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Abstract: Cushing’s syndrome is a rare disease with an endogenous cause of excess cortisol secretion.
More evidence substantially links cortisol levels to the pachychoroid spectrum diseases. In this
systematic review and meta-analysis, we summarize available evidence on pachychoroid spectrum
diseases in patients with Cushing’s syndrome. We performed a systematic literature search in
11 databases on 21 May 2022. Studies were considered eligible if they performed retinal examination
of a consecutive group of patients with Cushing’s syndrome using optical coherence tomography
(OCT) scans. We extracted data on subfoveal choroidal thickness in patients with Cushing’s syndrome
compared to matched controls. We also extracted data on the prevalence of pachychoroid pigment
epitheliopathy (PPE), central serous chorioretinopathy (CSC), and polypoidal choroidal vasculopathy
(PCV). We identified six eligible studies with a total of 159 patients with Cushing’s syndrome. On
average, patients with Cushing’s syndrome have 49.5 pm thicker subfoveal choroidal thickness
compared to matched healthy individuals. Pachychoroid spectrum diseases were relatively common
in these patients: PPE in 20.8%, CSC in 7.7%, and PCV in 2.8%. We conclude that there should be low
threshold to recommend ophthalmic examination to patients with Cushing’s syndrome, and that a
macular OCT is recommended during this examination.

Keywords: central serous chorioretinopathy; Cushing’s disease; meta-analysis; pachychoroid
spectrum; polypoidal choroidal vasculopathy; systematic review

1. Introduction

Cushing’s syndrome is a potentially life-threatening endocrine disease [1,2]. Its eti-
ology is based on endogenous causes for excess cortisol secretion [3]. Most cases are
secondary to an adrenocorticotropic hormone (ACTH) producing pituitary tumor. Less
commonly, ectopic ACTH producing tumors, tumors releasing the corticotrophin-releasing
hormone, or adrenal tumors can cause Cushing’s syndrome [3]. Cushing’s syndrome is rare,
and studies estimate a prevalence of 12-62 cases per million and an annual incidence of
1-3 per million [4]. Excess cortisol secretion is considered the underlying cause of the mul-
tiple associated co-morbidities such as obesity, dyslipidemia, hypertension, osteoporosis,
immune suppression, and neuropsychiatric disturbances [3]. Exogenous Cushing’s syn-
drome can lead to similar co-morbidities and is typically caused by long-lasting systemic
glucocorticoid treatment of various conditions.

Increased cortisol levels, both due to exogenous and endogenous causes, are linked to
the development of central serous chorioretinopathy (CSC) [5,6]. Developments in retinal
and choroidal imaging, especially during the last decade, have revealed that CSC is linked
to a thicker choroid, i.e., pachychoroid, and that this pachychoroid is seen in a spectrum of
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conditions, which appear to share both clinical nature and etiological findings [7-10]. It is
hypothesized that pachychoroid reflects a choroidal venous overload, which is supported
by angiographic evidence of choroidal vascular hyperpermeability, dilated veins, vortex
venous anastomoses, and delayed filling of the choroidal veins [7-10]. These circumstances
are hypothesized to explain a disease progression of first a gradual development of a
pachychoroid phenotype; followed by a pachychoroid pigment epitheliopathy (PPE), i.e.,
pigment epithelium detachment (PED) without any subretinal fluid or intraretinal fluid;
followed by CSC; and CSC complicated by neovascularizations, e.g., seen as polypoidal
choroidal vasculopathy (PCV)/aneurysmal type 1 neovascularization [7-10].

Considering that patients with Cushing’s syndrome have endogenous causes of excess
cortisol secretion, one could explore the choroid and the retina of these patients as a
potential disease model for pachychoroid spectrum diseases. To that end, some studies
have so far evaluated different aspects of the retina and choroid of patients with Cushing’s
syndrome. The aim of this study was to systematically map the literature on findings of
pachychoroid spectrum diseases in patients with Cushing’s syndrome.

2. Materials and Methods

The systematic review and meta-analysis are reported according to the recommendations
stated in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
The protocol was registered in the PROSPERO database (reg. no. CRD42022335656).

2.1. Study Eligibility Criteria

Eligible studies were defined as those which evaluated a consecutive group of patients
with Cushing’s syndrome. Studies must perform a retinal examination to evaluate the
macula using optical coherence tomography (OCT) scans. Eligible studies must evaluate
at least one of the following outcomes: subfoveal choroidal thickness (SFCT) measured
using OCT, the prevalence of PPE, CSC, and PCV. While we expected studies to be cross-
sectionally observationally designed, we did not enforce any eligibility restrictions on study
design and allowed relevant cross-sectional data from any study design deemed otherwise
eligible. However, single case studies, publications without original data, conference
abstracts, or animal studies were not considered eligible. We only considered studies
disseminated in English language.

2.2. Information Sources, Search Strategy, and Study Selection

We searched the literature databases PubMed, EMBASE, Web of Science Core Col-
lection, BIOSIS Previews, Current Contents Connect, Data Citation Index, Derwent Inno-
vations Index, KCI-Korean Journal Database, SciELO Citation Index, and the Cochrane
Central. One trained author (Y.S.) conducted the search on 21 May 2022. Details of the
literature search are available as Supplementary File S1. One author (Y.S.) examined the title
and abstracts of all identified records and removed duplicates and those deemed obviously
irrelevant. Remaining references were retrieved in full text for the evaluation of eligibility.
Two authors (J.H. and J.M.E.L.) then independently examined these full text studies as
well as references from these studies for any additional relevant studies. Disagreements
between the authors were discussed and if consensus could not be reached, a third author
(Y.S.) made the decision on study selection.

2.3. Data Extraction and Risk of Bias within Studies

Data on study characteristics, population characteristics, methods for diagnosis, and
study results were extracted from each study using data extraction forms. Since we
anticipated that most studies would be cross-sectionally designed, risk of bias of individual
studies was performed using the relevant items from the Agency for Healthcare Research
and Quality (AHRQ) checklist for Cross-Sectional Studies (Questions 1-4 and 6-7), which
is the recommended tool for evaluating cross-sectional studies [11]. Two authors (J.H. and
J.M.E.L.) independently extracted data and evaluated risk of bias of individual studies.
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Disagreements between the authors were then discussed and if consensus could not be
reached, a third author (Y.S.) made the final decision.

2.4. Synthesis of the Results and Risk of Bias across Studies

Studies were reviewed qualitatively in text and tables and quantitatively using meta-
analyses. Meta-analyses were conducted using MetaXL 5.3 (EpiGear International, Sunrise
Beach, QLD, Australia) for Microsoft Excel 2013 (Microsoft, Redmont, WA, USA). We
used the random-effects model to account for potential heterogeneity in the different
design and conduct of the eligible studies in review. For the SFCT, we evaluated the
differences in the SFCT between patients with Cushing’s syndrome and healthy controls
in the study using the weighted mean difference. For the prevalence of PPE, CSC, and
PCV, we performed prevalence meta-analyses. When prevalence numbers reach either
0% or 100%, caution must be shown due to the risk of variance instability and erroneous
weighting [12]. Therefore, all prevalence numbers were transformed using the double
arcsine method for analysis and back-transformed for interpretation [12]. The Cochran’s
Q and I? were calculated to quantify heterogeneity in our estimates [13]. Funnel plots
were used to evaluate skewed results and publication bias [14]. Sensitivity analysis was
conducted by removing each study in turn and re-calculating the summary measures to
evaluate the magnitude of the change in the results.

3. Results
3.1. Literature Search and Study Selection

The literature search identified 82 records in total. After discarding duplicates (N = 23)
and obviously irrelevant records (N = 49), 10 records remained for full-text evaluation. Of
these, three records were excluded as they were case reports, and one record was excluded
as it investigated the prevalence of Cushing’s syndrome in patients with CSC and was
therefore deemed as the wrong population of interest. Finally, six records were included
for our review (Figure 1).

3.2. Study Characteristics

Eligible studies included a total of 159 patients with Cushing’s syndrome [15-20]. Five
studies also included healthy controls (a total of 159 individuals) for comparison [15,17-20].
All studies were cross-sectional in design. Studies were based on populations from Brazil,
China, France, Italy, Netherlands, and Turkey. Further details on study populations and
study definitions and diagnosis of Cushing’s syndrome are listed in detail in Table 1.

Ophthalmic examination of the patients included slit-lamp biomicroscopy [15,17-20],
indirect ophthalmoscopy [15,16,18,20], and fundus photography [16,17]. All studies had
retinal OCT, which was also an eligibility requirement for inclusion in this review. Pupillary
dilation was reported by one study [16]. Retinal angiography was methodologically
described by two studies [17,19]; however, remaining studies described or discussed cases
with retinal pathology diagnosed using retinal angiography. Five studies used spectral
domain OCT [15-19], and one study used swept source OCT [20]. Studies of spectral
domain OCT all employed enhanced depth imaging (EDI) protocol [15-19], in which the
device is placed closer to the eye than regularly which focuses the illumination at the level
of choroid or inner sclera and allows better level of detail at the level of the choroid. The EDI
OCT allows outlining of the choroid and measurement of the SFCT. The SFCT was measured
in all studies [15-20], the prevalence of PPE was reported in three studies [15,17,19], the
prevalence of CSC was reported in all studies [15-20], and the prevalence of PCV was
reported in three studies [15,17,19]. Further details of the ophthalmic examination protocol
are described in Table 2.

Patients with Cushing’s syndrome had a mean age ranging from 38 to 53 years.
Females constituted the majority of patients with Cushing’s syndrome. In studies with
healthy control participants, the age and gender distribution were similar to that of the
patient group. Disease duration ranged from recently diagnosed cases to cases with a
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duration of 30 years. In terms of etiology of cases with Cushing’s syndrome, pituitary
adenomas constituted the majority. Details of participant characteristics are outlined in

Table 3.
)
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Figure 1. PRISMA flow diagram of study selection.

Table 1. Study characteristics of eligible studies.

Stud . Definition of Cushing’s
Reference Country Desig};l Study Population Syndrome 8
Patients with active Cushing’s syndrome.
e Healthy controls were recruited for
comparison.
e  DParticipants were excluded if refraction of >2 abnormal screening tests
more than £6.0 D spherical equivalent, (insufficient suppression of
Abalem Cross- presence of >2.0 D astigmatism, axial cortisol after low dose

etal., 2016 Brazil sectional length > 26.5 mm, media opacities, history of dexamethasone suppression test,
[15] uveitis or retinal diseases other than that seen ~ increased salivary cortisol, or
in the pachychoroid spectrum, glaucoma or increased 24-h urinary free
any other optic neuropathy, recent intraocular cortisol).
surgery, or any previous intravitreal injection

or laser treatment.
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Table 1. Cont.

Reference Country s tu.d y Study Population Definition of Cushing's
esign Syndrome
>2 abnormal screening tests
e  Patients with active Cushing’s syndrome (insufficient suppression of
either as a first episodg or a new episode in cortisol after low dose
Brinks et al., Netherland Cross- case of recurrence .Of disease. ) dexamethasone suppression test,
2021 [16] ctherlands g octional @  Eligible patients did not have any visual increased salivary cortisol, or
CQmplaipts at the time of establishing the increased 24-h urinary free
diagnosis. cortisol). Etiology of the disease
was assessed by MRI or CT.
Patients with Cushing’s syndrome.
Healthy controls were recruited for
comparison.
Eymard Crose. . Pe}rticipa}nts were exglude.d if any other retinal  {ormone testing (not specified
etal., 2021 France Toss disease (including diabetic retinopathy, in detail). Etiology of the disease
[17] sectional age-related macular degeneration, was assessed by imaging.
myopia > 6 D, macular telangiectasia, retinal
artery/vein occlusion) or a poor image
quality.
e  Patients with newly diagnosed Cushing’s
syndrome.
e  Healthy controls were recruited for Low-dose dexamethasone
comparison. suppression test, midnight
e  Participants were excluded if any previous serum cortisol test,
Karaca et al., Turke Cross- photodynamic therapy, intravitreal injections, adrenocorticotropic hormone
2017 [18] Y sectional posterior segment surgery, myopia > 6 D or test, and
axial length > 26.5 mm, amblyopia, glaucoma, dehydroepiandrosterone sulfate
macular degeneration, proliferative test. Btiology of the disease was
retinopathy, uncontrolled diabetes, assessed by imaging.
hypertension, or poor OCT quality.
e  Patients with active and not active Cushing’s
syndrome.
. Healthy controls were recruited for >2 abnormal screening tests
comparison. ) ) (insufficient suppression of
Lassandro Cross. e  Participants were excluqed if refracnon of cortisol after low-dose
etal., 2022 Italy tional more than £6.0 D spherl@l equlV&{lent, dexamethasone suppression test,
[19] sectiona history of glaucoma, uveitis, or retinal increased salivary cortisol, or
diseases, history of eye surgery, other increased 24-h urinary free
systemic diseases except for controlled cortisol).
secondary hypertension in patients with
Cushing’s syndrome, or media opacities.
e  Patients with active Cushing’s syndrome
either as a first episode or a new episode in Presence of cushingoid
case of recurrence of disease. appearance, failure to achieve
e Healthy controls were recruited for midnight nadir in cortisol
comparison. diurnal rhythm, lack of negative
e Participants were excluded if aged < 18 years, ~feedback in low-dose
refraction of more than 6.0 D spherical dexamethasone suppression test,
Wang et al., ) Cross- equivalent, axial length > 26.5 mm, history of incr.eased exgretior} of urine-free
2019 [20] China sectional glaucoma, uveitis, or retinal diseases except cortisol, and imaging of the

for serous chorioretinopathy, history of laser,
intravitreal injection or ocular surgery,
systemic diseases except for secondary
hypertension or secondary diabetes in
patients with Cushing’s syndrome, history of
exogenous glucocorticoid exposure, or media
opacities.

pituitary and the adrenal gland.
All patients with Cushing’s
syndrome had plasma-free
cortisol, 24-h urinary free
cortisol, and plasma
adrenocorticotropic hormone
test.

Abbreviations: CT = computed tomography; D = diopters; MRI = magnetic resonance imaging; OCT = optical
coherence tomography.
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Table 2. Methods of ophthalmic examination.

Outcomes of Interest for

Reference General Ophthalmic Examination OCT Protocol . .
This Review
SD-OCT (Spectralis, Heidelberg
o Lo o Engineering) with an EDI protocol
Slit-lamp b10m1'croscopy, indirect (horizontal and vertical scans, seven SFCT was measured. Patients
Abalem et al., fundoscopy, axial length . . . .
> sections, high resolution mode, with any PPE, CSC, and PCV
2016 [15] measurement, and retinal OCT. .
. g 25 frames). All OCTs were obtained were reported.
Pupillary dilation was not reported. at the same time (without further
specification).
Indirect ophthalmoscopy, fundus
Brinks et al., 2021 photography, fundus . SDTOCT (Sp ectr'ahs HRA +.OCT’ SFCT was measured. Presence
[16] autofluorescence, fluorescein Heidelberg Engineering) with an EDI of anv CSC was reported
angiography, and retinal OCT. protocol. y p '
Pupils were dilated.
Slit-lamp biomicroscopy, fundus SD_.OCT .(Spectljahs, Heidelberg
Engineering) with an EDI protocol
photography, fundus photography, . SFCT was measured. Presence
Eymard etal, fundus autofluorescence, and and OCT-angiography (OCT-A, of any PPE, CSC, and PCV
2021 [17] ¢ RTVue XR Avanti, Optovue Inc.). EDI Y . !

retinal OCT. Pupillary dilation was
not reported.

scans were all performed between
2pmand 5 pm.

were reported.

Karaca et al.,
2017 [18]

Slit-lamp biomicroscopy, indirect
fundoscopy, axial length
measurement, and retinal OCT.
Pupillary dilation was not reported.

SD-OCT (Spectralis, Heidelberg
Engineering) with an EDI protocol
(horizontal scans, seven sections,
100 averaged images).

SFCT was measured. Presence
of any CSC was reported.

Lassandro et al.,

Slit-lamp biomicroscopy, retinal
OCT, and in select cases also
fluorescein and indocyanine green

SD-OCT (RS-3000 Advance 2, Nidek
Co., Ltd.) with an EDI protocol. OCT

SFCT was measured. Presence
of any PPE, CSC, and PCV

2022 [19] angiography. Pupillary dilation was scans were all performed between were reported.
1 pmand 5 pm.
not reported.
Slit-lamp biomicroscopy, indirect .
Wang et al., 2019  ophthalmoscopy, axial length S5-OCT (DRI OCT Triton plus, SFCT was measured. Presence
. Topcon Corp.). All scans were
[20] measurement, and retinal OCT. h of any CSC was reported.
. o performed in the afternoon.
Pupillary dilation was not reported.
Abbreviations: CSC = central serous chorioretinopathy; EDI = enhanced depth imaging; OCT = optical coher-
ence tomography; PCV = polypoidal choroidal vasculopathy; PPE = pachychoroid pigment epitheliopathy;
SFCT = subfoveal choroidal thickness.
Table 3. Participant characteristics.
Reference Patients with Cushing’s Syndrome Healthy Controls
. Duration of
N Age Females Etiology Disease N Age Females
8 pituitary adenoma,
Abalem 1 adrenocortical adenoma,
etal., 2016 11 38+ 16 100% 1 adrenocortical carcinoma, 5-360 months 12 51 +17 100%
[15] 1 primary macronodular
adrenal hyperplasia.
Brinks 7 pituitary adenoma,
etal., 2021 11 53+ 16 64% 3 adrenal adenoma, 1-25 weeks —

[16]

1 undetermined.
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Table 3. Cont.
Reference Patients with Cushing’s Syndrome Healthy Controls
. Duration of
N Age Females Etiology Disease N Age Females
19 pituitary adenoma,
Eymard 4 C}l)nmzilrﬁ/ macr;)n(')dular
etal, 2021 28 47 +15 829 ~ JCrenatnyperpasia, — 28 46 + 12 82%
[17] 2 adrenocortical carcinoma,
2 ectopic ACTH secretion,
1 undetermined.
16 ACTH secreting pituitary
Karaca adenoma, 10 unilateral
etal., 2017 28 43 +£13 75% cortisol-producing adenoma, — 38 44 + 12 76%
[18] 2 bilateral macronodular
adrenal hyperplasia
Lassandro Mean
et al., 2022 32 Median 48 84% — 32 Median 48 86%
95 months
[19]
Wang et al., o 44 pituitary adenoma, o
2019 [20] 49 4l£12 88% 5 adrenal gland adenoma 49 4l+12 88%

Abbreviations: ACTH = adrenocorticotropic hormone; N = number.

3.3. Results of Individual Studies

Abalem et al. evaluated retinal OCTs to compare choroidal thickness in patients
with Cushing’s syndrome and to compare to healthy controls [15]. The authors found
that there was a significantly thicker choroid in eyes of patients with active Cushing’s
syndrome, and that 18% of patients also presented with macular changes assumed to
be secondary to the thicker choroid [15]. Brinks et al. systematically examined eyes of
patients with Cushing’s syndrome and found that CSC and other macular abnormalities
were common, with three of eleven patients having CSC but also two patients having
hypertensive retinopathy, and suggest a low threshold of ophthalmic evaluation of patients
with Cushing’s disease [16]. Eymard et al. examined patients with Cushing’s syndrome and
found that 21% had any features of pachychoroid spectrum disease [17]. The authors also
investigated associates of the SFCT and found that age, spherical equivalent, cumulative
disease duration, and pituitary etiology were all factors of significant influence, whereas
neither mean 24-h urinary free cortisol at time of evaluation nor 24-h urinary free cortisol
before commencement of treatment for Cushing’s syndrome were significant factors on the
SECT [17]. Karaca et al. reported that patients with Cushing’s syndrome had significantly
larger choroidal thickness at multiple examination points when compared to healthy
controls, and that the choroidal thicknesses were correlated with adrenocorticotropic
hormone levels [18]. Lassandro et al. found that patients with Cushing’s syndrome had a
significantly larger SFCT and higher values of choriocapillaris vessel density [19]. Further,
more than one in three patients presented with any pachychoroid spectrum feature [19].
Wang et al. found a significantly greater SFCT in patients with Cushing’s syndrome when
compared to healthy controls, and that 53% were defined as having pachychoroid [20].
SFCT was significantly correlated with 24-h urinary free cortisol, but neither plasma-free
cortisol nor adrenocorticotropic hormone levels [20].

3.4. Risk of Bias of Individual Studies

Risk of bias evaluation of the individual studies showed that studies clearly reported
source of data, eligibility criteria of participants, and time period of investigation. Re-
cruitment process was clearly outlined in four studies, and unclear in two studies. All
studies apart from one had two investigators to evaluate images of the participants. Where
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exclusions were made, studies clearly explained rationale for such exclusions. Table 4
outlines the risk of bias assessment of individual studies.

Table 4. Risk of bias within individual studies included in the review.

Reference Defines Elig.ibil.ity Time Period Conse.cutive Quality Expla.ins
Source Criteria Recruitment Assurance Exclusions
Abalem et al., 2016 [15] Yes Yes Yes Unclear Yes Not relevant
Brinks et al., 2021 [16] Yes Yes Yes Yes Yes Not relevant
Eymard et al., 2021 [17] Yes Yes Yes Yes Yes Not relevant
Karaca et al., 2017 [18] Yes Yes Yes Unclear No Yes
Lassandro et al., 2022 [19] Yes Yes Yes Yes Yes Yes
Wang et al., 2019 [20] Yes Yes Yes Yes Yes Yes

Studies are assessed on relevant items from the Agency for Healthcare Research and Quality checklist: Defines
source: Defines the source of information. Eligibility criteria: Lists inclusion and exclusion criteria or refers
to previous publications. Time period: Indicates time period used for identifying participants. Consecutive
recruitment: Indicates whether or not subjects were consecutively recruited for the study. Quality assurance:
Describes any assessments undertaken for quality assurance purposes. Explains exclusions: Explains any patient
exclusions from analysis.

3.5. Synthesis of Results: Difference in Subfoveal Choroidal Thickness between Eyes from Patients
with Cushing’s Syndrome and Healthy Controls

For this analysis, we extracted data from five studies with data on a total of 439 eyes.
The random-effects summary estimate of the weighted mean difference was 49.5 pm
(95% confidence interval: 10.1-89.0 pm, p = 0.014) (Figure 2). Heterogeneity statistics found
substantial heterogeneity (Cochran’s Q = 21.6; p < 0.01; I? = 82%). The Funnel plot did not
suggest risk of bias across studies (Supplementary Figure S1). Sensitivity analysis showed
overall robustness of the summary estimate with persisting direction of results; however,
removing Wong et al. [20] in the sensitivity analysis led to loss of statistical significance
(Supplementary Table S1). Additionally, the sensitivity analysis also illustrates that the
heterogeneity is reduced markedly when either Abalem et al. [15] or Eymard et al. [17] are
removed from the analysis (Supplementary Table S1).

Study WMD (95% CI) % Weight
Eymard et al. 2021 —*— 0.00 (-34.01, 34.01) 20.9
Karaca et al. 2017 —— 39.00 (5.13, 72.87) 20.9
Lassandro et al. 2022 » 40.00 (-9.91, 89.90) 17.7
Wang et al. 2019 —— 52.00 (13.17, 90.29) 20.1
Abalem et al. 2016 —— 117.00 (80.30, 153.70) 20.4

Overall 0 49.53 (10.10, 88.96) 100.0

Q=21.64; p<0.01; = 82%

-50 0 50 100 150 200
WMD

Figure 2. Meta-analysis of the weighted mean difference (WMD) in pm in the subfoveal choroidal
thickness between eyes of patients with Cushing’s syndrome and eyes of matched healthy controls.
Heterogeneity statistics (Cochran’s Q = 21.6; p < 0.01; I? = 82%) show substantial heterogeneity across
individual studies [15,17-20].
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3.6. Synthesis of Results: Prevalence of Pachychoroid Pigment Epitheliopathy, Central Serous
Chorioretinopathy, and Polypoidal Choroidal Vasculopathy in Eyes from Patients with Cushing’s
Syndrome and Healthy Controls

This part of the analysis is based on three separate prevalence meta-analyses on the
prevalence of PPE, CSC, and PCV in patients with Cushing’s syndrome.

For the prevalence of PPE, we extracted data from three studies with data on 142 eyes.
The random-effects summary prevalence estimate was 20.8% (95% confidence interval:
8.7-36.1%) (Figure 3). Heterogeneity statistics found substantial heterogeneity (Cochran’s
Q=7.3;p=0.02; 1% =73%).

Abalem et al. 2016
Eymard et al. 2021

Lassandro et al. 2022

Study Prevalence (95% Cl) % Weight
L] 0.09 (0.00, 0.26) 20.9
. 0.18 (0.09, 0.29) 36.0
. 0.34 (0.23, 0.47) 3741

Overall et 0.21 (0.09, 0.36) 100.0

Q=7.43;p=002; 2=73%

0 0.1 0.2 0.3 04 0.5
Prevalence

Figure 3. Meta-analysis of the prevalence of pachychoroid pigment epithelium in eyes of patients
with Cushing’s syndrome. Prevalence numbers are indicated in decimals [15,17,19].

For the prevalence of CSC, we extracted data from five studies with data on 198
eyes. The random-effects summary prevalence estimate was 7.7% (95% confidence interval:
1.0-18.7%) (Figure 4). Heterogeneity statistics found substantial heterogeneity (Cochran’s
Q =19.6;p < 0.01; I? = 80%).

Study Prevalence (95% Cl) % Weight
Eymard et al. 2021 [ 0.00 (0.00, 0.03) 21.8
Karaca et al. 2017 —— 0.04 (0.00, 0.12) 213
Abalem et al. 2016 = 0.09 (0.00, 0.26) 17.8
Wang et al. 2019 —— 0.12 (0.04, 0.23) 21.3
Brinks et al. 2021 = 0.27 (0.10, 0.48) 17.8

Overall .-— 0.08 (0.01, 0.19) 100.0

Q=19.64; p<0.01; 2= 80%

0 0.1 0.2 0.3 04 0.5
Prevalence

Figure 4. Meta-analysis of the prevalence of central serous chorioretinopathy in eyes of patients with
Cushing’s syndrome. Prevalence numbers are indicated in decimals [15-18,20].

For the prevalence of PCV, we extracted data from four studies with data on 164 eyes.
The random-effects summary prevalence estimate was 2.8% (95% confidence interval:
0.7-6.0%) (Figure 5). Heterogeneity statistics found minimal heterogeneity (Cochran’s
Q=13;p=0741 = 0%).
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Abalem et al. 2016
Brinks et al. 2021
Lassandro et al. 2022
Karaca et al. 2017

Overall
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B— 0.00 (0.00, 0.08) 13.6
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Figure 5. Meta-analysis of the prevalence of polypoidal choroidal vasculopathy in eyes of patients
with Cushing’s syndrome. Prevalence numbers are indicated in decimals [15,16,18,19].

Risk of bias across studies evaluated with Funnel plots was not suggestive of risk
of bias across studies, although small number of studies in some analyses (<5 studies)
should be acknowledged when interpreting the results (Supplementary Figures 52-54).
Sensitivity analyses of the prevalence meta-analyses showed overall robustness of the
summary estimates (Supplementary Tables 52-54).

4. Discussion

In this systematic review and meta-analysis, we systematically evaluated the existing
literature on any pachychoroid spectrum disease findings in patients with Cushing’s
syndrome. Our weighted mean summary estimates find that on average, patients with
Cushing’s syndrome have 49.5 pm thicker subfoveal choroidal thickness than matched
healthy individuals. Beyond the thicker choroid, it also appears that the prevalence of any
pachychoroid spectrum disease is high in this patient group. Approximately one in five
patients with Cushing’s syndrome may have PPE, and the prevalence of CSC is 7.7% and
PCV is 2.8%. For comparison, prevalence studies find these conditions at a much lower
rate in the general population: the prevalence of CSC is estimated to approximately 0.1% in
elderly Chinese in the Beijing Eye Study [21], and the prevalence of PCV is estimated to
approximately 0.04% [22]. These findings of our review strongly suggest that pachychoroid
spectrum diseases are significantly more common in patients with Cushing’s syndrome.

The choroid is a complex vasculature and regulation of the choroidal structure and
perfusion has many contributors: neuronal signaling, regulation according to metabolic
demand, potential regulation by the intraocular pressure, age-related changes of the macula
and the choroid, and the chorioretinal immunity [23-26]. Interestingly, emerging evidence
suggests that cortisol and glucocorticoid receptors play a significant part in the regulation
of one or more of these factors. Brinks et al. evaluated post-mortem donor choroids and
found that the glucocorticoid receptor is highly expressed in the human choroid [27]. Using
RNA-sequencing on isolated donor choroidal endothelial cells, the authors reported that
cortisol stimulation led to changes in RNA-expression, interfering with pathways linked to
hypertension, fibrosis, vascular permeability, and choroidal neovascularization [27].

Limitations of our study need to be acknowledged when interpreting its results. First,
included studies did not have a homogenous definition of the different disease entities,
which may contribute inaccuracies to the summary estimates. Second, our review is based
on 159 patients with Cushing’s syndrome, which at initial glance seems like a small number
of patients. However, considering that this is a rare disease [1,2], and that individual studies
were only able to include 1149 patients, our summary of the retinal status in 159 patients
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with Cushing’s syndrome can be considered a large number. In any case, it reflects the
entirety of what is known today. Finally, although the inclusion was consecutive, referral
patterns to tertiary research hospitals which are more likely to conduct these studies, may
influence the severity of the diseases seen and may therefore also provide a bias towards
higher prevalence of patients with any pachychoroid spectrum disease.

In conclusion, we find that patients with Cushing’s syndrome have a high prevalence
of any pachychoroid spectrum disease. Thus, in patients with Cushing’s syndrome there
should be generally low threshold to recommend or to refer to an ophthalmic examination.
When performing ophthalmic examination in patients with Cushing’s syndrome, it is
recommended to perform a retinal and a macular examination, which as a minimum should
include a macular OCT. This is important as a diagnosis of CSC could need treatment,
and PCV or any macular neovascularization should undergo timely treatment to avoid
untreatable fibrosis with irreversible vision loss [28,29].

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jem11154437 /s1, Supplementary File S1: Details of the literature
search; Supplementary Figure S1: Funnel plot for the evaluation of risk of bias across studies for
the weighted mean difference in subfoveal choroidal thickness between patients with Cushing’s
syndrome and matched healthy controls; Supplementary Figure S2: Funnel plot for the evaluation of
risk of bias across studies for the prevalence of pachychoroid pigment epitheliopathy; Supplementary
Figure S3: Funnel plot for the evaluation of risk of bias across studies for the prevalence of central
serous chorioretinopathy; Supplementary Figure S4: Funnel plot for the evaluation of risk of bias
across studies for the prevalence of polypoidal choroidal vasculopathy; Supplementary Table S1: Sen-
sitivity analysis of the weighted mean difference summary estimate in subfoveal choroidal thickness
between patients with Cushing’s syndrome and matched healthy controls; Supplementary Table S2:
Sensitivity analysis of the summary estimate prevalence of pachychoroid pigment epitheliopathy;
Supplementary Table S3: Sensitivity analysis of the summary estimate prevalence of central serous
chorioretinopathy; Supplementary Table S4: Sensitivity analysis of the summary estimate prevalence
of polypoidal choroidal vasculopathy.

Author Contributions: Conceptualization, ] K.H.,]JM.E.L., M.S.H., EH.C.v.D. and Y.S.; methodology,
Y.S.; software, Y.S.; formal analysis, J K.H., JM.E.L. and Y.S.; writing—original draft preparation,
Y.S.; writing—review and editing, ] KH., JM.E.L,, M.S.H., EH.C.v.D. and Y.S,; supervision, Y.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: Author Y.S. declares to have received speakers fee from Bayer and Roche, and
to be the inventor of a patent related to biomarkers of polypoidal choroidal vasculopathy (patent no.
DK179993B1, https:/ /patents.google.com/patent/DK179993B1/en?0q=DK179993B1 (accessed on
19 July 2022)), all of which are not directly related to this work. Authors J.H., JM.E.L., and EH.C.D.
declare no conflict of interest.


https://www.mdpi.com/article/10.3390/jcm11154437/s1
https://www.mdpi.com/article/10.3390/jcm11154437/s1
https://patents.google.com/patent/DK179993B1/en?oq=DK179993B1

J. Clin. Med. 2022, 11, 4437 12 0f13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Van Haalen, EM.; Broersen, L.H.A.; Jorgensen, J.O.; Pereira, A.M.; Dekkers, O.M. Management of endocrine disease: Mortality
remains increased in Cushing’s disease despite biochemical remission: A systematic review and meta-analysis. Eur. ]. Endocrinol.
2015, 172, R143-R149. [CrossRef]

Limumpornpetch, P.; Morgan, A.W.; Tiganescu, A.; Baxter, P.D.; Nyaga, V.N.; Pujades-Rodriguez, M.; Stewart, PM. The effect
of endogenous Cushing’s syndrome on all-cause and cause-specific mortality: A systematic review and meta-analysis. J. Clin.
Endocrinol. Metab. 2022, 107, 2377-2388. [CrossRef]

Nieman, L.K. Cushing’s syndrome: Update on signs, symptoms and biochemical screening. Eur. ]. Endocrinol. 2015, 173,
M33-M38. [CrossRef]

Hakami, O.A.; Ahmed, S.; Karavitaki, N. Epidemiology and mortality of Cushing’s syndrome. Best Pract. Res. Clin. Endocrinol.
Metab. 2021, 35, 101521. [CrossRef]

Zhou, X.; Komuku, Y.; Araki, T.; Hozumi, K.; Terasaki, H.; Miki, A.; Kuwayama, S.; Niki, M.; Matsubara, H.; Kinoshita, T.; et al.
A multicentre study of the risk factors associated with recurrence of central serous chorioretinopathy. Acta Ophthalmol. 2022.
[CrossRef]

Azad, A.D.; Zhou, M.; Afshar, A.R.; Bakri, S.J.; Pershing, S. Systemic Corticosteroid Use after Central Serous Chorioretinopathy
Diagnosis. Ophthalmology 2021, 128, 121-129. [CrossRef]

Spaide, R.E; Cheung, C.M.G.; Matsumoto, H.; Kishi, S.; Boon, C.J.E; van Dijk, E.H.C.; Mauget-Faysse, M.; Behar-Cohen, F.; Hart-
nett, M.E,; Sivaprasad, S.; et al. Venous overload choroidopathy: A hypothetical framework for central serous chorioretinopathy
and allied disorders. Prog. Retin. Eye Res. 2022, 86, 100973. [CrossRef]

Brinks, J.; van Dijk, E.H.C.; Meijer, O.C.; Schlingemann, R.O.; Boon, C.J.F. Choroidal arteriovenous anastomoses: A hypothesis for
the pathogenesis of central serous chorioretinopathy and other pachychoroid disease spectrum abnormalities. Acta Ophthalmol.
2022. [CrossRef] [PubMed]

Borooah, S.; Sim, P.Y.; Phatak, S.; Moraes, G.; Wu, C.Y.; Cheung, C.M.G,; Pal, B.; Bujarborua, D. Pachychoroid spectrum disease.
Acta Ophthalmol. 2021, 99, e806-e822. [CrossRef]

Cheung, CM.G,; Lee, WK.; Koizumi, H.; Dansingani, K.; Lai, T.Y.Y.; Freund, K.B. Pachychoroid disease. Eye 2019, 33, 14-33.
[CrossRef] [PubMed]

Zeng, X.; Zhang, Y.; Kwong, ].S.; Zhang, C.; Li, S.; Sun, F; Niu, Y,; Du, L. The methodological quality assessment tools for
preclinical and clinical studies, systematic review and meta-analysis, and clinical practice guideline: A systematic review. J. Evid.
Based Med. 2015, 8, 2-9. [CrossRef] [PubMed]

Barendregt, J.J.; Doi, S.A.; Lee, Y.Y,; Norman, R.E.; Vos, T. Meta-analysis of prevalence. J. Epidemiol. Community Health 2013, 67,
974-978. [CrossRef]

Higgins, J.P.; Thompson, S.G.; Deeks, ].J.; Altman, D.G. Measuring inconsistency in meta-analyses. BM]J 2003, 327, 557-560.
[CrossRef]

Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BM] 1997, 315,
629-634. [CrossRef]

Abalem, M.E;; Machado, M.C.; Santos, H.N.V.D.; Garcia, R.; Helal, J., Jr.; Corricondo, P.C.; Pimentel, S.L.G.; Monteiro, M.L.R.;
Qian, C.X.; Bronstein, M.D.; et al. Choroidal and Retinal Abnormalities by Optical Coherence Tomography in Endogenous
Cushing’s Syndrome. Front. Endocrinol. 2016, 7, 154. [CrossRef]

Brinks, J.; van Haalen, EM.; van Rijssen, T.].; Biermasz, N.R.; Meijer, O.C.; Pereira, A.M.; Boon, C.J.E; van Dijk, E.H.C. Central
serous chorioretinopathy in active endogenous Cushing’s syndrome. Sci. Rep. 2021, 11, 2748. [CrossRef]

Eymard, P.; Gerardy, M.; Bouys, L.; Mehanna, C.; Bertherat, J.; Behar-Cohen, F.; Bousquet, E. Choroidal imaging in patients with
Cushing syndrome. Acta Ophthalmol. 2021, 99, 533-537. [CrossRef]

Karaca, C; Karaca, Z.; Kahraman, N.; Sirakaya, E.; Oner, A.; Mirza, G.E. Is there a role of ACTH in increased choroidal thickness
in Cushing syndrome? Retina 2017, 37, 536-543. [CrossRef] [PubMed]

Lassandro, N.V.; Nicolai, M.; Arnaldi, G.; Franceschi, A.; Pelliccioni, P; Cantini, L.; Gesuita, R.; Faragalli, A.; Mariotti, C.
Pachychoroid spectrum disease and choriocapillary flow analysis in patients with Cushing disease: An optical coherence
tomography angiography study. Graefes Arch. Clin. Exp. Ophthalmol. 2022, 260, 1535-1542. [CrossRef]

Wang, E.; Chen, S.; Yang, H.; Yang, ].; Li, Y.; Chen, Y. Choroidal Thickening and pachychoroid in Cushing syndrome: Correlation
with endogenous cortisol level. Retina 2019, 39, 408—-414. [CrossRef]

Li, Y; You, Q.S.; Wei, W.B.; Xu, ]J.; Chen, C.X.; Wang, Y.X.; Xu, L.; Jonas, J.B. Prevalence and associations of central serous
chorioretinopathy in elderly Chinese. The Beijing Eye Study 2011. Acta Ophthalmol. 2016, 94, 386-390. [CrossRef]

Van Dijk, E.H.C.; Holtz, ] K.; Sirks, M.].; Larsson, ] M.E.; Diederen, R.M.H.; Schlingemann, R.O.; Boon, C.J.E; Subhi, Y. European
Prevalence of Polypoidal Choroidal Vasculopathy: A Systematic Review, Meta-Analysis, and Forecasting Study. 2022; submitted,
in review.

Brinks, J.; van Dijk, E.H.C.; Klaassen, I.; Schlingemann, R.O.; Kielbasa, S.M.; Emri, E.; Quax, PH.A.; Bergen, A.A.; Meijer, O.C.;
Boon, C.J.F. Exploring the choroidal vascular labyrinth and its molecular and structural roles in health and disease. Prog. Retin.
Eye Res. 2022, 87, 100994. [CrossRef] [PubMed]

Subhi, Y.; Forshaw, T.; Serensen, T.L. Macular thickness and volume in the elderly: A systematic review. Ageing Res. Rev. 2016, 29,
42-49. [CrossRef]


http://doi.org/10.1530/EJE-14-0556
http://doi.org/10.1210/clinem/dgac265
http://doi.org/10.1530/EJE-15-0464
http://doi.org/10.1016/j.beem.2021.101521
http://doi.org/10.1111/aos.15194
http://doi.org/10.1016/j.ophtha.2020.06.056
http://doi.org/10.1016/j.preteyeres.2021.100973
http://doi.org/10.1111/aos.15112
http://www.ncbi.nlm.nih.gov/pubmed/35179828
http://doi.org/10.1111/aos.14683
http://doi.org/10.1038/s41433-018-0158-4
http://www.ncbi.nlm.nih.gov/pubmed/29995841
http://doi.org/10.1111/jebm.12141
http://www.ncbi.nlm.nih.gov/pubmed/25594108
http://doi.org/10.1136/jech-2013-203104
http://doi.org/10.1136/bmj.327.7414.557
http://doi.org/10.1136/bmj.315.7109.629
http://doi.org/10.3389/fendo.2016.00154
http://doi.org/10.1038/s41598-021-82536-2
http://doi.org/10.1111/aos.14664
http://doi.org/10.1097/IAE.0000000000001198
http://www.ncbi.nlm.nih.gov/pubmed/27429387
http://doi.org/10.1007/s00417-021-05524-2
http://doi.org/10.1097/IAE.0000000000001956
http://doi.org/10.1111/aos.12891
http://doi.org/10.1016/j.preteyeres.2021.100994
http://www.ncbi.nlm.nih.gov/pubmed/34280556
http://doi.org/10.1016/j.arr.2016.05.013

J. Clin. Med. 2022, 11, 4437 13 0f 13

25.

26.

27.

28.

29.

Borgersen, N.J.; Meller-Lorentzen, T.; Serensen, T.L.; Subhi, Y. Association between C-reactive protein and polypoidal choroidal
vasculopathy: A systematic review and meta-analysis. Acta Ophthalmol. 2021, 99, 470-477. [CrossRef] [PubMed]

Subhi, Y.; Nielsen, M.K.; Molbech, C.R.; Oishi, A.; Singh, A.; Nissen, M.H.; Serensen, T.L. Polypoidal Choroidal Vasculopathy
Associate With Diminished Regulatory T Cells That Are Polarized Into a T Helper 2-Like Phenotype. Investig. Ophthalmol. Vis. Sci.
2019, 60, 2583-2590. [CrossRef] [PubMed]

Brinks, J.; van Dijk, E.H.C.; Kielbasa, S.M.; Mei, H.; van der Veen, I; Peters, H.A.B.; Sips, H.C.M.; Notenboom, R.G.E.; Quax,
PH.A.; Boon, C.J.E; et al. The Cortisol Response of Male and Female Choroidal Endothelial Cells: Implications for Central Serous
Chorioretinopathy. J. Clin. Endocrinol. Metab. 2022, 107, 512-524. [CrossRef] [PubMed]

Cheung, C.M.; Yang, E.; Lee, WK,; Lee, G.K.; Mathur, R.; Cheng, J.; Wong, D.; Wong, T.Y.; Lai, T.Y. The natural history of
polypoidal choroidal vasculopathy: A multi-center series of untreated Asian patients. Graefes Arch. Clin. Exp. Ophthalmol. 2015,
253,2075-2085. [CrossRef]

Subhi, Y.; Serensen, T.L. Valsalva-Related Subretinal Hemorrhage as a Presenting Symptom of Polypoidal Choroidal Vasculopathy.
Case Rep. Ophthalmol. Med. 2017, 2017, 9650287. [CrossRef]


http://doi.org/10.1111/aos.14655
http://www.ncbi.nlm.nih.gov/pubmed/33124181
http://doi.org/10.1167/iovs.19-26882
http://www.ncbi.nlm.nih.gov/pubmed/31219532
http://doi.org/10.1210/clinem/dgab670
http://www.ncbi.nlm.nih.gov/pubmed/34546342
http://doi.org/10.1007/s00417-015-2933-2
http://doi.org/10.1155/2017/9650287

	Introduction 
	Materials and Methods 
	Study Eligibility Criteria 
	Information Sources, Search Strategy, and Study Selection 
	Data Extraction and Risk of Bias within Studies 
	Synthesis of the Results and Risk of Bias across Studies 

	Results 
	Literature Search and Study Selection 
	Study Characteristics 
	Results of Individual Studies 
	Risk of Bias of Individual Studies 
	Synthesis of Results: Difference in Subfoveal Choroidal Thickness between Eyes from Patients with Cushing’s Syndrome and Healthy Controls 
	Synthesis of Results: Prevalence of Pachychoroid Pigment Epitheliopathy, Central Serous Chorioretinopathy, and Polypoidal Choroidal Vasculopathy in Eyes from Patients with Cushing’s Syndrome and Healthy Controls 

	Discussion 
	References

