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Abstract

Background—Psychosis is among the most disabling complications of Parkinson’s disease 

(PD). The chronicity of PD psychosis remains understudied and the relative importance of 

dopaminergic therapy versus the disease process itself in engendering psychosis remains unclear.

Objectives—To examine pharmacologic and motoric correlates of PD psychosis onset and 

remission in a longitudinally monitored PD cohort.

Methods—We analyzed data from 165 participants enrolled in a longitudinal PD study through 

the Morris K. Udall Parkinson’s Disease Research Center of Excellence at Johns Hopkins 

University. Evaluations included formal psychiatric assessment and were conducted at two-year 

intervals. Regression with generalized estimated equations (GEE) was used to produce unadjusted 
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and adjusted estimates for time-varying longitudinal associations between psychosis and putative 

risk factors.

Results—Sixty-two participants (37.6%) were diagnosed with psychosis during at least one 

evaluation. Of forty-nine participants with psychosis followed over multiple evaluations, 13 

(26.5%) demonstrated remission despite significant Hoehn & Yahr stage increase (p=0.009); two 

of these cases later relapsed. Multivariable regression with GEE identified dementia diagnosis, 

akinesia-rigidity, anticholinergic usage, and levodopa-carbidopa dose to be significantly associated 

with psychosis, while disease duration was not. A sub-analysis of 30 incident psychosis cases 

suggested that dopamine agonist dose was lowered after psychosis onset with a compensatory 

increase in levodopa-carbidopa dosage.

Conclusions—Our findings suggest that in the context of standard therapy, PD-related psychotic 

disorder can remit at a frequency of approximately 27%. Additionally, akinetic-rigid motor 

impairment was more strongly associated with psychosis than disease duration, independent of 

cognitive impairment and medications.
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Introduction

The point-prevalence of psychosis in patients with Parkinson’s disease (PD) is 

approximately 30%1 and it is the strongest predictor of nursing home placement in PD.2 The 

most common PD-related psychotic symptom is visual hallucinations, which 50% of 

patients experience at some point during the disease course.3 Even minor psychotic 

symptoms are strongly predictive of subsequent severe cognitive decline and behavioral 

disturbances.4 However, the typical course of psychotic phenomenology in PD has only been 

indirectly or partially addressed—for example, in prospective studies5,6 with few 

assessments and follow-up periods that do not capture the temporal dynamics of the 

disorder.

Historical accounts from the pre-levodopa era7 suggest that psychosis may be a “natural” 

component of PD, though it is typically thought to be largely related to dopaminergic 

medication—especially dopamine agonists.1,8,9 However, most cross-sectional studies have 

found no link between psychosis and levodopa dose, levodopa equivalent daily dose 

(LEDD), or a particular “treatment profile.”1,10 Changes in pharmacologic management 

prompted by the onset of psychotic symptoms have not been addressed in the context of 

longitudinal analyses; this information may help to understand how methodological 

differences in prior studies have produced conflicting findings on the relationship between 

psychosis and medication profile.

Identifying clinical correlates of psychosis that are more specific to the disease process itself 

may also help formulate more unifying prognostic indicators of vulnerability to psychosis in 

PD. For example, one study11 used cluster analysis to show that hallucinations—measured 

with a corresponding item in the Unified Parkinson’s Disease Rating Scale (UPDRS)—are 
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more common among akinetic-rigid (AR) than tremor-dominant (TD) patients.12 However, 

the majority of patients convert to the AR subtype over time,13 making it unclear how 

psychotic phenomena relate to AR motor impairment longitudinally, as opposed to overall 

disease severity and duration. It may be more appropriate to treat AR and TD motor 

impairment as dimensional traits to differentially relate them to risk for undesirable 

outcomes such as psychosis.14

In the present report, we analyzed patterns in the onset and remission of PD psychosis in 165 

patients who were longitudinally assessed approximately every two years. Psychiatric 

diagnoses were guided by the Diagnostic and Statistical Manual of Mental Disorders, 

version IV, (DSM-IV). Additionally, we incorporated a risk-factor analysis to identify 

clinical markers of PD psychosis and analyzed medication regimens by LEDD contribution. 

Regression analysis was conducted using GEE, which allows for correlation within subjects 

to be estimated; this feature facilitates analysis of longitudinal repeated-measures data with 

time-varying measures.15 We hypothesized that DSM-IV psychotic disorder—determined by 

psychiatrist interview to be directly due to PD—would be associated over time with 

increased akinesia-rigidity—measured according to convention16 using neurologist-rated 

UPDRS-III (motor examination) scores. Additionally, we performed secondary analyses to 

test the hypothesis that incident psychosis results in reductions of dopaminergic medications.

Methods

Participants and Study Design

The Morris K. Udall Parkinson’s Disease Research Center of Excellence, located at the 

Johns Hopkins School of Medicine, recruits individuals with PD, patients with related 

movement disorders, and healthy controls for a number of research studies. Participants 

included in this analysis were drawn from the Center’s Longitudinal Study, a Parkinson’s 

disease study initiated in 1998, which has enrolled 269 individuals since its inception. Of 

these 269 participants, 182 have a diagnosis of idiopathic PD by UK Brain Bank criteria,17 

19 have related movement disorders, and 68 are controls. At the time of enrollment and 

every two years subsequently, subjects undergo a full psychiatric evaluation per DSM-IV 

criteria. These visits also included a neurologist-conducted UPDRS interview with Hoehn & 

Yahr stage18 determination and medication list updates.

We aimed to evaluate the longitudinal association between diagnosis of psychosis and 

medications or motor impairment phenotype. Inclusion criteria for this analysis were a 

clinical diagnosis of idiopathic PD and complete psychiatric assessment data, UPDRS-III 

data, medications, and demographic information. Of the 182 enrolled idiopathic PD 

participants, 15 were excluded for incomplete DSM-IV diagnosis data, one was excluded for 

incomplete Hoehn & Yahr stage and UPDRS-III data, and one was excluded for incomplete 

medication information. Therefore, 165 patients were included in the present analysis. 

Patient age was defined as age at enrollment and disease duration was defined as the time 

that elapsed between diagnosis date and that evaluation. The levodopa equivalent daily dose 

(LEDD) contributed by each medication was calculated for each subject based on their 

medication lists in accordance with convention.19 Where carbidopa/levodopa was prescribed 
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to be used “as needed,” we estimated its LEDD contribution as the midpoint between the 

typical maximum (3 doses per day) and minimum (0 doses per day) daily values.

Measures

The dependent variable for the present analysis was diagnosis of psychotic disorder in 

accordance with DSM-IV criteria. These criteria require that (1) prominent hallucinations or 

delusions are present; (2) historical or examination-based indication that the disturbance is 

directly related to PD and not medications, alcohol, or substance abuse; (3) the disturbance 

is not better explained by another mental disorder (e.g., major depression with psychosis), 

(4) the disturbance does not exclusively occur during the course of delirium.20 The presence 

of insight is not a part of the diagnostic algorithm.

A total of 17 independent variables were entered into a saturated model for backward 

stepwise regression (described in Statistical Analysis), including two other DSM-IV 

diagnoses (dementia, major depression). Neurologist-rated Hoehn & Yahr stage18 and mean 

akinesia-rigidity and tremor motor impairment scores were included, the latter being 

calculated from UPDRS-III motor examination findings as previously described.16 Age, sex, 

years of adult education, MMSE score, and disease duration (defined as the time between 

PD diagnosis and enrollment in the study) were included. LEDD contributions from 

levodopa-carbidopa formulations (immediate-release separate from controlled-release), 

dopamine agonists, monoamine-oxidase inhibitors (MAOIs), amantadine, and entacapone 

were included separately for analyses as continuous variables. Each was divided by 100 for 

regression to facilitate interpretation of odds ratios.

Statistical Analysis

Logistic regression with GEE was used to model the longitudinal association between a 

binary outcome (psychosis diagnosis) and independent variables of interest.15 GEE allows 

for correlation within subjects to be estimated, facilitating analysis of repeated-measures 

longitudinal data.15 Additionally, time-varying changes in the measures of interest over time 

are captured by GEE. An exchangeable correlation structure was employed in all GEE 

analyses and robust parameter estimates are reported to ensure against biased or unstable 

estimates. The scale parameter was fixed at the default value of 1. The saturated model 

(described in Measures) was subjected to backward stepwise variable removal guided by a 

variant of Akaike’s Information Criterion (AIC) that is compatible with quasi-likelihood 

estimation.21 We report odds ratios (ORs) with corresponding 95% confidence intervals and 

p-values for each GEE model. ORs were calculated as the exponentiated regression 

coefficients and confidence interval endpoints.

In our secondary analysis, significance estimates were produced using tests appropriate for 

paired data: the Wilcoxon signed rank test for continuous and ordinal variables and 

McNemar’s test for count variables. For all statistical tests reported in this manuscript, 

statistical significance was accepted at p < 0.05.
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Standard Protocol Approvals, Registrations, and Patient Consents

The Johns Hopkins Institutional Review Board approved the study; participants—and when 

available, informants—provided written informed consent.

Results

Baseline characteristics for the sample are presented in Table 1. The majority of participants 

were male (61.8%) and the average age at enrollment (± standard deviation) was 67.9 ± 10.1 

years. Mean disease duration was 7.6 ± 5.5 years, ranging from 0.7 to 31.2 years. The 

duration and frequency of follow-up psychiatric and neurologic evaluations are presented in 

Table 2. A total of 111/165 participants were evaluated longitudinally (i.e., at least once after 

their baseline assessment) for up to 15 years. The median total follow-up time for 

participants who were evaluated longitudinally was 6.1 years (interquartile range = 2.3–8.1), 

and the number of serial evaluations per participant ranged from 2 to 8.

At baseline, the prevalence of psychosis was 19.4% (32 participants). During longitudinal 

follow-up, an additional 30 participants were diagnosed with psychosis. Of these 62 unique 

cases, 24 were persistent (i.e., present at multiple consecutive evaluations). This persistence 

ranged from 1.2 to 10.4 years. We possessed data for multiple evaluations for 49 of these 62 

participants; among these 49 cases, there were 13 instances of remission, suggesting an 

estimated remission frequency of 26.5% in our cohort. For 9 of the 13 remissions, psychosis 

had only been diagnosed once at the evaluation immediately prior. For the remaining 4 

remission cases, psychosis had been long-standing across multiple prior evaluations 

spanning 1.8–6.7 years. Of the 13 remission cases, 4 were demented and 4 were using 

antipsychotic medications both before and after remission. Hoehn & Yahr stage significantly 

progressed despite remission (p=0.009) from 2.2 ± 0.3 to 3.0 ± 1.1. Notably, two of the 

participants in remission exhibited relapse of psychosis at a subsequent evaluation. However, 

for 5 of the 13 remission cases, we did not have data for an evaluation after remission due to 

participant attrition.

A psychosis diagnosis was made at 101 of the 455 total evaluations included in our analysis. 

Backward stepwise regression produced a final model that included the variables listed in 

Table 3. Unadjusted and adjusted OR, 95% confidence intervals, and significance measures 

are provided for each of these variables. Results from the multivariable model demonstrate 

that the presence of psychosis was associated with dementia, higher akinesia-rigidity score, 

higher levodopa-carbidopa dose (immediate- and controlled-release separately), and 

anticholinergic medication usage for overactive bladder. Notably, disease duration and 

depression were only significantly associated with psychosis in univariable analysis. A 

higher DA agonist LEDD was significantly associated with a lower likelihood of psychosis 

in univariable, but not multivariable regression. To visually represent the strength of the 

relationship between psychosis and akinesia-rigidity score, we graphed a binomial logistic 

regression model (Figure 1). We included only baseline evaluations (n=165) for this model, 

which was not produced using GEE.

To further characterize correlates of psychosis onset, we conducted a secondary analysis of 

30 participants with incident psychosis during follow-up (Table 4). Our criteria for inclusion 
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in this analysis were two consecutive evaluations where a psychosis diagnosis was absent in 

the first but present in the second. We compared the characteristics of this sample before and 

after psychosis diagnosis. This comparison demonstrated an increased arithmetic difference 

between carbidopa/levodopa immediate-release LEDD and DA agonist LEDD (p=0.044), 

but a comparable arithmetic sum of these LEDD values across the consecutive evaluations, 

suggesting that an increase in levodopa dose compensated for the decrease in DA agonist 

dose. The mean AR score was significantly higher after psychosis diagnosis (p=0.007). We 

also tested this using the conventional motor subtype approach, which showed that a 

significantly higher number of participants were classified as akinetic-rigid after psychosis 

diagnosis (p<0.001). Additionally, MMSE score decreased (p=0.002) and a significant 

proportion of participants converted to dementia (p<0.001). Finally, both anticholinergic 

medication (p<0.001) and antipsychotic medication use (p=0.025) were increased at 

psychosis diagnosis. Quetiapine (9 participants), clozapine (2 participants), and olanzapine 

(1 participant) were the antipsychotic medications used by these participants, with daily 

dosage ranges of 25–200 mg, 25–37.5 mg, and 10 mg, respectively. No study participants 

were found to be using a typical antipsychotic.

Discussion

In this report, we demonstrate that PD psychosis can have an unstable course characterized 

by remission and relapse. To our knowledge, these temporal dynamics have not been 

previously characterized. While a 4-year prospective study5 showed that remission occurred 

in 14% of patients with hallucinations at baseline, our analysis allows for a more temporally 

encompassing description. Additionally, the aforementioned study5 utilized a non-standard 

definition of psychosis based on a custom scale and did not describe the use of antipsychotic 

medications. In our study, 26.5% of the longitudinally monitored participants with DSM-IV-

indicated psychosis exhibited remission; only two of these relapsed to psychosis again at a 

later visit. The true frequencies of remission and relapse could potentially be somewhat 

higher because our study only evaluated participants at two-year intervals, which may have 

missed relapsing and remitting psychotic states between visits. Importantly, our analysis is 

the first to utilize a diagnosis of psychotic disorder per DSM-IV criteria to examine the 

chronicity of PD psychosis. This remains the gold standard of psychiatric diagnostics and 

emphasizes the attribution of prominent hallucinations and/or delusions to PD itself as 

opposed to a transient or apparent medication-induced phenomenon.

It is noteworthy that the frequency of antipsychotic medication use at the time of psychosis 

onset was approximately 33%, which might be seen as low, although there are two important 

explanations. First, antipsychotic medications are relatively contraindicated in the presence 

of dementia, which is highly comorbid with psychosis in PD—over half of our cases with a 

new-onset psychosis diagnosis also carried a DSM-IV dementia diagnosis. Secondly, given 

the variable efficacy profile and adverse drug reactions (e.g., sedation, motor worsening, 

granulocytosis, and sialorrhea) carried by even newer atypical antipsychotics,22 both 

clinicians and patients are often hesitant to initiate antipsychotic treatment until symptoms 

become psychologically distressing or impair functioning. Even in the absence of comorbid 

dementia, antipsychotic medications may engender increased mortality risk in PD.23 The 
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potential benefits of starting antipsychotic medication early in PD psychosis remains an area 

for investigation.

Psychosis is also marked by remission and relapse in other neurodegenerative disorders, 

such as Alzheimer’s disease (AD). Psychosis is reported to remit frequently in advanced 

AD, but impaired verbal communication and the consequential inability to relate psychotic 

phenomena complicate the assessment of psychosis in these patients.24,25 Alternatively, a 

certain degree of neuronal integrity may be required for psychosis in AD. A recent study of 

patients with Dementia with Lewy bodies (DLB) found the severity of hallucinations to be 

positively correlated with neuronal density in the stratum griseum superficiale of the 

superior colliculus.26 This finding lends credulity to the notion that structure-specific 

neurodegeneration can effect cessation of psychotic phenomena.27 Notably, among our 

participants with psychosis remission, there was still significant Hoehn & Yahr progression 

observed; however, potential pathologic correlates of remission remain in PD.

Levodopa-carbidopa dosage was significantly higher among participants with psychosis in 

our study after adjusting for other factors that might lead to increased medication dosage. 

Despite the common clinical intuition that high LEDD can induce psychosis, studies 

examining this relationship have not consistently found evidence for this hypothesis.1 Our 

secondary analyses among incident psychosis cases suggests that DA agonists were 

decreased or removed and replaced with carbidopa-levodopa, which is believed to be less 

hallucinogenic. However, we also noted a significant association between anticholinergic 

medications and psychosis in both our multivariable and secondary psychosis onset 

analyses. Cholinergic deficits in PD are thought to increase the likelihood of psychosis, 

which often dictates a change in the use of anticholinergics.8,33 The participants in our study 

with new-onset psychosis were taking oxybutynin (4 participants) or tolterodine (1 

participant). Among all participants with psychosis, these two medications were the most 

common anticholinergics used. It is unclear why their use was continued in the presence of 

psychotic symptoms, as medication regimens were not under the control of study 

investigators.

Limitations of our study design include variability in the consistency of participant follow-

up and attrition. Variability in the time separating serial evaluations was not dramatic, with a 

median of 2.1 (IQR = 1.9–2.5) years. GEE models are considered flexible enough to remain 

robust even when measures are not equally spaced in time.15 Additionally, GEE permits for 

changing outcome values to be representatively related to changes in independent variables, 

suggesting that the remission and relapse recorded in our study are not statistically 

concerning.15 Our analysis used a binary outcome to represent the presence or absence of 

psychosis, which may be objectionable because psychotic symptoms exist on a clinical 

continuum of severity in PD. The DSM-IV criteria for psychotic disorder require prominent 

hallucinations or delusions, which makes our findings less generalizable to patients with 

minor illusions/hallucinations. Importantly, these criteria do exclude cases of apparently 

medication-induced symptoms, such as hallucinosis that began soon after initiating a DA 

agonist, which may partly explain the negative association noted between DA agonist use 

and psychosis. This exclusion may reduce the remission rate observed, as drug-induced 

hallucinosis would be expected to remit after adjusting the therapeutic regimen, which was 
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not under the control of the study investigators, but rather participants’ individual clinicians. 

The psychiatric diagnoses themselves were made based on the clinical discretion and 

expertise of psychiatrists participating in the research effort, but we lack detailed data for the 

basis on which those decisions were made (e.g., types of hallucinations or delusions). In 

other words, 27% of patients with PD psychosis not attributable to hallucinogenic 

medication exposure would be expected to remit, acknowledging the difficulty in 

determining the medication relatedness of psychosis. Another limitation of our approach is 

that we did not have data on the duration of dopamine replacement therapy in our patients, 

which could be important given the putative role of medications in precipitating psychosis. 

However, it seems reasonable to assume that most individuals with PD begin treatment soon 

after diagnosis, which we used as the starting time-point for disease duration. Finally, 

because psychosis is associated with advanced disease and dementia, high attrition among 

these cases in a longitudinal study is expected. This is demonstrated by our lack of follow-up 

data for several participants who exhibited remission.

Conclusion

In this report, we identified psychotic remission and relapse as important possibilities in the 

typical course of PD. This may have importance for our understanding of disease 

progression and underlying pathology. We also provide novel evidence that the 

inconsistently noted associations between LEDD and psychosis in PD may be due to 

changes in specific treatment strategy rather than changes in total DA equivalents. Finally, 

we show that akinesia-rigidity is a stronger independent marker of psychosis likelihood than 

disease duration in multivariable regression. Assuming a fundamentally dopaminergic 

etiology of PD psychosis, this finding is consistent with the generally accepted notion that 

AR patients exhibit more severe dopaminergic dysfunction and disease severity.34 Given the 

incredibly heterogeneous nature of PD,12 utilizing akinesia-rigidity and tremor as 

dimensional traits may facilitate refinements in our understanding of how they relate to 

associated non-motor comorbidities.
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Figure 1. 
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Table 1

Baseline clinical and demographic measures of participants (n=165)

Characteristic Mean or n (%) Standard deviation Range

Age at enrollment, years 67.9 10.1 42.1–90.6

Age at PD diagnosis, years 60.3 10.3 38–86

Disease duration, years 7.6 5.5 0.7–31.2

MMSE 26.9 3.8 0–30

Adult education, years 10.2 4.5 2–27

Male sex 102 (61.8%) —

Hoehn & Yahr (%) 1/1.5/2/2.5/3/4/5 7 / 4 / 36 / 24 / 18 / 8 /4
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Table 2

Overview of patient participation and psychosis, depression, and dementia diagnoses throughout longitudinal 

follow-up evaluations (n=165)

Variable Statistic

Length of follow-up, years (IQR) (range) 6.1 (2.3–8.1) (1.4–14.8)

Time between serial evaluations, years (IQR) (range) 2.1 (1.9–2.5) (0.9–6.5)

No. serial evaluations (1/2/3/4/5/6/7/8) 54/36/23/26/11/6/7/2

Total evaluations included in analysis 455

Psychosis

 - Baseline prevalence 32 (19.4%)

 - Incidence during follow-up 30

 - Unique cases followed over multiple evaluations 49

  ○ Remission without detected relapse 11

  ○ Remission with later detected relapse 2

 - Persistent cases 24

  ○ Persistence length, years 2.1 (1.9–4.1) (1.2–10.4)

 - Total evaluations with psychosis present 101 (22.2%)

IQR = interquartile range. Length of follow-up and average time between evaluations only calculated for patients with at least two serial 
observations (n=111).

Baseline prevalence is the number of unique participants diagnosed with the corresponding psychiatric diagnosis at baseline; incidence is the 
number of unique participants who were diagnosed for the first time at a subsequent visit; remission indicates cases where a diagnosis was not 
made for a participant who was diagnosed at a prior evaluation; for which the number of relapsing cases is also provided. Percentage is not 
provided for incidence due to subject attrition (changing sample size).
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Table 3

Logistic regression with GEE for stepwise-selected variables associated with psychosis

Independent Variable

Univariable Multivariable

OR (95% CI), unadjusted p OR (95% CI), adjusted p

Dementia 6.84 (3.86–12.11) <0.001*** 3.13 (1.71–5.70) <0.001***

Mean akinetic-rigid score 3.15 (2.14–4.64) <0.001*** 2.38 (1.48–3.83) <0.001***

Immediate-release Levodopa-Carbidopa LEDD 
(mg/day)

1.17 (1.10–1.23) <0.001*** 1.16 (1.08–1.26) <0.001***

Anticholinergic medication usage 2.25 (1.20–4.24) 0.012* 2.83 (1.43–5.59) 0.003**

Controlled-release Levodopa-Carbidopa LEDD 
(mg/day)

1.02 (0.95–1.10) 0.530 1.09 (1.00–1.19) 0.040*

Disease duration (years) 1.13 (1.07–1.18) <0.001*** 1.04 (0.99–1.10) 0.140

Dopamine agonist LEDD (mg/day) 0.73 (0.60–0.89) 0.002** 0.86 (0.71–1.04) 0.110

Mean tremor score 1.30 (0.86–1.95) 0.210 0.67 (0.40–1.11) 0.121

Depression 1.96 (1.18–3.26) 0.009** 1.50 (0.81–2.78) 0.198

LEDD: Levodopa Equivalent Daily Dosage; MMSE: Mini-Mental State Exam. All LEDD variables were divided by 100 to facilitate OR 
interpretation.

*
p<0.05,

**
p<0.01,

***
p<0.001
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Table 4

Correlates of psychosis onset (n=30)

Variable Pre-psychosis Diagnosis of psychosis and later p

LEDD: (Levodopa IR) − (DA Agonist) 299 (115–483) 513 (372–653) 0.044*

LEDD: (Levodopa IR) + (DA Agonist) 738 (600–876) 752 (579–926) 0.994

MMSE score 26.9 (25.7–28.1) 24.4 (22.2–26.6) 0.002**

Mean akinetic-rigid motor score 1.2 (0.9–1.4) 1.6 (1.2–1.9) 0.007**

Hoehn & Yahr (0/1/1.5/2/2.5/3/4/5) 0/0/18/5/4/2/1 0/0/2/5/2/8/5 <0.001***

Dementia 2 (6.7%) +16
−0 <0.001***

Akinetic-rigid motor subtype 23 (76.7%) +7
−1 <0.001***

Depression 14 (46.7%) +5
−2 1.000

Anticholinergic medication 2 (6.7%) +4
−1 <0.001***

Antipsychotic medication 3 (10%) +11
−2 0.025*

IR = Immediate Release; LEDD = Levodopa equivalent daily dose. Mean group values are provided for continuous variables with 95% confidence 
intervals in parentheses. “Pre-psychosis” refers to the evaluation where a diagnosis of psychotic disorder was not made, whereas “Post-psychosis” 
refers to the subsequent evaluation where psychosis was present. Median length of the intervals between these evaluations was 2.2 years with an 
interquartile range of (2.0–2.6 years). The full range was (0.9–6.5 years). For count variables at diagnosis, the number of new positive cases/
medication users (+) is compared to the number of patients who discontinued the corresponding medication or who carried the corresponding 
diagnosis at the pre-psychosis evaluation but not at the time of psychosis (−). Significance estimates were produced using tests appropriate for 
paired data: the Wilcoxon signed rank test (continuous and ordinal variables) and McNemar’s test (count variables).
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