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Introduction: Visual dysfunction and cognitive impairment are common in Parkinson’s disease (PD) but the
precise contribution of lower-level visual impairment to visual-input based cognitive performance has not been
extensively characterized in PD.
Methods: We included 49 PD patients and 22 healthy controls (HC). Lower-level visual function tests [high and
low contrast visual acuity (HCVA and LCVA) and contrast sensitivity (CS)] and a neuropsychological battery
(involving visual cognition) were performed. Pairwise correlations between lower-level visual functions and
visual cognition were computed and stepwise linear regressions were fitted introducing age, Geriatric Depression
Scale, and lower-level visual functions in the model to calculate their predicted effect on visual cognition.
Results: Compared to controls, patients presented a significant impairment in all cognitive domains (visual
attention, visual processing speed and visual perception, visuospatial abilities, visuoconstructive abilities, and
visual memory), and lower-level visual functions. HCVA and LCVA were significantly associated with visual
cognition in PD. HCVA explained up to 49.3% and 34.2% of the variability in visual perception and visuospatial
abilities, respectively, whereas LCVA was mainly associated with short- and long-term visual memory and visuospatial abilities.
Conclusion: Lower-level visual dysfunction is highly associated with cognitive performance in PD, when cognitive
tests are based on visual input. Our results support that lower-level visual functions should be considered when
assessing cognitive status of PD patients and might be useful for predicting cognitive deterioration.

Interest in vision research in Parkinson’s disease (PD) is gaining
attention due to the cumulative evidence supporting visual dysfunction
as an early predictive symptom for cognitive decline or dementia in PD
[1–3]. Post-mortem and in-vivo studies in PD have consistently reported
a specific injury of structures and networks participating in key steps of
visual information perception and processing, from lower-level visual

regions, such as the retina [4], to intracranial visual pathways involved
in higher-level visual functions (visual cognition) [5].
Lower-level visual dysfunction, like visual acuity and contrast
sensitivity impairment, has been extensively described in PD [4,6], and
might have important implications for understanding cognitive deterioration, as most of the standard neuropsychological tests require visual
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inputs for assessing cognitive capabilities. Inversely, visual scenery
generation and perception is tightly coupled with cognitive processes
that are deteriorated in PD, such as attention [7], being the incoming
visual information constantly regulated and tuned by top-down processes [8]. Previous studies have explored the link between visual alterations and cognitive impairment in PD, but the extent to which
lower-level visual dysfunction could explain neuropsychological performance has not been deeply explored. In this work, we aimed to systematically examine the effect of lower-level visual functions on several
vision-based neuropsychological tests.

recorded disease duration, Hoehn & Yahr Scale score, Unified Parkinson
Disease Rating Scale (UPDRS I-IV), and Levodopa equivalent daily dose
(LEDD).
1.2. Neuropsychological evaluation and primary visual function
General cognition screening (Montreal Cognitive Assessment
(MoCA)), depression symptoms (Geriatric Depression Scale (GDS)), and
Instrumental Activities of Daily Living (IADL) were assessed. Additionally, we conducted neuropsychological tests for visual cognition (see
Supplementary information), grouped in five domains: 1) visual attention; 2) visual processing speed and visual perception; 3) visuospatial
abilities; 4) visuoconstructive abilities; 5) visual memory. The tests
included in each domain are represented in Fig. 1.
Visual function assessment was performed binocularly with bestspectacle correction assessing distance high contrast visual acuity
(HCVA), low contrast visual acuity (LCVA), and contrast sensitivity (CS)
in high luminance lighting conditions (280 lux) at 1 m.

1. Materials and methods
We performed a cross-sectional evaluation of 49 PD patients and 22
healthy controls (HC) recruited in the Department of Neurology of
Cruces University Hospital. PD patients fulfilled Parkinson’s UK Brain
Bank criteria for PD diagnosis and were studied in their optimal onmotor situation. Participants with any ocular or systemic conditions that
could potentially influence vision were excluded in an ophthalmological
screening. These conditions included eye opacifications, retinal pathology or systemic diseases described elsewhere [9]. The study protocol
was approved by the Ethics Committee of the Basque Health System
(Spain). All subjects provided written informed consent prior to their
participation in the study, in accordance with the tenets of the Declaration of Helsinki.

1.3. Statistical analyses
Statistical analyses were carried out using IBM SPSS Statistics for
Windows, version 20.0 (IBM-SPSS, Armonk, NY, USA). Group differences in demographical and clinical variables were analyzed with Student’s t-test. Regarding the analysis of the relationship between visual
function and cognition, we first transformed the raw data into Z-scores
and computed pairwise correlations between lower-level visual function
and visual cognition. Lastly, we performed stepwise linear regressions in
PD patients and controls, separately, introducing age, GDS, HCVA,
LCVA, and CS as independent predictors and, in each model, one visual

1.1. Demographics and PD-related features
Age, sex, and years of education were recorded for all participants.
Two neurologists experienced in the field of movement disorders

Fig. 1. Predicted effects of age and lower-level visual variables in visual cognition tests in PD patients. Horizontal bar plot showing predicted effects of age,
GDS, HCVA, LVCA and CS in each visual cognition tests in PD, calculated by means of stepwise linear regressions. Only statistically significant (p < .05) coefficients
of regression models are displayed. BJLO: Benton’s Judgment of Line Orientation Test-H form; BVMT-R: Brief Visual Memory Test-Revised; BVMT-R LT: Brief Visual
Memory Test-Revised Long Term; CDT: Clock Drawing Test; CS: Contrast Sensitivity; GDS: Geriatric Depression Scale; HCVA: High Contrast Visual Acuity; LCVA: Low
Contrast Visual Acuity; TMT-A: Trail Making Test-A; SDMT: Symbol Digit Modality Test; SPCT: Salthouse Perceptual Comparison Test; VOSP: Visual Object and Space
Perception Battery; WAIS-IV: Wechsler Adult Intelligence Scale-IV; WMS: Wechsler Memory Scale.
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cognitive domain as the dependent variable. All regression analyses
were checked for normality and homoscedasticity assumptions.

Table 1
Demographics and clinical characteristics of study participants.
Demographic and clinical characteristics

2. Results

Age, years

The demographical data and clinical features of study participants
are shown in Table 1. Overall, there were no statistically significant
differences between groups in demographical parameters. Compared to
controls, patients showed significant differences in general cognitive
performance (MoCA), instrumental activities of daily living (IADL) and
symptoms of depression (GDS). The mean disease duration of patients
was 6.4 years scoring a median of 2 points in Hoehn & Yahr scale. Most
patients (83.7%) met MDS criteria for multiple-domain MCI.
PD patients presented a significant impairment in all cognitive domains (visual attention, visual processing speed and visual perception,
visuospatial abilities, visuoconstructive abilities, and visual memory),
and in lower-level visual functions (HCVA, LCVA, and CS) compared to
controls.
When the correlations between visual cognition and lower-level visual functions were calculated separately for controls and patients, we
observed that HCVA, LCVA and CS significantly correlated with all
cognitive domains in PD (Supplementary Table 1), observing moderate
to strong positive correlation coefficients (up to r = .70; p < .001) while
in controls no statistically significant correlations were found except for
the Trail Making Test, part-A (CS, r = 0.73; p < .001), Symbols Digit
Modality Test, and Salthouse Perceptual Comparison Test (HCVA, r =
0.48; p = .02 and r = 0.56; p=.009, respectively). In line with these
findings, stepwise hierarchical regression analyses confirmed that
lower-level visual functions predicted visual cognition (Fig. 1). In PD,
HCVA explained between 10.1% and 49.3% of the variance of visual
cognition tests, mainly of visual perception and visuospatial abilities
(49.3% and 34.2%, respectively), whereas LCVA explained between 7%
and 42.4% of the variance of visual cognition, being most significantly
associated with short- and long-term visual memory (specifically, visuospatial memory) and visuospatial abilities.

HC (n
= 22)

PD-MCI

57.9
(6.0)
10
(45.5)
12.0
(4.1)
8.0
(0.0)
1.4
(1.7)
26,9
(2,5)
–

Age at onset, years

–

Disease duration,
years
Hoehn & Yahr

–

UPDRS I
UPDRS II

–
–

UPDRS III

–

UPDRS IV
LEDD

–
–

Visual Attention

TMT-A

Visual Processing Speed
and Visual Perception

SDMT

Males, n (%)
Education, years
IADL
GDS
MoCA Total score

PD (n =
49)

t (p)

60.5
(8.3)
31
(63.3)
10.3
(4.1)
7.4 (1.2)

−1.3

2.9 (2.7)
24.3
(3.2)
41
(83.7)
53.9
(7.9)
6.4 (3.9)

–
1.4
−3.6
(.001)
−2.7
(.008)
3.2
(.002)
–
–
–

2
(0–4.0)
2.3 (1.8)
12.2
(6.5)
27.4
(11.2)
4.5 (3.7)
648.2
(395.2)

–

42.5
(13.5)
49.0
(9.0)
26.7
(7.4)
11.3
(4.0)
19.7
(0.7)

53.9
(23.1)
34.2
(14.3)
23.3
(9.3)
8.84
(4.2)
18.2
(3.5)

−2.6
(.01)
5.2
(<.001)
1.6

24.6
(3.1)
9.2
(1.0)
9.8
(0.3)
16.4
(2.5)
13.0
(2.5)

20.3
(5.9)
8.3 (2.0)

3.9
(<.001)
2.6 (.01)

8.7 (1.9)

3.9
(<.001)
0.5

9.8
(0.3)
21.7
(3.3)

9.8 (0.4)

0.3

20.3
(4.5)

1.3

9.1
(0.9)
9.7
(0.4)

7.6 (2.3)

3.9
(<.001)
4.3
(<.001)

36.0
(5.2)
35.9
(3.6)
24.3
(5.6)
9.8
(1.2)

33.9
(4.2)
33.8
(4.8)
16.9
(8.7)
6.6 (3.5)

1.8

61.6
(4.5)
37.9
(5.9)
2.1
(0.1)

58.3
(6.7)
26.9
(12.5)
1.9 (0.1)

2.1 (.04)

–

–
–
–
–
–

Functional domain

SPCT
Incomplete
Figures (WAIS-IV)
Incomplete letters
(VOSP)

3. Discussion
Visuospatial abilities

In the present study, the impairment of lower-level visual functions
in PD was associated with the outcomes in a wide range of neuropsychological tests involving vision (visual cognition). More specifically,
our results support that LCVA was related to the performance of several
visual cognition tests, statistically explaining the impairment of visuospatial abilities, whereas HCVA was mainly related to visuospatial object
location and visual orientation. In addition, as expected, age was also
included in regression models of attention and visual processing speed in
PD patients. Such associations were not observed in HC.
Several studies have consistently demonstrated impairment of lowerlevel visual functions and neuropsychological tests involving vision in
PD [4,6]. However, few studies have specifically evaluated the association between lower-level vision and cognitive performance. A previous
study including PD without dementia found that reduced CS contributed
to deficits in spatial and motion perception and attention in PD patients
[10]. Uc et al. (2005) found that impairment in visual memory, visuoconstructional abilities, executive functions, verbal memory and overall
cognitive function correlated with the impairment in speed of visual
processing and attention, CS, HCVA and spatial perception [10]. In their
work, the authors demonstrated that line orientation and perception of
structure from motion were independent predictors of cognitive status.
Despite the innovative nature and comprehensive methodology of this
study, the authors did not measure LCVA, which, according to our
previous findings [2,4], is strongly associated with cognitive impairment in PD. Leyland et al. (2020) constructed a model to predict the risk
of dementia in PD, including visual acuity and contrast sensitivity, but
these authors did not include LCVA either [1]. Although the impact of
lower-level vision on cognitive outcomes has been studied, to the best of

BJLO-H
Number location
(VOSP)
Cube analysis
(VOSP)
Object decision
(VOSP)
Progressive
Silhouettes
(VOSP)
Dot counting
(VOSP)
Silhouettes
(VOSP)

Visuoconstructive
abilities

CDT Drawing

Visual Memory

WMS Face I

CDT Copy

WMS Face II
BVMT-R total
BVMT-R LT
Primary Visual
Functions

HCVA
LCVA
CS

24

16.1
(2.4)
13.2
(2.4)

8.7 (1.5)

2.4 (.02)
2.9
(.004)

−0.2

1.8
4.3
(<.001)
5.7
(<.001)

3.8
(<.001)
4.5
(<.001)
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our knowledge it has not systematically been stablished in PD to what
extent the variability of neuropsychological tests that use visual inputs
could be attributed to impairment in lower-level visual functions. Our
findings support that some tests for assessing visual cognition are highly
influenced by lower-level visual abilities, probably because poor
lower-level vision acts as a confounder in object identification or in the
time need to interpret visual sceneries.
One potential limitation of our study was the small sample size of the
control group as compared to that of patients and the possible ceiling
effect of lower-level vision and visual cognition tests in controls, which
could have accounted for the lack of significant correlations in this
group. Also, being a cross-sectional study, our results could not prove
causality between lower-level visual dysfunction and cognitive
disability, although a strong association in demonstrated. Lastly, the
interindividual variability of "ON" medication state (between 1 and 4 h)
remains a limitation of the current study. Future studies would benefit
from using larger sample sizes and conducting longitudinal studies
would help to unravel the interaction between lower-level and cognitive
visual outcomes in PD.
In conclusion, our results support that neuropsychological performance of PD patients could be attributed to abnormalities in lower-level
visual functions, especially to LCVA and HCVA. Since vision-related
abnormalities are major predictors of cognitive deterioration in PD
[1–3], our findings have important implications for understanding the
predictive role of visual impairment in the prognosis of PD patients.
Thus, being cognitive impairment a major determinant of disease
outcome in PD, it is recommended to cautiously interpret neuropsychological performance when assessed using visual inputs, and to
consider lower-level visual testing as part of the routine clinical care in
PD patients.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.parkreldis.2021.10.005.
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