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Abstract 

Exenatide is a GLP-1 receptor agonist that was recently studied for potential disease-modifying 

effects in a randomised, placebo-controlled clinical trial in patients with moderate stage Parkinson’s 

disease, and showed positive effects on the motor severity of the disease which were sustained 12 

weeks beyond the period of exenatide exposure. Analysis of pre-defined secondary outcomes 

revealed no statistically significant differences between patients treated with exenatide in total non-

motor symptom burden and overall quality of life measures. However the response of individual 

non-motor symptoms to an intervention may vary and thus this post hoc analysis was conducted to 

explore the possible effects of exenatide compared to placebo on individual non-motor symptoms. 

Compared to placebo, patients treated with exenatide-once weekly had greater improvements in 

individual domains assessing mood/depression across all observer-rated outcome measures after 48 

weeks including the “mood/apathy” domain of the NMSS, -3.3points (95% CI -6.2, -0.4), p=0.026; the 

“mood” score (Q1.3+Q1.4 of the MDS-UPDRS Part 1), -0.3points (95%CI -0.6, -0.1), p=0.034; and a 

trend in the MADRS total score, -1.7points (95%CI -3.6, 0.2), p=0.071. In addition there was an 

improvement in the “emotional well-being” domain of the PDQ-39 of 5.7 points ((95%CI -11.3, -0.1), 

p=0.047 though these improvements were not sustained 12 weeks after exenatide withdrawal. At 48 

weeks these changes were of a magnitude that would be subjectively meaningful to patients and 

were not associated with changes in motor severity or other factors, suggesting exenatide may exert 

independent effects on mood dysfunction. These exploratory findings will contribute to the design of 

future trials to confirm the extent of motor and non-motor symptom effects of exenatide in larger 

cohorts of patients. 

 

Introduction 
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The importance of non-motor symptoms in Parkinson’s disease (PD) is increasingly recognised. Non-

motor symptoms such as depression and REM sleep behaviour disorder can often precede the 

appearance of motor deficits, while others such as cognitive impairment and autonomic dysfunction 

can come to dominate the clinical picture in advancing stages and influence the need for advanced 

care [1]. The pathology underlying the appearance of non-motor symptoms is uncertain but is 

thought to encompass the progressive degeneration of dopaminergic neurons together with 

accumulating noradrenergic and cholinergic deficits in the central and peripheral nervous system 

causing an array of symptoms including depression, apathy, cognitive impairment, sleep disorders 

and sensory symptoms. These features can have a greater impact on health-related quality of life 

measures than the motor deficits [2].  Non-motor symptoms can also be influenced by gender, 

motor severity, age and to a variable extent by levodopa  [3] but in contrast to the number of 

effective dopamine-replacement symptomatic therapies for motor symptoms, treatment of non-

motor symptoms is often limited and unsatisfactory. Thus, as non-motor symptoms can be 

significant, often prominent factors in determining quality of life, any potential novel therapeutic 

aimed at slowing disease progression must not only target dopaminergic pathways but also 

influence non-dopaminergic targets.  

Exenatide was the first synthetic GLP-1 receptor agonist to be developed for the treatment of Type 2 

diabetes [4] and was recently studied for potential disease-modifying effects in a randomised, 

placebo-controlled clinical trial in patients with moderate stage Parkinson’s disease, showing 

positive effects on the motor severity of the disease (measured after overnight dopaminergic 

medication withdrawal), which were sustained 12 weeks beyond the period of exenatide exposure 

[5]. Analysis of pre-defined secondary outcomes revealed no statistically significant differences 

between patients treated with exenatide in total non-motor symptom burden as assessed by the 

non-motor symptom scale (NMSS), MDS-UPDRS Part 1, Montgomery–Asberg depression rating scale 

(MADRS) and Mattis Dementia rating scale and also in general health-related quality of life 
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assessments including the Parkinson’s disease questionnaire (PDQ-39), EQ5D index and EQD-VAS 

scales.  

Although these scales are important in recognising the overall impact of non-motor disturbances, 

often they are too imprecise in assessing specific non-motor symptom pathophysiology [6] and the 

response of individual non-motor symptoms to an intervention may vary, due to the various circuits 

involved  and the variability of severity of each symptom subdomain in patients of different disease 

stages [7,8]. The trial included a heterogeneous cohort of patients suffering from a variety of non-

motor symptoms and it is possible that potentially useful effects on individual non-motor symptoms 

may have been obscured by the imprecision associated with total scale scores. Given the importance 

of non-motor symptoms in predicting quality of life, this post hoc analysis of the Exenatide-PD trial 

was conducted to explore possible effects of exenatide compared to placebo on individual non-

motor symptoms utilising subdomain scores across the NMSS, EQ5D, PDQ-39, MDS-UPDRS Part 1, 

MADRS and Mattis DRS-2 and thus inform on planning which secondary outcomes might be included 

in future trials of exenatide as a potential disease modifying treatment.  

Methods 

The Exenatide-PD study was a randomised, double-blind, placebo controlled trial of exenatide 2mg 

once-weekly in Parkinson’s disease assessing the effects of this drug on disease progression over 60 

weeks, the details of which have been published previously [5].  The trial had a washout design, 

comprising 60 patients randomised to self-inject either exenatide 2 mg (n=31) or placebo (n=29) 

once-weekly for 48 weeks, followed by drug withdrawal and a final visit 12 weeks later. At each visit, 

patients were asked to attend after an overnight withdrawal from Parkinson’s disease medication, 

and were assessed using the Movement Disorders Society Unified Parkinson's Disease Rating Scale 

(MDS-UPDRS). Patients were asked to take their usual medication and a variety of observer- and 

self-rated assessments to evaluate non-motor symptoms were undertaken in the “on” state.  
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Non-motor outcomes assessment scales 

The NMSS is a 30-item clinician-rated scale designed to assess the severity and frequency of non-

motor symptoms over the last month and is sub-divided into nine domains: cardiovascular; 

sleep/fatigue; mood/apathy; perceptual problems/hallucination; attention/memory; gastrointestinal 

tract; urinary; sexual function; and miscellaneous [9]. 

The MDS-UPDRS Part 1 is two-part questionnaire designed to evaluate non-motor symptom burden 

and comprises part 1A, 6 questions rated by the observer that focuses on neuropsychiatric 

symptoms and part 1B, 5 questions composed of miscellaneous non-motor symptoms self-

completed by the patient [10]. Each item is rated on a scale of 0-4 and correlates strongly with the 

NMSS [11]. For these analyses, we subdivided the total scores into sub scores for mood dysfunction 

(Q1.3-Q1.4), apathy (Q1.5), impulsive compulsive behaviour (Q1.6), sleep (Q1.7-1.8) and autonomic 

dysfunction: urinary (Q1.10), constipation (Q1.11) and cardiovascular symptoms (Q1.12).  

The MADRS is 10-item, observer-rated depression rating scale that due to less reliance on somatic 

symptoms, is particularly useful in screening and measuring the severity of depression in PD and has 

been used previously to assess response to anti-depressant medication [12].  

The Mattis Dementia Rating scale (Mattis-DRS) is widely used to screen dementia and track changes 

in cognitive performance. It provides an overall score of cognitive function (total score 0-144) and is 

based on performance from five subscales: attention, initiation, construction, conceptualization and 

memory. For our analysis, patients with a score of <137 were defined as mild cognitive impairment 

[13]. 

The PDQ-39 is a 39-item questionnaire reporting the quality of life determining aspects of PD over 

the last month as perceived and interpreted by the patient. It is widely used as an outcome measure 

in clinical trials. The 39 questions are divided into 8 dimensions: mobility (Q1-Q10), activities of daily 

living (ADL) (Q11-Q16), emotional well-being (Q17-Q22), stigma (Q23-Q26), social support(Q27-



6 
 

Q29), cognition (Q30-Q33), communication(Q34-Q36), and bodily discomfort(Q37-Q39) allowing 

individual index scores for these domains to be calculated [14]. 

The EQ-5D is a self-assessment questionnaire that measures broad health-related quality of life and 

has been used to capture disease burden in PD patients [15]. It comprises five questions on mobility, 

self-care, usual activities and psychological state, allowing a summary index score of 0-1 to be 

generated, with the maximum score of 1 indicating best health. In addition, there is a visual 

analogue scale (VAS) marked 0-100 which is self-completed on the day to indicate a general health 

status, with 100 indicating the best health status.  

Assessment of individual non-motor symptoms 

Non-motor symptoms were grouped into “neuropsychiatric” (mood, cognition, apathy, 

hallucinations, ICB), “autonomic” (constipation, urinary, cardiovascular, sexual function), and “other” 

(sleep, fatigue) domains using individual subdomain scores across the NMSS, MDS-UPDPRS Part 1, 

MADRS and Mattis-DRS-2 rating scales (Table 1).  

Statistical analyses 

The aim of these exploratory analyses was to evaluate the impact of treatment allocation (exenatide 

or placebo) on individual non-motor symptoms as assessed by the difference between the individual 

domains of the NMSS, PDQ-39, MDS-UPDRS Part 1, MADRS scores at 48 and 60 weeks follow up. The 

analysis used a regression (ANCOVA, analysis of co-variance) approach to adjust for known 

confounders including age, gender, baseline motor severity, change in levodopa equivalent dose and 

baseline non-motor assessment values, (i.e. beyond those confounders adjusted for in the original 

pre-defined statistical analysis plan). To ascertain the effects of treatment group on the 

presence/absence of depression, apathy and MCI, logistic regression models were constructed to 

ascertain the effects of exenatide on the likelihood that participants reported these symptoms at 48 

weeks, using the baseline presence of these non-motor symptoms as covariates.  
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The study is a post hoc analysis of the effects of exenatide on individual non-motor symptoms and 

therefore all p values presented for these outcome measures are purely exploratory and do not infer 

statistical significance. All study analyses were performed using STATA/MP (StataCorp, Version 13.0, 

College Station, TX, USA) and SPSS (IBM, Version 21.0. Armonk, NY: IBM Corp). Data represent the 

mean and standard error of the mean. 

Results 

Patient characteristics  

As previously reported, patient demographics and baseline characteristics were generally similar 

between the two randomly allocated groups though the exenatide group were slightly older and had 

higher baseline MDS-UPDRS part 3 scores and slightly lower Levodopa Equivalent dose (LED 

(Athauda et al 2017)). Total non-motor symptom burden at baseline (assessed by total NMSS) was 

slightly lower in the exenatide group than among those assigned to placebo, while MDS-UPDRS Part 

1 scores were slightly higher. 

Effects of exenatide on overall quality of life. 

In the previously reported, pre-defined comparison of health- related quality of life measures in 

patients treated with exenatide compared to placebo as measured by the PDQ-39 summary index, 

EQ3L-5D index and EQ-VAS scores, none of the differences reached the threshold for statistical 

significance. In this post-hoc analysis, at 48 weeks, patients in the placebo group declined by 0.03 

(SEM1.4) points on the total PDQ-39 while patients in the exenatide group improved by 2.2 (SEM1.3) 

points a non-significant difference favouring exenatide of -2.2 points (95%CI -6.2, 1.8), p=0.271 while 

at 60 weeks patients in the placebo group declined by 1.1 (SEM 1.8) points and the exenatide group 

improved by 2.3 (SEM1.6) points, conferring a non-significant improvement of -3.5 points (95%CI -

8.4, 1.5), p=0.166. 

Post hoc analysis of effects of exenatide on Non-motor symptom subdomains 
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1. Mood 

There were strong correlations between individual domains scores assessing emotional 

dysfunction/depression across the NMSS, MDS-UPDRS Part 1 and MADRS. There was a strong 

correlation between the “mood/apathy” domain of NMSS and the “mood” score of MDS-UPDRS Part 

1 (rho=0.692, p<0.0001), and the MADRS total score (rho=0.454, p=0.0001). At baseline, the burden 

of total non-motor symptoms in the NMSS was primarily driven by “mood/apathy” (rho=0.609, 

p=<0.001) and “sleep” (rho=0.602, p<0.001), and similarly for the total MDS-UPDRS Part 1 scores at 

baseline, the strongest correlations were observed for questions regarding depression (rho=0.674, 

p=<0.001) and anxiety (rho=0.633, p=<0.001).  

Compared to placebo, patients treated with exenatide-once weekly had numerically greater 

improvements in individual domains assessing mood/depression across all observer-rated outcome 

measures after 48 weeks including the “mood/apathy” domain of the NMSS, -3.3points (95% CI -6.2, 

-0.4), p=0.026; the “mood” score (Q1.3+Q1.4 of the MDS-UPDRS Part 1), -0.3points (95%CI -0.6, -

0.1), p=0.034; and MADRS total score, -1.7points (95%CI -3.6, 0.2), p=0.071 (Table 2 and Figure 1). In 

addition, the proportion of patients reporting depressive symptoms (as defined by the total MADRS 

score>7) in the placebo group increased from 17% at baseline to 25% at 48 weeks while in the 

exenatide group the proportion of patients reporting depressive symptoms reduced from 23% at 

baseline to 6% of patients at 48 weeks. A binominal logistic regression was performed to ascertain 

the effects of exenatide on the likelihood that participants reported depressive symptoms at 48 

weeks. In the logistic regression model, treatment allocation explained 23.0% of variance, 

X2(2)=8.36, p=0.015 and correctly identified 84.4% of cases. Patients treated with exenatide had 4.8 

times (95%CI 26.3 to 0.88) lower odds of exhibiting depression than patients in the placebo group 

(p=0.070). 

Based on self-rating assessments, patients treated with exenatide reported improvement in the 

“emotional well-being” domain of the PDQ-39 of 4.8 points (SEM 1.9) compared to a decline in the 
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placebo group of 0.9 points (SEM 1.9) at 48weeks, with the resulting difference between groups of 

5.7 points ((95%CI -11.3, -0.1), p=0.047) (Figure 3). There were no significant differences in domains 

assessing mood at 60 weeks (Table 2). There was no correlation between improvements in 

emotional dysfunction/depression subdomains and changes in motor severity as assessed by the 

MDS-UPDRS Part 3 scores. 

2. Apathy 

At 48 weeks, patients treated with exenatide had numerically greater improvements in apathy as 

assessed by Q1 of the MDS-UPDRS Part 1, with a difference between groups of -0.3 points (95%CI -

0.6, -0.1), p=0.025 (Table 2 and Figure 1). In the placebo group, the percentage of patients reporting 

apathy (score >0) increased from 10% at baseline to 28% at 48 weeks while in the exenatide group 

the percentage of patients reporting apathy reduced from 13% at baseline to 9% at 48 weeks. In the 

logistic regression model, treatment allocation explained 26.5% of variance in apathy, X2(2)=10.67, 

p=0.005 and correctly identified 83.3% of cases. Patients treated with exenatide had 5.2 times 

(95%CI 26.8 to 0.95) lower odds of exhibiting apathy than patients in the placebo group (p=0.056). 

At the 60 week timepoint, there were no significant differences between the two groups.  

3. Cognition 

In the previously reported comparison of the total Mattis DRS-2 score in patients treated with 

exenatide, there was a difference favouring exenatide of 1.0 point (95%CI -0.5, 2.5), p=0.197. There 

was no evidence of changes in individual domain scores regarding attention, initiation, construction, 

conception and memory. Compared to placebo, patients treated with exenatide again had non-

significant improvements in domains assessing cognition in the NMSS of -1.7 points (95%CI -3.5, 0.1, 

p=0.069) and Q1.1 of MDS-UPDRS Part 1 of -0.3 points (95%CI -0.6, 0.0, p=0.060).  

While there was no change in the percentage of patients with MCI (defined as Mattis-DRS2 score 

<137) in the placebo group at 48 weeks (21% vs 21% at baseline), in the exenatide group the 
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percentage of patients with MCI reduced from 39% at baseline to 16% at 48 weeks. In the logistic 

regression, treatment allocation predicted 18.9% of the variance of MCI X2(2)=6.132, p=0.047, and 

correctly identified 90% of cases of MCI. Patients treated with exenatide were associated with a 3.7 

times (95%CI 27.0 to 0.51) lower likelihood of exhibiting MCI at 48 weeks compared to placebo 

(p=0.198). 

4. Hallucinations / Impulsive compulsive behaviours 

There were no consistent effects of exenatide on hallucinations as assessed by the NMSS domain 

“perception/hallucinations” or MDS-UPDRS Part 1 Q1.2 at 48 or 60 week time points.  

5. Autonomic non-motor symptoms 

There was no consistent direction of effects of exenatide on observer or self-assessed domains 

regarding gastrointestinal, urinary cardiovascular symptoms or sexual function as assessed by the 

“Gastro-intestinal”, “Urinary,”  “Cardiovascular” and “Sexual Function” domains of the NMSS and 

MDS-UPDRS Part 1 Q1.0 and Q1.11 and Q1.12 (Table 3 and Figure 2) at 48 or 60 weeks. There was 

no change in BP at the end of 48 weeks. Patients in the placebo group had an increase in systolic BP 

of 2.7mmHg compared to a reduction of 0.1mmHg in the exenatide group, translating to a difference 

in systolic BP of 2.9mmHg (95%CI -8.5, 2.9, p=0.340). There was a marginal increase in diastolic BP of 

1.3mmHg (95%CI -1.9, 4.5) in the exenatide group at 48 weeks in comparison to the placebo group.  

6. “Other” non-motor symptoms 

There were no significant differences between the two groups regarding domains assessing sleep.  

Compared to placebo, exenatide treated patients had a reduction of the “sleep/fatigue” subdomain 

score of the NMSS, -1.5 points (95%CI -4.0, 1.0), p=0.274 and “Sleep” of the MDS-UPDRS Part 1 

(Q1.7, Q1.8), -0.1points (95%CI -0.5, 0.3, p=0.610) (Table 4).  

Effects of exenatide on “Quality of life subdomains 
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Within the individual Quality of life subdomain scores, the greatest difference between exenatide 

treated patients and the placebo group was in the “emotional-well-being,” subdomain at 48 weeks. 

There were no significant differences in other domains (Table 5).  

 

Discussion 

In this post hoc analysis of a previously reported randomised, placebo-controlled trial, there were 

consistent effects in exenatide-treated patients on individual domains assessing emotional 

dysfunction/depression domains as assessed by the NMSS, MDS-UPDRS Part 1 and MADRS at 48 

weeks. Although this study was not powered to determine the effects of exenatide on non-motor 

symptoms, and all the analyses were post-hoc, the advantages in exenatide-treated patients 

appeared consistent across a variety of observer and patient-led scales assessing mood suggesting 

that further investigations of exenatide should include specific evaluation of mood dysfunction and 

its possible anti-depressant-like effects in patients with PD. Previous studies have demonstrated that 

a change of at least 2.62 points on the “mood/apathy” domain of the NMSS and 4.2 points on the 

“emotional well-being” domain of the PDQ-39 constitutes the minimal clinically important 

differences, suggesting that if confirmed, these exenatide-conferred changes are in the range that 

would be meaningful to patients [16,17]. There was no correlation between improvements in 

emotional dysfunction/depression subdomains and changes in motor severity as assessed by the 

MDS-UPDRS Part 3 scores, suggesting that changes in these domains were not simply a result of 

motor improvements associated with exenatide treatment and may indicate that that non-

dopaminergic and non-nigrostriatal mechanisms may be involved.  

These results are in contrast to the comparison of the whole NMS scale, which did not detect 

differences between the groups possibly because of the lack of change in autonomic and sleep 

effects. Whether exenatide might have had greater effects on cognitive performance among a 
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cohort of patients with more advanced disease in which the rate of cognitive decline is faster (as was 

observed in the first trial of exenatide in PD patients[18,19] requires further study.  

GLP-1 receptors are found throughout the frontal cortex, amygdala, dorsal raphe and hippocampus, 

areas all implicated in the pathophysiology of depression / emotional dysfunction in PD and central 

GLP-1 receptor stimulation has been demonstrated to affect serotonin signalling in the amygdala, 

widely held to be a neurotransmitter involved in mood[20]. Furthermore rodents chronically treated 

with exendin-4 demonstrate significantly reduced depressive-like behaviour in a forced-swim test 

[21]and also demonstrated anxiolytic and anti-depressant-like effects in a lipopolysaccharide  model 

of PD that were associated with alteration in dopaminergic signalling [22]. Given that by the 60 week 

time point, there were no significant differences in mood between the two groups, these potential 

non-motor symptom changes may be more likely related to neurochemical effects as a result of GLP-

1 receptor stimulation rather than relating to the neurodegenerative process itself. However, non-

motor fluctuation is less well understood than motor fluctuations and often non-motor symptoms 

do not correlate with motor fluctuation or with measures of disease progression, making 

longitudinal fluctuations difficult to interpret [23].  

Apathy is a challenging non-motor symptom in PD, affecting 17%-60% of patients with PD, and is 

regarded as an independent nosological enitity from depression or cognitive dysfunction with 

distinct pharmacological targets [24]. While our post hoc analyses indicated a small advantage in 

apathy among the exenatide treated group, it is difficult to interpret the clinical relevance of these 

very small numerical improvements.  

Limitations 

Our post hoc analysis was performed to aid in future planning of exenatide trials in PD only and the 

results must therefore not be over-interpreted. Furthermore, despite randomisation, there were 

some differences between the two groups at baseline, with the placebo group being slightly younger 
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with less motor severity and higher LED and non-identical NMS severity. Although we have adjusted 

for these confounders in our analysis, they may have influenced non-motor symptom progression, in 

that patients with more severe PD have been reported to be more responsive to non-motor 

improvements [25] and dopaminergic medication can also influence certain non-motor symptoms 

[26]. 

The average disease duration of our cohort was 6.4 years, and previous studies have indicated that 

significant progression of non-motor symptoms and quality of life scores often occurs in the earliest 

stages and can then stabilise, however this is dependent on the specific non-motor symptom being 

studied as cognitive and autonomic features tend to be associated with later disease stages. Also, 

the sensitivity of the assessment of some non-motor symptoms using NMSS and MDS-UPDRS Part 1 

may be suboptimal therefore determining whether exenatide had specific effects on sleep or apathy 

would be better performed using dedicated instruments such as sleep studies, and validated domain 

specific questionnaires. 

Conclusion 

In this post-hoc, exploratory analysis we have identified that exenatide might have benefits in 

individual non-motor symptoms subdomains assessing mood dysfunction/depression that were of a 

magnitude that would be subjectively meaningful to patients.  These changes were not associated 

with changes in motor severity or other factors, suggesting exenatide may exert independent effects 

on mood dysfunction.  These exploratory findings will contribute to the design of future trials that 

will confirm the extent of motor and non-motor symptom effects of exenatide in a larger cohort of 

patients.  
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Figure 1 – Change from baseline on neuropsychiatric non-motor symptoms at 48 weeks 
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Figure 2 – Change from baseline on autonomic non-motor symptoms at 48 weeks 
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Figure 3 – Change from baseline on individual domains of the PDQ-39 at 48 weeks 
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Table 1 – Non-motor symptoms as grouped by individual subdomain scores 

Non-motor Feature Symptom Outcome measure 

Neuropsychiatric Mood “Mood” domain of NMSS; “Emotional well-being” of 
PDQ-39; proportion of patients reporting depressive 
symptoms (MADRS); Q1.3 + Q1.4 of MDS-UPDRS Part I 

Cognition “Attention/memory” of the NMSS; “Cognition” 
domain of the PDQ-39; individual domains of the 
Mattis-DRS-2; the proportion of patients with MCI at 
48 weeks; Q1.1 of the MDS-UPDRS Part I 

Apathy Q1.5 of MDS-UPDRS Part I;  
Hallucinations “Hallucinations” domain of the NMSS; Q1.2 of the 

MDS-UPDRS Part I; 
Impulsive compulsive 
behaviours 
 

Q1.6” of the MDS-UPDRS Part I 

Autonomic  Constipation, urinary 
symptoms 

 “Urinary” and “GI tract” domains of the NMSS; 
Q1.10+1.11 

Cardiovascular “Cardiovascular/falls” domain of the NMSS; Q1.12 of 
MDS-UPDRS Part II; changes related to systolic 
diastolic BP 
 

Sleep Sleep “Sleep” domain of the NMSS; Q1.7+1.8 of MDS-UPDRS 
Part II,  
 

Sensory Pain “Bodily discomfort” of the PDQ-39; Q1.9 of MDS-
UPDRS Part II;  
 

Other Fatigue Q1.13 of the MDS-UPDRS Part II;  
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Table 2 – Effects of exenatide on neuropsychiatric non-motor symptoms 

 

 

 

 Mean (SEM) baseline 
score 

Mean (SEM) change in 
score at 48 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Mean (SEM) change in 
score at 60 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=28) 

Exenatide 
(n=31) 

Domain  
Mood 

 
NMSS 

Mood/apathy 
(0-72) 

5.4 (1.5) 4.3 (1.2) 0.8 (1.0) -2.6 (1.0) -3.3 
(-6.2, -0.4) 

0.026 0.2 (1.1) -1.4 (1.0) -1.7 
(-4.8, 1.4) 

0.275 

MDS-UPDRS Part 1 
Q1.3+Q1.4 

(0-8) 

0.3 (0.1) 0.4 (0.1) 0.1 (0.1) -0.2 (0.1) -0.3  
(-0.6, -0.1) 

0.034 0.1 (0.1) -0.1 (0.1) -0.1  
(-0.5, 0.2) 

0.339 

MADRS Total 
(0-54) 

3.7 (0.6) 4.1 (0.7) 0.2 (0.7) -1.6 (0.6) -1.7  
(-3.6, 0.2) 

0.071 -1.0 (0.5) -1.5 (0.5) -0.6 
(-1.9, 0.8) 

0.397 

PDQ-39 
Emotional well-being 

(0-100) 

21.6 (3.8) 17.5 (2.2) 0.9 (1.9) -4.8 (1.9) -5.7 
(-11.3, -0.1) 

 

0.047 -1.2 (2.0) -3.8 (2.0) -2.6 
(-8.8, 3.6) 

0.405 

Apathy 
 

MDS-UPDRS Part 1 
Q1.5 

0.2 (0.1) 0.2 (0.1) 0.2 (0.1) -0.1 (0.1) -0.3 
(-0.6, -0.1) 

0.025 0.2 (0.1) 0.0 (0.1) -0.2 
(-0.5, 0.1) 

0.234 

Cognition 
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NMSS 
Attention/memory 

(0-36) 

3.7 (0.9) 
4.7 (1.1) 

-0.1 (0.6) -1.9 (0.6) -1.7 
(-3.5, 0.1) 

0.069 0.4 (0.8) -1.5 (0.7) -1.8 
(-4.1, 0.4) 

0.110 

MDS-UPDRS Part 1 
Q1.1 

0.3 (0.1) 0.6 (0.2) 0.1 (0.1) -0.2 (0.1) -0.3  
(-0.6, 0.0) 

0.060 0.2 (0.1) -0.1 (0.1) -0.3 
(-0.6, 0.0) 

0.066 

PDQ-39 
Cognition 

(0-100) 

21.1 (2.7) 23.4 (3.1) -0.1 (2.3) -3.3 (2.3) -3.2 
(-9.9, 3.5) 

0.346 1.1 (2.7) -3.6 (2.5) -4.7 (3.8) 0.220 

Mattis DRS-2 Total 139.8 (0.7) 138.0 (0.9) 0.6 (0.5) 1.6 (0.5) 1.0 
(-0.5, 2.5) 

0.197 0.5 (0.6) 1.8 (0.6) 1.3 
(-0.4, 3.0) 

0.146 

Attention sub-domain 36.6 (0.1) 36.3 (0.2) 0.0 (0.1) -0.3 (0.1) -0.2 
(-0.6, 0.2) 

0.293 0.1 (0.1) 0.0 (0.1) -0.1 
(-0.4, 0.3) 

0.774 

Initiation sub-domain 36.6 (0.2) 36.1 (0.4) 0.1 (0.2) 0.3 (0.2) 0.2 
(-0.3, 0.8) 

0.388 0.0 (0.2) 0.1 (0.2) 0.1  
(-0.4, 0.6) 

0.765 

Construction sub-domain 6.0 (0) 6.0 (0) -0.1 (0.0) 0.0 (0.1) 0.1  
(0.0, 0.2) 

0.215 0.0 (0.0) -0.1 (0.0) 0.0  
(-0.1, 0.1) 

0.405 

Conception sub-domain 36.7 (0.4) 36.2 (0.5) 0.7 (0.3) 1.2 (0.3) 0.5  
(-0.4, 1.4) 

0.243 0.6 (0.4) 1.3 (0.4) 0.6 
(-0.6, 1.8) 

0.305 

Memory sub-domain 23.9 (0.3) 23.3 (0.3) 0.0 (0.2) 0.2 (0.2) 0.2  
(-0.5, 0.8) 

0.566 -0.2 (0.2) 0.3 (0.2) 0.5  
(-0.0, 1.1) 

0.066 

Patients with MCI 
(P=6, E=12) 

 

134.2 (1.5) 133.2 (1.3) 1.6 (1.8) 4.1 (1.2) 2.5 
(-2.5, 7.5) 

0.293 1.3 (2.1) 4.8 (1.4) 3.5 
(-2.4, 9.4) 

0.222 

Patients without MCI 
(P=23, E=19) 

141.3 (0.4) 141.1 (0.5) 0.2 (0.5) 0.1 (0.5) -0.1 
(-1.6, 1.4) 

0.911 -0.1 (0.5) 0.3 (0.5) 0.4 
(-1.1, 1.9) 

0.633 

Hallucinations 
 

NMSS 
Perception/hallucinations 

 (0-36) 

0.4 (0.4) 1.1 (0.6) -0.5 (0.1) -0.5 (0.1) 0.1 
(-0.4, 0.5) 

0.768 -0.7 (0.1) -0.6 (0.1) 0.1 
(-0.3, 0.4) 

0.699 

MDS-UPDRS Part 1  
Q1.2 
(0-4) 

0.03 (0.03) 0.1 (0.1) 0.2 (0.1) -0.01 (0.1) -0.2  
(-0.6, 0.1) 

0.186 -0.6 (0.03) -0.01 
(0.03) 

0.04 
(-0.07, 0.1) 

0.467 
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Impulsive compulsive behaviours 
 

MDS-UPDRS Part 1  
Q1.6 
(0-4) 

0.3 (0.1) 0.3 (0.1) 0.04 (0.1) -0.07 (0.1) -0.1 
(-0.4, 0.2) 

0.437 0.2 (0.1) 0.1 (0.1) -0.03  
(-0.4, 0.3) 

0.854 
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Table 3 – Effect of exenatide on autonomic non-motor symptoms 

 

 

 Mean (SEM) baseline 
score 

Mean (SEM) change in 
score at 48 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Mean (SEM) change in 
score at 60 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=28) 

Exenatide 
(n=31) 

Domain  
Constipation  

 
NMSS 

GI Tract 
(0-36) 

3.0 (0.9) 2.1 (0.8) 0.4 (0.6) 0.2 (0.6) -0.22 
(-1.9, 1.4) 

0.797 0.1 (0.5) -1.0 (0.4) -1.1 
(-2.5, 0.3) 

0.133 

MDS-UPDRS Part 1  
Q1.11 
(0-4) 

0.7 (0.1) 0.7 (0.2) 0.2 (0.2) 0.5 (0.2) 0.3 
(-0.2, 0.7) 

0.261 0.2 (0.1) 0.0 (0.1) -0.2 
(-0.6, 0.2) 

0.307 

Urinary 
 

NMSS 
Urinary 
(0-36) 

6.3 (2.0) 2.5 (0.8) -1.5 (0.7) -0.2 (0.7) 1.3 
(-0.8, 3.3) 

0.219 -1.2 (0.9) 0.4 (0.9) 1.6 
(-0.9, 4.2) 

0.214 

MDS-UPDRS Part 1  
Q1.10 
(0-4) 

1.0 (0.1) 1.1 (0.1) -0.1 (0.1) -0.1 (0.1) 0.02 
(-0.4, 0.4) 

0.906 0.04 (0.1) -0.04 (0.1) -0.08 
(-0.5, 0.3) 

0.690 

Cardiovascular 
 

NMSS 
Cardiovascular 

(0-24) 

0.5 (0.2) 0.4 (0.3) -0.2 (0.1) -0.2 (0.1) -0.1 

(-0.4, 0.4) 

0.962 -0.2 (0.2) -0.1 (0.1) 0.1 
(-0.4, 0.5) 

0.669 



28 
 

MDS-UPDRS Part 1  
Q1.12 
(0-4) 

0.4 (0.1) 0.4 (0.1) -0.1 (0.1) 0.1 (0.1) 0.1 

(-0.1, 0.4) 

0.316 0.1 (0.1) 0.001 (0.1) -0.1  
(-0.4, 0.3) 

0.607 

Systolic BP (mmHg) 127.3 (2.6) 133.1 (3.8) 2.7 (2.0) -0.1 (2.0) -2.9 
(-8.5, 2.9) 

0.340 0.5 (3.1) -0.4 (3.0) -0.9 
(-9.9, 8.1) 

0.848 

Diasytolic BP (mmHg) 77.6 (1.2) 78.7 (2.1) -0.5 (1.1) 0.8 (1.1) 1.3 
(-1.9, 4.5) 

0.420 0.6 (1.2) -0.03 (1.1) -0.6 
(-4.1, 2.9) 

0.730 

Sexual function 
 

NMSS 
Sexual function 

(0-24) 

0.03 (0.03) 0.0 (0.0) 0.1 (0.1) 0.2 (0.1) 0.1 
(-0.1, 0.3) 

0.438 0.1 (0.1) 0.1 (0.1) 0.1 
(-0.2, 0.3) 

0.567 
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Table 4 – Effects of exenatide on “Other” non-motor symptoms 

 

 Mean (SEM) baseline 
score 

Mean (SEM) change in 
score at 48 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Mean (SEM) change in 
score at 60 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=28) 

Exenatide 
(n=31) 

Domain  
Sleep 

 
NMSS 

Sleep/fatigue 
(0-48) 

7.6 (1.2) 5.5 (1.0) -0.3 (0.9) -1.8 (0.9) -1.5 
(-4.0, 1.0) 

0.274 1.0 (1.1) -0.6 (1.0) -1.6 
(-4.9, 1.6) 

0.312 

MDS-UPDRS Part 1 
Q1.7+Q1.8 

(0-8) 

1.7 (0.1) 1.5 (0.1) -0.2 (0.1) -0.3 (0.1) -0.1 
(-0.5, 0.3) 

0.610 0.1 (0.1) -0.2 (0.1) -0.3 
(-0.7, 0.1) 

0.090 
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Table 5– Effects of exenatide on subdomains of the PDQ-39 

 

 

PDQ-39 
Subdomain 

Mean (SEM) baseline 
score 

Mean (SEM) change in 
score at 48 weeks 

Treatment 
difference* 

(95%CI) 

P 
value** 

Mean (SEM) change in 
score at 60 weeks 

Treatment 
difference* 
(95%CI) 

P 
value** 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=29) 

Exenatide 
(n=31) 

Placebo 
(n=28) 

Exenatide 
(n=31) 

  
Mobility 
 (0-100) 
 

18.7 (2.5) 18.1 (3.0) 2.9 (2.2) 0.3 (2.1) -2.5  
(-9.0, 4.1) 

0.450 1.2 (3.0) 3.1 (2.3) 0.4 
(-7.7, 7.8) 

0.991 

Activities of daily living 
(0-100) 

18.2 (2.6) 22.4 (3.5) -1.5 (2.4) 0.4 (2.3) 2.0 
(-5.0, 9.0) 

0.569 1.7 (3.0) 0.9 (3.1) 0.2 
(-8.5, 8.8) 

0.971 

Emotional well-being 
(0-100) 

21.6 (3.8) 17.5 (2.2) 0.9 (1.9) -4.8 (1.8) -5.7 
(-11.3, -0.1) 

0.047 -2.5 (2.4) -2.7 (2.2) -2.6  
(-8.8, 3.6) 

0.405 

Stigma 
(0-100) 
 

28.7 (5.0) 15.1 (3.1) -4.7 (1.9) -5.2 (1.7) -0.5  
(-5.9, 4.9) 

0.845 -5.1 (3.4) -4.2 (2.2) -5.3  
(-12.8, 2.2) 

0.163 

Social support 
(0-100) 

12.9 (3.7) 9.9 (3.4) 1.2 (2.2) -1.2 (2.1) -2.4 
(-8.8, 4.0) 

0.454 -2.8 (3.9) -0.3 (3.6) -2.3 
(-9.3, 4.8) 

0.518 

Cognition 
(0-100) 
 

21.1 (2.7) 23.4 (3.1) -0.1 (2.3) -3.3 (2.2) -3.2 
(-9.9, 3.5) 

0.346 1.1 (2.7) -3.6 (2.6) -4.7 
(-12.3, 2.9) 

0.220 

Communication 
(0-100) 
 

18.7 (3.9) 18.5 (3.8) 1.3 (2.6) -3.9 (2.5) -5.1 
(-12.8, 2.5) 

0.184 1.9 (3.3) -2.2 (2.4) -5.6 
(-14.2, 3.0) 

0.197 

Bodily discomfort 
(0-100) 

28.4 (3.5) 33.6 (4.2) -1.5 (2.9) 0.9 (2.8) 2.4 
(-6.1, 11.0) 

0.570 5.2 (3.5) -2.2 (3.3) -7.8 
(-17.1, 1.4) 

0.096 
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