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The treatment options for dementia patients remain limited in their
efficacy. Consequently, there has been a growing research focus on iden-
tifying risk factors that could potentially prevent or delay the onset of
dementia. Visual impairment has been recognized as a significant risk
factor for dementia [1-3]. Cataract is the most prevalent reversible cause
of blindness, and it is typically treated through surgical intervention to
restore vision [4, 5]. Numerous studies [6—10] have investigated the as-
sociation between cataract surgery and dementia. However, the impact
of cataract surgery on the risk of developing Alzheimer’s disease remains
controversial. Therefore, we conducted a meta-analysis of existing litera-
ture on cataract surgery and its association with dementia, with the aim
of providing a scientific foundation for strategies to prevent or delay the
onset of Alzheimer’s disease.

Methods. Search strategy The PubMed, Embase, and Web of Science
databases from inception to March 31, 2024 were extensively searched
for cohort studies on cataract surgery and dementia.

Inclusion criteria. (1). Study design: Cohort study; (2). Participant:
Cataract patient; (3). Intervention: The observation group received cat-
aract surgery, while the control group did not receive cataract surgery;
(4) Outcomes: The primary outcome was all-cause dementia. Secondary
outcomes were other types of dementia, including Alzheimer’s disease,
vascular dementia, etc.; (5). Effect size: relative risk (RR), odds ratio (OR),
and hazard ratio (HR) with 95% confidence intervals (Cl).

Exclusion criteria. (1) Non-English literature; (2) Review literature or
case studies; (3) Data missing, or unable to extract, or the full text of the
literature not available; (4) Republished literature.

Data extraction. When screening articles, we first read the title to
eliminate irrelevant ones, and then further reviewed the abstract and
full text to determine whether to include the article. The data collect-
ed were collated and analyzed independently by two researchers using
Excel 2021. The extracted information included the first author, year of
publication, region, data source, study design, sample size, type of de-
mentia, cataract diagnosis, dementia diagnosis, follow-up time, age, out-
come, effect size, 95% Cl, and Newcastle-Ottawa Scale (NOS) score. We
cross-examined the findings, and in the event of a dispute, discussed the
resolution or consulted a third researcher.
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Study quality assessment. NOS was used to
evaluate the quality of included studies [11]. An
NOS score > 7 was considered to be of high quality.

Data synthesis and analysis. HR and 95%Cl
were calculated using Statal4.0 software. /? val-
ues were used to detect the heterogeneity be-
tween included studies. If p > 0.1 and ? < 50%,
there was no statistical heterogeneity, and a fixed
effect model was used for analysis. If p < 0.1 and
2> 50%, there was statistical heterogeneity, and
a random effects model was used for analysis.
Subgroup analyses were performed based on
study design (retrospective vs. prospective), sam-
ple size (< 10,000 vs. > 10,000), region (Asian vs.
non-Asian), and whether to adjust for APOE g4
mutations (yes vs. no). The funnel plot method
was used to analyze whether publication bias ex-
isted. Finally, sensitivity analysis was used to veri-
fy the stability of the results.

Results. Study characteristics. The number of
items of literature preliminarily obtained through
database retrieval was 462. After a thorough
screening and careful review, five articles [6-10]
were finally included for meta-analysis, involving
720,075 participants (Figure 1 A). The basic char-
acteristics of the literature are presented in Table I.

Meta-analysis results. Meta-analysis showed
that cataract surgery was not associated with
a reduced risk of all-cause dementia (HR = 0.85,
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95% Cl (0.68, 1.06), p = 0.158) (Figure 1 B). How-
ever, it was associated with a decreased risk of
Alzheimer’s disease (HR = 0.58, 95% Cl (0.36,
0.93), p = 0.025) (Figure 1 B). Descriptive analysis
revealed that cataract surgery did not correlate
with a reduced risk of vascular dementia (HR =
1.03, 95% Cl (0.51, 2.11), p = 0.935) (Figure 1 B),
but it was associated with a lower risk of mild cog-
nitive impairment (HR = 0.79, 95% Cl (0.65, 0.97),
p = 0.023) (Figure 1 B).

Subgroup analysis. Subgroup analysis was per-
formed based on study design (retrospective vs.
prospective). Subgroup analyses showed that cat-
aract surgery was not associated with a reduced
risk of all-cause dementia, regardless of whether
the study design was prospective or retrospective
(retrospective: HR = 0.91, 95% Cl (0.64, 1.31), p =
0.621; prospective: HR = 0.80, 95% Cl (0.57, 1.11),
p =0.176) (Figure 1 C).

Subgroup analysis was performed according to
the study sample size (< 10,000 vs. > 10,000). Sub-
group analyses showed that cataract surgery was
not associated with a reduced risk of all-cause
dementia, regardless of sample size < 10,000 or
> 10,000 (< 10,000: HR = 0.89, 95% Cl (0.54, 1.49),
p=0.663; > 10,000: HR = 0.84,95% Cl (0.61, 1.14),
p = 0.264) (Figure 1 C).

Subgroup analysis was performed by region
(Asian vs. non-Asian). Subgroup analyses showed
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Figure 1. A — Preferred reporting items for systematic reviews and meta-analyses flowchart of included studies
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Outcomes No. of studies Heterogeneity Lower risk Higher risk HR (95% Cl) P-value
P P
All-cause dementia 5 95.40% < 0.0001 el 0.85(0.68,1.06)  0.158
Alzheimer’s disease 2 51.90% 0.149 —eo— 0.58 (0.36, 0.93) 0.025
Vascular dementia 1 - - e 1.03 (0.51,2.11)  0.935
Mild cognitive impairment 1 - - o 0.79 (0.65,0.97) 0.023
0 1 2 3
Subgroup analysis No. of studies Heterogeneity Lower risk Higher risk HR (95% Cl) P-value
P P
Study design
Retrospective 2 98.70% < 00001 1 0.91(0.64, 1.31) 0.621
Prospective 3 70.70% 0.033 —e— 0.80(0.57,1.11) 0.176
Sample size
< 10000 2 83.80% 0.013 I E— 0.89 (0.54, 1.49) 0.663
> 10000 3 97.50% < 00001 —e—— 0.84 (0.61, 1.14) 0.264
Region
Asian 3 97.50% < 0.0001 —e—— 0.84 (0.61, 1.14) 0.264
Non-Asian 2 83.80% 0.013 (e 0.89 (0.54, 1.49) 0.663
APOE e4
Yes 2 0.00% 0.586 o 0.70 (0.62, 0.80) < 0.0001
No 3 97.60% < 0.0001 —e— 0.98 (0/71,1.34) 0.876
0 1 2
D Meta-analysis is estimates, given named study
is omitted
Yuetal 2015 o
Lee et al. 2022 o | !
Maetal 2023| |+ = ------ SO -
Lee et al. 2023 o
Miyata et al. 2018 o -
-0.46 0.38 -0.16 0.06 0.19
| Lower Cl limit O Estimate | Upper CI limit
Study
ID HR (95% Cl) Weight
Yu et al. 2015 PY 0.76 (0.74, 0.78) 50.55
Lee et al. 2022 e 0.74 (0.63, 0.83) 32.30
Ma et al. 2023 R e 0.63 (0.42, 0.95) 8.27
Miyata et al. 2018 ] 1.20 (0.81, 1.77) 8.88
Overall (2 = 57.15, p = 0.072) <> 0.76 (0.67, 0.87) 100.00
Note: weight are from random effects analysis.
0.42 1.0 2.38

Figure 1. Cont. B - Forest plot of association between cataract surgery and dementia risk; C — Forest plot of sub-
group analysis of cataract surgery and the risk of all-cause dementia; D — Sensitivity analysis for the association
between cataract surgery and the risk of all-cause dementia; E — Forest plot of subgroup analysis of cataract sur-
gery and the risk of all-cause dementia (after excluding Lee et al. 2023)
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that cataract surgery was not associated with
a reduced risk of all-cause dementia, regardless of
region being Asian or non-Asian (Asian: HR = 0.84,
95% Cl (0.61, 1.14), p = 0.264; non-Asian: HR =
0.89, 95% Cl (0.54, 1.49), p = 0.663) (Figure 1 C).

Subgroup analyses were performed based
on whether the included studies adjusted for
APOE &4 mutations (yes vs. no). Subgroup anal-
yses showed that after adjusting for APOE &4
mutations, cataract surgery was associated with
a reduced risk of all-cause dementia (HR = 0.70,
95% Cl (0.62, 0.80), p < 0.0001) (Figure 1 C).
However, without adjusting for APOE €4 muta-
tions, cataract surgery was not associated with
a reduced risk of all-cause dementia (HR = 0.98,
95% Cl (0.71, 1.34), p = 0.876) (Figure 1 Q).

Sensitivity analysis. The included literature
was excluded item by item for sensitivity analysis.
When the study by Lee et al. (2023) [6] was ex-
cluded, the meta-analysis results showed statisti-
cal significance (Figures 1 D, E).

Publication bias. As fewer than 10 articles were
included, publication bias analysis was not possible.

Discussion. Our meta-analysis of existing stud-
ies showed that cataract surgery was not associ-
ated with a reduced risk of all-cause dementia,
but it was associated with a decreased risk of de-
veloping Alzheimer’s disease. The results of this
meta-analysis are quite different from those of
previous meta-analyses. Previous meta-analyses
suggested that cataract surgery might help re-
duce the risk of all-cause dementia [12—14]. First,
Liu et al.’s [12] meta-analysis pooled various types
of dementia and found that cataract surgery was
associated with a reduced risk of dementia. Addi-
tionally, a meta-analysis by Zhang et al. [13] found
that cataract surgery was associated with a lower
incidence of all-cause dementia and Alzheimer’s
disease. Furthermore, Yeo et al.’s [14] meta-anal-
ysis focused solely on all-cause dementia. Our
study incorporated the most recent literature and
conducted a meta-analysis of multiple types of
dementia, building on the findings of these three
previous meta-analyses. This approach allowed
us to more thoroughly assess the relationship be-
tween cataract surgery and dementia risk. Com-
pared to earlier studies, our research is innovative
in several ways. First, our meta-analysis included
the latest literature and increased the sample
size, enhancing the reliability and credibility of
the findings. Second, we analyzed different types
of dementia, rather than aggregating the results
of different types. Finally, to explore the potential
influencing factors, we conducted subgroup anal-
ysis and sensitivity analysis, which were not ad-
dressed in previous meta-analyses.

Results from a meta-analysis of five cohort
studies included in this research indicated that
cataract surgery was not associated with a re-

duced risk of all-cause dementia in cataract pa-
tients. After excluding the study by Lee et al. [6],
it was found that cataract surgery was indeed as-
sociated with a reduced risk of all-cause dementia
in cataract patients. This was consistent with the
results of previous meta-analyses [12-14]. We hy-
pothesize that this discrepancy may be due to the
inclusion of other eye diseases, such as glaucoma,
diabetic retinopathy, and age-related macular de-
generation, in the multifactorial analysis, as these
conditions are known risk factors for dementia
and cognitive impairment. Overall, cataract sur-
gery is associated with a lower risk of dementia
in cataract patients. The APOEe4 mutation is the
most important genetic risk factor for Alzheimer’s
disease [15-17]. In this meta-analysis, a subgroup
analysis was performed to determine whether
APOEg4 mutations were adjusted. We found that
after adjusting for APOEg4 mutations in two stud-
ies [7, 8], cataract surgery was associated with
a significantly reduced risk of all-cause dementia
in cataract patients. Meanwhile, a meta-analysis
that included the same two studies [7, 8] found
that cataract surgery was associated with a re-
duced risk of Alzheimer’s disease in cataract pa-
tients. Therefore, this study strongly supports the
conclusion that cataract surgery can help reduce
the risk of Alzheimer’s disease in cataract pa-
tients.

Cataract is a treatable visual impairment of the
eye [18]. Visual impairment may increase the risk
of dementia and cognitive impairment [3, 19, 20].
Early prevention and timely treatment of visual
impairment can reduce the incidence of demen-
tia [21]. Surgery can significantly reduce the risk
of all-cause dementia and Alzheimer’s disease in
cataract patients. Researchers have analyzed the
mechanisms of cataract surgery and reduced de-
mentia risk. First, after cataract surgery, people can
receive higher-quality sensory input, which may
help mitigate the risk of dementia [6]. Second,
cataract surgery reactivates cells that are sensitive
to blue light. A specific group of cells in the ret-
ina, known as intrinsically photosensitive retinal
ganglion cells (ipRGC), are particularly sensitive to
blue light stimulation and play a crucial role in reg-
ulating circadian rhythms [22, 23]. Degeneration
and functional alterations in these cells have been
shown to be associated with cognition and Alzhei-
mer’s disease [23-25]. Because cataract surgery
restores the passage of blue light through the lens
into the ipRGC, it reactivates these cells to prevent
cognitive decline [7].

Limitations of this study. First, it was a co-
hort-based analysis, and the adjusted covariates
in the results varied, which may introduce poten-
tial confounding factors. Consequently, the influ-
ence of other variables on dementia risk cannot
be entirely ruled out. Second, the study was based
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on observational data, and randomized controlled
trials are needed to validate the association be-
tween cataract surgery and dementia risk. Third,
due to the limited number of included studies,
there might be potential publication bias. Fourth,
the included studies only compared cataract pa-
tients who underwent surgery with those who did
not. Fifth, while the number of participants in the
study was substantial, it may not be representa-
tive of the broader population. Participants may
be from specific regions or specific medical insti-
tutions, which could limit the generalizability of
the findings. Lastly, cognitive impairment and de-
mentia are complex conditions influenced by var-
jous factors, including genetics, vascular disease,
and inflammation. Therefore, it is unclear wheth-
er cataract surgery directly causes dementia or if
other mediating variables are involved. As a result,
the question of whether cataracts represent an in-
dependent risk factor for dementia requires fur-
ther investigation.

In conclusions, the available evidence sug-
gests that cataract surgery may reduce the risk
of Alzheimer’s disease in cataract patients. How-
ever, the relationship between cataract surgery
and the reduced risk of all-cause dementia in
these patients requires further investigation.
The study had several limitations, including its
observational design, potential confounding fac-
tors, limitations in sample characteristics, and
inability to determine causation. Future studies
will need to employ more rigorous study designs
and explore specific mechanisms to further val-
idate this association and provide more robust
evidence.
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