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Introduction

Parkinson's disease (PD) is the second most frequent neurodegenerative disease (after Alzheimer disease) (1). In the last decades, the burden related to PD has more than doubled, suggesting an increase in the future related to aging of population [START_REF] Dorsey | The Emerging Evidence of the Parkinson Pandemic[END_REF]. Whereas PD has been considered for a long time as merely a pure motor disease, recently more attention has been focused on non-motor symptoms. Among these latter, neuropsychiatric ones are very frequent, representing a major cause of impairment of quality of life [START_REF] Schrag | Quality of life and depression in Parkinson's disease[END_REF][START_REF] Benito-León | Impact of apathy on healthrelated quality of life in recently diagnosed Parkinson's disease: the ANIMO study[END_REF][START_REF] Martinez-Fernandez | Postoperative apathy can neutralise benefits in quality of life after subthalamic stimulation for Parkinson's disease[END_REF].

Neuropsychiatric symptoms include depression, apathy and anxiety, which are considered related to the disease itself. They have been defined as hypodopaminergic symptoms, as opposed to hyperdopaminergic symptoms (such as impulsive-compulsive behaviors, addictions or psychotic symptoms), which are related to the dopaminergic treatment. They can be present at the early stage of the disease, before or with the onset of motor symptoms, or later with the progression of the disease (6-9).

Apathy is defined as a lack of motivation accompanied by reduced goal-directed cognition, behavior and emotional involvement [START_REF] Robert | Is it time to revise the diagnostic criteria for apathy in brain disorders? The 2018 international consensus group[END_REF]. It affects almost 40% of patients with PD [START_REF] Den Brok | Apathy in Parkinson's disease: A systematic review and meta-analysis[END_REF]. It can present on its own or along with depression and/or anxiety, or cognitive impairment [START_REF] Béreau | Apathy in Parkinson's Disease: Clinical Patterns and Neurobiological Basis[END_REF]. Depression, defined as a persistent sadness and a lack of interest or pleasure in previously rewarding or enjoyable activities, concerns almost 40% of patients with PD [START_REF] Cong | Prevalence and clinical aspects of depression in Parkinson's disease: A systematic review and meta-analysis of 129 studies[END_REF].

Anxiety, defined as excessive worries in anticipation of a future threat and related behavioral disturbances (panic attack, social phobia, specific phobia, agoraphobia…), affects 30% of PD patients [START_REF] Broen | Prevalence of anxiety in Parkinson's disease: A systematic review and meta-analysis[END_REF].

These three symptoms seem to be interrelated, with the presence of one of them being a risk factor for developing another. Together, they have a significant impact on the quality of life of PD patients [START_REF] Schrag | Quality of life and depression in Parkinson's disease[END_REF][START_REF] Benito-León | Impact of apathy on healthrelated quality of life in recently diagnosed Parkinson's disease: the ANIMO study[END_REF][START_REF] Martinez-Fernandez | Postoperative apathy can neutralise benefits in quality of life after subthalamic stimulation for Parkinson's disease[END_REF].

Cognitive impairment is also very common in advanced PD, with dementia in more than 80% of PD patients with 20 years of evolution [START_REF] Emre | Dementia in Parkinson's disease: cause and treatment[END_REF][START_REF] Hely | The Sydney multicenter study of Parkinson's disease: the inevitability of dementia at 20 years[END_REF][START_REF] Aarsland | Cognitive decline in Parkinson disease[END_REF][START_REF] Aarsland | Parkinson disease-associated cognitive impairment[END_REF].

In general population, depression and anxiety are associated with a higher risk of dementia [START_REF] Livingston | Dementia prevention, intervention, and care: 2020 report of the Lancet Commission[END_REF][START_REF] Kuring | Risk of Dementia in persons who have previously experienced clinically-significant Depression, Anxiety, or PTSD: A Systematic Review and Meta-Analysis[END_REF].

Several studies have tried to investigate the relationship between neuropsychiatric symptoms and cognitive decline in PD. Whereas psychotic symptoms seem to be a risk factor of cognitive impairment [START_REF] Marinus | Risk factors for non-motor symptoms in Parkinson's disease[END_REF], the association between cognitive symptoms and depression, apathy and anxiety is more ambiguous. Studies point towards a trend of worse cognition when presenting neuropsychiatric symptoms, but results are confounding with few longitudinal prospective studies with robust statistics.

In large meta-analysis, we can see that Mini-Mental State Examination (MMSE) score is statistically lower in patients with apathy or depression [START_REF] Den Brok | Apathy in Parkinson's disease: A systematic review and meta-analysis[END_REF][START_REF] Cong | Prevalence and clinical aspects of depression in Parkinson's disease: A systematic review and meta-analysis of 129 studies[END_REF].

In a review from Marinus et al., including 18 longitudinal studies, hallucinations and to a less extent depression were both independently associated with future development of cognitive impairment or dementia [START_REF] Marinus | Risk factors for non-motor symptoms in Parkinson's disease[END_REF].

A large Chinese study including 901 PD patients seemed to go in the same direction, finding a correlation between depression and hallucinations and parkinsonian dementia [START_REF] Wang | Assessment of cognitive impairment in patients with Parkinson's disease: prevalence and risk factors[END_REF].

Another meta-analysis, including 57 prospective cohort study, found that hallucination and this time anxiety are risk factors for developing cognitive impairment but not depression or apathy [START_REF] Guo | Predictors of cognitive impairment in Parkinson's disease: a systematic review and meta-analysis of prospective cohort studies[END_REF].

Two other studies, a small Swiss cohort (29 patients with no cognitive impairment) [START_REF] Toloraia | Anxiety, Depression, and Apathy as Predictors of Cognitive Decline in Patients With Parkinson's Disease-A Three-Year Follow-Up Study[END_REF] and an English cohort of early Parkinson's disease patients [START_REF] Dissanayaka | Anxiety is associated with cognitive impairment in newly-diagnosed Parkinson's disease[END_REF][START_REF] Dissanayaka | Anxiety disorders are associated with verbal memory impairment in patients with Parkinson's disease without dementia[END_REF], showed evidence supporting the hypothesis of anxiety predicting cognitive impairment.

Similarly, several studies have suggested that apathy is associated with an increased risk of developing cognitive impairment [START_REF] Dujardin | Apathy may herald cognitive decline and dementia in Parkinson's disease[END_REF][START_REF] Martin | Apathy as a behavioural marker of cognitive impairment in Parkinson's disease: a longitudinal analysis[END_REF][START_REF] Sampedro | Apathy Reflects Extra-Striatal Dopaminergic Degeneration in de novo Parkinson's Disease[END_REF]. Among these, in the de novo PD cohort of the Parkinson's Progression Markers Initiative (PPMI), apathy was associated with an increased risk of cognitive decline at 4 years of follow-up. According to this study, apathy would reflect the extra-striatal dopamine depletion [START_REF] Sampedro | Apathy Reflects Extra-Striatal Dopaminergic Degeneration in de novo Parkinson's Disease[END_REF].

The aim of this study was to assess whether neuropsychiatric symptoms in early PD can predict development of a future cognitive impairment.

Material and methods

Patients:

We analyzed data from a cohort of patients with de novo PD followed-up for 3-5 years (the Honeymoon and IMPACT studies). The IMPACT study assessed a subgroup of patients who had participated in the Honeymoon study, 3 to 5 years later, once dopaminergic medication was introduced, between 2017 and 2019. Patients were excluded in case of a diagnosis different from PD, or in case of dementia defined as MDRS lower than 130. 90 patients were enrolled in IMPACT. Among these, 4 patients were wrongly included because their MDRS was lower than 130.

Considering the aim of our study -to assess whether neuropsychiatric symptoms in early PD can predict development of a future cognitive impairment -we decided to include them in our study.

Assessment:

Patients were assessed under their chronic medication condition.

Behavioral symptoms (apathy, depression, anxiety and psychotic symptoms) were assessed with the Ardouin Scale of Behavior in Parkinson's Disease (ASBPD) [START_REF] Rieu | International validation of a behavioral scale in Parkinson's disease without dementia[END_REF]. This scale is a semi-structured interview, based on clinical impression, validated in PD. For each symptom, a score between 0 to 4 was assigned: 0 : no symptoms 1 : mild symptoms 2 : moderate symptoms 3 : marked symptoms 4 : severe symptoms.

Cognition was assessed with:

1) The Mattis Dementia Rating Scale 2 (MDRS-2), with a total score ranging from 0 to 144 points (with highest scores in cases of preserved cognition) [START_REF] Matteau | Mattis Dementia Rating Scale 2: screening for MCI and dementia[END_REF]. Pathological threshold depends on the age and is considered to be 130/144 for patient younger than 70 years old [START_REF] Pedraza | Robust and expanded norms for the Dementia Rating Scale[END_REF]. It contains 36 items, and it is divided in 5 parts.

-one assessing Attention on 37 points -one for Initiation/Perseveration on 37 points -one for Construction on 6 points -one for Conceptualization on 39 points -one for Memory on 25 points

2) The Frontal Assessment Battery (FAB), a specific scale to screen dysexecutive symptoms [START_REF] Dubois | The FAB: A frontal assessment battery at bedside[END_REF]. The score ranges from 0 to 18 points. Pathological threshold is under 16/18 (15/18 if patient didn't get the general certificate of secondary education). This scale is composed of 6 The Levodopa Equivalent Daily Dose (LEDD) was calculated according to Jost et al 2023 [START_REF] Jost | Levodopa Dose Equivalency in Parkinson's Disease: Updated Systematic Review and Proposals[END_REF].

Outcomes:

As exploratory endpoints, we looked for a correlation between neuropsychiatric symptoms and cognitive impairment first at baseline in Honeymoon and second after 3 to 5 years of follow-up in IMPACT.

The primary end point was to study whether presenting at least one neuropsychiatric symptom among apathy, depression, anxiety and psychosis at baseline represents a risk factor for developing cognitive impairment in patients with early Parkinson's disease after 3 to 5 years of follow-up.

The secondary end points were to study whether:

-Apathy at baseline represents a risk factor of developing cognitive impairment after 3 to 5 years of follow-up.

-Depression at baseline represents a risk factor of developing cognitive impairment after 3 to 5 years of follow-up.

-Anxiety at baseline represents a risk factor of developing cognitive impairment after 3 to 5 years of follow-up.

-Psychotic symptoms at baseline represent a risk factor of developing cognitive impairment after 3 to 5 years of follow-up.

Statistical analyses:

Quantitative variables were presented as mean and standard deviation for those with normal distribution and as median and interquartile for those which were not. The normality of these variables was assessed by a Shapiro-Wilk Test.

Qualitative variables were presented as number and frequencies of patients.

Group comparisons were made using an appaired Student T-test for quantitative variables with a normal distribution, and a Wilcoxon test for quantitative variables with no normal distribution. For the qualitative variables, the McNemar test was used.

In order to perform the analysis, we used a qualitative composite criterion including apathy, anxiety, depression and psychotic symptoms. It was considered significant when the patient had at least one of the symptoms previously listed. We also studied each symptom alone and it was considered significant when ASBPD respective score was above 1.

This composite criterion and each neuropsychiatric symptom were evaluated function of the MDRS total score and each subscore, the FAB total score, and the verbal fluencies.

To assess the exploratory endpoints, we used linear regression model, adjusted on the following confounding factors: age, gender, MDS-UPDRS III and LEDD. We conducted the tests for the composite criterion and for each symptom as a quantitative variable and as a qualitative variable.

To assess the primary and secondary end points, we used a mixed model and adjusted the results on the same confounding factors as previously detailed. We also conducted statistical test for the composite criterion and for each symptom as a quantitative variable and as a qualitative variable as previously explained.

Excel from Office 2016, Jamovi 2.2.5 and Stata 15 were used for all analyses.

Significance was declared at p<0.05 level.

A Bonferroni correction was used for multiple comparisons (each symptom with each subscore, qualitative and quantitative tests), with a set p-value, of 0.0007 at baseline and 0.001 at 3-5 years.

Results

Clinical and demographical characteristics:

Table 1 shows different characteristics of the 198 patients enrolled in Honeymoon and 90 patients of IMPACT.

After 3 to 5 years of evolution, there was a trend towards a reduction in severity of neuropsychiatric symptoms compared to baseline (significant for apathy and depression but not for anxiety and the global composite criterion) (table 2).

There was no change of cognitive scores at 3 to 5 years of evolution compared to baseline (table 2). MDS-UPDRS subscales significantly worsened at 3 to 5 years of follow-up.

We had only one patient with hallucinations in IMPACT so we could not analyze this symptom for our study (table 2). 

Exploratory endpoints:

At baseline, we found only one correlation between neuropsychiatric symptoms and cognition: depression seems to be positively related with categorical verbal fluencies (coefficient 0.77 p=0.038 for quantitative test and coefficient 1.41 p=0.115 for qualitative test).

The other regressions were non-significant.

After 3-5 years of evolution, apathy was inversely correlated to the MDRS initiation/perseveration score (coefficient -0.56 p=0.034 for the quantitative test and coefficient -1.25 p=0.57 for the qualitative test).

When applying a Bonferroni correction for multiple comparisons, none of the previous tests were statistically significant.

Primary endpoint:

There was no significant impact of the neuropsychiatric symptoms at baseline on MDRS total score and each subscore and on FAB total score at follow-up (table 3).

Neuropsychiatric symptoms CE (confidence interval)

p-value Evolution of MDRS total 0.17 ( 

Discussion

In this study, assessing a cohort of early Parkinson's disease, before the introduction of dopaminergic medication and 3 to 5 years later, we did not find a clear association between early neuropsychiatric symptoms and cognitive impairment.

Findings of linear regressions showed that at 3 to 5 years of follow-up, apathy has a negative impact on the MDRS initiation/perseveration section.

The mixed model did not show any correlation between the neuropsychiatric symptoms at baseline and the evolution of cognitive symptoms after a follow-up of 3 to 5 years. However, secondary analyses showed that depression and apathy have a negative impact on MDRS Construction section.

On the other hand, linear regressions found a trend towards a positive impact of depression on verbal fluencies at baseline, as well as a positive association of depression on MDRS Conceptualization at follow-up.

Whereas a negative impact of depression and apathy on Initiation and Construction are not unexpected, given the lack of initiative typical of the apathetic syndrome, the positive association of depression with verbal fluency and Conceptualization is more difficult to explain.

Our results should be interpreted cautiously, since none of them remained significant after Bonferroni correction.

Investigating the predictive role of neuropsychiatric symptoms and cognition is not easy, since apathy, depression and anxiety might also represent early symptoms in cognitive impairment.

Several studies have investigated the association of neuropsychiatric symptoms and cognition.

Dujardin et al. found that apathy was associated with a significantly worse cognitive evolution in a group of 40 patients. Differently from our study, patients included in their study had longer disease evolution (8 years in mean). Assessment tools might also have a role since apathy in their study was assessed by the Lille Apathy Rating Scale (LARS) [START_REF] Dujardin | Apathy may herald cognitive decline and dementia in Parkinson's disease[END_REF].

In the Spanish study of the PPMI cohort, a correlation was found between apathy and cognitive impairment. Similarly to our study, it was a cohort of early Parkinson's disease patients, but differently from our study, apathy was assessed with MDS-UPDRS I and patients with more severe cognitive impairment were not excluded at follow-up (29). Apart from these studies with a relatively small sample size, a larger one in China, with 901 patients, found an association between depression and cognitive symptoms. In this study, demented patients were not excluded and depression was assessed by Hamilton Depression Rating Scale (HAM-D) [START_REF] Wang | Assessment of cognitive impairment in patients with Parkinson's disease: prevalence and risk factors[END_REF].

Assessment tools, as well as other methodological issues, might explain the different results we found, compared to other studies.

The strengths of this study are first its design because it is a prospective, multicenter, longitudinal study. It included homogenous group of early PD patients with no treatment at baseline apart from rasagiline and in the literature, longitudinal studies in early state of PD are quite scarce.

One of the main limitations of this study is that patients with more severe cognitive impairment were excluded.

Another limitation that could explain the negative results, is the small sample size with a lack of power. Indeed, there were only 90 patients included in the mixed model and number of patients presenting neuropsychiatric symptoms significatively lowered after 3 to 5 years, probably due to introduction of dopaminergic medication, especially dopamine agonists, which can have an effect on neuropsychiatric symptoms [START_REF] Leentjens | The effect of pramipexole on mood and motivational symptoms in Parkinson's disease: a meta-analysis of placebo-controlled studies[END_REF][START_REF] Thobois | Parkinsonian apathy responds to dopaminergic stimulation of D2/D3 receptors with piribedil[END_REF]. Statistics for psychotic symptoms were not possible, given the few patients presenting hallucinations at disease onset. Statistics for verbal fluencies were also not available after 3 to 5 years of follow-up so we could only analyze them with linear regression at baseline. It could be interesting in the future to use other scales of apathy such as the LARS [START_REF] Sockeel | The Lille apathy rating scale (LARS), a new instrument for detecting and quantifying apathy: validation in Parkinson's disease[END_REF], in order to evaluate the impact of different subtype of apathy on cognition [START_REF] Dickson | Are there distinct dimensions of apathy? The argument for reappraisal[END_REF].

To conclude, we found no impact of neuropsychiatric symptoms on the evolution of cognition in early Parkinson's disease.

However, in the exploratory analysis, there was a trend towards worse cognitive prognosis in patients with depression and apathy.

More focused and larger studies with longer follow-up and more suitable scales are needed to further explore these findings.
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The

  Honeymoon study was a multicenter study. Patients were recruited and assessed in 6 French University Hospitals: Grenoble, Lyon, Strasbourg, Poitiers, Marseille and Clermont-Ferrand. It included 198 patients from 30 to 70 years, diagnosed with Parkinson's disease for less than 2 years, with no dopaminergic medication (with the exception of rasagiline), and no cognitive impairment (defined as Mattis Dementia Rating Score (MDRS) lower than 130 or Frontal Assessment Battery (FAB) score lower than 15). Patients underwent full neuropsychological examination.

-

  Sensivity to interference on 3 points -Inhibitory control on 3 points -Environmental autonomy on 3 points. Motor assessment was performed using the motor part of Movement Disorder Society-Unified Parkinson's Disease Rating Scale (MDS-UPDRS) (34). The score ranges from 0 to 132, the higher the score, the greater the severity. This scale is composed of 4 parts: Part I : Non-motor Experiences of Daily Living Part II : Motor Experiences of Daily Living Part III : Motor Examination Part IV : Motor Complications

  Abbreviations : n = number of patients, % = frequencies of patients, M = mean, SD = standard deviation, m = median, Q1 = 25 percentiles, Q3 = 75 percentiles, LEDD = Levodopa Equivalent Daily Dose, *Amantadine n=3, Trihexylphenidine n=2, **Valproic acid n=1, Phenobarbital n=1, Lamotrigine n=1, Pregabaline n=1

7 <0

 7 Abbreviations : n = number of patients, % = frequencies of patients, M = mean, SD = standard deviation, m = median, Q1 = 25 percentiles, Q3 = 75 percentiles, ASBPD = Ardouin Scale of Behavior in Parkinson's Disease, MDRS = Mattis Dementia Rating Scale, FAB = Frontal Assessment Battery, MDS-UPDRS = Movement Disorder Society-Unified Parkinson's Disease Rating Scale

  Toloraia et al. found that anxiety was predicting of Mild Cognitive Impairment (MCI). As our study, it was a cohort of cognitive unimpaired patients, but anxiety was assessed by Beck Anxiety Inventory (BAI) (24). Similarly, Dissanayaka et al. demonstrated that anxiety disorders were associated with cognitive impairment (25), and more particularly with verbal memory impairment (26), in patients with Parkinson's disease without dementia. Anxiety in these studies was assessed by MDS-UPDRS I for the first one and by Hamilton Anxiety Rating Scale (HAM-A) for the second one.
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Objective: To assess whether neuropsychiatric symptoms (apathy, depression, anxiety) at disease onset are correlated with a cognitive decline in early course of PD.

Methods:

We included patients, enrolled in a multicenter French study, the Honeymoon study, assessing de novo PD patients. Part of this cohort was assessed at 3 to 5 years of follow-up, in the IMPACT study. We evaluated the relationship between anxiety, depression and apathy (assessed with the Ardouin Scale of Behavior in PD (ASBPD)) and cognition (using the MATTIS Dementia Rating Scale (MDRS) and the Frontal Assessment Battery (FAB)), with a mixed model.

Results: 198 patients were assessed at baseline and 90 patients at 3 to 5 years at follow-up.

There was no significant change of cognitive performances at 3 to 5 years of evolution compared to baseline, whereas neuropsychiatric symptoms improved at last follow-up. We found no impact of neuropsychiatric symptoms on the evolution of cognition after 3 to 5 years of disease (primary outcome). However, the exploratory analysis showed an association between respectively depression (coefficient -0.97; p= 0.012), apathy (coefficient -0.65; p=0.048) and worse cognitive evolution in the subscale MDRS construction. They also showed a positive association between depression and MDRS conceptualization (coefficient 1.00; p=0.031). These tests did not reach statistical significance after correction for multiple comparisons (secondary outcomes).

Conclusion:

Our study did not confirm previous data on neuropsychiatric symptoms being predictive of cognitive decline in patients with PD. These results should be interpreted cautiously because patients with dementia were not included in the study. More focused and

Secondary endpoints:

We found a negative association between respectively depression (coefficient -0.97; p=0.012), apathy (coefficient -0.65; p=0.048) and cognitive evolution at follow-up in the subscale MDRS Construction (table 4 and5).

Depression was significant with both quantitative and qualitative analysis when apathy was only significant with the quantitative analysis (table 4 and5).

We also found a positive association between depression and cognitive evolution at followup in the subscale MDRS Conceptualization (coefficient 1.00; p=0.031 for the quantitative analysis) (table 5).

Again, when applying Bonferroni correction for multiple analyses, none of these tests were statistically significant.