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Abstract  

The relationship between cognitive workload and cognitive impairments in Parkinson’s 

disease (PD) is currently not well known. This study compared cognitive workload during 

saccadic tasks between patients with PD and controls. Sixteen controls, 11 patients with no 

obvious cognitive impairment (PD-NCI) (MOCA score ≥ 26), and 10 PD patients with 

cognitive impairment (PD-CI) (MOCA score < 26) performed prosaccade and antisaccade 

tasks. Cognitive workload, extracted via pupil recording, and other eye metrics were 

compared between the three groups. PD-NCI patients exhibited greater cognitive workload 

than controls in the prosaccade task. PD-CI patients also showed more cognitive workload in 

the prosaccade task than PD-NCI patients and controls. No other differences in eye metrics 

were found between the three groups. Cognitive workload could be used to differentiate 

between different cognitive states in PD. The causal relationship between increased cognitive 

workload and cognitive decline in PD-NCI should be the focus of future studies. 

Keywords – up to 6: Parkinson’s disease, cognitive workload, prosaccade task, antisaccade 

task, executive function 
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1. Introduction 

With increasing life expectancy and aging of the population, the number of patients with 

Parkinson’s disease (PD) is also projected to increase, reaching 9.2 million by 2030 

worldwide [1]. In addition to motor symptoms, patients may exhibit cognitive symptoms that 

affect activities of daily living [2,3]. About 25% of patients with PD suffer from such 

cognitive impairments at the time of diagnosis [4]. Neuropsychological tests are used in the 

clinic to detect cognitive impairments. However, they may be inadequate to recognize subtle 

cognitive changes. Hence, more sensitive neurophysiological measures such as pupillometry 

are currently being utilized to identify early cognitive impairment in PD [5]. Task-evoked 

pupillary response (TEPR) has been successfully used to accurately estimate cognitive 

workload that is representative of cognitive impairments in adults [6–8]. TEPR is caused by a 

decrease in parasympathetic activity in the peripheral nervous system because of increased 

cognitive workload [9]. As acetylcholine is the main neurotransmitter that mediates TEPR and 

other pupillary reflexes, cognitive impairment, which mainly reflects a central cholinergic 

deficit, may be preceded by abnormal TEPR [10]. Previous studies have used TEPR to 

evaluate arithmetic capabilities and executive functions in PD [5,11]. Yet, to our knowledge, 

no study has examined whether TEPR discriminates between different cognitive states of PD. 

In this study, we used prosaccade and antisaccade tasks to examine cognition in PD [12]. The 

prosaccade task involves information processing speed whereas the antisaccade assesses 

executive functions [5,13,14]. Our main objective was to compare cognitive workload, 

extracted from TEPR of both eyes, between controls, patients with no obvious cognitive 

impairments (PD-NCI), and patients with cognitive impairments (PD-CI) in prosaccade and 

antisaccade tasks. A secondary aim was to correlate cognitive workload with performance in a 

test assessing global cognitive function and age.  

2. Methods 

https://en.wikipedia.org/wiki/Parasympathetic
https://en.wikipedia.org/wiki/Peripheral_nervous_system
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2.1. Participants 

Sixteen controls and 21 patients from the Movement Disorders Clinic at Augusta University 

were included (Table 1). PD patients with dementia (Montreal Cognitive Assessment 

(MOCA) scores ≤ 15), other parkinsonian syndromes, severe dyskinesia, deep brain 

stimulation, or unpredictable motor fluctuations were excluded. L-Dopa equivalent dosages 

[15] as well as motor scores on Unified Parkinson’s Disease Rating Scale (UPDRS) were 

recorded. All but one patient were medicated and were tested in the “on” state, due to task 

difficulty [14,16]. MOCA score > 26 was used to discern PD-NCI patients from PD-CI 

patients [17]. Eleven patients had PD-NCI and 10 had PD-CI. Of those, 4 scored between 20 

and 25 (mild cognitive impairment) and 6 scored between 16 and 20 (moderate cognitive 

impairment) on the MOCA [17]. The study was approved by an institutional review board. 

Informed written consent was obtained from all subjects. 
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2.2. Saccadic tasks  

The prosaccade and antisaccade tasks consisted of 132 trials each, with a duration of nine 

minutes (Figure 1A). Each task contained both gap and overlap trials to maximize task 

sensitivity [18]. The color and size of the target as well as the color of the background were 

carefully considered after review of the literature. For the prosaccade task, participants were 

instructed to shift gaze from the central fixation point to a peripheral target. In the gap 

condition, the fixation point disappeared after 1000 ms and, following a gap interval of 200 

ms, the eccentric target appeared. In the overlap condition, the fixation point remained visible 

when the eccentric target appeared and throughout the remainder of the trial. Eccentricity of 

the target varied from 5° to 50° of visual angle from the central target. There were 22 different 

target locations. The target appeared randomly either to the left or right side and remained 

visible for 3000 ms, after which the next trial started. The participant had to press a button as 

soon as the target was noticed. Response time to the button press was recorded. Fixation 

condition (gap/overlap), eccentricity (10 levels), and target location (left/right), were 

randomly interleaved throughout each block of the trials. Each block included 40 

experimental conditions that were repeated three times. Twelve additional trials containing a 

target located vertically at 5° of visual angle from the central target were added in order to 

vary the location of targets. The antisaccade task used the same visual presentations as in the 

prosaccade task. The participants were instructed to look away from the eccentric target to its 

mirror location and press a response button.  

2.3 Saccadic Eye Movement Recordings 

TEPR and eye movements were recorded by two synchronized, remote eye trackers (FOVIO, 

SeeingMachines Inc, Canberra, Australia) at 60 Hz. TEPR detects small but reliable increases 

in pupil size while adjusting for individual differences in pupil size, lighting, and 
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accommodation [8]. The TEPR values were transformed to a continuous scale of cognitive 

workload ranging between 0 and 1, and were computed for left and right eyes [8]. Prosaccade 

latencies and antisaccade errors were collected given their strong association with cognition 

[12].  Prosaccade latencies for correct trials were measured as the duration from the target 

appearance to the onset of the first eye movement. Only latencies for correct trials between 90 

and 1000 ms were analyzed [16]. Antisaccade errors were defined as the first saccade after 

stimulus appearance that is executed in the wrong direction. To make sure we recorded 

antisaccade errors, a detection algorithm was applied when the eye position exceeded half the 

target position in the opposite direction. 

3. Statistical analysis 

Between-group differences were examined using non-parametric or parametric tests based on 

the normality testing. Post-hoc analyses with Bonferroni correction for multiple comparisons 

were employed to investigate between-group differences. Within-group differences were 

examined using paired t-tests or Wilcoxon signed-rank tests. Generalized linear models were 

used to determine the main effects of age and group on the cognitive workload for each eye. 

Spearman rho correlations were performed between cognitive workload for each eye and 

demographic, clinical, behavioral and eye-related variables. 

4. Results 

4.1. Cognitive workload  

In the prosaccade task, significant between-group differences were found in cognitive 

workload for the left eye and the right eye. PD-CI patients had greater cognitive workload for 

the left eye than controls (PD-CI patients, median (Q1 – Q3): 0.36 (0.36 – 0.40); Controls: 

0.30 (0.27 – 0.35), p = 0.02). They also had greater cognitive workload for the right eye than 

PD-NCI patients and controls (PD-CI patients: 0.41 (0.41 – 0.41); PD-NCI: 0.37 (0.35 – 
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0.38); Controls: 0.30 (0.28-0.31), p < 0.001) (Figure 1B). PD-NCI patients had greater 

cognitive workload than controls, but only for the right eye. No effect of age (p > 0.05) on 

cognitive workload for either eye was found. Yet, since age differed significantly between the 

three groups (Table 1), we adjusted for age in the generalized linear model. The main effect of 

group on cognitive workload on the right eye remained significant (p < 0.001).  

In the antisaccade task, significant between-group differences were found only in the right 

eye.  PD-CI patients had greater cognitive workload for the right eye than controls. There was 

no effect of age (p = 0.96) on cognitive workload in the right eye. There were no main effects 

of group on cognitive workload for both eyes, after correction for age differences (p > 0.05). 

Within-group changes were only found in the PD-NCI group, with significantly lower 

cognitive workload in the antisaccade task compared to the prosaccade task, both in the left 

eye (p = 0.049) and right eye (p = 0.008). 

4.2 Prosaccade latency and antisaccade error rates 

No between-group differences in prosaccade latency and antisaccade error rates were found. 

4.3 Behavioral performance 

Significant differences in response times were found between the antisaccade task and the 

prosaccade task for the controls (p = 0.046), PD-NCI patients (p = 0.005), and PD-CI patients 

(p = 0.001). No significant between-group differences in response times were found (Figure 

1C). 

4.4 Correlation between cognitive workload and other variables in all participants 

In the prosaccade task, cognitive workload for the right eye was correlated with MOCA score 

(rho = -0.39, p = 0.02) and age (rho = 0.55, p < 0.001) whereas cognitive workload for the left 
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eye was only correlated with age (rho = 0.39, p = 0.02). In the antisaccade task, cognitive 

workload for the left eye was correlated with error rate (rho = 0.40, p = 0.03) and that for the 

right eye was correlated with age (rho = 0.41, p = 0.01). 

5. Discussion  

Cognitive workload discriminated between different states of cognitive severity. These 

findings may have implications for early detection and monitoring progression of subtle 

cognitive impairments in PD. Our results corroborate previous findings that showed the 

potential of pupil-based measures to examine executive deficits using an interleaved pro- and 

antisaccade paradigm in early PD [5]. However, this previous study included patients with 

MOCA score > 26. To our knowledge, this paper is the first evidence that cognitive workload, 

extracted from TEPR, discriminated between different cognitive states of PD. Our results 

show that cognitive workload in the right eye could be useful in the assessment of cognitive 

status in PD. We found associations between cognitive workload and cognitive status and 

significant group effects on cognitive workload, even after adjusting for age. Interestingly, 

TEPR from the right eye differentiated better between groups than from the left eye, which is 

consistent with previous results in PD using arithmetic tasks [8,11]. Hemispheric differences 

as reflected in left/right eye pupil measures, could contribute to performance on saccadic tasks 

in different ways [19,20]. It is possible that cognitive workload in the right eye may have been 

caused by greater activation of the left hemisphere, which is more involved in planning of 

next saccades than the right hemisphere and correlated with prosaccade gain [19,20]. Future 

studies will investigate TEPR in each of the eye in various cognitive tasks to determine the 

sensitivity of each eye to capture specific cognitive functions. We showed that the prosaccade 

task reflects more subtle cognitive changes between groups than the antisaccade task. The 

antisaccade task might be too difficult in PD groups, particularly for PD-CI patients. 

Reduction in cognitive workload between the antisaccade task and the prosaccade task in PD-
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NCI patients supports the idea that PD-NCI patients had limited resources to cope with 

increasing task demand and subsequently showed cognitive overload [9]. However, we did 

not find significant reduction in cognitive workload between both tasks in PD-CI patients, 

which could be explained by insufficient cognitive resources as severity progresses [21]. 

Although we found subtle cognitive between-group changes, we did not find between-group 

differences in prosaccade latency, which is consistent with previous studies including gap and 

overlap conditions in prosaccade tasks [22]. Surprisingly, we did not show significant 

between-group differences in antisaccade error rates. The use of medication [13,23,24], the 

large heterogeneity in the PD-CI group, as well as task design [5,13,23] could explain this 

result. Cognitive workload could be useful to identify subtle cognitive changes between PD-

NCI patients and controls and to assess cognitive status in PD. Particularly, TEPR from the 

right eye seems to reflect subtle cognitive changes between groups in the prosaccade task.  

Future studies should also explore cognitive workload over time, using within-task variation 

of pupil changes in patients with PD [25]. 
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Table 1. Demographic and clinical characteristics, and scores in saccadic tasks in controls, 

patients with no obvious cognitive impairment (PD-NCI), patients with cognitive impairment 

(PD-CI) 

Variable Controls 

N = 16 

PD-NCI 

N = 11 

PD-CI 

 N = 10 

P value 

   Age, years 61 (54 – 69) 69 (61 – 72) 71 (69 – 76) KW, 0.02a 

Sex (male), %  50 64 90 Fisher, 0.13 

Education, 

years 

15 (13 – 20) 17 (16 – 18) 16.5 (15.50 – 18) KW, 0.62 

   MOCA score  

   (0-30) 

29 (27.50 – 30) 27 (27 – 29) 20 (18 – 23) KW, < 0.001b 

Disease 

duration, years 

NA 5 (2 – 6) 5.50 (3 – 8) W, 0.68 

LED, mg/day NA 300 (0 – 855) 463 (300 – 1000) W, 0.37 

Hoehn and 

Yahr stage 

(on) 

NA 2 (2 – 3)  2 (2 – 3) W, 0.63 

UPDRS motor 

(on) 

NA 20 (14 – 34) 37.5 (31 – 46) W, 0.02 

Prosaccade 

latency (ms)* 

 

488.83 (438.61 – 

543.69) 

505.22 (442.62 – 567.28) 

 

470.30 (357.36 – 508.28) 

 

ANOVA, 0.41 

 

Antisaccade 

error rates (%)  

20.53 (14.93 – 31.82) 

 

13.82 (7.26 – 31.98) 29.52 (19.16 – 30.64) KW, 0.53 

 

ANOVA, Analysis of variance; KW, Kruskall-Wallis test; LED, L-Dopa Equivalent Dosage; 

NA, not applicable; W, Wilcoxon test 

Values are expressed as mean ± SD, frequencies (% = percentage), or medians (Q1 – Q3) 

a C < PD-CI greater score in patients with CI compared to controls (post-hoc test with 

Bonferroni correction p<0.017) 

b C > PD-CI poorer performances in patients with CI compared to controls (post-hoc test with 

Bonferroni correction p<0.017) 

*Due to technical problems, 3 participants (2 patients and 1 control) had missing values for 

eye data) 
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FIG.1. (A) Examples of prosaccade and antisaccade tasks (overlap condition). The arrow 

represents the correct eye movement. (B) Values of median cognitive workload for both eyes 

in the prosaccade and antisaccade tasks among controls, PD-NCI patients, and PD-CI patients. 

Vertical bars represent first and third quartiles (Q1 – Q3). Higher values reflect greater 

cognitive workload. When participants had more than 30% of missing data for one task, we 

replaced values by mean values of the group. (C) Median responses times in controls, PD-

NCI patients and PD-CI patients in both prosaccade and antisaccade tasks. Vertical bars 

represent first and third quartiles (Q1 – Q3). One control, one PD-NCI patient and four PD-CI 

patients did not press the button due to task difficulty.  
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