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Abstract
● AIM: To assess the association between endogenous 
cortisol level and the risk of central serous chorioretinopathy 
(CSC).
● METHODS: Case-control studies were systematically 
searched on PubMed, Embase, Cochrane, China National 
Knowledge Infrastructure (CNKI) for publishes between 
January 1990 and July 2017 to assess the association 
between endogenous cortisol level and CSC. The main 
endpoints were serum cortisol level at 8 a.m. and 24-hour 
urine 17-hydroxysteroids level. We assessed pooled data 
using a random-effects model.
● RESULTS: Of 86 identified studies, 5 were eligible included 
in our analysis. The 5 studies included a total of 315 
participants, of whom 187 had CSC. Statistically significant 
association was observed between serum cortisol 
level (summary SMD=0.77, 95%CI=0.55-0.99), 24-hour 
urine 17-hydroxysteroids level (summary SMD=0.95, 
95%CI=0.61-1.30), and the risk of CSC.
● CONCLUSION: Endogenous cortisol level is associated 
with an increased risk of CSC. Combined treatment 
targeting the serum cortisol level at 8 a.m. and 24-hour urine 
17-hydroxysteroids level can be a potential preventive 
strategy for individuals who are at risk of CSC and 
therapeutic strategy for patients with CSC.
● KEYWORDS: endogenous cortisol; central serous chorio-
retinopathy; serum cortisol; 24-hour urine 17-hydroxysteroids; 
Meta-analysis
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INTRODUCTION

C entral serous chorioretinopathy (CSC) was first 
described by Von Graefe as “relapsing idiopathic 

detachment of the macula” as early as 1866. And nearly 
100y later, Klien[1] showed the leakage at the level of retinal 
pigmentation epithelium using fluorescence angiography. 
Nowadays, CSC gradually becomes the fourth most common 
retinopathy following age-related macular degeneration, 
diabetic retinopathy, and retinal vein occlusions[2]. The most 
common symptom in CSC is central scotoma. Other symptoms 
include dyschromatopsia, micropsia, reduced contrast 
sensitivity, metamorphopsia, and hypermetropization. Risk 
factors of this disease consist of genetic predisposition[3-4], 
cardiovascular diseases and hypertension[5], corticosteroids[6-7], 
A-type personality[8], gastroesophageal reflux[9], pregnancy[10] 
and obstructive sleep apnea[5]. Although these risk factors 
have been identified, their pathogenesis mechanisms of the 
disease are barely understood. Among these risk factors, 
the association between CSC and corticoids is probably one 
of the most intractable one. In the view of inflammation, 
glucocorticoids not only efficiently reduce macular edema but 
also help subretinal fluid to be absorbed[11]. But glucocorticoids 
can aggravate subretinal fluid accumulation in CSC patients. 
Exogenous administration of glucocorticoids can cause CSC 
through different route, such as systemic intake (intravenous 
or oral)[12-14], triamcinolone intravitreal[15], periocular[16], 
and epidural[17], even localized topical using[18]. Given these 
controversies, there is much interest in the association 
between endogenous glucocorticoids and CSC. Endogenous 
glucocorticoids (cortisol in humans and corticosterone in 
rodents) are steroid hormones synthesized and released by 
the adrenal glands, which is regulated by the hypothalamic-
pituitary-adrenal (HPA) axis[19]. Once glucocorticoids are 
released by adrenal glands, they play key roles in maintaining 
homeostasis by regulating physiologic processes[20], including 
metabolism, immune function, skeletal growth, cardiovascular 
function, reproduction, and cognition[21]. 
In 1993, Bouzas et al[22] reported a Cushing syndrome patient 
who had developed CSC. Besides Cushing syndrome, it is 
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worth noted that A-type personality, pregnancy, and stress can 
also lead to the disease due to endogenous hypercortisolism[23]. 
Taken these together, it is of great interest whether the 
endogenous cortisol level in CSC patients is higher than 
normal. If the association between endogenous cortisol 
level and the risk of CSC is established, there may be more 
interventions to prevent and to treat this vision-threatening 
disease among working age people. 
Case series have shown a controversial result of the level of 
endogenous glucocorticoids in CSC patients. In one hand, 
Haimovici et al[24] reported fifty percent of patients with acute 
CSC showed elevated 24-hour urine cortisol level. However, 
other studies have not shown this result. Tufan et al[25] 
showed negative association between serum cortisol and 
testosterone levels with CSC. A series of clinical studies have 
compared the serum cortisol levels at 8 a.m. and 24-hour urine 
17-hydroxysteroids levels (the major metabolite of cortisol 
metabolism) between CSC patients and non-CSC age- and sex-
matched controls. Considering that individual studies might 
not be able to provide sufficient data, we aimed to objectively 
assess the potential role of endogenous glucocorticoids in CSC 
patients by doing a Meta-analysis of randomized controlled 
studies. 
SUBJECTS AND METHODS
Search Strategy and Selection Criteria  This Meta-analysis is 
reported in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Statement. 
We selected relevant studies by searching PubMed, Embase, 
Cochrane, and China National Knowledge Infrastructure 
(CNKI) using the MeSH terms including “central serous 
chorioretinopathy” and “glucocorticoids”. The complete search 
used for PubMed was (Central Serous Chorioretinopathy[MeSH] 
OR Central Serous Chorioretinopathies[Title/Abstract] 
OR Chorioretinopathies, Central Serous[Title/Abstract] 
OR Chorioretinopathy, Central Serous[Title/Abstract] OR 
Serous Chorioretinopathies, Central[Title/Abstract] OR 
Serous Chorioretinopathy, Central[Title/Abstract] OR Central 
Serous Retinopathy[Title/Abstract] OR Central Serous 
Retinopathies[Title/Abstract] OR Retinopathies, Central 
Serous[Title/Abstract] OR Retinopathy, Central Serous[Title/
Abstract] OR Serous Retinopathies, Central[Title/Abstract] 
OR Serous Retinopathy, Central[Title/Abstract]) AND 
(Glucocorticoids[MeSH] OR Glucocorticoid Effect[Title/
Abstract] OR Effect, Glucocorticoid[Title/Abstract] 
OR Glucocorticoid Effects[Title/Abstract] OR Effects, 
Glucocorticoid[Title/Abstract] OR Catatoxic Steroids[Title/
Abstract] OR Steroids, Catatoxic[Title/Abstract]). All 
potentially eligible studies were considered irrespective of the 
primary outcome or language.
Study Selection and Data Extraction  Inclusion criteria 
were as follows: case-control studies; studies done in adults 

with CSC; studies done in adults without systemic intake and 
local usage; blood samples taken at 8 a.m.; serum cortisol 
levels or 24-hour urine 17-hydroxysteroids levels compared 
between CSC patients and non-CSC age- and sex-matched 
controls. Exclusion criteria were as follows: observational 
and retrospective studies; studies done in adults with systemic 
intake and local usage; blood samples not taken at 8 a.m.; no 
controls. We compared the endogenous glucocorticoids levels 
between CSC patients and non-CSC age- and sex-matched 
controls, with no limitation on disease course. The outcomes 
assessed were as follows: serum cortisol levels at 8 a.m. and 
24-hour urine 17-hydroxysteroids levels.
Two independent investigators (Qu JF and Huang LZ) looked 
through the titles and abstracts of trails. If the trails met the 
inclusion criteria, full-text assessment would be retrieved 
for full-text assessment. Disagreement was resolved by the 
third investigator (Zhao MW). Data including total number of 
participants, age (mean±SD), sex, disease course (mean±SD), 
and number of first attack (%) were extracted from each 
selected trial.
Statistical Analysis  Serum cortisol levels at 8 a.m. and 24-
hour urine 17-hydroxysteroids levels were compared between 
CSC patients and non-CSC age- and sex-matched controls, 
which were regarded as continuous variables. Pooled estimates 
of the mean differences in serum cortisol levels and 24-hour 
urine 17-hydroxysteroids levels between CSC and non-CSC 
groups was calculated using a random-effects model (I-V 
heterogeneity) to fully account for the additional uncertainty 
associated with inter-trial variability in testing the blood and 
urine sample. 
Because the number of studies included in our Meta-analysis 
was less than 10, funnel plot to assess heterogeneity between 
studies and Begg and Egger tests to defined significant 
publication bias were not necessary. The Cochran Q test and 
Galbraith Plot were used to assess heterogeneity between 
studies. I

2
 testing with values greater than 50% were 

considered moderate-to-high heterogeneity[26-27]. Stata (version 
12.0, USA) was used for all statistical analyses.
RESULTS
We identified 86 potentially relevant articles from our 
search of the published literature. Five studies[28-32] with 340 
participants were included in this study (Figure 1). The 5 
studies were published between March 1994 and December 2009 
(Table 1). We found no related or relevant Meta-analyses in the 
Cochrane library. Mean participants age was 37.9±7.6y. All 
blood samples were taken at 8 a.m. In three studies, age and 
sexed matched healthy adult without any systemic or ocular 
diseases were included as controls[28-30]. One trial used patients 
with acute unilateral retinal detachment[31], while the other trial 
controls used 10 retinal detachment patients and one central 
retinal artery occlusion and one vitreous hemorrhage patient 
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as controls[32]. In one trial cortisol analysis was done on the 
spectrophotometer based on the Porter-Silber reaction while 
other studies tested cortisol by radioimmunoassay (RIA). 
In a pooled analysis of all 5 studies, the serum cortisol levels 
at 8 a.m. in CSC group were much higher than that in non-
CSC group. There was significant association between serum 
cortisol level (summary SMD=0.77, 95%CI=0.55-0.99) and 
the risk of CSC in case-control studies, without statistically 
significant between-study heterogeneity (I2=0, P=0.720) 
(Figure 2).
In a pooled analysis of the 2 studies that assessed the 24-
hour urine cortisol values, there was a significant association 
between 24-hour urine cortisol values (summary SMD=0.95, 
95%CI=0.61-1.30) and the risk of CSC in case-control studies, 
without statistically significant between-study heterogeneity 
(I2=0, P=0.607) (Figure 3).

DISCUSSION
This Meta-analysis shows that compared with non-CSC 
controls, the endogenous cortisol level is higher in patients 
with CSC. According to the pooled crude standardized mean 
difference from the included studies, both serum cortisol 
levels at 8 a.m. and 24-hour urine 17-hydroxysteroids levels 
are significantly higher in patients with CSC. Accumulation of 
subretinal fluid in CSC patients is associated with high levels 
of endogenous glucocorticoids. However, the mechanisms that 
glucocorticoids cause CSC still remain unclear. 
Endogenous glucocorticoids may impair the functions of retinal 
pigment epithelium (RPE), Bruch’s membrane, and choroidal 
circulation[20]. Glucocorticoids can directly damage the RPE 
cells or their tight junctions and may decelerate or destroy 
some process in damaged RPE cells[33], which will cause fluid 

Figure 1 Flow chart of study selection.

Figure 2 Meta-analysis of the serum cortisol levels at 8 a.m. in 
CSC group and in non-CSC group. 

Figure 3 Meta-analysis of the 24-hour urine cortisol values in 
CSC group and in non-CSC group. 

Table 1 Characteristics of included studies
Parameters Study groups Control groups

Study Year No. M:F Mean age 
(y)

Mean weight 
(kg)

Disease 
course 
(mo)

Number of 
patients of 
first attack

No. M:F Mean age (y) Mean weight 
(kg)

Health 
condition

Garg 1997 30 30:0 28.6±5.59 Not available 8.56±4.19 30 (100%) 30 30:0 29.27±5.07 Not available Unhealthya

Zarkir 2009 23 22:1 37.1±9.7 53.80±5.44 25.13±12.11 22 (100%) 12 11:1 35.7±9.2 51.87±6.95 Unhealthyb

Shang 1999 44 40:4 38.79±8.27 Not available 2-8 44 (100%) 41 37:4 38.63±8.16 Not available Healthy

Wang 2007 50 41:9 38.5±14.2 Not available <10 Not available 40 32:8 38.8±13.9 Not available Healthy

Xu 1994 40 28:12 38.3 Not available 3-120 33 (82.5%) 30 21:9 36.4 Not available Healthy
aAcute unilateral retinal detachment; bTen had retinal detachment (cases), one had central retinal artery occlusion and one had vitreous 
hemorrhage.
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to accumulate under the retina and the leakage from choroidal 
vessels cross the damaged junctions[6]. In fact, Arndt et al[34] 
found that the baseline transepithelial potential and resistance 
were remarkably decreased when hydrocortisone was added 
on the apical side of the RPE in porcine and bovine tissue. 
Glucocorticoids can also inhibit formation of collagen, which 
is the main component of Bruch’s membrane[35-36]. Lack of 
collagen will predispose a patient to serous retinal detachment. 
Increased choroidal thickness has been reported in both 
affected and fellow eyes of CSC patients. As a result, choroidal 
vessels are considered as the site of primary damage of CSC. 
Glucocorticoids excess may cause increased capillary fragility 
and hyper-permeability, which will damage the function of 
choroidal vessels and cause accumulation of leaked fluid in 
the subretinal space[6]. In addition, glucocorticoids affect the 
production of nitric oxide[37], prostaglandins, and free radicals, 
which may change the status of circulation of choroid[6]. 
Schubert et al[38] proposed that as the major cell-cell adhesion 
molecule in vascular endothelium, cadherin 5 (CDH5) was 
downregulated by corticosteroids, which probably increased 
permeability of choroidal vasculature. Some reports also 
suggest that activated mineralocorticoid receptor (MR) may 
play an important role in the course of CSC. Activation of 
the MR pathway by glucocorticoids results upregulation 
of the endothelial vasodilatory potassium channel KCa2.3, 
which leads to the hyperpolarization of endothelial cells and 
underlying smooth muscle cells[39-41]. Subsequently, choroid 
vasodilation will occur and fluid will be accumulated at the 
subretinal space of posterior pole of the fundus, creating a 
circumscribed area of serous retinal detachment. However, an 
exact pathogenesis mechanism of the disease remains unclear 
due to lack of relevant experimental data.
The current study has some limitations which may affect 
the final conclusions. First, the number of included studies 
is small, which causes the conclusion of this Meta-analysis 
to be limited to certain extent. Second, the selection bias is 
inevitable given the search strategy was limited to the articles 
published in English or Chinese missing potentially high-
quality data published in other languages. Third, all studies are 
conducted among Asian countries, where CSC is endemic. To 
some extent, therefore, this Meta-analysis cannot implicate the 
associations between endogenous cortisol level and the risk 
of CSC around the world. Fourth, the possibility of selection 
biases and unidentified confounding biases cannot be excluded 
because all the included studies were case-controlled studies. 
Finally, only serum cortisol levels at 8 a.m. and 24-hour urine 
17-hydroxysteroids levels were included in this analysis. 
Morning cortisol levels at 8 a.m. were analyzed because 
cortisol levels follow a relatively predictable circadian rhythm 
with a morning peak after awakening almost around 8 a.m. 
But it may not represent the serum cortisol level of the whole 

day. A study designed to analyze the serum cortisol of various 
time points rather than 8 a.m. only is needed to confirm this 
association. There are other biomarkers to assess endogenous 
cortisol level including 24-hour urine unary free cortisol, 24-
hour urine 17-ketosteriods, serum adreno-cortico-tropic-
hormone (ACTH), and serum corticotropin releasing hormone 
(CRH). They were not included because there were less than 2 
studies for each biomarker.
In conclusion, we found that endogenous cortisol level at 8 
a.m. was associated with an increased risk of CSC in parts 
of Asia. Frequent examination of patients with high risk of 
CSC, such as cardiovascular diseases, hypertension, A-type 
personality, gastroesophageal reflux, obstructive sleep apnea 
and pregnancy, may be useful for timely prognosis of the 
disease and implementing preventive treatment. Future studies 
should focus on the mechanisms of corticosteroid-caused CSC 
and whether the MR inhibitor can serve at treatment for CSC 
patients. 
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