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Background: Central serous chorioretinopathy (CSC) is preferential cocurated in males, however the associations between sex 
hormones and CSC incidence or progression remains unclear. The sex hormone concentration assessments in CSC cases and healthy 
controls will update the knowledge in CSC management.
Methods: This case-control study included 59 CSC cases and 30 healthy controls, from January 2019 to December 2020. The CSC 
cases would be defined as spontaneous resolved if the subretinal fluid were absorbed within three months. The concentrations of total 
testosterone (TT), free testosterone (FT), estradiol (E2), sex hormone-binding globulin (SHBG), progesterone, leuteinizing hormone 
(LH) and dehydroepiandrosterone sulfate (DHEA-S) were detected in all the participants. The relationships between sex hormone 
concentrations and CSC-related characteristics were analyzed with Pearson correlation analyses.
Results: Significantly increased TT, FT, FT/E2 ratio, SHBG concentrations as well as decreased DHEA-S level were detected in non- 
resolved CSC group compared with the control group. Comparing with the resolved ones, it was found that TT, FT and SHBG 
concentrations were increased in the non-resolved CSC. A significant positive correlation between TT concentrations and CMT 
(R2=0.168, P=0.031) as well as SRF height (R2=0.146, P=0.045) were detected in the non-solved CSC group.
Conclusion: Different concentrations of TT, FT, FT/E2 ratio, DHEA-S and SHBG were detected in resolved and non-resolved CSC 
cases. Sex hormones were related to CSC symptom durations and related parameters.
Keywords: central serous chorioretinopathy, sex hormones, cortisol, testosterone, case-control study

Introduction
Central serous chorioretinopathy (CSC), which is characterized by the accumulation of transparent liquid under the 
retinal neuroepithelial layer in the posterior pole, is one of the most common retinal diseases. It could lead to painless 
visual impairment, visual object deformation, relative scotoma of visual field, visual object shrinkage or visual object 
discoloration. Increased permeability of choroidal capillary causes huge leakage and impaired retinal pigment epithelium 
(RPE) function, resulting in serous RPE detachment. Along with increased choroidal hydrostatic pressure, RPE gradually 
bulges, and the continuity of RPE is interrupted due to mechanical force, resulting in retinal pigment epithelial 
detachment (PED) and leakage. The subretinal fluid (SRF) concentrated under the neuroretina and then CSC was 
induced.1 Most CSC cases remitted spontaneously within 3 months, but it’s easy to relapse and cause visual impairment.2

The classifications of CSC are based on duration of the disease as well as multimodal imaging-based examinations,3 

and both classification methods were helpful in advanced CSC management. The initial CSC classification is simply 
based on CSC duration and the CSC cases are divided into two forms, the acute and chronic ones, according to the 
duration of the SRF presentation.4 Acute CSC lesions can subside within 3 months, and usually no obvious visual 
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impairments were detected. Chronic CSC lesions are potentially destructive, which can lead to long-term localized retinal 
neuroepithelial detachment and thus cause photoreceptor damage and visual impairment.5

Choroidal thickening is related to higher hydrostatic pressure as well as choroidal permeability, resulting in 
neuroretina detachment. Choroidal thickening can be affected by various factors and thus promotes the incidence or 
progression of PED and CSC. CSC is a multifactorial disease and can be influenced by both systemic and local risk 
factors. For systemic factors, it is well accepted that male gender, increased age and sleep disorders are related to the 
persistence or recurrence of CSC.6 Sleep disorder is related to the changes of cortisol and catecholamine secretion, which 
leads to increased activities of hypothalamus pituitary adrenal axis and autonomic sympathetic adrenal system.7 In 
addition, increased age, steroid use, pregnancy, post-traumatic stress disorder, antipsychotics (anti-anxiety or antidepres
sants), smoking and psychological stress promote the incidence of CSC.5,8–11 There are also local risk factors for CSC 
incidence. Local corticosteroid use could affect the choroidal function and thus promote the incidence or progression of 
CSC.4 CSC incidence could also be influenced by refractive error. It was found that hyperopia are risk factors for CSC, 
while myopia is a protective factor.4,12

Considering that male gender is a key hazard factor for CSC, it is natural to determine the correlation between sex hormones 
and CSC incidence. Understanding the relationship between sex hormone concentration and CSC status would provide improved 
knowledge in CSC management. Testosterone is related to choroid thickening and thus promotes the development of CSC, 
however the exact role of testosterone in CSC development remains unclear.13 As the sex hormone concentrations would change 
with aging and CSC-related drug use, circulating sex hormones might be used in CSC diagnosis, classification and prognosis. In 
an age- and sex-matched case-control study, 17 steroid hormones in 46 chronic CSC patients and relevant healthy controls were 
detected and it was found that the concentrations of androstenedione, androsterone, etiocholanolone and estrone (E1) were 
significantly increased in the serum samples of CSC cases.14 As the prognoses of CSC cases are dependent on the symptom 
durations and spontaneous remission, detection of the relationship between circulating sex hormones and CSC severity would 
provide novel evidence in both clinical management and biological mechanism of CSC. In this pilot case-control study, the 
association between sex hormones in serum samples and CSC status was detected within one year of follow-up. In addition, 
detailed correlation analyses would provide more evidence on the effects of sex hormones in CSC prognoses.

Materials and Methods
Study Design and Participants
A case-control study design was adopted in this study. All procedures in this study were in accordance with the Helsinki 
Declaration of 1975. This study was approved by the Ethics Committee of the Shanghai Tenth People’s Hospital and Affiliated 
Hospital of Jiangsu University. All participants were informed and written consents were obtained.

From January 2019 to December 2020, a total of 59 newly-diagnosed initial CSC patients (CSC group) were included 
in this study. The inclusion criteria were as follows: (1) age ≥18 years old; (2) meet the diagnostic criteria of active CSC 
based on typical CSC symptoms and fundus manifestations based on OCT, fluorescein angiography (FFA), and 
indocyanine green angiography. OCT shows localized or diffuse retinal neuroepithelial detachment with plasma exuda
tion in the detachment area, which is consistent with the leakage point shown by FFA; and (3) cooperate with clinical 
research and complete relevant inspection operations. The exclusion criteria of CSC cases were: (1) age <18 years old; 
(2) vitreoretinal diseases and glaucoma history; (3) other macular diseases that cause serous detachment of the 
neuroepithelial layer in the macular region, including choroidal neovascularization (CNV) and polypoidal choroidal 
vasculopathy (PCV); and (4) any patients with other serious systemic diseases, such as tumor, reproductive disorders 
history, severe kidney disease and hormone replacement therapy. The diagnoses of CSC was following a diagnostic 
criteria by CSC group.3 The healthy controls were included from the out-patient department after fundus photography 
and OCT examination to excluding any potential cases with retinal disorders.

For all the participants, the age, hypertension status, diabetes incidence, body mass index (BMI) value, axial length 
(AL) and spherical equivalent (SE) were recorded. All the CSC cases finished a monthly follow-up and the cases with 
aborted SRF liquid within three months were recorded as the resolved ones. CSC with a persistent SRF for over three 
months were recorded in non-resolved group. The blood samples were obtained in the first diagnosis and used in sex 
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hormone analyses after all the cases included. The detailed flow diagram of study design and participant screening are 
presented in Figure 1.

Ophthalmic Examination and Definitions
The AL was measured by experienced technicians using the IOLMaster 500 (Carl Zeiss, Germany). A standard fundus 
synchronous FFA and ICG examination was conducted using a Spectralis HRA instrument (Heidelberg, Germany) for any 
potential CSC cases in this study. The acquisition of SD-OCT was carried out by Cirrus HD-OCT 5000 imager (Carl Zeiss, 
Germany) to obtain the central macular thickness (CMT) and SRF height. The PED morphology was evaluated by two 
ophthalmologists (Z.C and L.X.Q) with OCT images. PED was defined as epithelium pigment detachment from choroid and 
CNV/PCV was excluded from this study. The leakage types were analyzed using FFA and thus the leakage spots were recorded 
for advanced analyses.

Blood Sample Collection
Morning fasting blood samples were collected from all participants prior to any treatments or examinations at the time of 
recruitment. The serum from all the blood samples was separated from the supernatant after centrifugation and stored at −80 °C 
until use. The biological assay and detections were completed in 8 months after the serum samples were collected.

Figure 1 The flow diagram of participant screening, study conduction and experiment process.
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Measurement of Serum Sex Hormones
The protocols of sex hormone measurements were following a previous report with slight modifications.15 Sex hormones 
were detected using competitive electro-chemiluminescence immunoassays with the Cobase 601 System (Roche 
Diagnostics, Mannheim, Germany) at the biochemistry laboratory of the Tenth People’s Hospital. The concentrations 
of total testosterone (TT), free testosterone (FT), estradiol (E2), sex hormone-binding globulin (SHBG), leuteinizing 
hormone (LH) and dehydroepiandrosterone sulfate (DHEA-S) were detected in this study. The catalog numbers of these 
assays were 11776061 for TT, 03000079 for E2, 12145383 for progesterone, 03000095 for DHEA-S,11732234 for LH 
and 03052028 for SHBG. FT was detected using a commercial kit (GOY-T4300, DRG, Germany) and the operation was 
conducted in accordance with instructions of the supplier.

Statistical Analysis
Graphpad statistical software (GraphPad Software Inc., San Diego, CA, USA) was used for the statistical analysis. The 
continuous data are expressed in mean ± SD. Independent sample t-tests were used for the difference between two groups and 
one-way ANOVA analyses for three groups. The Tukey method was used in multiple comparison analyses. The chi square test 
was used in the analyses of categorical data. Pearson correlation analyses between sex hormone concentrations and CSC- 
related parameters were analyzed. The difference was considered statistically significant when P<0.05.

Results
Basic Information and CSC-Related Characteristics of Participants with and without 
CSC
A total of 59 CSC cases and 30 healthy controls were included in this study. Through follow-up of the SRF status in the 
CSC cases, 31 cases were identified in the resolved CSC group and 28 cases were included in the non-resolved CSC 
group (SRF not absorbed within three months). The detailed demographics, clinical characteristics and CSC related 
parameters are provided in Table 1.

In addition, the CSC-related characteristics were analyzed in this study. Both OCT and FFA/ICG were used in CMT 
thickness, and SRF height, choroidal thickness, presence of pigment epithelium detachment (PED) as well as retinal 
leakage hot spots were reported and analyzed. It was found that there were no significant differences in age distribution, 
hypertension status, diabetes incidence, BMI value, AL range or SE degrees among healthy controls, resolved CSC and 

Table 1 Demographics, Clinical Characteristics and CSC-Related Parameters in CSC Cases and Relevant Controls

Variables Control  
(n=30, %)

Resolved CSC  
(n=31, %)

Non-Resolved CSC  
(n=28, %)

P* P# P&

Age (year) 41.95±10.04 44.74±10.81 43.65±10.50 0.309 0.539 0.701

Hypertension (n, %) 3 (10.0) 1 (3.2) 2 (7.1) 0.354 0.533 0.599

Diabetes (n, %) 3 (10.0) 1 (3.2) 1 (3.6) 0.354 0.333 0.728
BMI (kg/m2) 27.41±5.60 27.93±4.44 28.78±4.59 0.692 0.325 0.484

Axial length (mm) 23.71±1.07 23.18±1.68 23.13±1.32 0.154 0.077 0.911

SE (D) −0.21± 1.16 −0.56±1.54 −0.16±1.03 0.338 0.858 0.264
Symptom duration (months) - 2.26±0.62 7.46 ±2.80 - - <0.001
Leakage type (n, %)

One spot - 14 (45.2) 9 (32.1) - - 0.552
Over two spots - 7 (22.6) 9 (32.1)

Diffuse - 10 (32.2) 10 (35.8)

PED (n, %) - 16 (51.6) 11 (39.3) - - 0.453
CMT (µm) - 354.39± 94.15 352.00 ±75.65 - - 0.917

SRF height (µm) - 205.87±91.24 187.54±80.14 - - 0.426

Subfoveal choroidal thickness (μm) - 380.10±74.82 402.50±49.86 - - 0.194

Notes: Comparison among groups was calculated using unpaired t-test and chi-square exact test. The comparisons with statistical differences are 
marked in bold. P* = resolved CSC vs control; P# = non-resolved CSC vs control; P& = resolved CSC vs non-resolved CSC.
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non-resolved CSC cases (P>0.05). A significantly longer symptom duration was detected in the non-resolved CSC group 
compared to the resolved CSC group (7.46±2.80 vs 2.26±0.62 months, P<0.001). Following advanced analyses of 
leakage types, PED status, CMT value and SRF height, no significant differences were detected between the resolved and 
non-resolved CSC groups (P>0.05).

Circulating Sex Hormones in Controls, Resolved and Non-Resolved CSC Cases
To evaluate whether sex hormones were associated with CSC progeneses, we analyzed TT, FT, E2, TT/E2 ratio, FT/E2 ratio 
DHEA-S and progesterone among the three groups (Table 2). Compared to controls, higher FT and DHEA-S concentrations were 
detected (P=0.007 and P=0.040, respectively) in the resolved CSC cases. In addition, increased TT, FT, FT/E2 and SHBG 
concentrations and decreased DHEA-S were detected in the non-resolved CSC group (P=0.001, P<0.001, P=0.045, P=0.003, and 
P=0.045, respectively). Moreover, the sex hormone levels in resolved and non-resolved CSC were analyzed and it was found that 
higher FT and SHBG were detected in the non-resolved CSC cases (P=0.028, P=0.026 and P=0.018, respectively).

Correlations Between Circulating Sex Hormones and CSC-Related Parameters in 
CSC Cases
The sex hormones, respectively TT and its related hormones, were significantly associated with CSC incidence and 
progression. Advanced correlation matrix analyses between sex hormone levels and CSC-related parameters in all the 
CSC cases are presented in Figure 2. TT, FT, FT/E2 and SHBG levels were positively associated with symptom 
durations, with R values of 0.463, 0.474, 0.344 and 0.358, respectively (P<0.5). In addition, it was found that TT 
level was positively correlated with CMT (r=0.29, P=0.023). Even slight significance was reported and it should be 
noticed that there were limited liner correlations with R values less than 0.5 in all the groups.

Sex Hormone Levels in the Progression of CSC
As the correlation analyses highlighted the correlations between sex hormones and symptom duration, the values of four 
sex hormone indexes, including TT, FT, FT/E2 and SHBG levels, were presented for CSC cases with different durations. 
As shown in Figure 3A, higher TT concentrations were detected in the CSC group with 9–12 month duration compared 
to the 1–3 month and 4–6 month groups (P<0.001 and P=0.004, respectively). When the FT level was considered, 
a decreased FT level was detected in the 9–12 month duration group compared to the 1–3 month group and 4–6 month 
group (P<0.001 and P=0.003, respectively; Figure 3B). In addition, a significantly lower FT/E2 value was detected in the 
9–12 month group compared to all other groups (P<0.001; Figure 3C). As demonstrated in Figure 3D, no significant 
differences in SHBG levels were detected among all the groups (P>0.05).

Table 2 The Circulating Sex Hormones in Controls, Resolved and Non-Resolved CSC

Variables Control  
(n=30)

Resolved CSC  
(n=31)

Non-Resolved CSC  
(n=28)

P* P# P&

TT (nmol/L) 12.42±3.71 13.82±2.82 15.48±2.72 0.108 0.001 0.028
FT (nmol/L) 0.22±0.04 0.26±0.05 0.29±0.05 0.007 <0.001 0.026
E2 (pmol/L) 93.66±17.45 100.98±23.66 107.13±32.84 0.182 0.058 0.417
TT/E2 ratio 136.89±47.33 152.74 ±82.85 161.00±64.55 0.373 0.115 0.679

FT/E2 ratio 2.45±0.62 2.75±1.19 3.09±1.54 0.231 0.045 0.355

DHEA-S (nmol/L) 5.65±2.39 4.51±1.76 4.37±2.28 0.040 0.045 0.802
Progesterone (nmol/L) 0.29±0.27 0.28±0.22 0.28±0.28 0.815 0.905 0.924

LH (U/L) 8.43±9.27 8.32±8.78 6.45±2.67 0.963 0.288 0.291
SHBG (nmol/L) 54.24±28.94 60.62±25.37 77.19±25.84 0.371 0.003 0.018

Notes: Comparison among groups was calculated using unpaired t-test and chi-square exact test. The comparisons with statistical differences are 
marked in bold. P* = resolved CSC vs control; P# = non-resolved CSC vs control; P& = resolved CSC vs non-resolved CSC. 
Abbreviations: TT, Total testosterone; FT, Free testosterone; E2, Estradiol; SHBG, Sex hormone-binding globulin; LH, Leuteinizing hormone; DHEAS, 
Dehydroepiandrosterone sulfate.
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Figure 2 The associations between sex hormones and CSC-related parameters in the CSC cases. Red to blue: the R value from −1 to 1. The R value is presented in the box.

Figure 3 The concentrations of TT, FT, FT/E2 and SHBG in CSC with different disease durations. (A) The concentrations of TT in CSC with different disease durations. (B) 
The concentrations of TT in CSC with different disease durations. (B) The concentrations of FT in CSC with different disease durations. (C) The FT/E2 values in CSC with 
different disease durations. (D) The concentrations of SHBG in CSC with different disease durations. **P<0.01; ***P<0.001.
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Association Between TT Concentration and CMT/SRF Height in Resolved and 
Non-Resolved CSC Cases
TT concentrations were different among various CSC symptom duration groups, however no significant correlation 
between TT concentration and SRF height was detected among all the CSC cases. Thus, the associations between TT 
concentrations and CMT/SRF height in resolved and non-resolved CSC cases were analyzed. As shown in Figure 4, no 
significant association between the TT concentrations and CMT/SRF height in the resolved CSC groups was detected 
(P>0.05). However, a significant positive correlation between TT concentrations and CMT (R2=0.168, P=0.031) as well 
as SRF height (R2=0.146, P=0.045) were detected in the non-resolved CSC group.

Sex Hormone Levels in CSC Cases with Different Leakage Types and PED Status
Most previous analyses were based on symptom duration of CSC cases, advanced analyses of leakage types and PED 
status were provided in this study (Table 3). It was found that all the CSC cases were divided into one spot group (n=23), 
over two spots group (n=16) and diffuse group (n=20) based on the leakage types. In addition, there were 27 and 32 CSC 
cases in the with PED and without PED groups, respectively. Comparing the circulating sex hormones in different 
groups, no significant differences were detected in all the reported sex hormone levels among different CSC groups with 
leakage types as well as PED status (P>0.05).

Discussion
This study demonstrated that significantly increased TT, FT, FT/E2 and SHBG levels and decreased DHA-S in resolved 
or non-resolved CSC cases were detected compared to the controls. In addition, higher TT, FT and SHBG concentrations 
were detected in non-resolved CSC cases compared to the resolved ones. Also, through analyzing the correlations 
between sex hormone levels and symptom duration, it was found that TT, FT, FT/E2 and SHBG demonstrated positive 

Figure 4 The linear correlation between TT and CMT/SRF height in resolved and non-resolved CSC cases. (A) The linear correlation between TT and CMT in resolved 
CSC cases. (B) The linear correlation between TT and CMT in non-resolved CSC cases. (C) The linear correlation between TT and SRF height in resolved CSC cases. (D) 
The linear correlation between TT and SRF height in non-resolved CSC cases.
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correlations with symptom duration. Significant linear correlations between TT concentrations and CMT/SRF heights 
were also detected in the non-resolved cases. Interestingly, it was found that there were no differences in the sex 
hormone-related parameters in CSC cases with different leakage types or PED status.

CSC was one of the most frequent retinal disorders observed; however, the classification and management of CSC 
remained quite insufficient. Based on the persistence of SRF liquid, it was divided into acute and chronic CSC subtypes. 
The acute CSC cases usually demonstrated a characteristic of spontaneous recovery, and the incidence rate of sequelae, 
such as visual impairment, was low.16 However, CSC was easy to transform into a chronic course or recurrent attack, 
which would cause the detachment of RPE in the macular region and eventually lead to the decline of visual function. 
A previous study had pointed out that about 12.8% of patients with chronic CSC would eventually suffer from permanent 
blindness in both eyes,2 thus it is important to develop several prognostic factors. It was reported that psychological 
stress, type-A behavior pattern, steroid use, and pregnancy are reported diagnostic and prognostic factors of CSC.17 The 
potential contributions of sex hormones on the CSC incidences were inconsistent, and thus the results in this study 
provided more evidence to apply to targeting sex hormones in CSC management.

As CSC was related to male gender, it was natural to hypothesise that androgen was related to an increased risk of 
CSC. This hypothesis was supported by CSC cases secondary to exogenous testosterone use.18,19 In addition, 
previous case control studies demonstrated that serum testosterone level in the CSC group was higher compared to 
the control group.14,20 However, inconsistent conclusion was detected based on several studies involving the 
contribution of serum testosterone levels in chronic CSC risk.21 In this current study, our results supported the 
association between testosterone and CSC risk. In advanced stratified analyses, non-resolved CSC demonstrated 
increased TT and FT compared to the resolved CSC cases and healthy controls. As TT and FT concentrations were 
positively associated with symptom duration, it highlighted the potential application of TT/FT on CSC prognoses. As 
part of CSC cases could resolve spontaneously, a potential prognostic index for CSC would promote the management 
of CSC.

E2 was another sex hormone related to CSC incidence and progression. Even though the association between estrogen 
status and CSC incidence remained uncertain, the potential pathological role of estrogen in CSC was reported by 
a previous review.22 Most previous studies demonstrated an unsignificant difference between estrogen concentrations of 
CSC cases and controls20,22 and this conclusion was consistent with this current study. Based on several case series 

Table 3 The Circulating Sex Hormones in CSC Cases with Different Leakage Types and PED Status

Variables Leakage Types PED Status

One Spot 
(n=23)

Over Two Spots 
(n=16)

Diffuse 
(n=20)

P* P# P& With PED 
(n=27)

Without PED 
(n=32)

P

TT (nmol/L) 14.21±3.06 14.69±2.26 15.00±3.09 0.603 0.414 0.745 14.73±2.60 14.51±3.12 0.779
FT (nmol/L) 0.26±0.05 0.28±0.05 0.28±0.05 0.473 0.441 0.952 0.28±0.05 0.27±0.06 0.652

E2 (pmol/L) 105.08±27.33 105.06±33.74 101.61 

±25.74

0.999 0.676 0.734 102.75±26.12 104.87±30.42 0.781

TT/E2 ratio 139.85±80.04 147.11±77.71 158.16 

±51.88

0.785 0.383 0.609 164.65±111.16 145.64±51.74 0.400

FT/E2 ratio 2.81±1.45 2.98±1.31 2.96±1.33 0.727 0.731 0.979 2.97±1.40 2.85±1.36 0.747
DHEA-S (nmol/L) 4.77±1.66 4.08±2.10 4.35±2.29 0.277 0.508 0.724 4.37±2.12 4.50±1.94 0.803

Progesterone 

(nmol/L)

0.26 ±0.22 0.27±0.15 0.31±0.33 0.821 0.515 0.648 0.25±0.21 0.30 ±0.28 0.453

LH (U/L) 6.78±2.38 6.60±4.30 8.85±10.47 0.869 0.369 0.434 8.88±9.19 6.21±2.84 0.132

SHBG (nmol/L) 70.60±26.35 65.43±20.28 68.49 

±30.53

0.523 0.816 0.746 65.61±20.70 70.90±30.98 0.460

Notes: Comparison among groups was calculated using unpaired t-test and chi-square exact test. The comparisons with statistical differences are marked in bold. P* = one 
spot vs two spots; P# = one spot vs diffuse; P& = over two spots vs diffuse. 
Abbreviations: TT, Total testosterone; FT, Free testosterone; E2, Estradiol; SHBG, Sex hormone-binding globulin; LH, Leuteinizing hormone; DHEAS, 
Dehydroepiandrosterone sulfate.
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studies, the most frequently used estrogen inhibitor, Tamoxifen, had been reported to induce CSC.23,24 However, no solid 
evidence demonstrated that estrogen would promote progression of CSC. The prevalence of vascular diseases in 
postmenopausal women was much higher than that in premenopausal women of the same age25,26 and this evidence 
suggests a relationship between circulating estrogen levels and the change of vascular function in women. Even if CSC 
was another vascular dysfunction-related disorder, the potential protective effects of estrogen in CSC were not supported 
by current clinical evidence.

Among all the detected sex hormones, TT and FT demonstrated an increased concentration in CSC cases, especially 
the non-resolved cases. Considering that another corticosteroid, aldosterone, was reported to be a diagnostic factor and 
therapeutic target of CSC,27,28 we tried to detect the association between TT/FT and CSC-related parameters. 
Advanced analyses showed that TT and FT were related to a longer disease duration. In addition, the TT/FT 
concentrations in CSC with different leakage types and PED status were analyzed; however, no significant difference 
in any points were detected in the CSC cases. After dividing the CSC cases into resolved and non-resolved cases, 
a positive linear correlation between TT and CMT/SRF height in the non-resolved CSC group was observed. This 
interesting finding demonstrated that TT might produce different effects in regulating retinal thickness, thus affecting 
the prognosis of CSC. However, it should be noted that a low R2 value (R2=0.168 and 0.146, respectively) and slight 
significance (P=0.031 and 0.045) were detected in the non-resolved group. In addition, it demonstrated that there were 
negative correlations between TT concentrations and CMT/SRF height, even though no statistical significance was 
detected. This contradictory finding is caused by the small sample size in this study and we should be cautious before 
we consider it a new pathological mechanism in CSC progression. More observational studies with larger sample 
sizes concerning the role of testosterone in CSC are required before applying it as a therapeutic target in CSC 
treatment.

A significantly increased SHBG was detected in CSC cases compared to controls. In addition, higher SHBG 
concentration was detected in the non-resolved CSC cases compared to non-resolved ones. No previous reports describe 
the contribution of SHBG on CSC incidence or progression and limited knowledge exists on this point. SHBG is 
a glycoprotein synthesized by hepatocytes that has high affinity with steroid hormones and can regulate the concentration 
of sex hormones and affect their activity.29 SHBG is widely used in the diagnosis of obstetric diseases, precocious 
puberty, breast development, pregnancy-induced hypertension, diabetes and thyroid disease.30 As SHBG is quite related 
to the biological functions of each sex hormone, our data provide a clue for advanced application of SHBG in CSC 
management.

As sex hormones were significantly dysregulated in this study, they might act as therapeutic targets of CSC. 
Treatments that target serum cortisol levels or block their effects have been proposed. The antifungal drug, ketoconazole, 
is a glucocorticoid receptor antagonist, which can inhibit the biosynthesis of the adrenal gland and reduce the level of 
endogenous cortisol.31 In a retrospective cohort study with a total of 41 naive CSC eyes, it was found that ketoconazole 
treatment could shorten the disease duration through promoting SRF absorbtion.32 Another effective glucocorticoid 
antagonist, mifepristone, was used in CSC treatment. Mifepristone 200 mg was administered orally to 16 chronic CSC 
cases and showed that systemic glucocorticoid receptor antagonism promoted improvement and remission of retinal 
detachment.33 Androgen inhibitor is a key field in prostate cancer and its potential application in CSC treatment 
demonstrated potential beneficial effects.

A total of nine sex hormones or their related parameters were detected and analyzed in the healthy controls, resolved 
CSC cases and non-resolved CSC cases. In this study, comprehensive CSC-related parameters were detected in the CSC 
cases and monthly follow-ups were conducted for one year. However, several limitations should be reported. Firstly, the 
sample size was relatively small and this was caused partly by the COVID-19 pandemic. Larger sample size would be 
included in a prospective multicenter cohort study in the future. Secondly, the follow-up duration was relatively short in 
this study. Considering that several positive outcomes were reported in this study, more well-designed studies are 
required in the future.

In conclusion, significantly increased androgen concentrations, including TT and FT, were found in the CSC groups, 
especially in the non-resolved CSC group. Higher TT/FT concentrations were related to longer disease duration. 
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However, no significant difference was detected in the estrogen levels among different groups. Therefore, TT/FT could 
be considered in the management of CSC, based on the findings of better designed clinical studies.
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