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by two physicians (O.E.Y and E.K), and only concor-
dant findings were included in the analysis. For CVI 
evaluation, EDI-OCT images were converted to binary 
format using ImageJ software (version 1.52a; Wayne 
Rasband, National Institutes of Health, Bethesda, MD, 
USA). Choroidal vascular parameters were analyzed as 
described by Agrawal et al.(5). The total choroidal area 
(TCA) and luminal area (LA) were calculated from the 
binarized images, with the LA representing dark pixels 
corresponding to vascular lumens (Figure 2B). The stro-
mal area (SA) was obtained by subtracting the LA from 

the TCA, and the CVI was determined as the ratio of LA 
to TCA. EDI-OCT scans were also reviewed to identify 
the presence and type of PSD. All SFCT measurements 
and CVI calculations were performed and recorded by 
an experienced ophthalmologist (B.E) specializing in 
retinal imaging.

Statistical analysis

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 22.0 (IBM Corp., Ar-
monk, NY, USA). A convenience sampling method was 

Figure 1. (A) Macular optical coherence tomography (OCT) scan showing the automatic measurement of central retinal thickness 
from the macular thickness map. (B) Enhanced depth imaging OCT scan showing the manual measurement of subfoveal 
choroidal thickness, defined as the distance from the hyperreflective outer border of the retinal pigment epithelium to the 
choroid–sclera junction (white arrow) beneath the foveal center (348 μm).
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used. Sample size estimation was conducted through 
power analysis using MINITAB 16 statistical software. 
Based on the findings of a previous comparable study(12), 
assuming a significance level of α=0.05 and a statisti-
cal power of 90%, a minimum of 21 participants per 
group was required. The normality of data distribution 
was evaluated using the Shapiro–Wilk test. Continuous 
variables were compared using the Mann–Whitney U 
test, and categorical variables were compared using 
the chi-squared test. Results are presented as median 
(minimum–maximum), mean ± standard deviation (SD), 
or frequency (%), as appropriate. Spearman correlation 
analysis was performed to identify factors associated 
with SFCT. A p-value of <0.05 was considered statisti-
cally significant.

RESULTS
Demographic and clinical characteristics

A total of 60 eyes from 30 patients with MACS and 
60 eyes from 30 subjects with nonfunctional adenoma 
(NFA) were included in the study. The mean ages of the 
MACS and control groups were 61.8 ± 8.2 and 60.06 ± 
8.01 years, respectively (p=0.235). The male-to-female 
ratio was comparable between groups (p=0.239). Me-
dian disease duration was 18.5 (1–163) months in the 
MACS group and 15.5 (1–142) months in the control 
group (p=0.148). No significant differences were ob-
served between groups in ocular parameters, including 
spherical equivalent, cylindrical refraction, intraocular 
pressure, and axial length (Table 1). The mean adrenal 
nodule size was significantly larger in the MACS group 

Figure 2. (A) Enhanced depth imaging OCT scan showing the manual delineation of the submacular choroidal area, extending 3,000 μm 
from the lower border of the retinal pigment epithelium to the choroid–sclera junction. (B) Determination of the luminal area within the 
selected choroidal region.
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than in the control group (26.3 mm vs. 20.1 mm; 
p<0.001). Hypertension was present in 20 patients in 
the MACS group and 12 in the control group, with the 
difference reaching statistical significance (p=0.003). 
Table 1 summarizes the demographic and clinical cha-
racteristics of the study population.

OCT imaging

The frequency of PSD was significantly higher in 
the MACS group than in the control group (68.3% vs. 
31.7%; p<0.001) (Figure 3B). Pachyvessels were also 
more common among patients with MACS than among 
controls (71.4% vs. 42.9%, p=0.002) (Figure 3A). The 
median SFCT was 355 μm (range, 150–535) in the MACS 
group and 297 μm (range, 162–597) in the control 
group, with the difference reaching statistical significan-
ce (p=0.014). No significant differences were observed 
between groups in CVI, TCA, LA, or SA. Comparisons 
of pachychoroid disorders, CVI, and related parameters 
between the two groups are presented in Table 2. In the 
subgroup analysis, higher post-1 mg DST cortisol con-
centrations were significantly correlated with increased 
SFCT (p=0.045) (Table 3).

Correlation analysis 

Correlation analysis was performed to identify fac-
tors associated with CT. SFCT showed a weak negative 
correlation with axial length (r=−0.324, p<0.001) 
and weak positive correlation with spherical equiva-
lent (r=0.255, p=0.005), post-1 mg DST cortisol level 
(r=0.269, p=0.003), and disease duration (r=0.309, 
p=0.001) (Table 4).

DISCUSSION

In the present study, we evaluated the presence of 
PSD, SFCT, and CVI in patients with MACS. To the best 
of our knowledge, this is the first study to investigate 
CT, CVI, and PSD in this patient group. Our findings 
demonstrated that SFCT and the frequency of pachycho-
roid disorders were significantly higher in patients with 
MACS than in the control group. However, no significant 
differences were observed in CVI, TCA, LA, or SA between 
the two groups.

From a clinical standpoint, it is important to recog-
nize that MACS and overt CS represent points along a 
continuum of hypercortisolism. Differentiating patients 
with adrenal incidentaloma-related MACS from those 
with overt adrenal CS remains challenging both clini-
cally and biochemically. In a recent study, Zhang et al. 
compared clinical features between patients with MACS 
and those with CS and reported that a considerable 
proportion of individuals with MACS exhibited proximal 
muscle weakness (47.5% vs. 75.0%), supraclavicular and/
or dorsocervical fat accumulation (25.4% vs. 75.0%), ty-
pical skin changes (28.8% vs. 83.3%), and central obesity 
(39.0% vs. 83.3%)(13). Patients with MACS also have an 
increased risk of osteoporosis (46%) and mainly asymp-
tomatic vertebral fractures (82%), compared with 13% 
and 23%, respectively, in individuals with nonfunctio-
ning adrenal incidentalomas(14-15). However, ocular co-
morbidities have not been systematically investigated in 
patients with MACS. To date, we found only a single case 
report describing the clinical course of CSCR secondary 
to MACS before and after adrenalectomy. In that report, 
a 50-year-old woman presented with blurring and spots 

Table 1. Demographic and clinical characteristics of the study and control groups 

NFA MACS p-value

M/F, n (%) 8 (26.7 )/22 (73.3 ) 11 (36.7 )/19 (63.3 ) 0.239

Age (years), mean ± SD 60.06 ± 8.01 61.8 ± 8.2 0.235

Systemic disease, n (%)

Diabetes mellitus 4 (13.3) 8 (26.7) 0.068

Hypertension 12 (40) 20 (66.7) 0.003*

SE (D), median (min–max) +0.75 (−3.25–+5.00) +1.25 (−2.75–+4.00) 0.148

IOP (mmHg), mean ± SD 15.48 ± 2.74 15.35 ± 3.43 0.537

AL (mm), mean ± SD 23.35 ± 0.79 23.1 ± 0.65 0.074

DST Csl (μg/dL), mean ± SD  1.11 ± 0.31 4.4 ± 2.79 <0.001*

Nodule size (mm), mean ± SD 20.1 ± 8.55 26.37 ± 8.03 <0.001*

Follow-up (month) 15.5 (1–142) 18.5 (1–163) 0.148

NFA= nonfunctioning adenoma; MACS= mild autonomous cortisol secretion; SE= spherical equivalent; D= diopter; IOP= intraocular pressure; AL= axial length; DST Csl: cortisol 
levels after 1 mg of dexamethasone suppression test; M= male; F= female. 
*Statistically significant (p<0.05).
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Figure 3. (A) Enhanced depth imaging optical coherence tomography (OCT) scan of the left eye of a patient with mild autonomous 
cortisol secretion showing pachychoroid and dilated Haller’s layer vessels (pachyvessels; white stars). (B) Enhanced depth imaging 
OCT scan of the left eye of a patient with mild autonomous cortisol secretion showing pachychoroid pigment epitheliopathy and 
retinal pigment epithelial detachments (white arrows).
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Table 2. Choroidal parameters of the study and control groups 

NFA (n=30) MACS (n=30) p-value

CRT (μm) median (min-max) 221 (154-274) 221 (170-372) 0.871

CCT (μm) median (min-max) 297 (162-597) 355 (150-532) 0.014*

CVI (%)(mean±SD) 64.2 (57.9-79.8) 64.8 (59.9-77.8) 0.072

TCA(mm2) median (min-max) 2.94 (1.34-5.37) 3.17 (1.67-4.86) 0.173

LA(mm2) median (min-max) 1.89 (0.93-3.36) 2.06 (1.1-3.22) 0.274

SA (mm2) median (min-max) 1.05 (0.31-2.02) 1.11 (0.38-1.68) 0.230

PSD n (%) 19 (31.7) 41 (68.3) <0.001*

PPE/UPE n (%) 5 (26.3 %)/14 (73.7) 5 (12.2 %)/36 (87.8 ) 0.263

NFA= nonfunctioning adenoma; MACS= mild autonomous cortisol secretion; CRT= central retinal thickness; CCT= central choroidal thickness; CVI= choroidal vascularity index; 
TCA= total choroidal area; LA= luminal area; SA= stromal area; PSD= pachychoroid spectrum diseases. 
*Statistically significant (p<0.05).
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Table 3. Factors affecting subfoveal choroidal thickness 

SFCT (μm),
median (min–max) p-value

Diabetes

Present (n=12) 313.5 (150–414) 0.346

Absent (n=48) 322.5 (162–597)

Hypertension

Present (n=32) 346 (156–532) 0.184

Absent (n=28) 297.5 (150–597)

PSD

Present (n=60) 380 (193–597) <0.001*

Absent (n=60) 273.5 (150–452)

DST Csl (μg/dL) 

<1.8 (n=60) 297 (162–597)  0.045*

1.8–5 (n=48) 349 (150–532)

>5 (n=12) 357 (13–462)

SFCT= subfoveal choroidal thickness; PSD= pachychoroid spectrum disorder; DST Csl= 
cortisol level after 1 mg dexamethasone suppression test.
*Statistically significant (p<0.05).

Table 4. Correlation analysis of factors affecting choroidal thickness (n=120) 

Characteristic
Correlation

coefficient (r) p-value

Age -0.026 0.778

AL -0.324 <0.001*

SE 0.255 0.005

DST Csl 0.269 0.003*

Adrenal nodule size
Follow-up (months)

0.170
0.309

0.063
0.001*

AL= axial length; SE= spherical equivalent; DST Csl= cortisol levels after 
1 mg of dexamethasone suppression test. 
*Statistically significant (p<0.05).

in her right eye that had persisted for several months. Bi-
lateral, multifocal subretinal fluid and mottled pigmen-
tary changes were detected, leading to a diagnosis of 
multifocal, chronic CSCR. During follow-up, the patient 
was found to have an adrenal incidentaloma and MACS, 
and the subretinal fluid resolved completely 3 months 
after minimally invasive adrenalectomy(16). Based on 
these observations, we aimed to determine whether 
patients with MACS develop ocular manifestations and 
to discuss how such findings might influence the deci-
sion between medical and surgical management. In the 
present study, patients with MACS exhibited a thicker 
choroid (355 μm vs. 297 μm) and a higher frequency of 
pachychoroidopathy (68.3% vs. 31.7%) compared with 
those with nonfunctioning adrenal incidentaloma. De-
mirel et al. previously hypothesized that UCP and PPE 

may represent prodromal stages of CSCR. Therefore, 
the higher prevalence of UCP and PPE observed in our 
patients might indicate a predisposition to subsequent 
development of PSD(17). Moreover, previous studies have 
shown that elevated cortisol concentrations after the 
1-mg DST are associated with increased cardiometabolic 
risk and mortality(18). To assess whether cortisol excess 
similarly affects the choroid, we conducted a subgroup 
analysis and found a significant association between 
post-DST serum cortisol levels and SFCT (p=0.045), as 
well as a positive correlation between these parameters 
(r= 0.269, p= 0.003).

The effect of corticosteroids on CT remains contro-
versial. Han et al. reported no significant change in CT at 
1 day, 1 week, or 1 month following high-dose corticos-
teroid therapy, although one patient (5.6%) developed 
CSCR during the study period(19). Wang et al. found that 
SFCT was significantly correlated with 24-hour urine-
free cortisol levels but not with plasma-free cortisol(10), 
whereas Eymard et al. observed no association between 
CT and urinary cortisol levels(20). These discrepancies 
may reflect the dynamic nature of the choroid, where 
fluctuations in cortisol levels might require a longer du-
ration to induce measurable changes in CT. 

Similarly, the relationship between CS and CT remains 
inconsistent across studies. Abalem et al. reported that 
patients with CS had significantly greater SFCT than 
healthy controls (372.96 μm vs. 255.63 μm), with one 
patient (9.09%) developing CSCR and another (9.09%) 
showing PPE(21). Karaca et al. also observed a higher 
SFCT in patients with CS compared to controls (367.8 
μm vs. 329.0 μm) and detected bilateral, multifocal, 
extrafoveal CSCR in one patient (3%)(22). Consistent with 
these findings, Wang et al. reported significantly greater 
SFCT (371.6 μm vs. 320.0 μm) and a higher prevalence 
of PSD (53.1% vs. 14.3%) in patients with CS than in 
controls(10). A systematic review and meta-analysis re-
ported that patients with CS had a 49.5-μm thicker SFCT 
than matched healthy individuals, with 20.8% exhibiting 
PPE, 7.7% exhibiting CSCR, and 2.8% exhibiting PCV(23). 

Similarly, Eymard et al. found no significant difference 
in SFCT between patients with CS and healthy controls 
but observed a higher presence of PSD among those 
with CS (21.4% vs. 3.6%), including PPE in 17.9% of 
eyes and PCV in 3.6%(20). Bouzas et al. reported that 5% 
of 60 patients with endogenous CS experienced one or 
more episodes of CSCR, all occurring during periods of 
untreated hypercortisolism when plasma cortisol con-
centrations were elevated(24). The present study aligns 
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with previous findings demonstrating an association 
between elevated cortisol levels and increased SFCT. 
Patients with MACS exhibited a 58-μm thicker SFCT than 
the control group, supporting the hypothesis that sub-
clinical hypercortisolism may contribute to choroidal 
thickening and pachychoroidopathy.

In the Beijing Eye Study, univariate regression analy-
sis demonstrated associations between SFCT and several 
ocular and systemic parameters. Multivariate analysis 
showed that CT increased with younger age, male sex, 
shorter axial length, deeper anterior chamber, and thi-
cker lens and decreased with myopic refractive error 
greater than −1 D(25). Karahan et al. found that CT was 
not significantly correlated with serum cortisol level, 
age, or spherical equivalent but was negatively correla-
ted with axial length in 66 healthy volunteers without 
ocular disease(26). In the present study, SFCT was signi-
ficantly and positively correlated with post-1 mg DST 
cortisol level, spherical equivalent, and disease duration 
and negatively correlated with axial length. 

As expected, hypertension was more prevalent 
among patients with MACS, likely reflecting the sys-
temic effects of elevated cortisol levels. However, the 
relationship between hypertension and SFCT remains 
controversial in the literature. Several studies have 
reported that hypertension is associated with reduced 
SFCT. Waghamare et al. found that mean SFCT was 
significantly lower in hypertensive individuals than in 
normotensive controls (253.24 ± 63.96 μm vs. 301.25 ± 
55.79 μm) and negatively correlated with systolic blood 
pressure(27). Similarly, a meta-analysis by Papathanasiou 
et al. confirmed that SFCT was significantly decreased in 
hypertensive individuals compared with normotensive 
individuals(28). Conversely, other studies have found no 
significant association. For instance, Shao et al. reported 
that hypertension as a systemic condition did not signi-
ficantly affect SFCT(29).

Although hypertension is generally associated with 
reduced CT, the observed increase in SFCT among MACS 
patients – despite their higher prevalence of hyperten-
sion – supports the hypothesis that cortisol’s choroidal 
thickening effect predominates over the thinning in-
fluence of hypertension. 

In this study, SFCT was significantly greater in the 
MACS group, whereas CVI did not differ between groups. 
Based on existing literature, several mechanisms may 
explain this discrepancy between CT and CVI.

One possible explanation is that increased CT and 
the presence of pachyvessels in the Haller layer may 

represent an early phase preceding choriocapillaris 
ischemia. Beak et al. used OCT-A to analyze the chorio-
capillaris in eyes with early-stage PSD and found decrea
sed choriocapillaris vascular density corresponding to 
pachyvessel location in both PPE and UCP eyes compa-
red with controls(30). Similarly, Gal-Or et al. reported a 
high prevalence of relatively large zones of flow signal 
attenuation – likely indicative of focal choriocapillaris 
ischemia – in eyes with pachychoroid disease(31). Kitaya 
et al. demonstrated reduced foveal choroidal blood 
flow using laser Doppler flowmetry in eyes with CSCR 
and suggested that this reduction may correspond to 
nonperfused areas of the choriocapillaris(32). It can the-
refore be hypothesized that pachyvessels in the Haller 
layer may contribute to choriocapillaris ischemia, re-
sulting in increased CT without a corresponding change 
in CVI. Second, experimental studies have shown that 
administration of high-dose corticosterone (10 μM) or 
aldosterone to rat eyes induces choroidal vasodilation 
and vascular leakage, whereas low-dose glucocorticoids 
(100 nM) do not elicit such effects(13). In the present study, 
although patients with MACS showed a slight increase in 
TCA and LA compared with controls, these differences 
were not statistically significant. Thus, cortisol levels in 
MACS – elevated above normal but insufficient to trigger 
overt vascular remodeling – may have led to an increase 
in CT without affecting CVI. Accordingly, CT may be a 
more sensitive parameter than CVI for assessing choroi-
dal involvement in MACS.

To our knowledge, this is the first study to investigate 
both structural and vascular choroidal changes in pa-
tients with MACS. We observed a significant increase in 
SFCT in this patient group. The main limitations of this 
study are its cross-sectional design and relatively small 
sample size.

To minimize the influence of confounding factors, the 
patient and control groups were carefully matched for 
axial length, age, and sex – parameters known to affect 
CT. Furthermore, all OCT scans were performed between 
2:00 and 4:00 p.m. to reduce the effect of diurnal varia-
tion in CT. Image acquisition was conducted by the same 
experienced technician, and all measurements were 
independently evaluated by two observers to enhance 
the reliability of the findings.

In conclusion, patients with MACS exhibited increa-
sed SFCT and a higher frequency of PSD. These findings 
suggest that MACS may represent an underrecognized 
risk factor for the development of pachychoroidopathy. 
Given the observed CT and the potential for associated 
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PSD, routine ophthalmologic evaluation may be warran-
ted in patients with MACS. Future longitudinal studies 
with larger cohorts are needed to further elucidate the 
long-term choroidal changes and their implications for 
visual outcomes in this population.
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