparisons described here musthe higher burden of NMS that has been shown among females
be interpreted taking in consideration possible bias inducgd bin other studies {9, 28), and in fact, a higher burden of NMS
a lower number of females enrolled in our study. Moreoverhas been associated with increased prevalence of depression
contrary to other investigations in Chinese and Serbiangyd in general 80). Also, in a previous study in Mexican PD
with PD, we did not nd signi cant di erences in the number of patients, it was found that females were more propense to be
NMS per individual between EOPD and LOPD groufs 19), depressed and their Uni ed Parkinson's Disease Rating Scale
which may be explained by discrepancies in cut-o values usepart 1ll (UPDRS-III) scores were higher compared to males
in di erent studies to classify patients according to theiragt (30). Hence, it is possible that both motor and non-motor
disease onset. manifestations exert a higher impact on the mood of female PD
On the other hand, our ndings together with the results of patients. However, here we did not nd gender di erences in
previous studies suggest that although the burden of NMS ithe frequency of NMS nor in the severity of PD according to
terms of number of symptoms per patient may vary according tahe H&Y scale, thus we propose that the higher incidence of
certain demographic characteristics, the frequency of SNM&  depression in females may be associated with their degredfof s
domains is similar across several populations. In this regaed awareness of motor and non-motor manifestations, or to othe
observed that the most common NMS domains in our studysociocultural factors.
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Taken together, our results and data provided by other stdieor it may be related with di erences in the patients' con dence
remark the necessity to focus more therapeutic strategies do report such manifestations in the self-completed NMSQuest.
the management of NMS in PD. Speci cally, greater attentioindeed, Rodriguez-Violante and colleagues found that theale
must be pay to miscellaneous, urinary tract, sleep/fatigudunction items are not answered by some patients unlesstdirec
gastrointestinal and mood/cognition NMS domains due tointerrogation is performed 5. Therefore, the frequency of
their high frequency, as well as to those symptoms that haveexual function symptoms in PD may be higher than expected.
demonstrated a higher impact on the QoL in PD, such as Finally, we further con rm that the frequency and number
depression, gastrointestinal symptoms, and sleep disorders of NMS per patient positively correlates with disease duration
10). In this manner, an integral treatment approach focusedand severity of motor symptoms, as previously demonstrated by
both on motor manifestations and NMS can improve theother investigators, 11, 19). We showed that gastrointestinal,
welfare of patients living with PD. Furthermore, being alde t urinary, mood/cognition, cardiovascular and sexual fuowot
anticipate the occurrence of NMS would be another strategiMS are more frequent in H&Y 4-5. These ndings are very
of great benet for the management of PD. However, theresimilar to data reported by Kadastik-Eerme and colleagues wh
is not enough information about the temporal pattern of showed that symptoms of the mood/cognition, sleep/fatigue
NMS presentation during the course of the disease amongnd urinary domains are more frequent at later H&Y stages
di erent populations of PD patients. Currently, depressionggle in PD patients from Estonia5). Muller and colleagues also
disorders, constipation and anxiety have been shown to occiwshowed that a higher H&Y stage was associated with increased
early before motor symptom onset in Mexicans with PEB),  frequency of drooling of saliva, constipation, increasedading
Constipation and incomplete bowel emptying also precede motaand di culties in swallowing among Norwegians3). Moreover,
symptoms in Argentinians 42). In this context, the current in another study conducted in Serbians with PD, H&Y stage was
study adds valuable evidence about the time at which di erena predictor of higher number of NMS9]. Collectively, these
NMS occur with respect to the onset of motor symptoms. ndings indicate that PD patients will require a more complex
Regarding temporal presentation of NMS grouped by domainsand multi-disciplinary management as their disease progegsse
we found that attention/memory was the earliest domain toremarking the importance of the early detection and treatitregn
occur in all the participants as well as among males. This isome NMS according to the time at which they occur, in order to
not a surprising nding, as it has been widely recognized thaplan and administrate di erent therapeutic strategies at deat
PD patients can present a certain degree of cognitive declimmoments during the course of the disease.
early during the course of their diseasgl(32), mostly in The current study has some limitations that must be taken
the form of mild cognitive impairment that can progress to into consideration when interpreting our ndings. On the one
PD dementia over time. Although the mechanisms associatdtand, we used the self-completed NMSQuest to evaluate the
with cognitive disfunction in PD are not well-understood, frequency of individual NMS, which is answered by the patient,
evidence suggests a mixture of Lewy bodies and Alzheimérstead of the NMSS that is applied and lled by the clinical
pathologic mechanisms3g-35). Thus, our data further justify neurologist and provides additional data about the sevesity
the early performance of neuropsychological evaluationkitgp  NMS. Therefore, although all of our study participants weresabl
for the presence of memory impairment or attention de cits to provide informed consent, which may indicate a su cient
to timely recognize and treat these symptoms. Our analysis @bognitive function 8, 15), we could not rule out possible bias in
the temporal presentation of individual NMS also support anour estimates of the frequency of NMS induced by di erences
early screening for gastrointestinal manifestations, @eesof in their degree of self-awareness and performance in ansgerin
these symptoms, such as nausea/vomiting, fecal incontementhe NMSQuest. Notwithstanding, it is important to acknowledg
and drooling of saliva occurred early both in male and femaléghat this bias may occur by using the NMSQuest and NMSS, as
patients, and as mentioned before, gastrointestinal symptara these screening tools require that patients understandtdras
among the NMS that impact more on the QoL of individuals of both questionnaires3 16). Indeed, there is an extra source
with PD (7, 10). Interestingly, among the early gastrointestinalof possible inaccuracy in the evaluation of NMS when using the
symptoms described here, the premature occurrence of fecBMSS, as the results also depend on the ability of physicians to
incontinence in some of our patients is quite unusual. Everappropriately interrogate the presence of NMS and objectively
when it is well-accepted that bowel disfunction is common inevaluate the severity of each iter®).(Furthermore, previous
PD (36), this is mostly manifested as constipation instead oflata suggest that the results of NMSS highly coincide witls¢ho
incontinence. In fact, fecal incontinence has not been ket obtained by the NMSQuesB), and initial studies validating these
with higher frequency among individuals with PD comparedtools have demonstrated their applicability to the wide range
to healthy people 37). Therefore, as only 28 out of our 120 of PD patients, among which a proportion of individuals with
enrolled individuals reported such symptom, it is possible thatognitive decline it is expected to be observed, with the only
this phenomenon was related to normal aging or to otherexception of those with established demential@). Despite this,
possible nutritional, gastrointestinal or neurologicahditions it would have been important to describe the cognitive statis
not recognized in our study. Another remarkable ndingwaat our study population using an objective neuropsychologicd] tes
sexual function items were the less frequent and the last NM&s well as to provide a better description of their educatioelieo
observed in our population. This nding can be interpreted as abetter correlate and support the NMS phenotypes observed here.
low incidence of sexual function problems among PD patientsPn the other hand, we did not evaluate the QoL of our study
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participants using guantitative scales, thus we were not @able provided their written informed consent to participate in

evaluate the impact of the frequency and burden of NMS on th¢his study.

welfare of PD patients. However, the detrimental impact of NMS

on the QoL of individuals with this neurodegenerative dder AUTHOR CONTRIBUTIONS
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