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Abstract 

Introduction: We describe excessive buccal saliva (EBS) prevalence in 

patients with Parkinson’s Disease (PD) and controls of the COPARK study, its 

changes between “ON” and OFF” conditions and over time, its impact on 

Health-related Quality of life (HRQoL), and factors associated with this 

condition.  

Methods: We studied 671 ambulatory PD patients and 177 age/sex-matched 

controls. We defined “sialorrhea” as UPDRS item #6 (salivation)=1 or 2; and 

“drooling” as item #6=3 or 4. SCOPA-Aut drooling score (item #2) was also 

available in a subset (45%) of the cohort. HRQoL was assessed by the PDQ-39 

and SF-36 scales. Twenty-four months follow-up data was available in 401/671 

patients. 

Results: EBS as assessed by UPDRS was present in 38% of PD patients in 

the “ON” condition (“Sialorrhea”: 35%; “drooling”: 3%). There were also more 

PD patients reporting “drooling” than controls according to the SCOPA-Aut 

(49% vs 19%, p<0.01). UPDRS salivation score was worse in the “OFF” vs 

“ON” condition in PD patients with motor fluctuations (0.90±0.94 vs 0.54±0.79, 

p<0.01). UPDRS salivation score worsened after 24 months of follow up 

(0.47±0.70 vs 0.64±0.81, p<0.01). Worse PDQ-39 scores were observed in PD 

patients with EBS in bivariate but not in multivariate analyses. EBS was directly 

related to PD duration and severity, male gender, dysphagia, hypomimia, and 

autonomic dysfunction (logistic regression).  

Conclusions: EBS was more frequent in PD patients than controls, worsened 

in the “OFF” condition and after 24 months of follow-up, moderately affected 
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HRQoL and was correlated with indices of bradykinesia, dysphagia, and 

autonomic dysfunction.  

 

Keywords: Parkinson’s disease, excessive buccal saliva, sialorrhea, drooling, 

saliva, non-motor symptoms, Health-Related Quality of Life. 
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Introduction 

Excessive buccal saliva (EBS) is a common and bothersome feature of patients 

with Parkinson’s Disease (PD). This symptom is however frequently under-

estimated in clinical practice and insufficiently understood. Its estimated 

prevalence varies greatly among studies, from 10% to 77% (van Wamelen et al. 

2020; Sung et al. 2014; Rana et al. 2013; Park et al. 2015; Ou et al. 2015a; Ou 

et al. 2015b; Mao et al. 2018; Malek et al. 2017; Nienstedt et al. 2018; Karakoc 

et al. 2016; Fasano et al. 2015; Barbe et al. 2019; Kalf et al. 2009). Its potential 

fluctuation between the “ON” and “OFF” conditions is uncertain, like its changes 

over time as disease progresses. Its impact on Health-Related Quality of Life 

(HRQoL) remains also unclear (Karakoc et al. 2016; Ou et al. 2015a; Ou et al. 

2015b; van Wamelen et al. 2020) like its mechanisms, although various 

associated factors have been reported, including gender, age, disease severity, 

some motor and non-motor symptoms, and medications (van Wamelen et al. 

2020; Rana et al. 2013; Park et al. 2015; Ou et al. 2015a; Ou et al. 2015b; Mao 

et al. 2018; Nienstedt et al. 2018; Karakoc et al. 2016; Barbe et al. 2019). 

 

The COPARK database included 683 PD patients recruited in different regions 

of France, out of whom 401 were followed-up for about 24 months (Rascol et al. 

2015; Ratti et al. 2015; Rascol et al. 2020; Perez-Lloret et al. 2017). 

Furthermore, COPARK included 177 sex- and age-matched non-demented 

non-PD subjects from the same regions. The objectives of the present analyses 

were to describe the prevalence of EBS in PD patients in this cohort, to 

compare it with that of non-PD subjects, to assess its potential variation 
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between the “ON” and “OFF” conditions and over time, to assess its impact on 

patients’ HRQoL, and to identify factors associated with it. 
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Methods 

Population 

The COPARK database included 683 ambulatory patients with PD without 

dementia (Mini-Mental State Examination [MMSE] > 24), no deep brain 

stimulation, or suffering from a serious disease affecting life expectancy in the 

short term. The population and the methods have been described previously 

(Rascol et al. 2015; Ratti et al. 2015; Rascol et al. 2020; Perez-Lloret et al. 

2017). PD patients, diagnosed according to the UK Brain Bank Criteria, were 

recruited in a broad spectrum of outpatient clinics, including private neurological 

practices (14 centers), non-specialized general neurological centers (10 

centers), and tertiary movement disorder expert centers (4 centers) from 4 

different regions of France: Midi-Pyrénées, Pays de Loire, Hauts-de-France, 

and Aquitaine. Demented patients (MMSE < 24) or those with other 

neurological disorders than PD were excluded. The presence of secondary 

causes of dysphagia, such as neurological conditions unrelated to PD, 

oropharyngeal or esophageal cancer, radiotherapy, infectious diseases, 

esophagitis, scleroderma, or achalasia, was investigated by looking at patients’ 

and controls’ clinical histories. All subjects included in this study were free from 

these conditions. 

A group of 177 sex- and age-matched non-demented non-PD controls attending 

general practitioners’ out-patient clinics of the same regions was also recruited. 

All non-parkinsonian controls were free from secondary causes of dysphagia. 

The study was approved by Institutional Review Boards at the participating 

centers, and French regulatory authorities. It was undertaken following 
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international guidelines. Signed informed consent was obtained from all 

patients. 

 

Study procedures 

Each PD patient was examined by a neurologist trained to conduct a 

standardized and structured interview. All PD patients were evaluated in the 

“ON” condition i.e. on their usual antiparkinsonian medications for patients with 

a stable motor condition and during “ON” episodes for patients suffering from 

ON-OFF fluctuations (defined as a score ≥ 1 in the UPDRS IV Item #39). 

Evaluation included the MMSE, a full UPDRS Parts I-IV (UPDRS part II 

“Activities of Daily Living” in the “OFF” condition was also recorded in PD 

patients with motor fluctuations), the Hospital Depression and Anxiety Scale 

(HADS), and two QoL scores: a PD specific one, the PDQ-39, and a generic 

one, the SF-36. Within the UPDRS, the following independent items were 

selected for exploratory correlations, due to their potential relationship with 

salivation: “dysarthria” (UPDRS II item #5 ≥ 1), “dysphagia” (II item #7 ≥ 1), 

“facial expression” (UPDRS III item #19 (0=no hypomimia; 1-2=hypomimia w/ 

lips closed; 3-4=hypomimia w/ lips parted), “motor fluctuations” (UPDRS IV item 

#39 ≥ 1) and “symptomatic orthostatic hypotension” (UPDRS IV item #42). 

“Facial expression” (UPDRS  III item #19) was also analyzed more specifically 

in order to assess if the ability of the patients to keep lips closed may correlate 

with EBS (0=no hypomimia; 1-2=hypomimia w/ lips closed; 3-4=hypomimia w/ 

lips parted), Tremor- or PIGD-dominant PD phenotypes were also assessed 

according to Jankovic et al. (Jankovic et al. 1990). 
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The Scales for Outcomes in Parkinson’s disease – Autonomic (SCOPA-AUT), 

was collected in a subset of the cohort only, as this scale was not originally 

included in the study and was added to the protocol as an amendment. 

Patients were asked to recall their antiparkinsonian and concomitant 

medications, which were then coded by WHO-ATC. Levodopa Daily Equivalent 

Dose (LDED) was calculated according to the usual method. The anticholinergic 

burden, which represents the exposure of patients to drugs with anticholinergic 

effects, was calculated by Duran’s method (Duran et al. 2013). The method 

consists in categorizing drugs consumed by patients into those with “high”, 

“low”, or “no” anticholinergic effect. Drugs in each of these categories are then 

assigned a score of “3”, “1”, or “0” points respectively. Finally, a total score is 

obtained for each patient, by adding the scores of all drugs he/she is exposed. 

Non-parkinsonian controls were assessed using the same instruments, 

excluding the PD-specific ones, such as the UPDRS and the PDQ-39. 

 

Assessment of excessive buccal saliva  

Two markers were used, based on the UPDRS and the SCOPA-Aut:  

- UPDRS: we used item #6 (Salivation: 0=Normal; 1=Slight but definite excess 

of saliva in the mouth, may have nighttime drooling; 2=Moderately excessive 

saliva; may have minimal drooling; 3=Marked excess of saliva with some 

drooling; or 4=Marked drooling, requires constant tissue or handkerchief) to 

define 3 different levels of salivation according to severity: “no buccal saliva 

excess” (i.e. score=0), “sialorrhea” as an excess of saliva in the buccal cavity 

with or without nighttime drooling (i.e. scores 1 and 2), and “drooling” as an 

involuntary spillage of saliva from the mouth (i.e. scores 3 and 4). UPDRS item 
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#6 was available in the “ON” condition for all PD patients and also in the “OFF” 

condition in those experiencing motor fluctuations. 

- SCOPA-Aut: we used item #2 (In the past month, has saliva dribbled out of 

your mouth? : 0=Never; 1=Sometimes; 2=Regularly; 3=Often). SCOPA-Aut was 

recorded both in PD patients and in controls. SCOPA-Aut did not allow 

separating between “ON” and “OFF” conditions in the PD population, as it 

records symptoms globally over the previous month.  

 

Health-related Quality of Life outcomes 

The COPARK database allowed two ways to assess HRQoL, using the PDQ-39 

on the one hand and the SF-36 on the other:  

- PDQ-39: we calculated mobility, activities of daily living, emotional well-being, 

psychological trauma, social support, cognitive disorders, communication, and 

bodily discomfort sub-scores, as well as the total score, higher scores reflecting 

worse HRQoL according, to the usual procedure (Jenkinson et al. 1997). Items 

#24 (“eating in public”), #25 (“public embarrassment”), or #34 (“speech”) were 

also analyzed separately, as they can be directly affected by sialorrhea or 

drooling. 

- SF 36: we calculated physical functioning, role limitations because of physical 

health problems, bodily pain, social functioning, general mental health, role 

limitations because of emotional problems, vitality (energy/fatigue), general 

health perceptions, and mental and physical overall scores.  

 

PD patients’ follow-up 
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The COPARK cohort originally planned to assess all patients every 18 months 

for 60 months, but the follow-up was interrupted prematurely due to insufficient 

funding. Therefore, longitudinal data was only available in 401/683 patients 

(59%), with a median (P25-75) follow-up period of 23 (18-31) months. Patients 

who were not available for follow-up had marginally higher UPDRS II+III scores 

(30±16 vs. 27±15, p=0.05). There were no differences regarding age, gender, 

PD duration, PD severity, dyskinesias, intake of L-DOPA, dopamine agonists, or 

amantadine. 

 

Statistical analysis 

A sample size calculation revealed that 600 PD patients and 150 non-

parkinsonian controls would allow for comparisons between these groups and 

for analyzing the progression of PD patients. An extra 15% of patients were 

recruited to account for missing data and drop-outs. 

 

Point prevalence and 95% confidence intervals of PD patients with “no buccal 

salivation excess”, “sialorrhea” or “drooling”, according to UPDRS item #6, were 

calculated in the “ON” condition for the entire group and in the “OFF” condition 

for those with motor fluctuations. UPDRS Item #6 mean scores in the “OFF” and 

“ON” conditions were compared by a paired t-test. UPDRS item #6 scores 

obtained at baseline and after 24-month follow-up were compared by paired 

McNemar and t-tests. SCOPA-Aut item #2 mean drooling score was compared 

between PD patients and controls using a t-test. The proportion of patients 

reporting drooling at this item was compared by a chi-square test. 
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For PDQ-39 and SF-36 analyses, “sialorrhea” and “drooling” categories as 

assessed by UPDRS item #6 were aggregated due to insufficient sample size in 

the latter group. HRQoL scores were therefore compared between PD patients 

“without buccal saliva excess” (UPDRS #6 score=0) vs those with “sialorrhea or 

drooling” (UPDRS #6 scores≥1). T-test was employed (with corrections if 

assumptions were not met). A logistic regression multivariate model including all 

variables with p-values < 0.1 in the bivariate analyses was then fitted. HRQoL 

scales scores were rescaled to minimal clinically important differences (Brown 

et al. 2009). This model also included PD severity, age and HADS depression 

scores as covariates. Multicollinearity was ruled out. 

 

General demographic variables and disease-related factors were dichotomized 

to their medians in order to simplify interpretation. Bivariate comparisons 

between PD patients “without buccal saliva excess” (UPDRS item #6 score=0) 

vs. those with “sialorrhea or drooling” (UPDRS #6 scores≥1) were performed by 

chi-square tests. Variables with p-values < 0.1 or those considered of clinical 

interest were further entered in a full logistic regression model. Multicollinearity 

was ruled out. 

 

Statistical significance was based in all cases on 2-sided tests evaluated at a 

0.05 level of significance. All analyzes were performed by SAS v.9.3 (North 

Carolina, USA). 
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Results 

Demographic factors and clinical features of PD patients and non-parkinsonian 

controls are shown in Table 1. 

 

Excessive buccal saliva at baseline in PD patients and controls (Table 1) 

UPDRS Item #6 (salivation) was available at baseline in 671/683 PD patients in 

the “ON” condition. Thirty-eight percent of PD patients had EBS (35% having 

“sialorrhea” and 3% “drooling”) while 62% had “no buccal salivation excess”. 

The mean ± standard deviation UPDRS Item#6 score was 0.51±0.75. As shown 

in Figure 1, “sialorrhea” and “drooling” were significantly more frequent in 

patients with higher Hoehn & Yahr score. 

SCOPA-Aut item #2 (drooling) was available in 302/683 PD patients and 

100/177 non-parkinsonian controls. Forty-nine percent of PD patients reported 

drooling (score>0) as opposed to 19% of controls (p<0.01). The mean SCOPA-

Aut item #2 drooling score was significantly higher in PD patients compared to 

controls (0.71±0.05 vs. 0.41±0.09 p<0.01).  

 

Variations of excessive buccal saliva in PD patients with motor fluctuations 

(“ON” versus “OFF” conditions) 

Two-hundred and thirty-five PD patients experienced motor fluctuations at 

baseline, i.e. 35% of the entire PD population. UPDRS Item #6 (salivation) was 

available in the “ON” and “OFF” conditions in 229 of them. In these patients, the 

mean score of UPDRS item #6 was greater in the “OFF” condition (0.90±0.94) 

than in the “ON” condition (0.54±0.79, p<0.01) (Figure 2). Conversely, the mean 

UPDRS Item #6 score of the 229 PD patients with motor fluctuations in the “ON” 
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condition (0.54±0.79) was not different from that of the 442 patients without 

fluctuations assessed on treatment (0.49±0.73, p=0.83). 

Patients with motor fluctuations had more “sialorrhea” or “drooling” in the “OFF” 

condition than in the “ON” condition (p<0.01). There were no differences in the 

proportion of patients with “sialorrhea”, “drooling” or “no EBS” between non-

fluctuators and fluctuators assessed in the “ON” condition,  

 

Change over time in excessive buccal saliva in PD patients 

The UPDRS Item #6 was available in the “ON” condition at baseline and at 

follow-up (24-months), in 392 out of 401 patients who could be assessed 

twice. In this sub-sample of patients, UPDRS II+III score at baseline was 

27.3±14.7 vs 32.7±18.5 at follow-up (p<0.01, paired t-test). The mean UPDRS 

item #6 increased from 0.47±0.70 to 0.64±0.81 (p<0.01). UPDRS II+III scores 

and salivation scores correlated weakly (r=0.25 p<0.01). The prevalence of 

patients with “sialorrhea” increased from 35% to 43% and that with “drooling” 

from 2% to 3%, while that of patients with “no EBS” decreased (63% vs 54%) 

(p<0.01). 

The limited number of PD patients and controls assessed at follow-up using the 

SCOPA-Aut item #2 did not allow for meaningful comparisons. 

 

Impact on HRQoL 

Patients with “sialorrhea or drooling” (UPDRS item # 6 score ≥1 in the “ON” 

condition) had worse HRQoL scores than those without (UPDRS item #6 = 0) in 

different PDQ-39 domains (Table 2). The bivariate analysis indicated that PDQ-

39 activities of daily living, stigma, and communication subdomains scores were 
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significantly higher in patients with “sialorrhea or drooling”. Logistic regression 

failed however to identify significant relationships between PDQ-39 subdomains 

and “sialorrhea or drooling” after adjusting for age, UPDRS II+III, and HADS 

depression scores (Table 2). 

Scores of PDQ-39 item #24 (“eating in public”), #25 (“public embarrassment”), 

and #34 (“speech”) were also significantly worse in patients with “sialorrhea or 

drooling”. A logistic regression analyses revealed that “speech” was the only 

item significantly and independently related to “sialorrhea or drooling” after 

adjusting for age, UPDRS II+III, and HADS depression scores (Table 2).  

There were no differences regarding SF-36 scores. 

 

Factors related to sialorrhea or drooling in PD patients 

A multivariate logistic regression identified that the following factors were 

significantly and independently related to “sialorrhea or drooling” (UPDRS item 

#6 score ≥1 in the “ON” condition): male gender (OR, 95%CI=2.27, 1.58-3.22), 

PD duration > 5 years (1.64, 1.16-2.33), “symptomatic OH” (2.21, 1.33-3.67), 

UPDRS II+III > 26 (2.13, 1.47-3.07), “hypomimia with lips parted” (3.42, 1.23-

9.49) and “dysphagia” (2.39, 1.55-3.70) (Table 3). 

In a second logistic regression analysis, “symptomatic OH” was replaced by 

SCOPA-Aut total score, which was only available for 302 PD patients. Results 

showed that SCOPA-Aut total score was also significantly related to “sialorrhea 

or drooling” (OR, 95% CI=1.37, 1.11-1.69) adjusting for gender, disease 

duration and severity, hypomimia and dysphagia. Furthermore, a partial 

correlation analysis revealed a significant association between SCOPA-Aut total 
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score and UPDRS #6 in the ON-condition (partial r=0.229, p<0.001), adjusting 

for gender, PD duration, and UPDRS II+III score (Figure 3). 
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Discussion 

In the COPARK cohort, EBS was a common problem in ambulatory PD 

patients, twice more frequent than in sex- and age-matched controls. This is in 

line with clinical experience, previous reports, and our own preliminary findings, 

which were based in a smaller sample of patients recruited in only one area of 

France, and did not include controls or follow-up data (Nienstedt et al. 2018; 

Fasano et al. 2015; Kalf et al. 2009; Perez-Lloret et al. 2012). Thirty-eight 

percent of the PD patients of this cohort were indeed affected according to the 

UPDRS, and 49% according to the SCOPA-Aut. The high variability in the 

prevalence of EBS in the literature (van Wamelen et al. 2020; Sung et al. 2014; 

Rana et al. 2013; Park et al. 2015; Ou et al. 2015a; Ou et al. 2015b; Mao et al. 

2018; Malek et al. 2017; Nienstedt et al. 2018; Karakoc et al. 2016; Fasano et 

al. 2015; Barbe et al. 2019; Kalf et al. 2009) may be explained by differences in 

used rating scales, definitions of EBS, and characteristics of the patients, as 

factors like gender, age, disease duration, disease severity and autonomic 

dysfunction proved to be independently correlated with this symptom in our 

sample. Other factors, including drugs consumption, may also influence EBS in 

PD patients, although such correlations were not identified in our cohort. It is 

likely that the real prevalence of EBS was under-estimated in the COPARK 

cohort, as we only included ambulatory PD patients, excluding the most severe 

and demented cases. It should also be emphasized that variations in buccal 

saliva depending on the “ON” and “OFF” conditions may also contribute, 

although such variations have generally not been carefully monitored in the 

past.  
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The COPARK cohort offered a unique opportunity to explore such changes in 

EBS according to the “OFF” and “ON” conditions, in the subset of PD patients 

who suffered from motor fluctuations. Our findings strongly suggest that this 

symptom is also fluctuating, like many other non-motor symptoms, including for 

example depression, anxiety, fatigue, concentration, pain, dysphagia, and 

bladder urgency (Kalf et al. 2012; Storch et al. 2013).  

 

The change over time of EBS in PD patients has been rarely studied in large 

longitudinal cohorts. One recent study failed to show significant changes in the 

prevalence or severity of sialorrhea, as assessed by the Non-Motor Symptoms 

Scale (Martinez-Martin et al. 2009), in a group of 728 patients followed-up for 3 

years (van Wamelen et al. 2020). Conversely, the COPARK findings showed 

that the UPDRS salivation score worsened in the subset of PD patients who 

could be followed-up prospectively over 24-months, with more patients 

reporting “sialorrhea” or “drooling” at the final visit than at baseline. The concept 

that EBS worsens over time in PD patients, in parallel with disease progression, 

is consistent with clinical experience and the observation that this symptom was 

correlated with disease duration and severity in our cohort. 

 

The impact of EBS on HRQoL remains controversial. Some studies showed a 

positive association with total PDQ-8 score (van Wamelen et al. 2020) or with 

the “social and emotional consequences of drooling” section of the Extensive 

Drooling Questionnaire (Kalf et al. 2007). Other studies showed a link with 

some PDQ-39 subdomains only, such as activities in daily living, stigma and 

communication (Leibner et al. 2010; Ou et al. 2015a; Ou et al. 2015b), while 
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others found no relationship (Karakoc et al. 2016). Again, such inconsistencies 

may be explained by differences in scales, patient’s characteristics and sample 

size. We found no correlations between EBS scores and the SF-36, and this 

might be so because this generic scale might not be sensitive enough to 

capture features specific and relevant for PD patients. We observed a bivariate 

relationship between EBS and some subdomains of the PDQ-39 scale, 

including ADL, stigma and communication, as well as with some specific items 

of interest like “eating”, “speaking”, or “public embarrassment”. However, 

“speaking” remained the sole item independently and significantly related to 

EBS after adjustments in logistic regression analysis. Taken together, these 

data support the hypothesis that sialorrhea and drooling may correlate with 

some aspects of HRQoL in PD patients, especially those related to speech, 

while dysarthria is a common problem in patients with advanced PD (Dashtipour 

et al. 2018). However, other motor and non-motor symptoms, such as 

depression (Schrag 2006) and motor complications (Perez-Lloret et al. 2017), 

have probably a greater impact in HRQoL scores than EBS. It should also be 

emphasized that most PD patients of the COPARK population suffered from 

mild to moderate EBS (“sialorrhea” according to the UPDRS item #6), while only 

3% suffered from more severe EBS (“drooling”). It is probable that in such 

patients, this symptom has a stronger impact on HRQoL, although the power of 

our sample was insufficient to explore this more specifically.  

 

The mechanisms underlying EBS in PD patients are complex, multifactorial and 

poorly understood. EBS in PD is not considered as the result of an increased 

production of saliva, but rather of reduced clearance. Indeed, several pieces of 
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evidence suggest that saliva production is reduced in PD (Bagheri et al. 1999; 

Friedman and Potulska 2001; Proulx et al. 2005). Different factors have been 

associated in the past with EBS (van Wamelen et al. 2020; Rana et al. 2013; 

Park et al. 2015; Ou et al. 2015a; Ou et al. 2015b; Mao et al. 2018; Nienstedt et 

al. 2018; Karakoc et al. 2016; Barbe et al. 2019). Several findings of the 

COPARK cohort provide further insights into this topic. Reduced clearance and 

drooling have been connected with impaired swallowing, resulting from 

bradykinesia and rigidity (van Onna and van Laar 2010; Ou et al. 2015a; Ou et 

al. 2015b; Nobrega et al. 2008). The correlations observed in the COPARK 

cohort between EBS and dysphagia, and between drooling and the ability of the 

patients to keep the mouth closed (i.e., UPDRS III item#19 “hypomimia” = 3-4) 

support this concept, in line with previous observations (Kalf et al. 2012; Kalf et 

al. 2011; Oehlwein et al. 2019). Similarly, the fact that EBS was more severe in 

the “OFF” than in the “ON” condition in patients with motor fluctuations fits with 

this notion, and suggest that optimizing the antiparkinsonian drug regimen may 

represent a first step towards effective control of this feature. In a recent trial in 

PD patients, the distracting effects of a cognitive task resulted in reduced 

swallowing frequency and increased drooling (Reynolds et al. 2018). We didn’t 

observe a significant association between sialorrhea and the PIGD-dominant 

phenotype, but this might be related to an insufficient number of patients in 

each phenotype, and thus a lack of sufficient statistical power in the 

comparisons. A second observation from the COPARK cohort was that 

“sialorrhea” or “drooling” was correlated with indices of autonomic dysfunction. 

This observation was quite robust, as it remained constant in the multivariate 

models, regardless of the fact that autonomic dysfunction was identified using 
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item # 42 (“presence of orthostatic hypotension”) of UPDRS IV or the SCOPA-

Aut total score. These findings are consistent with those of Fereshtehnejad and 

colleagues, who observed that orthostatic hypotension, as assessed by the 

UPDRS item #42 was related to sialorrhea in 314 people with idiopathic PD in 

southern Sweden from the Jönköping Parkinson Registry (Fereshtehnejad et al. 

2017). Salivation, like sweating is regulated by the autonomic nerve system and 

is abnormal in PD (Jost 2017). The fact that saliva production is reduced in PD 

does not preclude the possibility that it might still be influenced by changes in 

autonomic function independent of motor mechanisms such as swallowing 

influenced by bradykinesia. We also observed a relationship between EBS and 

male gender. This correlation is more difficult to interpret, but has been reported 

in other studies (Ou et al. 2015a; Ou et al. 2015b; Mao et al. 2018; Rana et al. 

2012). Women with PD may have lower levels of buccal saliva than males 

(Proulx et al. 2005), and xerostomia is a frequent complaint in post-menopausal 

women (Smith et al. 2013), possibly related to alteration in the hypothalamic-

pituitary-adrenal axis (Agha-Hosseini et al. 2011). This might account for this 

gender difference. Finally, the analysis of the COPARK cohort failed to detect 

any significant negative correlation between EBS and anticholinergic drug 

consumption. This is in contrast with previous observations (Ou et al. 2015a; Ou 

et al. 2015b) and with the well-known decrease in saliva production induced by 

anti-muscarinic medications (Perez-Lloret et al. 2011; Arbouw et al. 2010) and 

botulinum toxin (Jost et al. 2019; Isaacson et al. 2020). No patient was treated 

with botulinum toxin in the COPARK cohort. We used the Duran’s 

anticholinergic burden score to account for the cumulative effect of drugs with 

overt or “hidden” antimuscarinic effects. The lack of observed correlation with 
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anti-muscarinic consumption might be due to small numbers and insufficient 

power. 

 

One limitation of this study was that all the signs and symptoms were assessed 

only by questionnaires, which may have lower sensitivity and specificity 

compared to objective measurements. Furthermore, some symptoms, such as 

dysphagia, were assessed by questions of the UPDRS, which may offer less 

precise evaluations as compared to focused questionnaires. 

 

In summary, we observed that EBS affected a significant proportion of PD 

patients, worsened during “OFF” periods, and over time. HRQoL was affected 

by “sialorrhea” and “drooling”, but this effect was modest in this population. Our 

data supported the association between EBS and bradykinesia, dysphagia, and 

autonomic dysfunction.  
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Figure 1. Prevalence of “sialorrhea” ( ) and “drooling” ( ) in PD patients 

according to the Hoehn & Yahr score (p<0.01 for both conditions, chi-sq test). 
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Figure 2. Proportion of patients with “no buccal salivation excess” ( ), 

“sialorrhea” ( ), and “drooling” ( ), as evaluated by the UPDRS Item #6. 

Differences between non-fluctuators on treatment and fluctuators in the “ON 

condition” was compared by Chi-sq test. The comparison between fluctuators in 

the “ON” and “OFF” conditions was performed by McNemar test. 

  

P
e
rc

e
n
ta

g
e
 o

f 
p
a
ti
e
n
ts

0

20

40

60

80

100

Non-fluctuators
on treatment

(n=442)

"ON" condition "OFF" condition

Fluctuators (n=229)

p=0.83 p<0.01



32 
 

 

Figure 3. Correlation between SCOPA-Aut Total score and UPDRS salivation 

score in the “ON” condition. A partial correlation analysis revealed a significant 

association (partial r=0.229, p<0.001), adjusting for gender, PD duration, and 

UPDRS II+III score. 

  

UPDRS #6 in the "ON" condition

0 1 2 3 4

S
C

O
P

A
 T

o
ta

l 
s
c
o

re

0

10

20

30

40



33 
 

Table 1. Excessive buccal saliva in PD patients and controls at baseline 

 PD patients Controls p-value 

Demographics and clinical 

features 

n=683 n=177  

Age 67.8±9.9 68.2±10.1 0.65 

Male Gender 392 (57%) 94 (53%) 0.33 

MMSE score 28.1±2.6 28.7±1.6 <0.01 

HADS-A score > 7 336 (51%) 59 (34%) <0.01 

HADS-D score > 7 211 (32%) 15 (8%) <0.01 

PD duration 6.1±4.9 - - 

UPDRS II+III total score 28.5±15.1 - - 

LDED> 500 mg/d 566.8±433.4 - - 

UPDRS Item #6 in ON condition n=671 -  

Mean ± Standard Deviation 0.51±0.75 - - 

No buccal saliva excess (%, 95% CI) 417 (62%, 59-66%) - - 

Sialorrhea (%, 95% CI) 237 (35%, 32-39%) -  

Drooling (%, 95% CI) 17 (3%, 1-4%) -  

SCOPA-Aut Item #2 n=302 n=100  

Mean ± Standard Deviation 0.71±0.05 0.41±0.09 <0.01 

Never 155 (51%) 81 (81%) 

<0.01 
Sometimes 101 (33%) 8 (8%) 

Regularly 24 (8%) 0 

Often 22 (7%) 11 (11%) 
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Table 2. HRQoL in PD patients with or without sialorrhea or drooling in the ON 

condition 

 
No excessive buccal 

saliva (n=417) 

Sialorrhea/drooling 

(n=254) 
p-value 

Logistic regression 

OR (95% CI) 

PDQ-39     

Overall score 35.20±25.21 38.43±27.00 0.12 - 

Mobility 11.30±9.61 12.10±10.42 0.32 - 

ADL 5.88±5.01 7.45±5.55 <0.01 0.58 (0.31-1.05) 

Emotional 7.36±5.06 7.15±4.72 0.59 - 

Stigma 3.56±3.84 4.23±3.92 0.03 1.15 (0.94-1.42) 

Social support 2.02±2.75 1.73±2.62 0.18 - 

Cognitive 4.17±3.03 4.62±3.03 0.07 1.02 (0.95-1.09) 

Communication 2.21±2.33 2.94±2.50 <0.01 1.36 (0.89-2.08) 

Bodily discomfort 4.57±2.71 4.51±2.33 0.75 - 

Item #24 (eating in 

public) 
0.59±1.02 0.87±1.22 <0.01 1.09 (0.92-1.28) 

Item #25 (public  

embarrassment) 
1.06±1.21 1.28±1.29 0.03 1.09 (0.94-1.27) 

Item #34 (speech) 1.05±1.07 1.47±1.11 <0.01 1.22 (1.03-1.45)* 

Shown are means ± standard deviations. Bivariate comparisons were done by t-

test. Logistic regression models included age, UPDRS II+III and HADS 

depression score. * p<0.05 (Wald test) 
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Table 3. Factors associated with excessive buccal saliva in PD patients in the 

ON state. 

 

No excessive 

buccal saliva 

(n=417) 

Sialorrhea/ 

drooling (n=254) p-value 

Logistic 

regression OR 

(95% CI) 

Age > 68 years-old 201 (48.2%) 136 (53.8%) 0.16  

Male sex 213 (51.1%) 175 (68.9%) <0.01 2.27 (1.58-3.22)* 

Age at end of studies > 18 y 184 (44.6%) 109 (43.1%) 0.71  

Age at PD onset > 62 y 215 (51.6%) 121 (47.8%) 0.35  

PD duration > 5 y 180 (43.2%) 157 (62.1%) <0.01 1.64 (1.16-2.33)* 

MMSE score < 29 12 (2.9%) 5 (2.0%) 0.48  

HADS-A score > 7 199 (50.0%) 130 (52.6%) 0.51  

HADS-D score > 7 125 (31.0%) 83 (33.5%) 0.51  

Symptomatic OH 36 (9.0%) 48 (18.9%) <0.01 2.21 (1.33-3.67)* 

PSQI score > 5 233 (63.0%) 148 (63.2%) 0.94  

UPDRS II+III total score > 26 160 (38.4%) 168 (66.1%) <0.01 2.13 (1.47-3.07)* 

Phenotype   0.04  

Tremor-dominant 91 (21.8%) 36 (14.2%)  1 

Indeterminate 42 (10.1%) 25 (9.8%)  1.52 (0.77-3.02) 

PIGD-dominant 284 (68.1%) 193 (76.0%)  1.46 (0.91-2.34) 

Facial expression (item # 19)   <0.01  

Absent 97 (23.3%) 25 (9.8%)  1 

Hypomimia w/lips closed 312 (74.8%) 209 (82.3%)  1.44 (0.85-2.44) 

Lips parted 8 (1.9%) 20 (7.9%)  3.42 (1.23-9.49)* 

Dysarthria 229 (54.9%) 128 (50.4%) 0.25  

Dysphagia (item #7 ≥ 1) 53 (12.7%) 74 (29.1%) <0.01 2.39 (1.55-3.70)* 

Motor fluctuations 142 (34.1%) 93 (36.6%) 0.51  

Medications     

Levodopa 330 (79.1%) 213 (83.9%) 0.13  

Dopamine Agonists 248 (59.5%) 174 (68.5%) 0.02 - 
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MAO-B inhibitors 65 (15.6%) 33 (13.0%) 0.35  

Entacapone 74 (17.7%) 48 (18.9%) 0.71  

LDED> 500 mg/d 185 (44.4%) 145 (57.1%) <0.01 - 

Amantadine 35 (8.4%) 26 (10.2%) 0.42  

Anticholinergic burden >3 28 (6.7%) 12 (4.7%) 0.29  

LDED=Levodopa daily equivalent dose. NI= Not included in the multivariate 

model. OH=Orthostatic Hypotension. * p<0.05 (Wald test) 


