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Introduction: The retina is the “window” of the central nervous system. Previous

studies discovered that retinal thickness degenerates through the pathological

process of the Alzheimer’s disease (AD) continuum. Hippocampal atrophy is one

of the typical clinical features and diagnostic criteria of AD. Former studies have

described retinal thinning in normal aging subjects and AD patients, yet the

association between retinal thickness and hippocampal atrophy in AD is unclear.

The optical coherence tomography (OCT) technique has access the non-invasive

to retinal images and magnetic resonance imaging can outline the volume of

the hippocampus. Thus, we aim to quantify the correlation between these two

parameters to identify whether the retina can be a new biomarker for early AD

detection.

Methods: We systematically searched the PubMed, Embase, and Web of Science

databases from inception to May 2023 for studies investigating the correlation

between retinal thickness and hippocampal volume. The Newcastle-Ottawa

Quality Assessment Scale (NOS) was used to assess the study quality. Pooled

correlation coefficient r values were combined after Fisher’s Z transformation.

Moderator effects were detected through subgroup analysis and the meta-

regression method.

Results: Of the 1,596 citations initially identified, we excluded 1,062 studies after

screening the titles and abstract (animal models, n = 99; irrelevant literature,

n = 963). Twelve studies met the inclusion criteria, among which three studies

were excluded due to unextractable data. Nine studies were eligible for this

meta-analysis. A positive moderate correlation between the retinal thickness was

discovered in all participants of with AD, mild cognitive impairment (MCI), and

normal controls (NC) (r = 0.3469, 95% CI: 0.2490–0.4377, I2 = 5.0%), which

was significantly higher than that of the AD group (r = 0.1209, 95% CI:0.0905–

0.1510, I2 = 0.0%) (p < 0.05). Among different layers, the peripapillary retinal nerve

fiber layer (pRNFL) indicated a moderate positive correlation with hippocampal

volume (r = 0.1209, 95% CI:0.0905–0.1510, I2 = 0.0%). The retinal pigmented
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epithelium (RPE) was also positively correlated [r = 0.1421, 95% CI:(−0.0447–

0.3192), I2 = 84.1%]. The retinal layers and participants were the main overall

heterogeneity sources. Correlation in the bilateral hemisphere did not show a

significant difference.

Conclusion: The correlation between RNFL thickness and hippocampal volume

is more predominant in both NC and AD groups than other layers. Whole

retinal thickness is positively correlated to hippocampal volume not only in AD

continuum, especially in MCI, but also in NC.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

CRD42022328088.
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Introduction

Alzheimer’s disease (AD) is a progressive, insidious onset
neurodegenerative disease that accounts for 60∼80% of dementia
(Alzheimer’s Association, 2020), and which affects more than 50
million people worldwide. No treatment has been proven to be
effective for AD and it has caused a global burden on economies
and health care systems (Berk et al., 2014; den Haan et al., 2018b).
The insidious onset of the disease brings potential challenges for
the treatment of this progressive disease. In the National Institute
on Aging and Alzheimer’s Association Research Framework, the
definition of the disease has shifted from syndromal to a biological
construct which focuses on the biomarkers grouped as β-amyloid
deposition (A), pathologic tau (T), and neurodegeneration (N)
[AT(N)] (Jack et al., 2018). The traditional approach to detecting
in vivo biomarkers appears relatively late when clinical symptoms
arise, and has high-cost and invasiveness limitations. Thus,
effective interventions for early detection may significantly reduce
underdiagnosis and give patients more time by postponing the
progression of AD.

Mild cognitive impairment (MCI) is an intermediate stage
between normal aging and dementia (Thompson et al., 2004; Ridha
et al., 2008; Jack et al., 2009; Morra et al., 2009; Albert et al., 2011).
The annual conversion rate from MCI to AD is approximately
10% ∼15%. On average, most MCI patients convert to AD within
5 years from the first diagnosis (Tábuas-Pereira et al., 2016). AD is
characterized by memory decline, and neurobiological changes in
the medial temporal lobe can occur years before memory decline
appears. The earliest brain atrophy in Alzheimer’s disease typically
initiates through the hippocampal pathway. The atrophy rate of the

Abbreviations: AD, Alzheimer’s disease; OCT, optical coherence
tomography; NOS, Newcastle-Ottawa Quality Assessment Scale; MCI,
mild cognitive impairment; NC, normal control; pRNFL, peripapillary retinal
nerve fiber layer; RPE, retinal pigmented epithelium; Aβ, amyloid β-protein;
NFL, nerve fiber layer; GCL, ganglion cell layer; INL, inner nuclear layer;
ONL, outer nuclear layer; Tau, tau proteins; mGCL-IPL, macular ganglion
cell layer-inner plexiform layer; SCD, subjective cognitive decline; MMSE,
Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment;
M, male; F, female; mRNFL, macula retinal nerve fiber layer; SD, spectral-
domain; HD, Heidelberg Spectralis; MRI, magnetic resonance imaging; T,
Tesla; GCC, ganglion cell complex; DHA, docosahexaenoic acid.

medial temporal lobe, including the hippocampus, and the whole
brain (Fox et al., 1999; Sluimer et al., 2010) correlates closely with
the progression of neurodegeneration. Hippocampal atrophy has
been proven to be a valid structural biomarker (Dubois et al., 2007)
of AD diagnosis with the simplest means of assessment and is more
sensitive than Aβ deposition to changes from MCI to moderate AD
(Jack et al., 2009; Frisoni et al., 2010; Sluimer et al., 2010).

The retina originates from the diencephalon during embryonic
development (London et al., 2013) and is considered to be the
“window” of the central nervous system (CNS) as they share similar
neurobiology in neuronal cells and microvasculature. For this
reason, the retina is now considered a promising biomarker for AD
diagnosis as it might mirror similar pathology as neurodegenerative
diseases (Cheung et al., 2017). Previous studies have discovered
a multitude of amyloid β (Aβ) deposits in the nerve fiber layer
(NFL) and ganglion cell layer (GCL) in AD patients (Löffler
et al., 1995; Leger et al., 2011; Koronyo et al., 2017; Grimaldi
et al., 2019), which could be associated with neuronal loss in the
retinal GCL, inner nuclear layer (INL), and outer nuclear layer
(ONL). Increased Aβ deposits (Koronyo et al., 2017; den Haan
et al., 2018b) and phosphorylated tau (pTau) diffusion spreading
in the inner layer of retina AD patients has been observed
in post-mortem retinal slices, as well as aggregation of Aβ 2.7
times more than that of age-matched controls (Grimaldi et al.,
2019). Optical coherence tomography (OCT) is a non-invasive,
comparatively low-cost retinal imaging technology. Changes of
OCT parameters in AD have been documented in recent years.
Cross-sectional studies have shown that the peripapillary retinal
nerve fiber layer (pRFNL), RNFL in the superior and inferior
quadrants, the macular ganglion cell layer-inner plexiform layer
(mGCL-IPL), and macular thicknesses are significantly decreased
in people with preclinical Alzheimer’s disease or mild cognitive
impairment (Jindahra et al., 2010; Larrosa et al., 2014; Cunha et al.,
2016, 2017; den Haan et al., 2017; Chan et al., 2019; Katsimpris et al.,
2022). Additionally, several researchers investigated the correlation
between retinal thickness and hippocampal atrophy through retinal
OCT inspection and structural MRI (Rotenstreich et al., 2019;
Shi et al., 2020; Sergott et al., 2021). Previous meta-analyses have
identified associations between retinal measurements of OCT and
AD and MCI patients, reflecting degenerated retinal thickness

Frontiers in Aging Neuroscience 02 frontiersin.org

https://doi.org/10.3389/fnagi.2023.1232941
https://www.crd.york.ac.uk/PROSPERO/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-15-1232941 August 17, 2023 Time: 13:57 # 3

Chen et al. 10.3389/fnagi.2023.1232941

compared to healthy controls (Chan et al., 2019; Ge et al., 2021).
However, the association between biomarkers of the retina and
hippocampal atrophy has not yet been systematically studied. This
meta-analysis and systematic review aimed to address whether
retinal thickness changes coordinate hippocampal atrophy during
the progression of cognition decline in MCI and AD. It is
also hoped to discuss under which circumstances the quantified
correlation may be prominent and the potential reasons behind it.

Methods

This study was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines (Moher et al., 2010). The protocol of this review
was registered at PROSPERO (PROSPERO Registration Number:
CRD42022328088).

Search strategy

The electronic databases of PubMed, Embase, and the
Wed of Science were searched from the establishment of the
databases to May 2023. Searching strategies were structured as in
Supplementary File 1. Two researchers (SC and DZ) separately
implemented an online search and supplemented it with references
from the relevant studies. Abstracts were screened and full articles
read to preclude irrelevant studies and additional citations.

Study selection

Studies were eligible if: (1) studies were cohort studies and/or
cross-sectional studies on living humans; (2) participants were
clinically diagnosed with AD, MCI, or were healthy controls; (3) the
thickness parameters of the retinal images were assessed through
OCT and hippocampal volume measurement from structural MRI
images could be acquired from both hemispheres or unilaterally;
(4) studies had reported the correlation coefficient using either
the Pearson or Spearman’s method; (5) studies were peer-reviewed
studies published in the English language. Any disagreements were
resolved through the discussion.

Quality assessment

The methodological quality was assessed based on the
Newcastle-Ottawa Quality Assessment Scale (NOS) (Wells et al.,
2000) by two independent researchers (MS and DZ). MS assessed
the quality of the individual studies and DZ checked independently.
The score was scaled from 0 to 9, with scores over 7 points
considered high quality. No primary studies were scored under
7 based on the assessment. Disagreements were resolved through
discussion and with a third reviewer when necessary.

Data extraction

Data were extracted on participants’ characteristics,
measurements of the retina and hippocampal structure, cognition

assessment, and the correlation coefficient r between retinal
thickness and hippocampal volume. All coefficients r were
extracted when statistically significant. In studies where the
coefficient correlation was absent, SPSS 26.0 software (IBM, Inc.,
Chicago, IL, USA) was used to run the correlation coefficient r
from the original data.

Analysis

The Pearson correlation measures the strength between two
variables, while the linear regression model describes a linear
relationship between two variables. These two coefficients cannot
be combined technically. Thus, in this study, we chose the
effect sizes to be the Pearson correlation coefficients. Correlation
coefficients r were synthesized in RStudio (the “meta” package,
1.3.959).1 Studies were combined when the correlation coefficients
r were reported in at least two studies. In most cases, the r value
does not approach bivariate normal distribution and cannot be
directly synthesized since the variance depends on the sample size
and population parameters. However, through correction of the
Fisher estimator (Berry and Mielke, 2000), bias from these sample
correlations could only be partially eliminated. Therefore, we
introduce this Fisher’s z transformation to convert the correlation
coefficient r to obtain a basic distribution. We fit the r value
from each study in the equation z’ = 0.5[ln(1 + r)–ln(1–r)] and
obtained the z value. Then, the syntheses of z were pooled in the
meta-analysis.

Random effect models were performed to pool the z value.
Egger’s test was used to detect publication bias. Heterogeneity was
assessed using the I2 statistic. We did not implement a funnel plot
because the number of studies was less than 10. We implemented
subgroup analysis and meta-regression to investigate the potential
sources of heterogeneity according to the following categories: (1)
participants of AD/MCI/NC; (2) left/right/both side(s); (3) retinal
measurement sites: the retinal nerve fiber layer (RNFL), ganglion
cell layer (GCL), retinal pigmented epithelium (RPE), inner nuclear
layer (INL), and inner plexiform layer (IPL).

Results

Study characteristics

The searches initially identified 1,139 unique citations
(Figure 1). After screening the titles and abstract for studies with
animal models (n = 99) or that were irrelevant (n = 963), 12 studies
met the inclusion criteria (Rotenstreich et al., 2019; Tao et al., 2019;
Shi et al., 2020; Uchida et al., 2020; Zhao et al., 2020; Donix et al.,
2021; Galvin et al., 2021; Sergott et al., 2021; López-Cuenca et al.,
2022; Mathew et al., 2022; Ueda et al., 2022; Wang et al., 2022),
among which three studies were excluded after reading the full text
for the following reasons: the coefficient of two studies (Ueda et al.,
2022; Wang et al., 2022) was calculated in a linear regression model
and the number of AD participants in one study was missing
(Galvin et al., 2021).

1 https://rstudio.com/
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FIGURE 1

The flow chart of the search strategy.

Table 1 summarizes the nine studies in this meta-analysis.
All of the nine studies were high-quality studies (Table 2).
One cohort study (Sergott et al., 2021) observed macular

grid RNFL thickness and hippocampal volume change from
baseline to 78 weeks in one randomized controlled trial of
Verubecestat. We extracted the Pearson correlation coefficient
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TABLE 1 Demographic figures of included studies.

References Subject N (M/F) Age Cognition
assessment

Retina layer Correlation
coefficient r

Side(s) OCT
measurements

Structural MRI

Shi et al., 2020 NC 80
(39/41)

68 ± 5.3 MMSE
28 ± 0.2

pRNFL 0.21 double HD-OCT T1-weighted
3T

Sergott et al., 2021 AD 1,785
(801/985)

71.7 ± 7.5 MMSE
(15–26)

mRNFL 0.102 (n = 960) right SD-OCT T1-weighted
1.5 T or 3 T

0.116 (n = 951) left

Retina 0.145 (n = 1,111) right

0.117 (n = 1,060) left

Rotenstreich et al., 2019 AD 64 N/A Executive function;
Episodic memory tests

GCL 0.313 right SD-OCT 3T

RPE 0.272

NC 23 RPE −0.47 left

Uchida et al., 2020 NC 31
(11/20)

65.1 ± 7.6 MoCA
27 (25–28.5)

RPE −0.393 double SD-OCT T1-weighted
3T

Donix et al., 2021 NC 12
(7/5)

65.1 ± 9.0 MMSE
29.3 ± 0.7

pRNFL 0.803 left Spectralis OCT T1-weighted
3T

0.818 right

Tao et al., 2019 AD
MCI
NC

42
(29/44)

48
(20/31)

45
(24/43)

71.40 ± 7.82
71.67 ± 8.04
68.91 ± 5.88

MMSE
19.67 ± 4.58
28.33 ± 1.55
28.67 ± 1.00

pRNFL 0.302 left

OCT T1-weighted
3T

Zhao et al., 2020 AD 17
(9/8)

70.24 ± 7.53 MMSE
21.18 ± 3.09

mRNFL 0.529 double

MCI 23
(12/11)

68.43 ± 5.70 26.91 ± 1.47 Stratus OCT T1-weighted
3T

NC 19
(8/11)

66.63 ± 6.17 28.79 ± 1.03

López-Cuenca et al., 2022 NC 30
(12/18)

60.0
(54.0–64.5)

MMSE
29.0 (29.0–29.0)

IPL −0.542 right Spectralis OCT T1-weighted
1.5T

−0.595 left

INL −0.422 left
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r of the baseline when all patients were recruited without any
intervention.

In total, the nine selected studies yielded 18 effect sizes and
4,802 participants. These participants were either MCI/AD patients
or normal controls. In one study (Mathew et al., 2022), participants
of subjective cognitive decline (SCD) were included. Since SCD is
a subjective clinical symptom but not a clinical diagnosis, we chose
to combine the data with the normal control group. Six of the nine
studies investigated the RNFL (four pRNFL and two mRNFL), two
studies reported RPE thickness changes, and one study reported
IPL and INL thickness changes.

Association between retinal thickness
and hippocampal volume

Figure 2 shows the forest plot for an insignificant correlation
between retinal thickness and hippocampal volume loss (r = 0.1651,
95% CI: −0.0288–0.3470, p = 0.09). Egger’s regression test revealed
a rather symmetrical result (p = 0.5968), presenting a low risk
of reporting bias. Furthermore, no outliers were identified in an
influential analysis that could nullify the correlation between retinal
thickness and hippocampal volume in the leave-one-out method
(Figure 3). Moreover, high heterogeneity was detected in the overall
samples (I2 = 82.5%, p < 0.01).

Moderator effects

In order to investigate the potential sources of heterogeneity,
subgroup analysis was conducted with several moderator variables,
including participants, hemisphere, and retinal layers.

The correlation between retinal
thickness and hippocampal volume in
AD, MCI, and NC subjects

In the groups of different participants, the correlation between
total retinal thickness and hippocampal volume was significantly
positively correlated in AD patients (r = 0.1209, 95% CI:0.0905–
0.1510, I2 = 0.0%), and for participants of AD, MCI, and NC in
sum, the correlation was significantly positive (r = 0.3469, 95% CI:
0.2490–0.4377, I2 = 5.0%). It was discovered that the difference
between the AD and NC groups was significant (P < 0.05). For the
NC group, however, the correlation was positive but rather unstable
(r = 0.1114, 95% CI: −0.2718–0.4641, I2 = 87.8%), revealing a
high heterogeneity, suggesting that the participant was not the only
moderator that accounted for heterogeneity (Figure 4).

The correlation between different retinal
layers and hippocampal volume

In all, RNFL thickness was reported in six studies (Tao et al.,
2019; Shi et al., 2020; Zhao et al., 2020; Donix et al., 2021; Sergott
et al., 2021; Mathew et al., 2022), RPE change was reported in two
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studies (Rotenstreich et al., 2019; Uchida et al., 2020), and GCL
and IPL/INL each in one study separately (Rotenstreich et al., 2019;
López-Cuenca et al., 2022). In the subgroup of different retinal
layers, the pRNFL showed a stable moderate positive correlation
(r = 0.3242, 95% CI: 0.2303–0.4120, I2 = 60.1%) (Figure 5).

In comparison, the correlation between the mRNFL or RPE and
hippocampal volume was rather weak (r = 0.1222, 95% CI: 0.0784–
0.1655, I2 = 83.4%; r = 0.1421, 95% 0.0447–0.3192, I2 = 84.1%)
showing heavy heterogeneity. Other parameters including the
retina and IPL had a weak correlation and low heterogeneity
(retina: r = 0.1314, 95% CI: 0.0898–0.1725, I2 = 0.0%; IPL:
r = −0.5691, 95% CI: −0.7225- −0.3622, I2 = 0.0%) (Figure 5).

In the six studies that reported RNFL thickness, the correlation
between the RNFL and hippocampal volume in the NC group
(r = 0.6407, 95% CI: 0.1084–0.8875, I2 = 83.6%) was significantly
stronger than that of AD (r = 0.1090, 95% CI: 0.0644−0.1531,
I2 = 0%) (P < 0.05) (Figure 6).

The correlation between retinal
thickness and hippocampal volume in
different hemispheres

In the subgroup analysis that measured hemisphere sides, four
studies (Rotenstreich et al., 2019; Shi et al., 2020; Uchida et al., 2020;
Zhao et al., 2020) reported the correlation coefficient bilaterally,
and six studies (Rotenstreich et al., 2019; Tao et al., 2019; Donix
et al., 2021; Sergott et al., 2021; López-Cuenca et al., 2022; Mathew
et al., 2022) reported the correlation coefficient of the left and right
side separately. Further subgroup analysis suggested that measuring
sides was not the main factor leading to heterogeneity (P = 0.1889)
(Figure 7). Due to the absence of the age variable in one study
(Rotenstreich et al., 2019), and the effect size did not categorize by
gender, subgroup analysis could not be conducted using these two
variables.

Meta-regression

The moderator effect analysis suggested that any variables
of the subject, retinal layer, or hemisphere could not be the
independent source that eliminates all heterogeneity. Therefore,
we implemented meta-regression analysis to accommodate for the
unaccounted heterogeneity. The meta-regression analysis revealed
that in the overall studies, the variable of the retinal layer alone
accounted for 65.55% of all heterogeneity. Furthermore, the two
variables of the subject together with the retinal layers accounted
for 100.00% of all heterogeneity.

Discussion

This is the first study so far to conduct a meta-analysis of the
correlation between retinal thickness and hippocampal volume.
Through the combined statistics of nine studies on the OCT
detection of retinal thickness and volumetric MRI of hippocampal
atrophy, the correlation between retinal changes and hippocampal
atrophy in AD patients and cognitively normal participants was
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FIGURE 2

Forest plot for the overall result.

FIGURE 3

Sensitivity analysis.
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FIGURE 4

Subgroup analysis of different participants.

explored. The main finding of this study is that there is a significant
positive correlation between retinal thickness and hippocampal
volume in AD participants (r = 0.1209, 95% CI:0.0905–0.1510,
I2 = 0.0%). In the participants of AD, MCI, and NC in sum, a
positive correlation was detected (r = 0.3469, 95% CI: 0.2490–
0.4377, I2 = 5.0%). It is worth noting that the retinal layer of
focus in three participant groups was the RNFL, suggesting that the
correlation between RNFL thickness and hippocampal atrophy was
consistent from NC to AD.

A high degree of heterogeneity was detected in the statistical
analysis of this study, suggesting that the overall pooled results
may not be present in all cases. Given that the heterogeneity is
most likely due to the clinical heterogeneity of the subjects in the
original study, this suggests the diversity of the subjects can greatly
affect the accuracy of the statistical results. It was suggested that
different retinal layers contribute most to the heterogeneity; second
to this, participants were the other moderator factor that accounted
for the residual heterogeneity. The study by Sergott et al. (2021),

contributed to more than half of the total sample size and greatly
affected the results of the overall or subgroup analysis, even though
Egger’s test did not reveal a publication bias. Methodologically,
the precision of the effect size is inversely related to sample size
(Sedgwick and Marston, 2015). Correspondingly, sample size is also
one of the independent factors that can affect heterogeneity.

The subgroup analysis and meta-regression demonstrated
that the participants were an independent factor affecting the
correlation between retinal thickness and hippocampal volume.
Interestingly, the correlation of all participants, including AD,
MCI, and NC (r = 0.3469, 95% CI: 0.2490–0.4377, I2 = 5.0%),
was significantly stronger than that of the AD group (r = 0.1209,
95% CI:0.0905–0.1510, I2 = 0.0%), and the difference between the
two groups was statistically significant (P < 0.0001) (Figure 4).
One possible explanation for this might be the fact that retinal
attenuation appears to be different between normal aging and AD
pathology. Previous meta-analyses have suggested retinal thickness
was significantly decreased in AD patients, but the difference
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FIGURE 5

Subgroup analysis of different retinal layers.

was rather small compared with the normal controls (den Haan
et al., 2017; Chan et al., 2019). Coincidentally, den Haan et al.
(2019) indicated a statistically significant retinal thinning in well-
characterized AD but failed to discriminate from normal aging
in a cross-sectional study. Several studies also indicated that the

retina–brain association became significant when adjusted for age,
gender, education, etc., (Liu et al., 2016; Casaletto et al., 2017). This
evidence suggests that retinal thickness might be informative in
non-demented populations or AD patients at an early stage, but
not strong enough to be an independent biomarker for AD. We
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FIGURE 6

Subgroup analysis of the RNFL.

speculate that the atrophy in the retina might not be unanimous
in all ten layers since the IPL and INL thickness were negatively
correlated to hippocampal volume.

It was certain that there was a positive association between
RNFL thickness and hippocampal volume loss in both NC and
the AD continuum. However, our subgroup suggested that the
correlation of RNFL thickness and hippocampal atrophy in the NC
group was much higher than that of the AD group (NC: r = 0.6407,
95% CI:0.1084–0.8875; AD: r = 0.1090, 95% CI:0.0644–0.1531)
(Figure 6). In previous studies (Kesler et al., 2011; Shen et al.,
2014; Cheung et al., 2015; Gao et al., 2015), a large amount of
data have shown that the RNFL has a relatively obvious atrophy
phenomenon in AD patients. Chan et al. (2019) conducted a
meta-analysis of 30 studies and showed that the spectral-domain
OCT (SD-OCT) measurements of the inner retina of AD patients
(including macular ganglion cell-inner plexiform layer (GC-IPL)
thickness, macular ganglion cell complex (GCC) thickness, and
peripapillary RNFL thickness) were significantly thinner than those
of controls. At the same time, retinal macular thickness and
macular volume were also significantly decreased in AD patients
compared with controls. In two (Ko et al., 2018; Mutlu et al., 2018)
large-scale cohort studies, the results suggested that RNFL thinning
predicted the decline in cognitive level and increased risk of AD

in patients, and this conclusion was still statistically significant
after adjusting for cardiovascular risk factors. den Haan et al.
(2017), Chan et al. (2019) conducted a systematic review and meta-
analysis of 25 studies measuring retinal thickness and found that
compared with NC, the average peripapillary RNFL and macular
thickness of AD patients were reduced, but the study also suggested
that the small between-group difference in RNFL thinning might
limit its potential as a biomarker. Still, other studies (Lehmann
et al., 2013; Mutlu et al., 2018) have shown that visual ratings
are somewhat correlated with structures in the medial temporal
lobe, but not the hippocampus. Casaletto et al. (2017) found
that in an elderly population with normal cognition, there was a
linear correlation between RNFL and entorhinal cortex volume,
which was statistically significant; however, there was no significant
correlation between the hippocampus and any retinal structure,
while the para-hippocampus structure had a significant correlation
with RNFL thinning. According to the differences between groups
in this meta-analysis, the correlation between RNFL thickness and
hippocampal volume in the NC group (r = 0.6407, 95% CI: 0.1084–
0.8875, I2 = 83.6%) was significantly stronger than that of AD
(r = 0.1090, 95% CI: 0.0644–0.1531, I2 = 0%), suggesting that AD
pathology might alter the changes of the retinal structure and it
no longer has the same atrophy progression as the NC group. The
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FIGURE 7

Subgroup analysis of different hemispheres.

average age of participants included in the NC group was above
65 years old, thus we consider that the specific atrophy of the RNFL
might occur through aging. Synchronously, considering that the
correlation belongs to the consistency of the distribution between
the two variables, therefore, the pattern of retinal volume changes
in AD patients may be different from the process of hippocampal
atrophy, and this view needs to be further proved at the pathological
level.

This study also found that RPE volume loss had a positive
correlation with hippocampal atrophy (r = 0.1421, 95%
CI:−0.0447–0.3192], I2 = 84.1%) (Figure 5). In previous studies,
no significant categorical changes in outer retinal thickness were
found in subjects with neurodegenerative diseases, but there
was a correlation between outer retinal loss and neurocognitive
decline (den Haan et al., 2018a; Uchida et al., 2020). The RPE
is the epithelium of the outer layer of the retina, and since
glaucoma is characterized by thinning of the retinal nerve
fiber layer or other inner retinal diseases, it is theoretically
less affected by the presence of glaucoma (Chen et al., 2017)

and more closely associated with neurodegeneration. Previous
studies generally believed that the inner layer of the retina has a
greater correlation with cognitive decline in neurodegenerative
diseases and hippocampal atrophy (Gordon-Lipkin et al., 2007),
but the inner layer of the retina may often be affected by
glaucoma and other diseases. In terms of the RPE being the
outermost layer of the retina, the RPE presents a weak positive
correlation.

The possible pathological mechanisms underlying the
association between RPE volume and hippocampal atrophy are
unclear. Löffler et al. (1995) discovered the Aβ immunoreactivity
in the RPE of normal elderly people. Toxic Aβ oligomers were
found to be aggregates in drusen of macular RPE (Johnson et al.,
2002; Luibl et al., 2006). Drusen-like Aβ deposits were also found
in the RPE of 5xFAD mice (Park et al., 2014). Other possible
mechanisms might be related to the high abundance of long-chain
polyunsaturated fatty acids (PUFA), especially docosahexaenoic
acid (DHA, 22:6n-3), which accounts for the outer segments of
photoreceptors and the main structure of lipids in the cortex
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(SanGiovanni and Chew, 2005). DHA, as an important component
of biofilms in neuronal tissues including the retina, plays a key role
in maintaining the flexibility of the bilayer as well as the renewal
of the outer segment membranes of photoreceptors (SanGiovanni
and Chew, 2005). Evidence from a recent study showed that the
total amount of DHA and eicosatetraenoic acid in erythrocytes
was positively correlated with whole brain volume in adult subjects
(Pottala et al., 2014). Some scholars believe that the chronic
reduction of DHA in the retina is related to the atrophy of the
RPE. This may be due to age-related decreased DHA uptake and
transport to photoreceptors through the choroidal capillary-RPE.
Retinal lipid synthesis may also be affected by desaturase activation
or antioxidant systems. But, under normal conditions, DHA can
also be efficiently recycled in the retina and the RPE (SanGiovanni
and Chew, 2005).

There were several limitations of our meta-analysis: first, while
four of the nine studies investigated AD patients, three of them
pooled the AD data with MCI and NC groups, and we did
not have access to the data of AD patients independently. The
independent retinal thickness of AD was mainly detected in one
single study. Second, 90% of AD patients in our research were
clinically diagnosed. A lack of Aβ or tau biomarkers might lead to
case misclassification. Furthermore, heterogeneity in sample size
preserves obvious differences in the statistical analytical results,
which might affect precision. Thus, larger sample sizes studies with
meticulously designed methods are necessary for validation.

Conclusion

This meta-analysis revealed a positive correlation between
retinal thickness and hippocampal atrophy. The correlation
appears to be more predominant in the RNFL than in other
layers, especially the RNFL in NC groups rather than AD groups,
suggesting that retinal thinning appears along with aging and
probably initiates in the early stages of the continuum of AD.
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