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ABSTRACT

Introduction: Hemodialysis (HD) has various
effects on the body, including optimizing body
fluid composition and volume, which may have
an impact on subfoveal choroidal thickness
(SCT) in individuals with end-stage kidney dis-
ease (ESKD). However, previous studies have
produced conflicting results regarding the effect
of HD on SCT in patients with ESKD. Therefore,
we conducted a meta-analysis to investigate the
influence of HD on SCT.

Methods: A comprehensive search of relevant
studies and bibliographies was conducted using
Embase, PubMed, and Web of Science databases
up to September 2022. Weighted mean differ-
ence (WMD) and 95% confidence interval (CI)
were used to summarize the SCT change.
Heterogeneity and publication bias were asses-
sed, and a random-effects model was employed
for the meta-analysis. Subgroup analyses were
also performed to evaluate the influence of
factors such as diabetes mellitus (DM), the
severity of diabetic retinopathy (DR), diurnal
variation adjustment, optical coherence
tomography (OCT) types, and OCT scan modes.
Results: A total of 15 studies involving 1010
eyes were eligible for this meta-analysis,
including 552 diabetic eyes, 230 non-diabetic
eyes, and the remaining 228 eyes were uncate-
gorized. The meta-analysis revealed a significant
reduction in SCT after HD (WMD = -13.66 lm;
95% CI -24.29 to -3.03 lm; z = -5.115,
P\ 0.0001). Subgroup analysis indicated a sig-
nificant difference between the DM and non-
DM groups (WMD = -24.10 lm vs. -15.37 lm,
95% CI -27.39 to -20.80 lm vs. -19.07 to
-11.66 lm; P = 0.001). Additionally, the group
with proliferative diabetic retinopathy (PDR)
exhibited a more pronounced reduction in SCT
(WMD = -28.66 lm; 95% CI -37.10
to -20.23; z = -6.660, P\0.0001). Adjusting
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for diurnal variation, different types or scan
modes of OCT did not significantly affect the
results.
Conclusion: HD leads to a significant decrease
in SCT among patients with ESKD, especially in
patients with DM with PDR.

Keywords: End-stage kidney disease; Diabetes
mellitus; Diabetic retinopathy; Subfoveal
choroidal thickness; Hemodialysis; Optical
coherence tomography

Key Summary Points

This study aimed to investigate the impact
of hemodialysis (HD) on subfoveal
choroidal thickness (SCT) and found a
significant reduction in SCT after HD,
particularly in patients with diabetes
mellitus and proliferative diabetic
retinopathy (PDR).

The sub-analysis revealed that diabetes
status, diurnal variation, and the optical
coherence tomography (OCT) machine
type and scan mode may contribute to the
observed decrease in heterogeneity.

This study suggested that the alteration in
SCT after HD could potentially establish
SCT as a valuable structural biomarker for
non-invasive assessment of systemic
vascular conditions.

INTRODUCTION

End-stage kidney disease (ESKD) is the final
stage of chronic kidney disease and is charac-
terized by the progression of various clinical
manifestations such as hypertension, edema,
and endocrine disorders. To address these
pathological states and optimize body fluid
composition and volume, renal replacement
therapy such as hemodialysis (HD) is necessary.

HD leads to fluctuations in systemic hemo-
dynamic parameters and often results in a

reduction in blood pressure (BP), which is
associated with a decrease in body weight and
plasma volume [1]. The effect of HD on ocular
parameters such as the choroidal blood flow
and systemic blood pressure (SBP) has also been
reported. Relevant studies indicate that HD may
affect parameters such as intraocular pressure,
central corneal thickness, central retinal thick-
ness, retinal nerve fiber layer thickness, and
choroidal thickness [2].

The choroid is composed of blood vessels,
melanocytes, fibroblasts, resident immuno-
competent cells, and collagen and elastic con-
nective tissue. It is typically described as
consisting of five sublayers: Bruch’s membrane
[3], the capillary layer, Halal’s layer, Sattler’s
layer [4, 5], and the suprachoroidal space. Due
to its rich blood supply, the choroid plays a vital
role in maintaining the retinal position, elimi-
nating waste products, and secreting growth
factors [6]. There is a close relationship between
choroidal blood flow and SBP, and circadian
variations in choroidal thickness have been
linked to changes in SBP [7, 8]. Some studies
suggest that choroidal vessels are poorly
autoregulated and that perfusion pressure
directly affects blood flow, while more recent
investigations have shown that choroidal
autoregulation can compensate for fluctuations
in SBP [9].

Optical coherence tomography (OCT) is a
valuable tool for evaluating choroidal lesions
[10]. The introduction of swept-source OCT (SS-
OCT) and spectral domain OCT (SD-OCT) rep-
resents a significant advance in ocular imaging
[11–13]. These techniques enhance the visual-
ization of ocular structures, leading to more
accurate ocular imaging and improved results in
the quantitative assessment of choroidal
thickness.

The data on choroidal thickness typically
rely on data collected through the fovea. The
fovea represents the most sensitive position of
vision and is supplied by choroidal blood ves-
sels, making it a prime location for detecting
changes in choroidal blood flow and vessel
structure [14]. To provide a visual representa-
tion of this measurement process, a schematic
diagram of choroidal thickness measurement is
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included in Fig. 1.
Several previous studies have evaluated the

changes in subfoveal choroidal thickness (SCT)
induced by HD in patients with ESKD and sys-
temic vascular disease using OCT measure-
ments. Most studies reported a decrease in
choroidal thickness after HD; however, Jung
et al. reported an increase in choroidal thickness
[15]. Given the conflicting results from these
studies, the effect of HD on choroidal thickness
remains uncertain.

Despite the increasing number of studies on
the topic, to our knowledge, no previous meta-
analysis has specifically focused on investigat-
ing the alterations in choroidal thickness before
and after HD. Conducting a meta-analysis can
provide comprehensive and robust data to
address this research gap, elucidating the range
of changes in choroidal thickness following HD.
Therefore, in accordance with the Meta-analysis
of Observational Studies in Epidemiology
(MOOSE) guidelines, we conducted a systematic
review and meta-analysis to explore the

variations in SCT, as measured by OCT, before
and after HD in patients with ESKD.

METHODS

Search Strategy and Study Selection

The present meta-analysis adhered to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines in all
steps of the study. It was registered in PROS-
PERO (registration code: CRD42022324799). A
systematic literature search was conducted in
databases including Embase, PubMed, and Web
of Science, and was limited to studies published
up to September 2022. The search was con-
ducted using the Medical Subject Headings
(MeSH) terms and keywords ‘‘Tomography,
Optical Coherence,’’ ‘‘Choroid,’’ ‘‘Renal Dialy-
sis,’’ and ‘‘Kidney Failure, Chronic.’’ The details
of the search strategy are listed in the Supple-
mentary Material. In addition, a manual search

Fig. 1 Representative images of the choroidal layer using
swept-source optical coherence tomography. A representa-
tive picture of a healthy control (A, C) and a patient
with diabetes (B, D). Subfoveal choroidal thickness was
measured as the vertical dimension between the

hyperreflective band of the retinal pigment epithelium
and the choroidal–scleral junction from the subfoveal area
of the fovea (C, D). SCT subfoveal choroidal thickness,
DM diabetes mellitus
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of the references of eligible studies was per-
formed to reduce the risk of missing relevant
papers. After reviewing the titles and abstracts,
22 studies that were written in English, pub-
lished in peer-reviewed journals, and assessed
SCT using OCT measurements were selected for
full-text review.

Inclusion and Exclusion Criteria

Studies that met the following criteria were
included in this meta-analysis: (1) original
human studies with a case–control, cross-sec-
tional, or prospective design; (2) recruitment of
patients with ESKD who underwent HD, as well
as controls; (3) use of OCT with the measure-
ments reported as the mean and standard
deviation (or standard error) for each study
group; and (4) diagnosis of patients with ESKD
according to established diagnostic systems.

Studies that failed to meet the following
exclusion criteria were not included: (1) studies
not related to HD or SCT; (2) studies that only
performed a single OCT examination; (3) con-
ference abstracts, case reports, comments, or
reviews; (3) studies that lacked obtainable data;
or (4) non-English records, animal studies, and
duplicate articles. In instances where multiple
studies were conducted using the same popu-
lation, the most recent or the most compre-
hensive study was selected. The screening
process was performed independently by two
reviewers, and any disagreements were resolved
through discussion and consensus.

Quality Assessment

Two independent assessors (ZXS and YMM)
evaluated the methodological quality of the
included studies using the Methodological
Index for Non-Randomized Studies (MINORS)
[16]. The MINORS scale evaluates 12 aspects of
the original articles and assigns a score of 0 for
absence of reporting, 1 for inadequate report-
ing, and 2 for adequate reporting. Any discrep-
ancies in the results of the quality assessment
were resolved through discussion between the
assessors. Inter-rater agreement between the
two authors was quantified using Cohen’s

kappa (j). Cohen’s kappa values were inter-
preted as follows: B 0 indicating no agreement,
0.01–0.20 indicating no to slight agreement,
0.21–0.40 indicating fair agreement, 0.41–0.60
indicating moderate agreement, 0.61–0.80
indicating substantial agreement, and 0.81–1.00
indicating almost perfect agreement [17].
Additionally, the risk of bias was assessed fol-
lowing the guidelines recommended by
PRISMA.

Data Extraction

The data from each of the included studies were
extracted and evaluated by two independent
authors (ZXS and YMM). The following infor-
mation was extracted from each study: (1) first
author name; (2) publication year; (3) study
design; (4) origin of study; (5) type of OCT
instrument; (6) sample size; (7) sex ratio(male/
female); (8) average age; (9) interval between
end of dialysis and OCT; (10) dialysis duration;
(11) patient status of diabetes mellitus (DM);
(12) whether adjusted for diurnal variation; (13)
position of SCT; (14) the severity of diabetic
retinopathy (DR); (15) previous treatments; (16)
utilization of enhanced-depth imaging (EDI)
technology; (17) measurement patterns; (18)
scan modes; and (19) change in OCT measure-
ments in SCT [mean ± standard deviation (SD),
P values]. Disagreements were resolved by con-
sulting a third reviewer or by consensus. If the
necessary data could not be obtained, a con-
version formula was applied to calculate the SD
from the data in the article. The calculation
method was in accordance with the Cochrane
Handbook for Systematic Reviews of Interven-
tions [18].

Data Synthesis and Statistical Analysis

All meta-analyses and the funnel plots evaluat-
ing publication bias were conducted using Stata
16 software (StataCorp, College Station, TX,
USA). We synthesized the quantitative data
from the OCT measurements of patient SCT
before and after HD to calculate the change
(mean ± SD) for each study. The level of dif-
ference between the two comparison groups
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was calculated and reported as a weighted mean
difference (WMD), standardized mean differ-
ence (SMD), and corresponding 95% confidence
interval (CI) using the mean and standard
deviation. The heterogeneity of the studies was
accurately measured using the Higgins I2 test.
The choice of effect models was based on the
heterogeneity of the included studies, with the
random-effects model used if I2 was greater than
50% and P\ 0.05; otherwise the fixed-effects
model was used. To interpret the cause of
heterogeneity, subgroup analysis was con-
ducted according to the study type, OCT model,
participant age group, and complication type. If
ten or more studies were included in each meta-
analysis, the funnel plot and Egger’s test were
used to visually and quantitatively explore
possible publication biases using Stata. A sig-
nificance level of P\0.05 was used for all sta-
tistical tests.

Ethics

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Search Results and Study Characteristics

The flowchart of the search procedure is shown
in Fig. 2. A total of 903 articles were extracted
from three databases, and no further articles
were retrieved when reference lists were sear-
ched. In all, 816 articles were examined after the
removal of duplicates. Based on the titles and
abstracts, an additional 794 studies were exclu-
ded because they were not related to HD or SCT
(n = 729), were reviews (n = 60), or were com-
ments (n = 5). There were 22 full-text articles
assessed for eligibility, from which we excluded
seven trials based on the following: (1) optical
coherence tomography angiography (OCTA)
studies (n = 2), (2) only processed OCT once
(n = 1), (3) did not provide SCT data (n = 4).
Ultimately, a total of 15 articles were included

in our study [13, 15, 19–31], and their charac-
teristics are presented in Table 1. The comple-
mentary characteristics of relevant data on DR
severity and previous treatments are presented
in Supplementary Material Table 1. These stud-
ies investigated 655 participants with 1010 eyes
and were published between 2012 and 2021.
Ten studies used SD-OCT and five studies used
SS-OCT to detected the SCT. All participants
were from Asian countries. The mean age ran-
ged from 51.2 to 69.4 years. Eleven studies dis-
tinguished participants with diabetes, four
studies included all kinds of ESKD.

Quality Appraisal

All studies were critically appraised using the
MINORS tool (see Table 2). The before–after
study in the same patient design means all
included studies were noncomparative studies;
the maximum score was 16. Scores of at least 12
were considered high quality with low risk for
bias; scores between 8 and 12 were considered
medium risk for bias; scores of B 8 were con-
sidered high risk for bias. Because the experi-
mental design allowed SCT data to be obtained
without follow-up, items assessing duration of
follow-up and loss of participants on such
studies scored 0 points. All studies had MINORS
scores C 8 but\12, with an average of 9.3,
indicating medium quality and risk of bias. For
the item assessing prospective calculation of
study size, scores of 0 points were obtained for
all but one study [25]. The calculated Cohen’s
kappa was 0.68, indicating a substantial level of
agreement between the two assessors. Detailed
scoring data are shown in Supplementary
Material Tables 2 and 3.

Changes in Subfoveal Choroidal Thickness

Figure 3 shows the meta-analysis of SCT change
before and after HD. Two studies divided
patients into a DM group and non-DM group;
therefore, we collected and included the data
respectively [23, 26]. Two studies only included
patients with ESKD without DM [25, 29], and
one study only included patients with ESKD
with DM [22]. In meta-analysis, a random-
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effects model was used because the hetero-
geneity (I2 = 99.7%) was substantial. The results
showed that SCT after HD was significantly
thinner than before HD (WMD = -18.48 lm;
95% CI -25.57 to -11.40; z = -5.115,
P\ 0.0001). In contrast, SCT was thicker after
HD in one study [15]. The other studies revealed
thinner SCT after HD, and all studies were sig-
nificantly different (P\ 0.05).

Sub-analysis by Diabetes

Concurrent diabetes may account for a signifi-
cant source of heterogeneity between studies.
Out of the 11 studies analyzed, two groups were
formed based on the diabetes status: ESKD with
DM and ESKD without DM. The sub-analysis
showed that the SCT for the ESKD group with
DM was significantly thinner than that in the

Fig. 2 The flowchart of the search procedure. From:
Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group (2009). Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 6(7): e1000097. https://doi.org/10.

1371/journal.pmed1000097. For more information, visit
www.prisma-statement.org. OCT optical coherence
tomography, HD hemodialysis, OCTA optical coherence
tomography angiography
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ESKD group without DM (WMD = -24.10 lm;
95% CI -27.39 to -23.08; z = -14.335,
P\ 0.0001). Nonetheless, the SCT change
before and after HD in the non-DM group also
showed a significant difference

(WMD = -15.37 lm; 95% CI -19.07
to -11.66; z = -8.129, P\ 0.0001), and the
between-subgroup analysis demonstrated a sig-
nificant difference (P = 0.001). Despite the
lower heterogeneity in this sub-analysis, it was

Table 2 Methodological index of non-randomized studies checklist for the included studies

Authors Year MINORS questions Score#

Q1a Q2b Q3c Q4d Q5e Q6f Q7g Q8h Q9i* Q10j* Q11k* Q12l*

Mayali 2021 2 1 2 2 2 0 0 2 NA NA NA NA 11

Lee 2021 2 2 2 2 2 0 0 0 NA NA NA NA 10

Nakano 2020 2 1 2 2 2 0 0 0 NA NA NA NA 9

Sun 2019 2 2 2 2 2 0 0 0 NA NA NA NA 10

Shin 2019 2 1 2 2 2 0 0 0 NA NA NA NA 9

Hwang 2018 2 1 2 2 2 0 0 0 NA NA NA NA 9

Zhang 2017 2 1 2 2 2 0 0 0 NA NA NA NA 9

Shin 2018 2 2 2 2 2 0 0 0 NA NA NA NA 10

Chen 2018 2 1 2 2 2 0 0 0 NA NA NA NA 9

Elbay 2017 2 1 2 2 2 0 0 0 NA NA NA NA 9

Chang 2017 2 1 2 2 2 0 0 0 NA NA NA NA 9

Akihiro 2015 2 1 2 2 2 0 0 0 NA NA NA NA 9

Ji 2013 2 1 2 2 2 0 0 0 NA NA NA NA 9

Sung 2012 2 1 2 2 2 0 0 0 NA NA NA NA 9

Fatih 2013 2 1 2 2 2 0 0 0 NA NA NA NA 9

MINORS Methodological index for non-randomized studies
*For comparative studies only
#Scores of at least 75% were considered high quality with low risk for bias; scores between 50 and 75% were considered
medium risk for bias; scores of less than or equal to 50% were considered high risk for bias. For noncomparative studies, the
maximum score was 16, while the maximum score for comparative studies was 24
aA clearly stated aim
bInclusion of consecutive patients
cData were collected according to established protocol
dEndpoint appropriate to the aim of the study
eUnbiased assessment of the study endpoint
fFollow-up period appropriate for the study
gLoss to follow-up less than 5%
hProspective calculation of the study size
iAn adequate control group was used
jStudied and control groups were managed at the same time
kBaseline equivalence of studied and control groups
lAdequate statistical analyses were used
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still substantial (I2 = 80.3% of DM; I2 = 79.6% of
non-DM), so a random-effects model was used
(see Fig. 4).

Sub-analysis by Diabetic Retinopathy
Severity

To investigate the impact of DM and DR on SCT
changes, we performed further subgroup anal-
ysis in nine studies. Two studies were excluded
due to a lack of explicit exclusion of prolifera-
tive diabetic retinopathy (PDR). Among the
remaining studies, four were categorized into
the PDR group, while the other three were
classified into the non-proliferative diabetic

retinopathy (NPDR) group. The sub-analysis
revealed that the PDR group exhibited more
pronounced reduction in SCT
(WMD = -28.66 lm; 95% CI -37.10
to -20.23; z = -6.660, P\0.0001), while the
NPDR group showed a similar reduction as the
non-DM group (WMD = -19.47 lm; 95%
CI -24.99 to -13.96; z = -6.917, P\ 0.0001).
Although the between-subgroup analysis was
not significant (P = 0.074), the non-DM group
and the PDR group were significantly different
(P = 0.005) (see Supplementary Material Fig. 1).
Despite the lower heterogeneity in this sub-
analysis, it remained substantial (I2 = 89.0% of
PDR; I2 = 57.4% of NPDR), so a random-effects
model was used (see Fig. 5).

Fig. 3 The result of meta-analysis of SCT change before and after HD. SCT subfoveal choroidal thickness, HD
hemodialysis, DL DerSimonian–Laird method, IV inverse-variance method, CI confidence interval
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Sub-analysis by Diurnal Variation
Adjustment

Diurnal variation is a known factor that may
affect the SCT, and its adjustment was also a
factor contributing to heterogeneity in our
results. Five studies adjusted for diurnal varia-
tion. The sub-analysis based on adjustment for
diurnal variation showed that the changes in
SCT were similar (WMD = -17.25 lm
vs. -15.65 lm, 95% CI -21.04 to -13.45
vs. -26.12 to -5.19, z = -8.914, P = 0.013 vs.
z = -2.932, P\0.0001), and the between-sub-
group analysis revealed no significant difference
(P = 0.779). The heterogeneity was lower but
still significant after adjusting for diurnal

variation (68.4% vs. 99.8%), and therefore the
random-effects model was used (see Supple-
mentary Material Fig. 2).

Sub-analysis by Optical Coherence
Tomography Machine Types

Different OCT machine types may also be a
significant source of heterogeneity between
studies. Nine studies used SD-OCT and five
studies used SS-OCT. For the studies that divi-
ded patients into DM and non-DM groups, only
the non-DM group was included to further
reduce the heterogeneity. The sub-analysis was
performed in two groups depending on the
OCT machine type. The result showed that SCT

Fig. 4 The results of sub-analysis by diabetes. DM diabetes mellitus, non-DM non-diabetes mellitus, DL DerSimo-
nian–Laird method, IV inverse-variance method, CI confidence interval
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changes were similar between the SD-OCT and
SS-OCT groups (WMD = -16.63 lm
vs. -14.59 lm, 95% CI -25.46 to -7.79
vs. -20.19 to -8.99, z = -3.688, P\0.0001 vs.

z = -5.109, P\0.0001), and the between-sub-
group heterogeneity was not significant
(P = 0.703). The heterogeneity was lower but
still higher than 50% (I2 = 99.8% of SD-OCT;
I2 = 62.9% of SS-OCT), and therefore, the ran-
dom-effects model was used in the sub-analysis
(see Supplementary Material Fig. 3).

Sub-analysis by Optical Coherence
Tomography Scan Modes

The selection of choroidal thickness scan
modes, specifically single B-scan or macular
scan, is a methodological consideration based
on varying laser penetration intensity and OCT
device specifications. Among the included
studies, four studies utilized the more advanced
SS-OCT technology and employed the macular
scan model. Among the remaining 11 studies
that employed SD-OCT, four utilized the mac-
ular scan mode, five employed the single B-scan
mode, and two did not specify the scanning

Fig. 5 The results of sub-analysis by diabetes PDR and NPDR. PDR proliferative diabetic retinopathy, NPDR non-
proliferative diabetic retinopathy, DL DerSimonian–Laird method, IV inverse-variance method, CI confidence interval

Fig. 6 The funnel plots grouped by DM and non-DM.
DM diabetes mellitus, NDM non-diabetes mellitus,
CI confidence interval

2276 Ophthalmol Ther (2023) 12:2265–2280



mode used. Sub-analysis based on single B-scan
and macular scan indicated similar changes in
SCT (WMD = -16.76 lm vs. -19.41 lm, 95%
CI -20.02 to -13.05 vs. -27.56 to -11.26,
z = -10.071, P\0.0001 vs. z = -4.668,
P\ 0.0001), and the between-subgroup analysis
showed no significant difference (P = 0.554).
The heterogeneity was lower but still significant
after adjusting for diurnal variation (78.1% vs.
97.2%), and therefore the random-effects model
was used (see Supplementary Material Fig. 4).

Publication Bias

Funnel plots were generated to assess the
potential publication bias of the literature (see
Supplementary Material Fig. 5). However, the
placement of the data points revealed asym-
metry. Therefore, we grouped the points by DM
and non-DM, and the new funnel plots did not
reveal any obvious evidence of asymmetry (see
Fig. 6). In addition, quantitative analyses cal-
culated using Egger’s test (P = 0.407) showed no
clear evidence of publication bias (see Supple-
mentary Material Fig. 6).

DISCUSSION

This meta-analysis presents a comprehensive
assessment and elucidates the range of changes
in SCT after HD in patients with ESKD. The
study includes a total of 15 self-controlled case
series, including 655 participants with 1010
eyes. The results demonstrate a significant
decrease in SCT after HD, especially in patients
with DM with PDR. Furthermore, the sub-anal-
ysis reveals that adjusting for diurnal variation,
utilizing different types of OCT, or employing
various scan modes did not yield substantial
differences in the observed SCT changes.
Regarding previous treatments, surgical proce-
dures such as vitrectomy and intravitreal injec-
tions were consistently excluded in all studies,
and retinal laser photocoagulation was mostly
excluded as well. Therefore, we did not analyze
previous treatment as a separate subgroup. Pre-
vious studies have been restricted by limited
sample sizes and high fluctuations in SCT,
leading to uncertainty in the results. This meta-

analysis addresses these limitations by includ-
ing a sizable patient cohort, enhancing the
reliability and persuasiveness of the assessment.
Moreover, the analysis has employed a valid
instrument, MINORS, which is designed for
non-randomized surgical studies, to evaluate
the included studies, making the findings more
reliable.

The choroid is a thin and dense network of
blood vessels situated between the retina and
sclera. It has the highest blood flow per unit
weight of any body tissue, which means that
SCT is closely related to BP and body weight.
Also, changes in the microvasculature of the
choroid may indicate systemic diseases affecting
blood vessels [32]. In addition, choroidal vessels
have specific extrinsic autonomic modulations.
Two hypotheses have been proposed to explain
the regulatory mechanism of the choroid: the
myogenic theory and the neuronal component
theory. The myogenic mechanism is the
response of arteriolar smooth muscle to stretch
through changes in perfusion pressure, while
neuronal components include sympathetic
vasoconstriction for hypertension or parasym-
pathetic vasodilation for hypotension [33, 34].
HD is a treatment that can correct excessive
accumulation and abnormal distribution of
body fluids. After a single HD treatment, sig-
nificant changes in systemic hemodynamic
parameters can occur, such as an increase in
plasma colloid osmotic pressure and transcap-
illary colloid osmotic pressure gradient, and a
decrease in plasma volume, interstitial fluid
volume, and body weight [1]. Consequently,
the influence of HD on systemic hemodynamic
parameters and the special structure of the
choroid may explain the changes in SCT after
dialysis.

The more pronounced decline in SCT
observed in patients with diabetes after dialysis
can be attributed to the disruption of the
choroidal vasculature [35]. The disturbance of
the blood–retinal inner barrier is an early event
in the progression of DR, histologically mani-
fested by an increase in vascular tortuosity,
microaneurysm formation, areas of non-perfu-
sion, lumen dilation or narrowing, and chor-
oidal neovascularization [36]. Furthermore,
studies have indicated that an increase in
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subfoveal choroidal vascular resistance in dia-
betic eyes, as detected by laser Doppler
flowmetry, is linked to a decrease in choroidal
blood flow [37]. These circumstances may lead
to impaired equilibrium of hydrostatic pressure
and colloid osmotic pressure inside and outside
the choroidal vessels in patients with diabetes,
resulting in increased vascular resistance.
Therefore, these pathophysiological modifica-
tions in the choroidal vasculature may impact
the choroidal structure, inducing alterations in
the choroidal intravascular and extravascular
compartments. This may be the underlying
cause for the greater fluctuations in SCT
observed in patients with diabeteswith PDR.

Previous studies observed a significant diur-
nal variation in SCT in normal subjects, with a
relative peak thickness early in the morning and
progressive decrease during the day to a relative
nadir at 17:00 [7]. Nevertheless, certain studies
have indicated that measurement differences
between SS-OCT and SD-OCT become notice-
able when the choroid is thicker, and the
accuracy of SD-OCT for SCT measurement
decreases significantly [38]. These differences
may be the reason for the lower degree of
heterogeneity in the adjusted diurnal variation
group and the SS-OCT group in the subgroup
analysis.

However, the study has several limitations
that must be acknowledged. Firstly, the primary
analysis exhibited significant heterogeneity,
likely attributed to differences in DM status, DR
severity, OCT instruments, measurement
points, duration of dialysis, and patient char-
acteristics. We conducted sub-analysis, but the
heterogeneity still could not be resolved com-
pletely. The effect of DR severity and previous
treatment situation in these patients, which
could not be excluded completely, is also a
limitation of the study. Secondly, only pub-
lished studies were included, and the analysis
did not present clear evidence of publication
bias, indicating potential bias. Finally, the
included studies lacked follow-up data on
adverse complications after dialysis, which pre-
cluded the analysis of the correlation between
SCT and adverse events or the prognosis of
patients with ESKD.

CONCLUSIONS

In conclusion, the change in SCT after HD
possibly relates to the vascular status of patients
and systemic hemodynamics, establishing SCT
as an essential structural biomarker for nonin-
vasive observable systemic vascular conditions.
Advances in OCT technology have enabled
effective visualization and quantitative analysis
of the choroid, providing technical support for
this goal. However, the heterogeneity in the
primary analysis and lack of follow-up data
require further studies to validate these
findings.
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