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Introduction: Cataracts are associated with a decline in both cognitive and 
visual functions. This study examines postoperative changes in cognitive 
and visual functions in patients with age-related cataracts, focusing on the 
differential effects of unilateral and bilateral cataract surgeries on these 
functions. Additionally, the study evaluates changes in cognitive function 
following cataract surgery in individuals with mild cognitive impairment (MCI).

Methods: A cohort of patients (n = 35, 59 eyes) aged 60 years and older 
(69.9 ± 7.0 years) with age-related cataracts who underwent unilateral or 
bilateral cataract surgery between May and June 2024 was selected. Cognitive 
and visual functions were evaluated preoperatively and at 1 week, 1 month, and 
3 months postoperatively. Cognitive function was evaluated using the Montreal 
Cognitive Assessment (MoCA). Visual function was assessed using a binocular 
visual function testing system based on virtual reality (VR) technology, which 
evaluated low spatial frequency suppression, simultaneous vision, stereopsis, 
and perceptual eye position under 3D viewing conditions without glasses. Based 
on preoperative MoCA scores, patients were classified into cognitively normal 
and mild cognitive impairment (MCI) groups.

Results: Patients with age-related cataracts demonstrated significant improvements 
in both cognitive and visual functions at 1 week, 1 month, and 3 months 
postoperatively, compared to preoperative assessments (p < 0.05). Specifically, 
both the bilateral surgery group and the MCI group exhibited substantial 
improvements in cognitive function at these time points (p < 0.05). Additionally, 
the bilateral surgery group outperformed the unilateral surgery group in cognitive 
function throughout the follow-up period (p < 0.05). In terms of visual function, the 
bilateral surgery group showed significant improvements in low spatial frequency 
suppression, simultaneous vision, and stereopsis at 1 week, 1 month, and 3 months 
postoperatively, compared to preoperative measurements (p < 0.05).

Conclusion: Both cognitive and visual functions significantly improved after cataract 
surgery. Bilateral cataract surgery is more effective in increasing the cognitive 
functions than unilateral surgery. Additionally, cataract surgery plays a critical role 
in facilitating cognitive recovery in patients with mild cognitive impairment (MCI).
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1 Introduction

Cataracts are one of the commonest causes of vision loss, 
primarily characterized by lens opacity (Asbell et  al., 2005). The 
primary symptom of cataracts is impaired vision; however, patients 
may also experience symptoms such as glare, monocular diplopia, 
myopic shift, and change in color vision (Delbarre and Froussart-
Maille, 2020). Cataracts are primarily age-related disorder, and 
age-related cataracts are the most common type in adults (Liu et al., 
2017). Globally, the prevalence of cataracts in individuals aged 60 and 
above reaches an alarming 88.17% (Hashemi et al., 2020). Previous 
studies have shown a strong association between cataracts and an 
increased risk of cognitive impairment (Xiong et  al., 2023; Wang 
L. et al., 2024). Cataract surgery, as a highly effective treatment, not 
only restores vision but also reduces the risk of cognitive impairment 
and slows the rate of cognitive decline (Tamura et al., 2004; Ma et al., 
2023; Lee et al., 2022; Maharani et al., 2018; Thompson and Lakhani, 
2015). Furthermore, cataract surgery can result in both structural and 
functional improvements in brain regions associated with vision and 
cognition (Lin et al., 2018).

Dementia is a syndrome characterized by a significant decline in 
cognitive abilities, resulting in impairments in occupational, familial, 
or social functioning (Gale et  al., 2018). According to the World 
Health Organization (WHO), over 55 million people worldwide are 
living with dementia, with 10 million new cases diagnosed annually 
(World Health Organization, 2021). However, some studies suggested 
that sensory rehabilitation interventions may reduce the risk of 
dementia (Chen et al., 2021; Chen et al., 2017; Kuo et al., 2021). Mild 
cognitive impairment (MCI) represents an intermediate cognitive 
state between normal aging and dementia (Ritchie and Ritchie, 2012). 
The global prevalence of MCI in adults aged 50 years and older is 
15.56%, with higher rates observed in older compared to younger 
cohorts (Bai et al., 2022). MCI is considered a critical “window” for 
intervention, potentially delaying progression to dementia (Anderson, 
2019). Approximately 20–30% of patients are expected to recover 
normal cognitive function within 5 years (Jia et al., 2021). Notably, 
maintaining good vision is critical for facilitating cognitive recovery 
in patients with MCI (Sachdev et al., 2013).

Cataracts and cognitive impairment are strongly associated with 
aging (Dintica and Yaffe, 2022; Liu et al., 2017; Bai et al., 2022). As 
the population continues to age, the number of patients with both 
cataracts and cognitive impairment is expected to rise. Despite 
cataract surgery has demonstrated considerable benefits for 
cognitive improvement, research on the differential effects of 
unilateral versus bilateral surgery on cognitive function remains 
limited. Furthermore, studies investigating postoperative cognitive 
changes in cataract patients with mild cognitive impairment (MCI) 
are limited. Previous research on the visual outcomes of cataract 
surgery has predominantly focused on postoperative visual acuity 
and visual quality, including metrics such as aberrations, modulation 
transfer function, and Strehl ratio (Garzón et al., 2022; Zhong et al., 
2022), with limited attention has been given to the assessment of 
visual function. Vision formation requires complex coordination 
between the eyes and the brain, encompassing the acquisition, 
processing, and interpretation of visual information. When external 
light passes through the eye’s refractive system and reaches the brain, 
it activates two primary visual processing pathways: the ventral 
stream and the dorsal stream (Ungerleider and Mishkin, 1982). In 

the ventral stream, information flows from the primary visual cortex 
to the inferotemporal cortex, which plays a major role in the 
perceptual identification of objects. In the dorsal stream, information 
ascends from the primary visual cortex to the posterior parietal 
region, where it processes motion and spatial aspects of vision 
(Goodale and Milner, 1992). Advances in brain-vision science have 
revealed that visual dysfunctions, such as visual–spatial processing 
abnormalities or object recognition deficits, are strongly associated 
with disruptions in these two visual processing pathways (Bennett 
et al., 2020).

This study aims to investigate the postoperative changes in both 
cognitive function and visual function in patients with age-related 
cataracts. Additionally, the study compares the effects of unilateral 
versus bilateral cataract surgery on cognitive and visual function, and 
analyzing the postoperative cognitive changes in patients with normal 
cognition as well as those with MCI.

2 Materials and methods

2.1 Participants

This study is a prospective, observational investigation. Between 
May and June 2024, 35 elderly patients (59 eyes), aged 60 years and 
older, with bilateral cataracts were recruited from the Ophthalmology 
Department of Sichuan Provincial People’s Hospital. Patient selection 
was conducted by a single ophthalmologist, and the inclusion criteria 
were as follows: (1) Best-corrected visual acuity (BCVA) of less than 
0.3 logMAR due to cataracts; (2) Individuals with cataracts whose 
visual function does not meet daily needs and who seek improvement 
in vision are expected to benefit from cataract extraction surgery, 
leading to enhanced visual function; (3) Regardless of gender or 
ethnicity. The exclusion criteria were: (1) Patients with a confirmed 
diagnosis of dementia; (2) Patients with other ocular diseases, 
excluding cataracts; (3) Patients with intraoperative or 
postoperative complications.

Unilateral cataract surgery was performed on patients with a best-
corrected visual acuity (BCVA) of less than 0.3 logMAR in one eye. 
Bilateral cataract surgery was performed on patients with a BCVA of 
less than 0.3 logMAR in both eyes, or those whose binocular visual 
function was insufficient for daily activities. This classification resulted 
in two groups: the unilateral surgery group and the bilateral surgery 
group. Based on cognitive assessments conducted at enrollment, 
patients were classified into either the cognitively normal group or the 
mild cognitive impairment (MCI) group.

The study protocol complies with the ethical principles outlined 
in the Declaration of Helsinki and has received approval by the Ethics 
Committee of Sichuan Provincial People’s Hospital (No. Lunsen 
(Research) 2024 No. 312). Informed consent was obtained from all 
enrolled participants.

2.2 Research methods and outcome 
measures

The study design included four distinct time points: T0 (1 day 
preoperatively), T1 (1 week postoperatively), T2 (1 month 
postoperatively), and T3 (3 months postoperatively). At T0, all 
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patients underwent routine preoperative assessments to exclude any 
surgical contraindications, as well as specialized ophthalmic 
evaluations, including slit-lamp examination of the anterior segment, 
BCVA, intraocular pressure measurement, anterior segment and 
fundus assessments, and visual and cognitive function testing. 
Follow-up assessments at T1, T2, and T3 evaluated BCVA (with the 
operated eye assessed in the unilateral group and the left eye in the 
bilateral group), as well as cognitive and visual function. Furthermore, 
at T2, a follow-up fundus examination was conducted to identify any 
previously undetected fundus diseases that may have been obscured 
by significant preoperative lens opacity. Visual acuity outcomes were 
converted to logMAR units, with counting fingers vision 
corresponding to 2.10 logMAR and light perception vision 
corresponding to 2.70 logMAR (Day et al., 2015).

All patients underwent micro-incision phacoemulsification 
cataract surgery, followed by intraocular lens implantation, with all 
procedures performed by the same surgeon.

Visual function assessments were conducted using a virtual 
reality (VR)-based binocular vision examination system, 
developed by the National Medical Device Engineering 
Technology Research Center, under 3D viewing conditions 
without glasses, to detect and quantify neural deficits in the visual 
pathways. The testing parameters included low spatial frequency 
suppression, simultaneous vision (both static and dynamic), and 
stereopsis (dynamic stereopsis, contour integration stereopsis, 
crowded stereopsis, color stereopsis, and red-blue line stereopsis), 
as well as perceptual eye position.

Cognitive function was assessed using the Montreal Cognitive 
Assessment (MoCA) scale. Participants with an educational 
background of 12 years or less received an additional point on their 
total score for the MoCA, and the higher scores indicate the better 
cognitive function. The cutoff points for grouping based on MoCA 
scores are as follows: individuals classified as illiterate scored 13/14, 
those with an educational background of 1 to 6 years scored 19/20, 
and those with 7 or more years of education scored 24/25 (Lu et al., 
2011). These scores are used to determine inclusion in either the MCI 
group or the cognitively normal group.

2.3 Statistics

Statistical analyses were carried out using SPSS version 27.0. 
Descriptive statistics were generated for baseline characteristics 
as well as for preoperative and postoperative measurements of 

visual acuity, cognitive function, and individual visual function 
modules. Continuous variables are expressed as mean ± standard 
deviation (X ± SD) or median (Q1, Q3), while categorical 
variables were presented as frequency (n%). Intragroup 
comparisons were conducted using repeated measures ANOVA, 
the Friedman test, and the Cochran-Q test, with Bonferroni 
correction applied for post-hoc pairwise comparisons. Intergroup 
comparisons were made using the independent samples t-test, 
Mann–Whitney U test, and Fisher’s exact test. Statistical 
significance was set at p < 0.05.

3 Results

3.1 Demographic of the study population

A total of 35 cataract patients participated in this study, with a 
mean age of 69.9 ± 7.0 years. Among the participants, 13 were male 
(37.1%) and 22 were female (62.9%). The unilateral surgery group 
comprised 11 patients (31.4%), with a mean age of 72.0 ± 6.1 years, 
including 3 males (27.3%). The bilateral surgery group included 24 
patients (68.6%), with a mean age of 69.0 ± 7.3 years, including 10 
males (41.7%). The MCI group consisted of 25 patients (71.4%), with 
a mean age of 70.7 ± 7.4 years, including 8 males (32%). And the 
cognitively normal group included 10 patients (28.6%), with a mean 
age of 68.0 ± 5.7 years, including 5 males (50%). No statistically 
significant differences were observed in age and gender between the 
unilateral and bilateral surgery groups, as well as between the MCI 
and cognitively normal groups.

3.2 Visual acuity

Table 1 shows the BCVA logMAR of the study population. The 
BCVA of all patients showed significant improvement at T1 (0.0 (0.0, 
0.1) logMAR, p < 0.05), T2 (0.0 (0.0, 0.1) logMAR, p < 0.05), and T3 
(0.0 (0.0, 0.1) logMAR, p < 0.05) compared to T0 (0.6 (0.4, 1.0) 
logMAR) (Figure 1A), with significant improvements observed in the 
unilateral surgery group, bilateral surgery group, MCI group, and 
cognitively normal group at the same time points (p < 0.05) (Figure 2). 
And no statistically significant differences in visual acuity were 
observed between the unilateral and bilateral surgery groups, or 
between the MCI and normal cognitive function groups at T0, T1, 
T2, and T3.

TABLE 1 The BCVA logMAR of the study population.

BCVA logMRA, X ± SD/
M(Q1,Q3)

T0 T1 T2 T3 p value

All patients 0.6 (0.4,1.0) 0.0 (0.0,0.1) 0.0 (0.0,0.1) 0.0 (0.0,0.1) <0.05a,b,c

Unilateral surgery group 0.7 (0.4,2.1) 0.1 (0.0,0.1) 0.0 (0.0,0.1) 0.0 (0.0,0.1) <0.05a,b,c

Binocular surgery group 0.6 (0.3,0.8) 0.0 (0.0,0.1) 0.0 (0.0,0.1) 0.0 (0.0,0.1) <0.05a,b,c

MCI group 0.6 (0.4,1.4) 0.1 (0.0,0.1) 0.0 (0.0,0.1) 0.0 (0.0,0.1) <0.05a,b,c

Cognitively normal group 0.7 (±0.4) 0.0 (0.0,0.0) 0.0 (0.0,0.1) 0.0 (0.0,0.0) <0.05a,b,c

T0, preoperative; T1, 1 week postoperative; T2, 1 month postoperative; T3, 3 months postoperative.
For post hoc tests, superscript a refers to significant difference between T0 and T1 (p < 0.05), superscript b refers to significant difference between T0 and T2 (p < 0.05) and superscript c refers 
to significant difference between T0 and T3 (p < 0.05).
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FIGURE 1

The BCVA logMAR and cognitive scores of the study population. (A) Represents the BCVA logMAR of the study population, and (B) represents the 
cognitive scores of the study population. BCVA was measured using the standard logarithmic visual acuity chart and converted to logMAR visual acuity. 
Cognitive scores were measured using the MoCA scale.

FIGURE 2

The BCVA logMAR of the unilateral surgery group, bilateral surgery group, MCI group, and cognitively normal group. (A) Represents the BCVA logMAR 
of the unilateral surgery group, (B) represents the BCVA logMAR of the bilateral surgery group, (C) represents the BCVA logMAR of the MCI group, and 
(D) represents the BCVA logMAR of the cognitively normal group. BCVA was measured using the standard logarithmic visual acuity chart and converted 
to logMAR visual acuity.
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3.3 Cognitive function

Table 2 shows the cognitive function of the study population. 
Figure 3 shows the changes in cognitive scores for the four subgroups. 
Cognitive function demonstrated a significant improvement across 
the entire cohort at T1 (25.0 (21.0, 27.0), p < 0.05), T2 (27.0 (23.0, 
28.0), p < 0.05), and T3 (26.0 (22.0, 27.0), p < 0.05) when compared to 
T0 (23.0 (19.0, 25.0)) (Figure 1B). In the unilateral surgery group, 
cognitive function demonstrated a significant improvement at T2 
(23.6 (±3.7), p < 0.05) compared to T0 (20.2 (±3.9)). However, at T1 
(21.8 (±3.0)) and T3 (22.8 (±3.2)), no statistically significant 
differences were observed when compared to T0. In the bilateral 
surgery group, cognitive function significantly improved at T1 (26.0 
(24.0, 28.0), p < 0.05), T2 (27.5 (25.0, 28.0), p < 0.05), and T3 (26.5 
(24.3, 28.0), p < 0.05) compared to T0 (24.0 (19.5, 25.8)). In addition, 
at T1, T2, and T3, cognitive scores in the bilateral surgery group were 
significantly higher than those in the unilateral surgery group 
(p < 0.05). In the MCI group, cognitive function demonstrated a 
significant improvement at T1 (23.1 (±4.2), p < 0.05), T2 (26.0 (22.5, 
28.0), p < 0.05), and T3 (25.0 (21.0, 27.0), p < 0.05) compared to T0 
(21.0 (18.0, 23.5)). In contrast, the cognitively normal group showed 
no statistically significant differences in cognitive function scores at 
T1 (26.3 (±3.0)), T2 (27.1 (±2.7)), and T3 (28.5 (25.5,29.3)) compared 
to T0 (26.0 (25.0,26.3)).

3.4 Visual function

Table  3 illustrates the number of individuals in the study 
population with normal visual function. Figures 4, 5 show the changes 
in visual function in the study population. At T0, the proportion of 
patients exhibiting normal visual function was relatively low, with the 
lowest rates of normalcy observed for contour integration stereopsis 
and red-blue line stereopsis (both 17.1%). Significant improvements 
in low spatial frequency suppression, static simultaneous vision, 
dynamic simultaneous vision, dynamic stereopsis, contour integration 
stereopsis, crowded stereopsis, color stereopsis, red-blue line 
stereopsis, and perceptual eye position were observed at T1, T2, and 
T3 compared to T0 (p < 0.05). Notably, dynamic stereopsis, crowded 
stereopsis, and color stereopsis exhibited the most substantial recovery 
compared to preoperative assessments. At the end of the follow-up, 
the normal rate of static simultaneous vision and dynamic stereopsis 
was highest (both 97.1%). Static simultaneous vision in the unilateral 
surgery group demonstrated significant improvement at T2 and T3 

compared to T0 (p < 0.05). Patients in the bilateral surgery group 
exhibited significant improvements in low spatial frequency 
suppression, static simultaneous vision, dynamic simultaneous vision, 
dynamic stereopsis, contour integration stereopsis, crowded 
stereopsis, color stereopsis, and red-blue line stereopsis at T1, T2, and 
T3 compared to T0 (p < 0.05). The perceptual eye position exhibited 
significant improvement at T1 and T2 compared to T0 (p < 0.05).

4 Discussion

This study revealed that postoperative visual acuity significantly 
improved in patients with age-related cataracts, along with enhancements 
in cognitive and visual functions. Patients undergoing unilateral cataract 
surgery demonstrated a significant recovery in cognitive function only 
at 1 month postoperatively, whereas those undergoing bilateral cataract 
surgery exhibited substantial recovery at all follow-up time points 
compared to preoperative levels, with the bilateral surgery group 
exhibiting superior cognitive performance relative to the unilateral 
group. Patients with MCI demonstrated a significant recovery in 
cognitive function during the postoperative follow-up period, whereas 
the cognitively normal group exhibited no statistically significant 
differences in cognitive function when comparing postoperative 
assessments to preoperative levels. Patients in the unilateral surgery 
group exhibited a significant recovery in static simultaneous vision at 
both 1 month and 3 months postoperatively compared to preoperative 
levels. In the bilateral surgery group, significant improvements were 
observed in low spatial frequency suppression, static simultaneous 
vision, dynamic simultaneous vision, dynamic stereopsis, contour 
integration stereopsis, crowded stereopsis, color stereopsis, and red-blue 
line stereopsis throughout the postoperative follow-up period compared 
to preoperative measurements. Additionally, perceptual eye position 
exhibited significant recovery at both 1 week and 1 month  
postoperatively.

The findings of this study align with previous research, 
demonstrating that postoperative cognitive recovery in patients with 
age-related cataracts further corroborates the positive impact of 
cataract surgery on the restoration of cognitive function (Verdina 
et  al., 2022). Prior research have proposed several hypotheses 
regarding the mechanisms by which cataracts contribute to cognitive 
impairment. The sensory deprivation hypothesis suggests that 
sensory impairments may result in reduced peripheral stimulus 
input, potentially accelerating neurodegeneration or exacerbating its 
effects through cortical atrophy (Lee et al., 2022; Luo et al., 2018). 

TABLE 2 The cognitive function of the study population.

Cognitive score, 
X ± SD/M(Q1,Q3)

T0 T1 T2 T3 p value

All patients 23.0 (19.0,25.0) 25.0 (21.0,27.0) 27.0 (23.0,28.0) 26.0 (22.0,27.0) <0.05a,b,c

Unilateral surgery group 20.2 (±3.9) 21.8 (±3.0) 23.6 (±3.7) 22.8 (±3.2) <0.05b

Binocular surgery group 24.0 (19.5,25.8) 26.0 (24.0,28.0)# 27.5 (25.0,28.0)# 26.5 (24.3,28.0)# <0.05a,b,c

MCI group 21.0 (18.0,23.5) 23.1 (±4.2) 26.0 (22.5,28.0) 25.0 (21.0,27.0) <0.05a,b,c

Cognitively normal group 26.0 (25.0,26.3) 26.3 (±3.0) 27.1 (±2.7) 28.5 (25.5,29.3) –

T0, preoperative; T1, 1 week postoperative; T2, 1 month postoperative; T3, 3 months postoperative.
For post hoc tests, superscript a refers to significant difference between T0 and T1 (p < 0.05), superscript b refers to significant difference between T0 and T2 (p < 0.05) and superscript c refers 
to significant difference between T0 and T3 (p < 0.05).
Superscript # indicates that at T1, T2, and T3, the cognitive scores of the bilateral surgery group were significantly higher than those of the unilateral surgery group (p < 0.05).
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Visual impairment may result in reduced social engagement, which 
are closely associated with cognitive decline (Livingston et al., 2020). 
Additionally, it negatively affects emotional well-being, contributing 
to anxiety, depression, and loneliness (Virgili et  al., 2022; Frank 
et al., 2019; Tang et al., 2024; Hreha et al., 2024; Hashemi et al., 
2024). Furthermore depression has been reported to be associated 
with cognitive impairment (Butters et al., 2004). The recovery of 
cognitive function following cataract surgery may be associated with 
enhanced clarity of the refractive system, which improves the 
stimulation of visual information to the brain. Moreover, 
improvements in visual acuity may facilitate daily activities, 
encouraging older adults to engage more actively in social 
interactions, enhance emotional well-being, and potentially further 
promote cognitive improvement (Maharani et al., 2018; Ishii et al., 
2008; Fraser et al., 2013; Wang S. et al., 2024). Additionally, it may 
also be  associated with increased postoperative blue light 
stimulation, which benefits the excitation of retinal ganglion cells, 
triggering widespread cortical activity in the brain, thereby 
potentially promoting improvements in cognitive function (Schmoll 
et al., 2011; Vandewalle et al., 2009).

Cognitive function improvement after unilateral cataract surgery 
was significant only at 1 month postoperatively. This may be attributed 

to the relatively small sample size in the unilateral group, which could 
have limited the statistical power to detect differences in cognitive 
changes at 1 week and 3 months post-surgery. The pattern of cognitive 
function changes following cataract surgery was similar for both 
unilateral and bilateral procedures, with cognitive performance at 
1 month post-surgery surpassing that at 3 months, followed by 1 week 
post-surgery, and finally preoperative levels. The greatest cognitive 
improvement occurred at 1 month post-surgery, which 
we hypothesize may be due to practice effects. Repeated cognitive 
assessments over the month likely familiarized patients with the test 
content, thereby enhancing their performance (Granholm et al., 2010; 
Calamia et al., 2012). Cognitive function following unilateral cataract 
surgery was less improved compared to bilateral surgery, potentially 
due to residual lens opacity in the contralateral eye. In contrast, 
bilateral cataract surgery alleviated binocular visual impairment, 
thereby reducing the impact of sensory deprivation on the nervous 
system. Additionally, bilateral surgery significantly enhanced visual 
function, which alleviated difficulties in daily living and emotional 
issues, ultimately facilitating a more effective recovery of cognitive 
function. Butters et al. (2004) reported a link between depression and 
cognitive impairment (Butters et al., 2004), while Fraser et al. (2013) 
observed a slight improvement in depressive symptoms after 

FIGURE 3

The cognitive scores of the unilateral surgery group, bilateral surgery group, MCI group, and cognitively normal group. (A) Represents the cognitive 
scores of the unilateral surgery group, (B) represents the cognitive scores of the bilateral surgery group, (C) represents the cognitive scores of the MCI 
group, and (D) represents the cognitive scores of the cognitively normal group.
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unilateral surgery (Fraser et  al., 2013). Consequently, the poorer 
cognitive outcomes after unilateral cataract surgery may also 
be attributed to this factor.

Yoshida et al. (2024) reported that cognitive function improved in 
patients with MCI after cataract surgery, but no significant 
improvement was observed in patients with dementia. They suggested 
that the improvement in cognitive function after cataract surgery may 

be related to the preoperative cognitive status (Yoshida et al., 2024). 
This study also identified a significant improvement in cognitive 
function among MCI patients postoperatively. Research by Sachdev 
et  al. identified that favorable visual conditions are among the 
beneficial factors promoting cognitive recovery in MCI patients, as 
visual impairments may diminish activities that contribute to 
cognitive reserve, such as reading (Sachdev et al., 2013). Yeo et al. 

TABLE 3 The number of individuals in the study population with normal visual function.

N (%) T0 T1 T2 T3 p value

Low spatial frequency suppression

All patients 7 (20%) 20 (57.1%) 19 (54.3%) 19 (54.3%) <0.05a,b,c

Unilateral surgery group 4 (36.4%) 6 (54.5%) 5 (45.5%) 5 (45.5%) –

Binocular surgery group 3 (12.5%) 14 (58.3%) 14 (58.3%) 14 (58.3%) <0.05a,b,c

Static simultaneous vision

All patients 14 (40.0%) 27 (77.1%) 33 (94.3%) 34 (97.1%) <0.05a,b,c

Unilateral surgery group 5 (45.5%) 9 (81.8%) 11 (100%) 11 (100%) <0.05b,c

Binocular surgery group 9 (37.5%) 18 (75%) 22 (91.7%) 23 (95.8%) <0.05a,b,c

Dynamic simultaneous vision

All patients 12 (34.3%) 26 (74.3%) 25 (71.4%) 25 (71.4%) <0.05a,b,c

Unilateral surgery group 5 (45.5%) 8 (72.7%) 7 (63.6%) 6 (54.5%) -

Binocular surgery group 7 (29.2%) 18 (75%) 18 (75%) 19 (79.2%) <0.05a,b,c

Dynamic stereopsis

All patients 20 (57.1%) 31 (88.6%) 33 (94.3%) 34 (97.1%) <0.05a,b,c

Unilateral surgery group 7 (63.6%) 8 (72.7%) 9 (81.8%) 11 (100%) -

Binocular surgery group 13 (54.2%) 23 (95.8%) 24 (100%) 23 (95.8%) <0.05a,b,c

Contour integration stereopsis

All patients 6 (17.1%) 20 (57.1%) 23 (65.7%) 22 (62.9%) <0.05a,b,c

Unilateral surgery group 2 (18.2%) 4 (36.4%) 4 (36.4%) 5 (45.5%) –

Binocular surgery group 4 (16.7%) 16 (66.7%) 19 (79.2%) 17 (70.8%) <0.05a,b,c

Crowding stereopsis

All patients 11 (31.4%) 25 (71.4%) 29 (82.9%) 27 (77.1%) <0.05a,b,c

Unilateral surgery group 4 (36.4%) 7 (63.6%) 8 (72.7%) 7 (63.6%) –

Binocular surgery group 7 (29.2%) 18 (75%) 21 (87.5%) 20 (83.3%) <0.05a,b,c

Color stereopsis

All patients 13 (37.1%) 33 (94.3%) 32 (91.4%) 31 (88.6%) <0.05a,b,c

Unilateral surgery group 5 (45.5%) 9 (81.8%) 10 (90.9%) 8 (72.7%) –

Binocular surgery group 8 (33.3%) 24 (100%) 22 (91.7%) 23 (95.8%) <0.05a,b,c

Red-blue line stereopsis

All patients 6 (17.1%) 17 (48.6%) 18 (51.4%) 20 (57.1%) <0.05a,b,c

Unilateral surgery group 4 (36.4%) 5 (45.5%) 4 (36.4%) 5 (45.5%) –

Binocular surgery group 2 (8.3%) 12 (50.0%) 14 (58.3%) 15 (62.5%) <0.05a,b,c

Perceptual eye position

All patients 20 (57.1%) 30 (85.7%) 32 (91.4%) 29 (82.9%) <0.05a,b,c

Unilateral surgery group 5 (45.5%) 8 (72.7%) 10 (90.9%) 9 (81.8%) –

Binocular surgery group 15 (62.5%) 22 (91.7%) 22 (91.7%) 20 (83.3%) <0.05a,b

T0, preoperative; T1, 1 week postoperative; T2, 1 month postoperative; T3, 3 months postoperative.
For post hoc tests, superscript a refers to significant difference between T0 and T1 (p < 0.05), superscript b refers to significant difference between T0 and T2 (p < 0.05) and superscript c refers 
to significant difference between T0 and T3 (p < 0.05).
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(2024) reported that cataract surgery was associated with a 4% 
improvement in short-term cognitive test scores among participants 
with normal cognition, which contrasts with our findings. This 
discrepancy may be attributed to the relatively small sample size of 
cognitively normal individuals in our study.

Traditional methods for assessing binocular visual function 
include simultaneous vision, fusion abilities, and stereopsis, typically 
employing tools such as synoptophore, Worth Four-Dot Test, and 
Titmus Stereotest. In this study, we employed a VR-based system to 
evaluate binocular visual function, including low spatial frequency 
suppression, simultaneous vision, stereopsis, and perceptual eye 
position under 3D viewing conditions without glasses. Simultaneous 
vision refers to the ability of both eyes to perceive images from either 
side concurrently, integrating them into a single visual representation 
in the brain. Stereopsis encompasses depth perception and the 
interpretation of the 3D structure of objects through binocular 
disparity (Blake and Wilson, 2011). Adequate visual acuity is essential 
for achieving both simultaneous vision and stereopsis, with the latter 
requiring higher visual standards, necessitating that both eyes have 
similar levels of acuity to accurately compare disparities and generate 
depth perception. Perceptual eye position is measured under 
conditions of binocular dissociation, reflecting the visual cortex’s 

ability to independently control eye positions and the deviation 
between perceived and actual locations (Guo-hong et al., 2014; Jie 
et al., 2014). Low spatial frequency suppression refers to the visual 
system’s reduced response to low spatial frequency information, which 
relates to coarser and more indistinct image features (Mucke 
et al., 2013).

Previous studies examining visual function following 
unilateral or bilateral cataract surgery have predominantly utilized 
tools such as the VF-9 scale, the Catquest-9SF questionnaire, and 
the National Eye Institute Visual Function Questionnaire (NEI-
VFQ-25) to assess visual function (Liu et  al., 2022; Seth et  al., 
2022; Tan et  al., 2012). However, research on the impact of 
unilateral and bilateral cataract surgery on visual function using 
VR-based visual assessment systems is relatively limited. This 
study identified a high prevalence of visual function abnormalities 
prior to surgery in patients with bilateral age-related cataracts, 
characterized by low spatial frequency suppression, inadequate 
simultaneous vision and stereopsis, and deviations in perceptual 
eye position, with contour integration stereopsis and red-blue line 
stereopsis displaying the most pronounced deficits. However, 
postoperative assessments revealed a significant recovery of these 
visual functions, particularly in dynamic stereopsis, crowded 

FIGURE 4

The number of individuals in the study population with normal static simultaneous vision, dynamic simultaneous vision, low spatial frequency 
suppression, dynamic stereopsis and contour integration stereopsis of the study population. (A) Represents the static simultaneous vision and dynamic 
simultaneous vision, (B) represents the low spatial frequency suppression, (C) represents the dynamic stereopsis, and (D) represents the contour 
integration stereopsis. “Number of normal” represents the number of individuals with normal visual function.
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stereopsis, and color stereopsis, which demonstrated the most 
significant improvements.

Preoperative visual function in patients with age-related cataracts 
is frequently suboptimal, potentially due to varying degrees of lens 
opacification in both eyes, resulting in a decline in visual input quality 
and an imbalance of information. Postoperatively, as visual acuity 
improves, visual input becomes more balanced and clear, allowing the 
brain to process visual information more effectively, thereby 
accounting for the observed enhancement in visual function. The 
changes in visual function before and after cataract surgery may also 
be related to neuroplasticity (Johnson and Cohen, 2023). Prolonged 
exposure to low-quality visual input prior to surgery can variably 
affect the brain’s sensitivity to visual information, resulting in various 
visual impairments. Conversely, postoperative clarity in visual 
conditions facilitates varying degrees of recovery in visual function. 
This study observed that the proportion of normal contour integration 
stereopsis and red-blue line stereopsis was lowest preoperatively, while 
postoperative recovery was most pronounced in dynamic stereopsis, 
crowded stereopsis, and color stereopsis. This finding indicates a 
substantial impact of cataracts on stereoptic function, likely due to 
stereopsis necessitates a minimum level of good vision as a prerequisite 
(Kwapiszeski et al., 1996).

Moreover, significant differences in the postoperative recovery of 
visual functions were observed between the unilateral and bilateral 

surgery groups. Castells et al. (2006) have found that, compared to 
unilateral surgery, bilateral cataract surgery results in a twofold 
improvement in stereopsis, likely due to the reduction in the disparity 
between the visual acuity of the two eyes following bilateral surgery 
(Castells et al., 2006), and this is consistent with the findings of the our 
study. We hypothesize that the superior performance in low spatial 
frequency suppression, simultaneous vision, and perceptual eye 
alignment following bilateral cataract surgery, compared to unilateral 
surgery, may be related to the reduction in the visual disparity between 
the two eyes. In contrast, although unilateral surgery enhances the 
visual quality of the operated eye, the remaining lens opacity in the 
contralateral eye creates asymmetry in visual information, posing 
challenges for the brain in processing these asymmetric inputs. 
Consequently, these visual functions exhibit less significant 
improvement. Furthermore, because stereopsis and simultaneous 
vision are highly dependent on the coordination of both eyes, the 
improvements following bilateral surgery are more pronounced.

Both groups demonstrated recovery in static simultaneous 
vision postoperatively. However, recovery of dynamic simultaneous 
vision was observed exclusively in the bilateral surgery group. This 
phenomenon may be attributed to the relatively simple processing 
requirements of static visual information, which allows for a degree 
of simultaneous vision even in the presence of visual input 
asymmetry between the two eyes. In contrast, under dynamic 

FIGURE 5

The number of individuals in the study population with normal crowded stereopsis, color stereopsis, red-blue line stereopsis, and perceptual eye 
position. (A) Represents the crowded stereopsis, (B) represents the color stereopsis, (C) represents the red-blue line stereopsis, and (D) represents the 
perceptual eye position. “Number of normal” represents the number of individuals with normal visual function.
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conditions, the visual system must continuously update and 
synchronize input information from both eyes. This synchronization 
becomes particularly critical when processing the speed, direction, 
and depth information of objects, as interocular coordination is 
essential (Davids et al., 2005).

Postoperative changes in perceptual eye position in the bilateral 
cataract surgery group were unstable, with significant improvements 
observed in the short term, but no substantial changes in the long 
term. This observation may be attributed to the brain’s neuroplasticity 
and neural adaptability (Gulyaeva, 2017; Benda, 2021). The significant 
postoperative improvement in visual quality likely facilitated rapid 
adjustments in binocular fusion by the brain, with perceptual eye 
position gradually stabilizing over time as the visual system adapted. 
However, this hypothesis requires validation through long-term 
follow-up observations. Furthermore, the influence of visual quality 
on perceptual eye position may be relatively minor, as preoperative 
perceptual eye position already demonstrated superior performance 
compared to other visual function indicators. Retinal correspondence 
likely remains the principal factor influencing perceptual eye position 
(Tan et al., 2020).

5 Limitations

This study has several limitations. First, the sample size is relatively 
small, with a limited number of participants undergoing unilateral 
cataract surgery. This may have led to an underestimation of the 
impact of unilateral cataract surgery on the restoration of cognitive 
and visual functions. Second, the follow-up period was only 3 months, 
reflecting short-term changes in cognitive and visual functions post-
surgery. The lack of long-term follow-up data limits the interpretation 
of these findings. As recovery of cognitive and visual functions may 
be gradual, our results should be  interpreted with caution. Third, 
cognitive function was assessed solely using the MoCA scale. 
Although this tool is highly sensitive and specific for detecting MCI, 
its scores can be influenced by patients’ cultural backgrounds. Previous 
studies have shown that individuals with lower educational levels tend 
to score lower on certain tasks, potentially leading to a misdiagnosis 
of cognitive impairment (Pinto et  al., 2019). Thus, we  may have 
underestimated the cognitive scores of the participants. Fourth, due 
to the many factors influencing cognitive function, this study did not 
adequately control for confounding variables such as age, sex, 
comorbidities, mental state, and medication history, all of which could 
affect cognitive outcomes. Despite these limitations, the strengths of 
this study include its longitudinal design, which examined the effects 
of unilateral and bilateral cataract surgery on cognitive and visual 
functions. These findings provide valuable insights for guiding future 
interventions aimed at optimizing the restoration of both visual and 
cognitive functions in patients.

6 Conclusion

This study demonstrates that cataract surgery not only 
significantly improves visual acuity but also enhances both 
cognitive and visual functions. Bilateral surgery, in particular, 
yields more pronounced improvements in cognitive and visual 

functions compared to unilateral surgery, suggesting it confers 
greater benefits for elderly cataract patients. Additionally, this 
study found that patients with MCI experience significant 
improvements in cognitive function following cataract surgery, 
suggesting that cataract surgery provides a favorable condition for 
the cognitive recovery of MCI patients. Based on these findings, 
we  recommend bilateral cataract surgery for elderly patients, 
especially those with MCI, who should undergo surgery as early 
as possible.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Sichuan 
Provincial Academy of Medical Sciences Ethics Committee of Sichuan 
Provincial People’s Hospital. The studies were conducted in accordance 
with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate in 
this study.

Author contributions

CZ: Writing  – original draft, Data curation, Investigation, 
Writing  – review & editing, Formal analysis, Visualization, 
Validation, Project administration. XL: Writing – original draft, 
Data curation, Formal analysis. BD: Project administration, 
Writing  – original draft, Conceptualization, Supervision. BS: 
Investigation, Writing  – original draft, Data curation. LZ: 
Supervision, Project administration, Conceptualization, Writing – 
review & editing. ZW: Supervision, Writing – review & editing, 
Conceptualization, Project administration.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the creation 
of this manuscript.

https://doi.org/10.3389/fnins.2024.1505585
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhao et al. 10.3389/fnins.2024.1505585

Frontiers in Neuroscience 11 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the reviewers. 
Any product that may be evaluated in this article, or claim that may 
be  made by its manufacturer, is not guaranteed or endorsed by 
the publisher.

References
Anderson, N. D. (2019). State of the science on mild cognitive impairment (MCI). 

CNS Spectr. 24, 78–87. doi: 10.1017/s1092852918001347

Asbell, P. A., Dualan, I., Mindel, J., Brocks, D., Ahmad, M., and Epstein, S. (2005). 
Age-related cataract. Lancet 365, 599–609. doi: 10.1016/s0140-6736(05)17911-2

Bai, W., Chen, P., Cai, H., Zhang, Q., Su, Z., Cheung, T., et al. (2022). Worldwide 
prevalence of mild cognitive impairment among community dwellers aged 50 years and 
older: a meta-analysis and systematic review of epidemiology studies. Age Ageing 51, 
1–14. doi: 10.1093/ageing/afac173

Benda, J. (2021). Neural adaptation. Curr. Biol. 31, R110–r116. doi: 10.1016/j.
cub.2020.11.054

Bennett, C. R., Bauer, C. M., Bailin, E. S., and Merabet, L. B. (2020). Neuroplasticity 
in cerebral visual impairment (CVI): assessing functional vision and the 
neurophysiological correlates of dorsal stream dysfunction. Neurosci. Biobehav. Rev. 108, 
171–181. doi: 10.1016/j.neubiorev.2019.10.011

Blake, R., and Wilson, H. (2011). Binocular vision. Vis. Res. 51, 754–770. doi: 
10.1016/j.visres.2010.10.009

Butters, M. A., Whyte, E. M., Nebes, R. D., Begley, A. E., Dew, M. A., Mulsant, B. H., 
et al. (2004). The nature and determinants of neuropsychological functioning in late-
life depression. Arch. Gen. Psychiatry 61, 587–595. doi: 10.1001/archpsyc.61.6.587

Calamia, M., Markon, K., and Tranel, D. (2012). Scoring higher the second time 
around: meta-analyses of practice effects in neuropsychological assessment. Clin. 
Neuropsychol. 26, 543–570. doi: 10.1080/13854046.2012.680913

Castells, X., Comas, M., Alonso, J., Espallargues, M., Martínez, V., García-Arumí, J., 
et al. (2006). In a randomized controlled trial, cataract surgery in both eyes increased 
benefits compared to surgery in one eye only. J. Clin. Epidemiol. 59, 201–207. doi: 
10.1016/j.jclinepi.2005.06.007

Chen, S. P., Azad, A. D., and Pershing, S. (2021). Bidirectional association between 
visual impairment and dementia among older adults in the United States over time. 
Ophthalmology 128, 1276–1283. doi: 10.1016/j.ophtha.2021.02.021

Chen, S. P., Bhattacharya, J., and Pershing, S. (2017). Association of Vision Loss with 
Cognition in older adults. JAMA Ophthalmol. 135, 963–970. doi: 10.1001/
jamaophthalmol.2017.2838

Davids, K., Williams, A. M., and Williams, J. G. (2005). Visual perception and action 
in sport. New York: Routledge.

Day, A. C., Donachie, P. H., Sparrow, J. M., and Johnston, R. L. (2015). The Royal College 
of Ophthalmologists' National Ophthalmology Database study of cataract surgery: report 
1, visual outcomes and complications. Eye (Lond.) 29, 552–560. doi: 10.1038/eye.2015.3

Delbarre, M., and Froussart-Maille, F. (2020). Signs, symptoms, and clinical forms of 
cataract in adults. J. Fr. Ophtalmol. 43, 653–659. doi: 10.1016/j.jfo.2019.11.009

Dintica, C. S., and Yaffe, K. (2022). Epidemiology and risk factors for dementia. 
Psychiatr. Clin. North Am. 45, 677–689. doi: 10.1016/j.psc.2022.07.011

Frank, C. R., Xiang, X., Stagg, B. C., and Ehrlich, J. R. (2019). Longitudinal associations 
of self-reported vision impairment with symptoms of anxiety and depression among 
older adults in the United  States. JAMA Ophthalmol 137, 793–800. doi: 10.1001/
jamaophthalmol.2019.1085

Fraser, M. L., Meuleners, L. B., Lee, A. H., Ng, J. Q., and Morlet, N. (2013). Vision, 
quality of life and depressive symptoms after first eye cataract surgery. Psychogeriatrics 
13, 237–243. doi: 10.1111/psyg.12028

Gale, S. A., Acar, D., and Daffner, K. R. (2018). Dementia. Am. J. Med. 131, 1161–1169. 
doi: 10.1016/j.amjmed.2018.01.022

Garzón, N., Poyales, F., Albarrán-Diego, C., Rico-Del-Viejo, L., Pérez-Sanz, L., and 
García-Montero, M. (2022). Visual and optical quality of enhanced intermediate 
monofocal versus standard monofocal intraocular lens. Graefes Arch. Clin. Exp. 
Ophthalmol. 260, 3617–3625. doi: 10.1007/s00417-022-05700-y

Goodale, M., and Milner, A. D. (1992). Separate visual pathways for perception and 
action. Trends Neurosci. 15, 20–25. doi: 10.1016/0166-2236(92)90344-8

Granholm, E., Link, P., Fish, S., Kraemer, H., and Jeste, D. (2010). Age-related practice 
effects across longitudinal neuropsychological assessments in older people with 
schizophrenia. Neuropsychology 24, 616–624. doi: 10.1037/a0019560

Gulyaeva, N. V. (2017). Molecular mechanisms of neuroplasticity: an expanding 
universe. Biochemistry (Mosc) 82, 237–242. doi: 10.1134/s0006297917030014

Guo-Hong, Z., Wei, L., Li, Y., and Ling-Ge, Z. (2014). The study of perceptual eye 
position and gaze stability of the children with normal visual acuity. Ophthalmol. China 
23:312. doi: 10.13281/j.cnki.issn.1004-4469.2014.05.007

Hashemi, A., Hashemi, H., Jamali, A., Ghasemi, H., Ghazizadeh Hashemi, F., and 
Khabazkhoob, M. (2024). The association between visual impairment and mental 
disorders. Sci. Rep. 14:2301. doi: 10.1038/s41598-024-52389-6

Hashemi, H., Pakzad, R., Yekta, A., Aghamirsalim, M., Pakbin, M., Ramin, S., et al. 
(2020). Global and regional prevalence of age-related cataract: a comprehensive 
systematic review and meta-analysis. Eye (Lond.) 34, 1357–1370. doi: 10.1038/
s41433-020-0806-3

Hreha, K., Samper-Ternent, R., Whitson, H. E., Downer, L. P., West, J. S., and 
Downer, B. (2024). The Association of Vision and Hearing Impairment on cognitive 
function and loneliness: evidence from the Mexican Health and Aging Study. J. Aging 
Health, 1–10. doi: 10.1177/08982643241247583

Ishii, K., Kabata, T., and Oshika, T. (2008). The impact of cataract surgery on cognitive 
impairment and depressive mental status in elderly patients. Am. J. Ophthalmol. 146, 
404–409. doi: 10.1016/j.ajo.2008.05.014

Jia, X., Wang, Z., Huang, F., Su, C., Du, W., Jiang, H., et al. (2021). A comparison of 
the Mini-mental state examination (MMSE) with the Montreal cognitive assessment 
(MoCA) for mild cognitive impairment screening in Chinese middle-aged and older 
population: a cross-sectional study. BMC Psychiatry 21:485. doi: 10.1186/
s12888-021-03495-6

Jie, L., Tao, M., and Xi-Mei, Z. (2014). Perceptual eye position and gaze stability of the 
children with amblyopia. Ophthalmol. China 23, 417–419. doi: 10.13281/j.cnki.
issn.1004-4469.2014.06.014

Johnson, B. P., and Cohen, L. G. (2023). Applied strategies of neuroplasticity. Handb. 
Clin. Neurol. 196, 599–609. doi: 10.1016/b978-0-323-98817-9.00011-9

Kuo, P. L., Huang, A. R., Ehrlich, J. R., Kasper, J., Lin, F. R., Mckee, M. M., et al. (2021). 
Prevalence of concurrent functional vision and hearing impairment and association with 
dementia in community-dwelling Medicare beneficiaries. JAMA Netw. Open 4:e211558. 
doi: 10.1001/jamanetworkopen.2021.1558

Kwapiszeski, B. R., Gallagher, C. C., and Holmes, J. M. (1996). Improved stereoacuity: 
an indication for unilateral cataract surgery. J Cataract Refract Surg 22, 441–445. doi: 
10.1016/s0886-3350(96)80039-3

Lee, C. S., Gibbons, L. E., Lee, A. Y., Yanagihara, R. T., Blazes, M. S., Lee, M. L., et al. 
(2022). Association between cataract extraction and development of dementia. JAMA 
Intern. Med. 182, 134–141. doi: 10.1001/jamainternmed.2021.6990

Lin, H., Zhang, L., Lin, D., Chen, W., Zhu, Y., Chen, C., et al. (2018). Visual restoration 
after cataract surgery promotes functional and structural brain recovery. EBioMedicine 
30, 52–61. doi: 10.1016/j.ebiom.2018.03.002

Liu, Y., Lan, Q., Sun, T., Tang, C., Yang, T., Duan, H., et al. (2022). Binocular visual 
function after unilateral versus bilateral implantation of segmented refractive multifocal 
intraocular lenses: a pilot study. Graefes Arch. Clin. Exp. Ophthalmol. 260, 1205–1213. 
doi: 10.1007/s00417-021-05496-3

Liu, Y.-C., Wilkins, M., Kim, T., Malyugin, B., and Mehta, J. (2017). Cataracts. Lancet 
390, 600–612. doi: 10.1016/s0140-6736(17)30544-5

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al. 
(2020). Dementia prevention, intervention, and care: 2020 report of the lancet 
commission. Lancet 396, 413–446. doi: 10.1016/s0140-6736(20)30367-6

Lu, J., Li, D., Li, F., Zhou, A., Wang, F., Zuo, X., et al. (2011). Montreal cognitive 
assessment in detecting cognitive impairment in Chinese elderly individuals: a 
population-based study. J. Geriatr. Psychiatry Neurol. 24, 184–190. doi: 
10.1177/0891988711422528

Luo, Y., He, P., Guo, C., Chen, G., Li, N., and Zheng, X. (2018). Association between 
sensory impairment and dementia in older adults: evidence from China. J. Am. Geriatr. 
Soc. 66, 480–486. doi: 10.1111/jgs.15202

Ma, L. Z., Zhang, Y. R., Li, Y. Z., Ou, Y. N., Yang, L., Chen, S. D., et al. (2023). Cataract, 
cataract surgery, and risk of incident dementia: a prospective cohort study of 300,823 
participants. Biol. Psychiatry 93, 810–819. doi: 10.1016/j.biopsych.2022.06.005

Maharani, A., Dawes, P., Nazroo, J., Tampubolon, G., and Pendleton, N. S. (2018). 
Cataract surgery and age-related cognitive decline: a 13-year follow-up of the English 
longitudinal study of ageing. PLoS One 13:e0204833. doi: 10.1371/journal.pone.0204833

Mucke, S., Strang, N. C., Aydin, S., Mallen, E. A., Seidel, D., and Manahilov, V. (2013). 
Spatial frequency selectivity of visual suppression during convergence eye movements. 
Vis. Res. 89, 96–101. doi: 10.1016/j.visres.2013.07.008

Pinto, T. C. C., Machado, L., Bulgacov, T. M., Rodrigues-Júnior, A. L., Costa, M. L. G., 
Ximenes, R. C. C., et al. (2019). Is the Montreal cognitive assessment (MoCA) screening 
superior to the Mini-mental state examination (MMSE) in the detection of mild 

https://doi.org/10.3389/fnins.2024.1505585
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1017/s1092852918001347
https://doi.org/10.1016/s0140-6736(05)17911-2
https://doi.org/10.1093/ageing/afac173
https://doi.org/10.1016/j.cub.2020.11.054
https://doi.org/10.1016/j.cub.2020.11.054
https://doi.org/10.1016/j.neubiorev.2019.10.011
https://doi.org/10.1016/j.visres.2010.10.009
https://doi.org/10.1001/archpsyc.61.6.587
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.1016/j.jclinepi.2005.06.007
https://doi.org/10.1016/j.ophtha.2021.02.021
https://doi.org/10.1001/jamaophthalmol.2017.2838
https://doi.org/10.1001/jamaophthalmol.2017.2838
https://doi.org/10.1038/eye.2015.3
https://doi.org/10.1016/j.jfo.2019.11.009
https://doi.org/10.1016/j.psc.2022.07.011
https://doi.org/10.1001/jamaophthalmol.2019.1085
https://doi.org/10.1001/jamaophthalmol.2019.1085
https://doi.org/10.1111/psyg.12028
https://doi.org/10.1016/j.amjmed.2018.01.022
https://doi.org/10.1007/s00417-022-05700-y
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1037/a0019560
https://doi.org/10.1134/s0006297917030014
https://doi.org/10.13281/j.cnki.issn.1004-4469.2014.05.007
https://doi.org/10.1038/s41598-024-52389-6
https://doi.org/10.1038/s41433-020-0806-3
https://doi.org/10.1038/s41433-020-0806-3
https://doi.org/10.1177/08982643241247583
https://doi.org/10.1016/j.ajo.2008.05.014
https://doi.org/10.1186/s12888-021-03495-6
https://doi.org/10.1186/s12888-021-03495-6
https://doi.org/10.13281/j.cnki.issn.1004-4469.2014.06.014
https://doi.org/10.13281/j.cnki.issn.1004-4469.2014.06.014
https://doi.org/10.1016/b978-0-323-98817-9.00011-9
https://doi.org/10.1001/jamanetworkopen.2021.1558
https://doi.org/10.1016/s0886-3350(96)80039-3
https://doi.org/10.1001/jamainternmed.2021.6990
https://doi.org/10.1016/j.ebiom.2018.03.002
https://doi.org/10.1007/s00417-021-05496-3
https://doi.org/10.1016/s0140-6736(17)30544-5
https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1177/0891988711422528
https://doi.org/10.1111/jgs.15202
https://doi.org/10.1016/j.biopsych.2022.06.005
https://doi.org/10.1371/journal.pone.0204833
https://doi.org/10.1016/j.visres.2013.07.008


Zhao et al. 10.3389/fnins.2024.1505585

Frontiers in Neuroscience 12 frontiersin.org

cognitive impairment (MCI) and Alzheimer's disease (AD) in the elderly? Int. 
Psychogeriatr. 31, 491–504. doi: 10.1017/s1041610218001370

Ritchie, K., and Ritchie, C. W. (2012). Mild cognitive impairment (MCI) twenty years 
on. Int. Psychogeriatr. 24, 1–5. doi: 10.1017/s1041610211002067

Sachdev, P. S., Lipnicki, D. M., Crawford, J., Reppermund, S., Kochan, N. A., 
Trollor, J. N., et al. (2013). Factors predicting reversion from mild cognitive impairment 
to normal cognitive functioning: a population-based study. PLoS One 8:e59649. doi: 
10.1371/journal.pone.0059649

Schmoll, C., Tendo, C., Aspinall, P., and Dhillon, B. (2011). Reaction time as a measure 
of enhanced blue-light mediated cognitive function following cataract surgery. Br. J. 
Ophthalmol. 95, 1656–1659. doi: 10.1136/bjophthalmol-2011-300677

Seth, I., Bulloch, G., Thornell, E., Lundström, M., and Agarwal, S. (2022). Catquest-9SF 
questionnaire shows greater visual functioning in bilateral cataract populations: a 
prospective study. Indian J. Ophthalmol. 70, 3820–3826. doi: 10.4103/ijo.Ijo_736_22

Tamura, H., Tsukamoto, H., Mukai, S., Kato, T., Minamoto, A., Ohno, Y., et al. (2004). 
Improvement in cognitive impairment after cataract surgery in elderly patients. J 
Cataract Refract Surg 30, 598–602. doi: 10.1016/j.jcrs.2003.10.019

Tan, A. C., Tay, W. T., Zheng, Y. F., Tan, A. G., Wang, J. J., Mitchell, P., et al. (2012). The 
impact of bilateral or unilateral cataract surgery on visual functioning: when does 
second eye cataract surgery benefit patients? Br. J. Ophthalmol. 96, 846–851. doi: 
10.1136/bjophthalmol-2011-301233

Tan, F., Yang, X., Chu, H., Yan, L., Wiederhold, B. K., Wiederhold, M., et al. (2020). 
The study of perceptual eye position examination and visual perceptual training in 
postoperative intermittent exotropes. Cyberpsychol. Behav. Soc. Netw. 23, 871–875. doi: 
10.1089/cyber.2020.0837

Tang, W. S. W., Lau, N. X. M., Krishnan, M. N., Chin, Y. C., and Ho, C. S. H. (2024). 
Depression and eye disease-a narrative review of common underlying pathophysiological 
mechanisms and their potential applications. J. Clin. Med. 13, 1–16. doi: 10.3390/
jcm13113081

Thompson, J., and Lakhani, N. (2015). Cataracts. Prim. Care 42, 409–423. doi: 
10.1016/j.pop.2015.05.012

Ungerleider, L., and Mishkin, M. (1982). “Two cortical visual systems” in 
Analysis of visual behavior. eds. D. J. Ingle, M. A. Goodale and M. RJW (Cambridge, MA: 
MIT Press).

Vandewalle, G., Maquet, P., and Dijk, D. J. (2009). Light as a modulator of 
cognitive brain function. Trends Cogn. Sci. 13, 429–438. doi: 10.1016/j.
tics.2009.07.004

Verdina, T., Stiro, F., Bruni, F., Spedicato, G. A., Mastropasqua, R., and Cavallini, G. M. 
(2022). Evaluation of the impact of cataract surgery on cognitive function in very elderly 
patients: a prospective, observational study. Aging Clin. Exp. Res. 34, 661–669. doi: 
10.1007/s40520-021-01962-4

Virgili, G., Parravano, M., Petri, D., Maurutto, E., Menchini, F., Lanzetta, P., et al. 
(2022). The association between vision impairment and depression: a 
systematic review of population-based studies. J. Clin. Med. 11, 1–12. doi: 10.3390/
jcm11092412

Wang, S., Du, Z., Lai, C., Seth, I., Wang, Y., Huang, Y., et al. (2024). The association 
between cataract surgery and mental health in older adults: a review. Int. J. Surg. 110, 
2300–2312. doi: 10.1097/js9.0000000000001105

Wang, L., Sang, B., and Zheng, Z. (2024). The risk of dementia or cognitive impairment 
in patients with cataracts: a systematic review and meta-analysis. Aging Ment. Health 28, 
11–22. doi: 10.1080/13607863.2023.2226616

World Health Organization. (2021). Global status report on the public health 
response to dementia: executive summary. Available at: https://iris.who.int/
handle/10665/344707.

Xiong, Z., Li, X., Yang, D., Xiong, C., Xu, Q., and Zhou, Q. (2023). The association 
between cataract and incidence of cognitive impairment in older adults: a systematic 
review and meta-analysis. Behav. Brain Res. 450:114455. doi: 10.1016/j.
bbr.2023.114455

Yeo, B. S. Y., Ong, R. Y. X., Ganasekar, P., Tan, B. K. J., Seow, D. C. C., and Tsai, A. S. 
H. (2024). Cataract surgery and cognitive benefits in the older person: a systematic 
review and meta-analysis. Ophthalmology 131, 975–984. doi: 10.1016/j.
ophtha.2024.02.003

Yoshida, Y., Ono, K., Sekimoto, S., Umeya, R., and Hiratsuka, Y. (2024). Impact of 
cataract surgery on cognitive impairment in older people. Acta Ophthalmol. 102, e602–
e611. doi: 10.1111/aos.16607

Zhong, Y., Zhu, Y., Wang, W., Wang, K., Liu, X., and Yao, K. (2022). Femtosecond 
laser-assisted cataract surgery versus conventional phacoemulsification: comparison of 
internal aberrations and visual quality. Graefes Arch. Clin. Exp. Ophthalmol. 260, 
901–911. doi: 10.1007/s00417-021-05441-4

https://doi.org/10.3389/fnins.2024.1505585
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1017/s1041610218001370
https://doi.org/10.1017/s1041610211002067
https://doi.org/10.1371/journal.pone.0059649
https://doi.org/10.1136/bjophthalmol-2011-300677
https://doi.org/10.4103/ijo.Ijo_736_22
https://doi.org/10.1016/j.jcrs.2003.10.019
https://doi.org/10.1136/bjophthalmol-2011-301233
https://doi.org/10.1089/cyber.2020.0837
https://doi.org/10.3390/jcm13113081
https://doi.org/10.3390/jcm13113081
https://doi.org/10.1016/j.pop.2015.05.012
https://doi.org/10.1016/j.tics.2009.07.004
https://doi.org/10.1016/j.tics.2009.07.004
https://doi.org/10.1007/s40520-021-01962-4
https://doi.org/10.3390/jcm11092412
https://doi.org/10.3390/jcm11092412
https://doi.org/10.1097/js9.0000000000001105
https://doi.org/10.1080/13607863.2023.2226616
https://iris.who.int/handle/10665/344707
https://iris.who.int/handle/10665/344707
https://doi.org/10.1016/j.bbr.2023.114455
https://doi.org/10.1016/j.bbr.2023.114455
https://doi.org/10.1016/j.ophtha.2024.02.003
https://doi.org/10.1016/j.ophtha.2024.02.003
https://doi.org/10.1111/aos.16607
https://doi.org/10.1007/s00417-021-05441-4

	Postoperative evaluation of visual and cognitive functions following cataract surgery in patients with age-related cataracts: a prospective longitudinal study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Research methods and outcome measures
	2.3 Statistics

	3 Results
	3.1 Demographic of the study population
	3.2 Visual acuity
	3.3 Cognitive function
	3.4 Visual function

	4 Discussion
	5 Limitations
	6 Conclusion

	References

