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Spontaneous blinking is a rapid and unconscious type of blinking that has been linked to several 
cognitive processes. Blink rate has been established as a reliable measure of cognitive processing and 
a predictor of dopamine-related cognitive function. Patients with Parkinson’s disease (PD) have a 
reduced spontaneous blink rate. In this study, we propose an additional measure of blink characteristic, 
namely blink duration, and evaluate its alteration in a large cohort of 107 patients with PD. We also 
investigate the relationship between blink rate and blink duration and disease characteristics such 
as severity and dopaminergic neuronal loss. The results show that the blink rate is reduced, and blink 
duration is increased in patients compared to healthy controls. Blink rate is related to motor deficit 
severity and significantly correlated with dopamine depletion (dopamine transporter striatal binding 
ratio). Conversely, blink duration is related to non-motor aspects such as sleepiness. These findings 
highlight the potential of blink as a distinguishing feature of Parkinson’s disease, underscoring the 
importance of incorporating blink assessments into standardized oculomotor testing protocols for PD.

Blinking, the brief and simultaneous closing of both eyes, can serve as a valuable cognitive marker in various 
contexts1–8. The blinking act can be categorized into three types: spontaneous blink, which occurs independently 
of any stimulus; reflex blink, triggered by external stimulation, such as an air puff; and voluntary blink, 
performed intentionally. Spontaneous blinking can be quantitatively analyzed using blink rate (BR) and blink 
duration (BD). Blink rate refers to the frequency of blinking without external triggers and blink duration is 
the length of time for which the eyelids remain closed. Blinking is modulated by changes in cognitive load 
across various tasks9–12. Engaging in cognitively demanding processes such as speaking, reading, watching a 
video, or exercising has been shown to alter spontaneous blink rate in healthy individuals13–15. While it reduced 
with reading and while watching video, the blink rate increased during conversation and speech. Blink rate 
has also been found to be related to working memory16–18 and attentional demand in several studies19–21. Task 
manipulating attentional load using the Mackworth Clock Test showed an inverse relationship between blink 
rate and task difficulty19, where the high attentional load was accompanied by decreased blink rates. Tasks 
demanding regulation of working memory have shown an increase in blink rates and an association between 
working memory performance and blink rates16–18. In summary, increased demand for visual attention lowers 
the spontaneous eye blink rates while engagement of working memory is reflected as increased blinking. These 
findings indicate that blink rate serves as a well-studied marker of cognitive processes22–24. Research on blink 
duration has been less extensive compared to blink rate. Blink duration has been suggested to be influenced 
by cognitive control mechanisms involving attention and sensory information processing22,25–28. Some studies 
showed that blink duration decreases with increased workload, for example, during driving and to be more 
sensitive to visual cognitive demands29. Thus, it may be an alternative measure for assessing spontaneous 
blinking.

Several studies have suggested that spontaneous blinking is linked to dopamine activity in humans and non-
human primates, although the exact physiology is not fully elucidated. In Parkinson’s disease (PD), alterations in 
spontaneous blinking have been observed. A study of spontaneous blink rate in non-human primate models with 
neurotoxin MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)-induced parkinsonism found a negative 
correlation between the severity of parkinsonism and blink rate30. Many studies have also reported reduced 
blink rates in PD patients compared to healthy individuals31–33 with more severe patients exhibiting lower blink 
rate34. In contrast, another case–control study of 20 PD patients reported a weak and non-significant correlation 
between reduced blink rate and PD duration as well as no correlation between blink rate and disease severity 
(Hoehn and Yahr score)35. Thus, there is a need for further research, to clarify these inconsistencies. Although 
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blink rate has been studied in PD, blink duration has not yet been investigated as a marker of the disease despite 
its potential as a proxy for cognitive abilities such as attention in healthy subjects29,36. The relationships between 
PD motor and non-motor features, blink rate, and blink duration also remain to be explored.

Finally, in most studies investigating blinking in clinical conditions like PD, the blink rate has been manually 
assessed by counting patients’ blinks, either in real time or from video recordings. However, it is possible to 
automate blink rate assessment using electromyography, electrooculogram, or eye/eyelid trackers37–41. There is a 
lack of objective and quantitative approaches to studying blinks in PD. Our study aims to quantify eye-tracking 
data collected during an oculomotor test in a large cohort of early PD patients to determine the significance of 
an automated blink analysis in the clinical assessment of the disease. We have quantified blink rate and duration 
in PD patients, compared them with those of age-matched healthy controls, and tested their relation to disease 
severity, dopaminergic denervation (DaTscan), and non-motor symptoms. We hypothesize that blink rate and 
blink duration may reflect different aspects of brain dysfunctions and may be used as diagnostic or prognostic 
markers for disease severity.

Methods
Participants
All participants in this study were recruited in a monocentric prospective longitudinal research cohort (ICEBERG 
study ClinicalTrials.gov Identifier: NCT02305147) at the Paris Brain Institute. For further details on this cohort 
relevant to the present study, please refer to Biondetti et al.42. The local ethics committee approved the study (CPP 
Paris VI, RCB: 2014-A00725-42). All subjects gave written informed consent, and the research was performed in 
accordance with the Declaration of Helsinki. Inclusion criteria involved a PD clinical diagnosis (UK Brain Bank 
criteria) by sleep neurologists or movement disorder specialists, age between 18 and 75, no or subtle cognitive 
impairment (Mini-Mental State Examination score > 26/30), and a time-from-diagnosis ≤ 4 years.

Clinical assessment
PD patients underwent a standardized clinical assessment involving the Movement Disorder Society Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) with part III in the ON condition and the OFF condition 
(which evaluates motor disability 12 h after withdrawing dopaminergic treatment); the Mattis Dementia Rating 
Scale (MDRS), the Montreal Cognitive Assessment score (MoCA) (which evaluate cognitive impairment) and 
the Epworth scale  (ESS) (to evaluate daytime sleepiness). Oculomotor tests were performed at each visit in 
dopamine-ON condition. Age-matched healthy control individuals (HC, referred to as Controls in figures) had 
no neurological or psychiatric disease history. They also underwent clinical examination, oculomotor testing, 
and MRI examination. The PD patients were also recruited for a follow-up visit (V1) ~ 25 months after their first 
visit (V0) and this data was used for a longitudinal analysis.

Oculomotor test setup
During the experiment, the participants were seated in a dark room with their eyes open facing a 26-inch LCD 
screen (ProLite, Iiyama model PL 2600, visual angle 56° × 35°) positioned at 60 cm. The display presented the 
stimulus during the experiment at a resolution of 1920 pixels × 1080 pixels and a refresh rate of 144 Hz. Data were 
collected using a remote video-based eye tracker (Mobile EBT©, eyeBRAIN, France, sampling rate 500 Hz). A 
standard 9-point calibration was carried out before the start of the task in which the participant had to fixate on a 
0.5° red target for 250 ms each. The eye tracker gives a very high accuracy of 0.25° to 0.5° with noise in recording 
calculated from the baseline data being less than 0.5°. The task control was done using MeyeParadigm software, 
and the collected data were then extracted using MeyeAnalysis 1.20.1 software.

Oculomotor task design
Participants were asked to perform a reflexive saccade task which is a standard paradigm used to study oculomotor 
control43. The paradigm started with a central green fixation point (FP) (size: 15 × 15 pixels; luminance: 120 cd/
m2) displayed at the center of the screen on a black background for a fixation period (jittered in the range 
2500–3500 ms). After the FP disappeared, a red target (the same size as the FP) appeared after 200 ms at an 
eccentricity of 25° to the right or left of the FP along the horizontal axis. The target position (right or left) was 
randomized uniformly. The target was displayed for 1000 ms and the participants had to immediately respond by 
making an eye movement to the target. Once the participant’s eye reached the target, the red target disappeared 
and the central white fixation for the next trial appeared. Each participant completed either two blocks (24 target 
appearances) or four blocks (12 target appearances) of horizontal saccades, resulting in 48 saccades performed. 
Participants were unaware of the study of blinking during eye movement recordings and were not instructed 
anything regarding blinking timing. They were only instructed to make quick eye movements to red targets as 
soon as they appeared and remain fixated on the central green box at all other times.

Data analysis
Oculomotor data analyses were performed using Matlab (R2023a version, the MathWorks, MA, USA), and 
statistical analyses were conducted on Matlab and GraphPad Prism version 9.5.0 software (macOS, GraphPad 
Software, San Diego, California USA, www.graphpad.com).

Eyeblink detection
Blinks were detected using custom algorithms written in Matlab which involved the following steps. The eye 
tracking camera provided horizontal and vertical eye displacement data that was smoothened and baseline 
corrected by subtracting the mean of 500 samples (from 500 to 1000 bins) at the start of the block. This data 
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was then used to calculate the angular displacement as θ =
√

x2 + y2, (with x the horizontal and y the vertical 
displacements), and then smoothed using a Savitzky Golay filter (order = 3, frame length = 71) as it preserves the 
essential features of the data, such as peaks and overall trends, while reducing noise. This denoising of the data is 
important for the next steps of peak detections used for blink detection. Filtered angular displacement data were 
checked to detect all peaks with a height of at least one-third of the highest peak in the session, above its baseline 
noise value, to avoid detecting the saccade peaks. Distinct peaks with high prominence and peak width between 
160 and 400 ms of duration were considered spontaneous blinks. Blinks occurring within the first 1000 ms of 
the session start and the last 400 ms were excluded to stabilize performance and avoid unnecessary artifacts. We 
also specifically only included blinks occurring during fixation. The blinks riding on the saccades were excluded. 
A quality check of the blink detection was carried out through visual inspection of the eye recording for each 
session. After visual inspection of all blink detections, those with a high percentage of under or overestimation 
(~ 18.6%) of a few blinks (due to noisy data) were excluded. This resulted in a 20% data loss from the entire 
dataset (640 sessions).

Further, the blink parameters of blink rate per minute and blink duration were calculated. The number of 
blinks in the whole block was counted and divided by the length of the block in minutes to get the blink rate for 
each block. The mean blink rate for each subject was quantified as the average across the multiple blocks they 
performed. To calculate the blink duration, we looked at the angular velocity of the data around the time points 
at which a blink peak was detected (in angular displacement) as described above. This allowed us to avoid mixing 
saccade peaks with blinks. Before the blink peak and after the blink peak, we defined 400 ms as the blink regions. 
In each blink region, when the velocity values decreased below the baseline noise  (which is defined as the values 
below 10% of the blink region’s velocity lies), before and after the blink peak, we marked the start and end of the 
blink respectively. The blink duration was quantified as the difference between the time of the end and the time 
of the start of the blinks. The blink parameters of blink rate and blink duration were used for all further analysis.

DaTscan analysis
A description of DaT-specific binding ratios (SBRs) calculation has been detailed in Villain et al. (2021 70). Briefly, 
the DaTscanTM image was first aligned to the corresponding T1-weighted anatomical MRI and corrected for 
partial volume effect using 3 compartments (high, intermediate, and low dopaminergic density levels). SBR 
values were obtained by normalizing the DaTscan signal intensity to a reference region of interest (occipital 
lobe). Basal ganglia regions of interest were identified using the T1-weighted anatomical MR segmentation 
(nucleus accumbens, putamen, caudate nucleus). The average DaT-SBR for left and right together was then 
calculated in each striatal region of interest.

Statistical tests
Normality assumptions for the variables blink rate and blink duration were assessed using the Shapiro–Wilk 
test, revealing non-normal distributions. Hence, we used Spearman’s nonparametric correlation to calculate the 
correlation coefficient (ρ) and p values (P) (shown in the inset in the Figures). Differences between groups were 
assessed using the Mann–Whitney U test/Student t-test for non-parametric/parametric cases respectively. The 
tests used also accounted for the fact that the sample size of healthy controls was less than half of the PD group. 
In the case of comparisons between dependent observations of V0 and V1, a Wilcoxon signed rank test was used. 
Statistical analyses were conducted with significance levels set at α = 0.05, using GraphPad Prism. Due to the high 
interdependence of measures involved in the correlations (correlation coefficients greater than 0.5), standard 
multiple comparison corrections (e.g., Bonferroni or FDR) are not straightforward or suitable, as these methods 
assume independence or a low degree of correlation between tests. Hence to avoid the risk of spurious findings, 
we did a k-leave-out permutation analysis (10,000 permutations, set to k = 10) in the significant correlation 
analyses and re-confirmed the results. Additionally, the prediction power of blink features to various clinical 
measures was tested using stepwise linear regression (stepwiselm) and confirmed with robust linear regression 
(robustfit) along with permutation test (n = 10,000). The figures show significance levels of statistical tests by 
asterisks, where one asterisk (*) signifies P < 0.05, two asterisks (**) signify P < 0.01, three asterisks (***) signify 
P < 0.001, and four asterisks (****) denote extremely low P values, typically less than 0.0001, indicating a very 
high level of statistical significance.

Results
107 PD patients and 48 HC underwent oculomotor testing. Demographic and clinical data are displayed in 
Table 1 for controls and PD for both V0 and V1 visits. The averages and standard deviations of all scores relevant 
to this study are presented. None of the confounding variables of age, MMSE, MOCA, MDRS, FAB, or ESS were 
significantly different between the PD patients and healthy controls (Wilcoxon rank-sum test, all P values greater 
than Bonferroni corrected P = 0.008).

Baseline comparisons of blink features between PD patients and HC
The blink rate of PD patients (15.28 ± 8.92 blinks per minute) was significantly lower compared to the HC 
group (19.30 ± 17.06 blinks per minute) (Mann–Whitney test, two-tailed, P < 0.0001, U = 1459) (Fig. 1A). Blink 
duration was significantly longer in the PD group, 63.25 ± 15.74 ms compared to 55.05 ± 8.10 ms in the HC group 
(Mann Whitney test, two-tailed, P < 0.001, U = 1567 Fig. 1B). A significant negative correlation between blink 
rate and duration was only observed in the PD group (Spearman ρ = − 0.21, CI − 0.40 to − 0.01, P = 0.03; Fig. 1C), 
not in the HC group (Spearman ρ = 0.01, CI − 0.28 to 0.30, P = 0.92; Fig. 1D).
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Longitudinal changes of BR and BD over time
To test if these blink features evolved over the progression of the disease, we compared the data from 71 PD 
patients who made a follow-up visit (V1). At the follow-up visit V1, the blink rate was significantly lower (Mann 
Whitney test, two-tailed, P < 0.001, U = 904) and blink duration was significantly longer in PD than in HC (Mann 
Whitney test, two-tailed, P = 0.01, U = 1191). However, neither the blink rate (Wilcoxon signed-rank test, two-
tailed, P = 0.32, zval = 0.99, signed rank = 1452) nor the blink duration (Wilcoxon signed-rank test, two-tailed, 
P = 0.23, zval = − 1.19, signed rank = 1071) showed any significant difference between the visits.

Relationship of blink features to disease severity
We found a negative correlation (Spearman ρ = − 0.25, CI − 0.42 to − 0.05, P = 0.01) within the PD group between 
blink rate and UPDRS III OFF scores (Fig. 2C, red markers).

On medication, we found no significance but a trend regarding a negative correlation between blink rate 
and UPDRS III ON score (Spearman ρ = − 0.18, CI − 0.37 to 0.03, P = 0.08, Fig. 2C, green markers). Blink rate 
was also correlated to UPDRS II (Spearman ρ = − 0.20, CI − 0.38 to 0.006, P = 0.04) (Fig. 2B) but not to UPDRS I 
score (Spearman ρ = 0.06268, CI − 0.13 to 0.26, P = 0.52) (Fig. 2A). Blink duration was correlated to the UPDRS 
II score (Spearman ρ = 0.25, CI 0.06–0.43, P = 0.008, Fig. 2E), but not to UPDRS I (Spearman ρ = 0.01, CI − 0.18 
to 0.21, P = 0.88, Fig. 2D) scores or UPDRS III scores ON (Spearman ρ = 0.17, CI − 0.037 to 0.37, P = 0.10, Fig. 2F, 
green markers) or OFF medication (Spearman ρ = 0.12, CI − 0.08 to 0.31, P = 0.21, Fig. 2F, red markers). UPDRS 
IV scores were zero for all patients but four and were not included in this analysis. We did not find any significant 
correlation between blink rate and age (Spearman ρ = − 0.02, CI − 0.21 to 0.18, P = 0.86) or disease duration 
(Spearman ρ = − 0.07, CI − 0.27 to 0.13, P = 0.47) in PD group.

For all UPDRS scores, we ran a stepwise linear regression model to check the predictive power of blink 
features on these scores. Only for UPDRS II, the regression resulted in a model with BIC = 594.06 when the blink 
rate was removed, and blink duration remained a significant predictor (P = 0.0016). This result was confirmed 
by a robust linear regression model. The blink duration and UPDRS II show a small but statistically significant 
positive correlation (β = 0.067, P = 0.013), while the blink rate did not show any significance (β = − 0.065, 
P = 0.18). The permutation testing (n = 10,000) confirmed the significance of blink duration to be not spurious 
(P = 0.011) while BR was confirmed to be not predictive of UPDRS II (P = 0.20). This result aligns with the 
strong correlations observed between blink duration and UPDRS II scores. The statistical results of the other 
UPDRS score prediction analysis are presented in the supplementary material (section B. UPDRS scores and 
blink feature regression models).

There was no significant correlation between blink duration and age (Spearman ρ = − 0.13, CI − 0.32 to 
0.07, P = 0.19) or disease duration (Spearman ρ = 0.15, CI − 0.04 to 0.34, P = 0.11) as well in PD. Even with HC, 
no correlation was observed between blink features and age. The significant correlations were tested using a 
10-leave-out permutation test (n = 10,000) and the observed correlations were confirmed not to be an extreme 
case (permutation P values for all cases were greater than 0.4). The blink features were not dependent on the 
dopaminergic treatment as neither blink rate nor duration correlated with the Levodopa equivalent dose (LED). 
Motor dopa-sensitivity, which quantifies the improvement of the UPDRS III score after levodopa intake, was not 
correlated with blink rate and duration.

Healthy controls PD patients (V0) PD patients (V1)

n 48 107 71

Age, y 60.7 ± 9.3 62.7 ± 9.3 64 ± 8.7

Sex, N male/female (% m/f) 24/24 (50/50) 70/37 (65.4*/34.6*) 44/27 (62*/38*)

Age at onset, y NA 61.2 ± 9.4 61.2 ± 9.4

Disease duration, y NA 1.5 ± 1.0 5.2 ± 2.0

Daily equivalent dose of levodopa, mg NA 327.9 ± 285.9 503.4 ± 315.2

Hoehn and Yahr scale score NA 2.0 ± 0.3 2.0 ± 0.16

UPDRS I NA 9.9 ± 4.4 10.0 ± 4.6

UPDRS II NA 8.4 ± 4.0 9.5 ± 4.5

UPDRS III (off-phase) NA 30.5 ± 7.8 33.6 ± 8.3

UPDRS III (“best-on” condition) NA 26.5 ± 7.4 27.4 ± 8.2

UPDRS IV NA 0.1 ± 0.8 0.9 ± 2.0

Mini-mental state evaluation (MMSE) 29.4 ± 0.8 28.9 ± 1.2 #

Montreal cognitive assessment (MOCA) 28.0 ± 2.0 27.5 ± 2.2 27.1 ± 2.4

Mattis dementia rating scale (MDRS) 139.9 ± 4.1 138.7 ± 4.6 138.0 ± 4.8

Frontal assessment battery (FAB) 16.7 ± 1.2 16.3 ± 1.6 16.2 ± 1.9

Epworth sleepiness score (ESS) 6.1 ± 3.4 7.2 ± 4.2 8.4 ± 3.6

Table 1.  Demographic data of cohort (V0 and V1). Variables are expressed as means ± standard deviation. 
*Values in percentage. #MMSE not available at V1.
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Relationship of blink features to dopaminergic denervation
Correlations between blink features (blink rate and duration) and DaTscan SBR were performed in the PD 
group, across the different striatal regions of interest: the entire putamen, caudate, and nucleus accumbens.

A significant correlation was observed between blink rate and SBR in bilateral putamen (Spearman ρ = 0.27, 
CI 0.00–0.51, P = 0.04; Fig. 3A) but not in bilateral caudate nucleus or accumbens (Fig. 3B,C). There was no 
correlation between blink duration and SBR (Fig. 3D–F). Additionally, we also found that neither BR nor BD 
values were able to predict the SBR values (details presented in supplementary material section B. DaTscan SBR 
and blink feature regression model). Hence, the significant correlations were again tested using a 10-leave-out 

Fig. 1.  Distributions of blink features between HC and PD patients. (A) Blink rate comparison. The line at the 
center shows the mean. (B) Blink duration comparison. The x-axis presents two groups, and the y-axis is the 
blink duration in milliseconds. Each dot is the mean blink duration for each subject over the multiple blocks. 
The line at the center shows the mean. (C) Blink rate and blink duration correlation in PD. Each dot represents 
the value for a participant. The red robust regression line (β = − 0.37, P = 0.017) is significant. (D) Blink rate and 
blink duration correlation in controls. As in (C), each dot is data for an individual participant. The red robust 
regression line is not significant (β = − 0.02, P = 0.83).
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permutation test (n = 10,000). The permutation P values for all cases were greater than 0.4, confirming that 
observed correlations were not an extreme case. These findings suggest that while the variability in blink features 
limits their predictive power for DaTscan SBR, the observed correlation between blink rate and putamen SBR 
remains robust, highlighting a consistent association despite the lack of predictive strength.

Blink features and non-motor features of PD
In the PD group, there was no significant correlation between blink rate or blink duration and cognitive alteration 
(MDRS). Neither the total score nor the attention, conception, or initiation subtest scores showed any correlation 
to blink features. We did not find any correlation between MOCA or its sub-scores and blink features.

Blink duration significantly correlated with Epworth Sleepiness Score (ESS) in PD patients (Spearman 
ρ = − 0.248, CI 0.46–0.43, P = 0.014; Fig. 4A), while blink rate did not (Spearman ρ = − 0.108, CI − 0.30 to 0.09, 
P = 0.282; Fig. 4B). This correlation was absent for both blink rate and duration in healthy controls. We also 
tested if blink features have a predictive power on the ESS scores. However, no significance was obtained with 
robust linear regression with BR: (β = − 0.04, P = 0.43) or BD (β = 0.01, P = 0.64) and permutation test (n = 10,000) 
with BR (P = 0.43) as well as BD (P = 0.64).

Fig. 2.  Correlations between blink features and disease severity scores. Each point is data for an individual 
participant. The red is the robust linear regression line (none of them are significant). (A) Blink rate versus 
UPDRS-I score: The x-axis is the UPDRS-I score, and the y-axis is the blink rate per minute. Each subject’s 
average blink rate over the blocks is shown using a filled black circular marker. The inset shows the Spearman 
correlation value (ρ) and P value. (B) Blink rate versus UPDRS-I score: The x-axis is UPDRS-II scores, and the 
y-axis is blink rate. The other figure conventions are the same as (A). (C) Blink rate versus UPDRS-III score: 
The x-axis is UPDRS-II scores, and the y-axis is blink rate. Each dot represents the value of a subject. Green 
markers are for dopamine medication-ON condition, and red markers are for dopamine medication-OFF 
condition. (D) Blink duration versus UPDRS-I score: The x-axis is UPDRS-I scores, and the y-axis is blink 
duration in milliseconds. The other figure conventions are the same as (A). (E) Blink duration versus UPDRS-
II score: The x-axis is UPDRS-II scores, and the y-axis is blink duration. The other figure conventions are the 
same as (A). (F) Blink duration versus UPDRS-III score: The x-axis is UPDRS-III scores, and the y-axis is blink 
duration. Other figure conventions are the same as (C).
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Discussions
In this study of early PD, we observed significant changes in blink rate and duration within the 4 years following 
the clinical diagnosis. PD showcased a significantly lower blink rate and significantly longer blink duration than 
HC. These results suggest that blink characteristics may be a distinguishing feature indicative of pathology in PD. 
It was very close to values observed by Biousse et al.32 and Fitzpatrick et al.35 in their studies of 17.1 ± 12.7 blinks/
min (n = 30) and 18 blink/min (n = 20) respectively. However, the mean blink rate was very high compared to 
the values of 5.8 ± 1.4 which is reported in44, which may probably be due to the disease progression differences 
between the cohorts. Hence, similar to the analysis reported by45 for the OFF state, we classified our ON-state 
mean blink rates into low blink rate (LBR, < 15 blinks/min) and high blink rate (HBR, > 15 blinks/min). We 
observed that only 20% of our 107 patients presented LBR. On the other hand, there are no studies that have 
measured blink durations in PD patients and hence further studies will be needed to benchmark how variable 
this measure is across cohorts.

Blink features as a biomarker of PD
Both blink features of blink rate and blink duration were also correlated and predictive of UPDRS II, suggesting 
that they are reflective of the general disease-related loss of functional independence to carry out activities of 
daily life, which is not specific to the motor or non-motor aspects. Importantly, the blink rate was correlated with 
UPDRS-III off score but not with cognitive tests, suggesting a specific link between blink rate and motor disability 
and not cognitive or attentional deficits. Blink rate was also found to be exclusively sensitive to alterations in the 
PD motor network (putamen) independent of associative or limbic networks. Interestingly, blink duration was 
correlated with the Epworth Sleepiness Scale. The ESS is used to assess excessive daytime sleepiness and has been 
linked to lower cognitive function in PD patients46,47. Hence, the positive correlation between blink duration 
and ESS suggests that blink duration could be a potential marker of non-motor alterations in PD. Additionally, a 
correlation between blink rate and blink duration was observed only in the PD group. These results put together 
suggest that blink duration may be reflecting a more generic aspect of the pathology possibly related to non-
motor aspects, while blink rate may be explicitly related to motor impairment. Overall, understanding the 
blink abnormalities may offer valuable markers of disease prognosis and potentially aid in early diagnosis and 

Fig. 3.  Correlation of blink features with DaTScan SBR. Each black dot is the value for each participant. The 
linear regression line is shown in red (none of the regressions were significant). The inset shows the Spearman 
correlation value (ρ) and P value. The figure conventions are the same for all subplots. (A) Putamen SBR and 
blink rate. (B) Accumbens SBR and blink rate. (C) Caudate SBR and blink rate. (D) Putamen SBR and blink 
duration. (E) Accumbens SBR and blink duration. (F) Caudate SBR and blink duration.
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intervention. However, the lack of predictive power of blink features (taken from a saccade task) towards any of 
the clinical measures in our study suggests that a standardized blink assessment is incorporated into oculomotor 
test batteries, and this may be combined with other clinical measures for effective diagnosis of PD.

Purpose of blinks
Blinking serves multiple purposes beyond ocular lubrication and avoiding fatigue of the eyes. These purposes 
include information processing, attention modulation, and cognitive function. Studies suggest that high blinking 
may indicate attentional disengagement (the process of shifting attention away from one focus to another) 
allowing focus on goal-relevant information48. If so, our observation of decreased blink rate and increased blink 
duration may suggest an alteration in attentional levels in patients. However, we did not find any correlation 
of the blink features in sub-scores of MOCA that specifically evaluated attention such as digit span and serial 
subtraction task. It is also interesting to note that blink patterns are suggested to be strategically executed22,23,49,50 
and have been associated with various types of workload such as cognitive load which increases when tasks 
require attention and memory (reciting a sequence of numbers or performing mental arithmetic51), the motor 
load which increases with tasks involving fine motor skills (blinking while driving52 or speaking53) and visual 
load which increases with higher visual attention requirements (blinking while tracking moving objects or 
reading text14). These studies suggest that blinking may be reflecting the information processing in the brain. 
However, we did not observe any correlation between the blink features with Stroop test scores, which measure 
cognitive flexibility and processing speed in patients. It will still be interesting to investigate in future studies if 
blinking may be another additional marker of attention and cognitive processes which is different from MOCA 
and other tests providing additional insight in cognitive processes with disease progression.

Blink neurophysiology and its relevance
Blink rate is regulated by a neural system that originates in the paramedian pontine reticular formation (PPRF), 
is facilitated by the substantia nigra and superior colliculus, and inhibited by regions including the cerebellum 
and occipital cortex54,55, while the role of thalamus remains to be clarified56. Given the possible involvement 
of several subcortical structures and brainstem regions in blink generation, spontaneous blinking is most 
likely a multifaceted process involving multiple neurotransmitter systems. Neuropharmacological experiments 
have suggested dopaminergic, cholinergic, GABAergic, serotonergic, and glutamatergic involvement in 
blinking23,57–59. Dopamine is very closely linked31,60,61. The presence of a correlation between the blink rate and 
the MDS UPDRS III score OFF- but not on ON-medication confirms that the dopaminergic system is involved 
in the control of the blink rate. Unlike blink rate, blink duration was not motor-specific and may be driven 
by other neurotransmitter systems, particularly the cholinergic system involved in inhibitory control. Hence, 

Fig. 4.  Blink features and ESS. (A) Blink rate and Epworth Score. Each data point represents the data of a 
participant in black circular markers. The unfilled markers are outliers (values that were outside three standard 
deviations of the data distribution) and were excluded from correlation calculations. The P value is defined 
as the values that were outside 3 standard deviations of the blink rate and blink duration distributions and 
the Spearman correlation is shown in the inset square box on the top right of each subplot. The red line 
shows a linear regression line on the data (none are significant). (B) Blink duration and Epworth Score. The 
conventions of the plot remain the same as (A).
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investigating the role of neurotransmitters in modulating blink features can enhance our understanding of the 
neurobiological mechanisms underlying disease-related changes.

Several arguments suggest that blink rate are relevant measure of PD pathophysiology and dopamine 
denervation. First, blink rate was correlated with reduced DaTScan SBR in the putamen which suggests that 
blink rate may be considered a potential marker of motor network alterations independently of the associative 
and limbic networks. Interestingly, this result is consistent with our observations that blink rate mostly correlated 
with clinical motor scores (UPDRS III, II) and not the others. Additionally, regression analysis showed that 
blink duration could predict UPDRS II scores. Further, blink features did not correlate with age which suggests 
that they are not age-dependent. Also, previous studies showed that blink rate and duration were not reliable 
measures of task difficulty (Cho 202071). Thus, put together, although blink features were calculated from a 
saccade task in this study, they may be still considered a robust measure reflecting PD pathophysiology and not 
task characteristics.

Behavioral blink features and its measurement
In this study, we presented blink duration, a less explored blink measure, and found that it was a sensitive 
measure of PD pathology exploring different networks and pathways than those related to blink rate. Blink 
duration was less variable compared to blink rate across participants (Levene test, P value = 0.026). Apart from 
blink rate and blink duration, amplitude (range of eyelid movement during a blink), blink velocity (speed of 
eyelid movement during a blink), and time for opening and closing of eyelids can be quantified. Only a few 
studies have quantified kinematic measures such as blink magnitude or velocity or eyelid dynamics62–67 and 
establishing the usability of blink kinematics as markers for disease-related changes needs further investigation.

Several factors currently limit progress in the study of blinking. The primary factor is the technical limitations 
of eye-tracking devices, which are not adapted for accurately capturing blinks. In the past, eyelid position was 
assessed using devices such as electrooculography or magnetic search coils, it is now more commonly estimated 
from video recordings of people’s faces. However, in modern video-based eye trackers, blink classification is 
typically based on the pupil size (PS) signal, where clusters of samples are reported as invalid, or data loss is 
taken as blinks. It is important to note that the PS signal can have invalid samples for other reasons besides 
eyelid closure, such as head movements relative to the camera68, looking outside, or toward the edges of the 
screen69. Moreover, the eyelid position cannot be measured directly from the PS signal, which creates a need 
for better methods to study different properties of blinks in greater detail. Some eye trackers, such as the Smart 
Eye Pro, Tobii Pro Spectrum, and Tobii Pro Fusion, output information about the position of the eyelids and/
or the distance between the upper and lower eyelids (i.e., the eye openness signal) and some clinical device 
(Neuroclues) might integrate blink signal measurement itself into the basic system.

Yet another challenge is to develop a generalized algorithm for automatic blink detection, given that there is 
high intra and inter-subject variability. In our study, we lost about 20% of blink data with our automatic blink 
detection system. The missing data were due to noise, difficulty for patients to hold their heads steady even 
with a chin rest, or special scenarios like blinks riding on the starting edge of saccades, which were not picked 
up. Improving the eye tracking devices with head-mounted trackers, which effectively cancel head movements 
(Pupil Core eye tracker), is a step forward in overcoming this problem. Establishing standardized blink protocols 
with different cognitive, motor, and visual loads could also help ensure consistency across studies and facilitate 
comparison of results.

Further research is needed to validate anatomical substrates and explore underlying mechanisms linking 
blink features with disease. Studying their progression in relation to the disease and neurotransmitter levels 
will offer further insights into prognosis and pathophysiology. Standardized blink protocols and novel blink 
analysis methods that extract kinematic measures will enhance blink assessment sensitivity and specificity and, 
in the future advanced technology leveraging videographic acquisitions and parametric extractions will make 
this possible.

Conclusions
In this study, we explored blink features in a large cohort of PD patients. Patients exhibited decreased blink rate 
and longer blink duration than HC. Our study demonstrates that blink rate and blink duration reflect different 
aspects of functional deficit in PD. We observed that only blink rate was closely related to motor scores and 
dopaminergic activity. In contrast, blink duration reflected a generic decline in performance and non-motor 
aspects such as sleepiness. These findings imply that blinks could be a valuable diagnostic tool in Parkinsonian 
conditions. Beyond PD, these parameters, observed across various diseases and potential neuropathological 
conditions, hold promise for studying the progression of diseases and assessing prognosis. Hence, creating and 
implementing standardized protocols for spontaneous blink assessments in the battery of oculomotor tests for 
PD may thus be crucial for its management.

Data availability
The data supporting the findings of this study will be shared at the request of the corresponding author.
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