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Objective: Central serous chorioretinopathy (CSC), a specific form of macular 
degeneration, has been reported as presenting manifestation of Cushing’s syndrome. 
Furthermore, CSC has been associated with both exogenous hypercortisolism and 
endogenous Cushing’s syndrome. It is important to know whether CSC patients should 
be screened for Cushing’s syndrome. Although hypothalamic-pituitary-adrenal (HPA) 
axis hyperactivity in CSC has been suggested, no detailed evaluation of the HPA axis 
has been performed in a large cohort of CSC patients. This study aimed to investigate 
whether Cushing’s syndrome prevalence is increased among chronic CSC (cCSC) 
patients and whether detailed endocrinological phenotyping indicates hyperactivity of 
the HPA axis.

Design: Cross-sectional study.

Patients: 86 cCSC patients and 24 controls.

Measurements: Prevalence of Cushing’s syndrome, HPA axis activity.

results: None of the cCSC patients met the clinical or biochemical criteria of Cushing’s 
syndrome. However, compared to controls, HPA axis activity was increased in cCSC 
patients, reflected by higher 24 h urinary free cortisol, and accompanying higher waist 
circumference and diastolic blood pressure, whereas circadian cortisol rhythm and feed-
back were not different. Chronic CSC patients did not report more stress or stress-related 
problems on questionnaires.

conclusion: No case of Cushing’s syndrome was revealed in a large cohort of cCSC 
patients. Therefore, we advise against screening for Cushing’s syndrome in CSC patients, 
unless additional clinical features are present. However, our results indicate that cCSC is 
associated with hyperactivity of the HPA axis, albeit not accompanied with perception of 
more psychosocial stress.

Keywords: central serous chorioretinopathy, cortisol, cross-sectional study, cushing’s syndrome, hypercortisolism, 
hypothalamic–pituitary–adrenal axis, psychosocial stress
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inTrODUcTiOn

Cushing’s syndrome is a rare disease characterized by exces-
sive exposure to cortisol and is associated with both metabolic 
and behavioral abnormalities. The clinical manifestation may 
vary, and in addition to well-known features like facial round-
ing, truncal obesity, and dorsal fat pad (1), ophthalmological 
abnormalities also occur. We recently reported patients who 
developed visual symptoms caused by chronic central serous 
chorioretinopathy (cCSC) as presenting manifestation of 
Cushing’s syndrome (2).

Central serous chorioretinopathy (CSC) is a relatively com-
mon eye disease often affecting the macula, in which choroidal 
congestion, thickening, and hyperpermeability lead to retinal 
pigment epithelial damage and cause serous subretinal fluid 
accumulation. Persistent neuroretinal detachments in untreated 
cCSC may result in irreversible photoreceptor damage, which 
may lead to permanent visual loss and decreased quality of  
life (3, 4).

The association of CSC with both exogenous steroids and 
endogenous hypercortisolism has been reported (2, 5, 6). 
Although no data are available on the prevalence of CSC in 
patients treated with corticosteroids, up to 52% of CSC patients 
in different cohorts reported to use steroids during the active 
phase of disease (6, 7). Higher endogenous cortisol levels were 
reported in 30 patients with acute CSC (8), and 24  h urinary 
free cortisol (UFC) was higher among 16 patients with chronic 
CSC compared to controls (9). However, clinical characteristics, 
circadian tests, and cortisol feedback were not included in these 
studies, making it impossible to conclude on the prevalence of 
Cushing’s syndrome.

In addition, psychosocial stress has been described in rela-
tion to CSC. Different studies reported associations between 
psychosocial stressful events and CSC, especially in patients with 
poor coping mechanisms (10). People with type A personality 
characteristics have been suggested to be at higher risk for the 
development of CSC (11).

In view of the suspected relationship between overactivity 
of the hypothalamic–pituitary–adrenal (HPA) axis and CSC, a 
relevant question is whether CSC patients should be screened 
for Cushing’s syndrome. Therefore, we conducted a systematic 
screening for the presence of Cushing’s syndrome in a large 
cohort of cCSC patients, using detailed clinical and biochemical 
evaluation of the HPA axis, and compared the latter to a control 
group. Furthermore, perceived stress was evaluated using vali-
dated questionnaires.

MaTerials anD MeThODs

study Design
Cross-sectional study with the following key objectives: to assess 
the prevalence of Cushing’s syndrome in cCSC patients and to 
assess whether cCSC is associated with hyperactivity of the HPA 
axis. If this second aim was confirmed, we aimed to explore the 
association between HPA axis hyperactivity and psychosocial 
stress in cCSC.

study Population
Eighty-six consecutive cCSC patients, who were followed at the 
Department of Ophthalmology at our tertiary referral center, were 
screened. The cCSC diagnosis had been confirmed by fundoscopy, 
digital color fundus photography (Topcon Corp., Tokyo, Japan), 
fundus autofluorescence (Spectralis HRA  +  OCT; Heidelberg 
Engineering, Heidelberg, Germany), spectral-domain optical 
coherence tomography (Spectralis HRA  +  OCT), fluorescein 
angiography (Spectralis HRA +  OCT), and indocyanine green 
angiography (Spectralis HRA  +  OCT), according to current 
standard (5, 12–16). Patients diagnosed with acute CSC (focal 
leakage spot or a smokestack pattern on fluorescein angiography) 
were excluded (5, 12–16). No evidence of other retinal diagnoses 
had to be present.

Other exclusion criteria possibly affecting the evaluation of the 
HPA axis were use of corticosteroids/sleep medication prior to 
the development or during the time course of cCSC, excessive 
alcohol intake (>21 U/week), nightshift work, or traveling from 
another time zone in the 6 weeks before evaluation.

We also performed tests for hypercortisolism in a set of gen-
der-matched controls. Thirty-eight healthy subjects responded 
to advertisements. Fourteen were excluded based on criteria 
described below. A total of 24 healthy gender-matched control 
subjects were eligible for inclusion (inclusion period: September 
2015 to December 2016). Exclusion criteria were (familial) 
history of eye diseases/visual problems, psychiatric diseases, or 
chronic physical diseases possibly influencing endocrinological 
screening, corticosteroids/antidepressants/sleep medication use, 
excessive alcohol intake (>21 U/week), recent weight loss/gain 
of >10%, and working nightshifts or traveling from another time 
zone in the 6 weeks before evaluation.

Written informed consent was obtained from all participants 
and approval of the institutional review board and the ethics 
committee was obtained (NL50816.058.14).

endocrinological evaluation
Screening was performed including a detailed medical history, 
complete physical examination, and biochemical analysis. The 
physical examination consisted among others of the evaluation of 
clinical Cushing stigmata and was performed by two physicians 
(FH/MB).

For evaluating HPA axis activity, all three commonly available 
screening tests were performed: UFC in two 24 h urine samples, 
midnight salivary cortisol (mSC), and 1  mg dexamethasone 
overnight suppression test. Healthy controls were subjected to 
one 24 h urine and one midnight saliva collection only. In case 
of deviant test results, participants were re-tested to exclude 
relevant pathology. The first test results were included in the 
analysis. UFC (82 patients and all controls) was analyzed using 
an in-house LC-tandem MS method, calibrated using Cerilliant 
certified reference material C-106, cortisol 1  mg/ml in metha-
nol. The analytical variation was between 6.5 and 5% for urine 
cortisol levels between 50 and 900 nmol/L. Cortisol levels below 
150 nmol/24 h were considered normal. Serum (81 patients) and 
salivary cortisol (82 patients and 23 controls) were analyzed using 
a Roche ECLIA Cortisol assay (second generation) on a Modular 
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TaBle 1 | Clinical characteristics of participants.

ccsc patients 
(n = 86)

controls 
(n = 24)

P value

Age, years 48.74 (10.84) 41.08 (13.08) 0.004
Sex, male/female 77/9 19/5 0.182
Duration of cCSC disease,  
years (range)

3.86 (0.17–37.06) – –

History of hypertension, n (%) 23 (26.7%) 1 (4.2%) 0.023a

History of diabetes mellitus, n (%) 6 (7.0%) 0 (0.0%) 0.336
History of dyslipidemia, n (%) 18 (20.9%) 1 (4.2%) 0.068
History of psychiatric  
disorders,bn (%)

16 (18.6%) 1 (4.2%) 0.113

History of thromboembolic  
events, n (%)

0 (0%) 0 (0%) –

History of cardiac events,cn (%) 5 (5.9%) 2 (8.3%) 0.648
History of sexual disorders,dn (%) 19 (22.1%) 1 (4.2%) 0.069

Systolic blood pressure, mmHg 135.41 (16.64) 129.75 (12.41) 0.143
Diastolic blood pressure, mmHg 82.94 (10.30) 77.29 (12.36) 0.006
Body mass index 26.15 (3.59) 24.92 (3.14) 0.096
Waist circumference, cm 92.74 (11.07) 86.42 (9.28) 0.011
Waist–hip ratio 0.95 (0.07) 0.90 (0.06) 0.003
Moon face, n (%) 1 (1.2%) 0 (0.0%) 1.000
Dorsal fat pad, n (%) 1 (1.2%) 0 (0.0%) 1.000
Purple striae, n (%) 0 (0.0%) 0 (0.0%) –
Muscle weakness, n (%) 3 (3.5%) 0 (0.0%) 1.000
Active skin infections, n (%) 2 (2.3%) 0 (0.0%) 1.000
Hematomas, n (%) 3 (3.5%) 1 (4.2%) 1.000
Ankle edema, n (%) 2 (2.3%) 0 (0.0%) 1.000

Data are presented as mean (SD) or as numbers, unless specified otherwise.
aNot statistically significant after correction for age.
bConsisting of depression, anxiety or panic disorder, posttraumatic stress disorder, 
burn-out, alcohol abuse, and schizophrenia.
cConsisting of myocardial infarction, endocarditis, and atrial fibrillation.
dConsisting of impotence, hirsutism, menstrual cycle disorders, and loss of libido.
cCSC, chronic central serous chorioretinopathy.
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E170 immunoanalyser (Roche Holding AG, Basel, Switzerland). 
Analytical variation ranged between 10.1 and 1.9% for serum 
cortisol levels between 3.6 and 1,660 nmol/L and between 14.2 
and 2.5% for saliva cortisol levels between 2.6 and 78  nmol/L. 
Cortisol levels below 1.5  nmol/L could not be determined. In 
midnight saliva, cortisol levels below 5.7 nmol/L were considered 
normal. The cutoff limit for the dexamethasone suppression test 
was 50 nmol/L (17).

Questionnaires
Perceived Stress Scale (PSS)
The PSS developed by Cohen et  al. was designed to measure the 
intensity of perceived stress and considers the degree to which 
individuals experience their lives as unpredictable, uncontrollable, 
and overloading (18). The original scale contained 14 items, but its 
creators refined it to 10 items, of which four are positively and six are 
negatively phrased (19). Items are coded from 0 to 4 and summed to 
compute a total score. Higher scores indicate greater perceived stress. 
Scores around 13 on the PSS are considered average, whereas high 
stress groups have reported scores of approximately 20 points (19).

Stress Thermometer
A visual analog scale was designed by the authors to measure 
the amount of stress experienced in the week before evaluation. 
Individuals rate their amount of stress on a scale from 0 to 10, 
with 0 indicating “no stress at all” and 10 indicating “the highest 
possible amount of stress.”

Insomnia Severity Index
This seven-item scale assesses self-reports of insomnia symptoms 
over the last 2 weeks. The items are scored on a scale from 0 to 
4. Total scores of 0 to 7 are categorized as “no insomnia,” scores 
from 8 to 14 are considered to indicate “sub-threshold insomnia,” 
scores from 15 to 21 are indicative of “moderate insomnia,” and 
scores from 22 to 28 are considered “severe insomnia” (20).

Brugha Questionnaire on Life Events
This list to assess the occurrence of stressful events includes 12 
life events that were found to have long-term negative effects on 
most people who experience them. Participants indicate whether 
certain events have occurred to them during the past year or 
earlier in their lives (21).

statistical analysis
Based on data derived from a recent study by Aranda and col-
leagues (22), a power calculation was performed on the difference 
in 24 h UFC deemed relevant to detect (20 nmol/24 h). To detect 
such a difference (with power 80% and alpha 0.05), a sample size 
of 54 cCSC patients and 18 healthy controls would suffice.

Data were analyzed using SPSS Statistics (version 23; IBM 
Corp., Armonk, NY, USA). Data were presented as mean and SD, 
unless mentioned otherwise. The primary analyses comprised: (1) 
prevalence of Cushing’s syndrome in cCSC and (2) comparison of 
biochemical results between cCSC patients and healthy controls. 
Because the majority of cCSC patients were males (in line with 
other cohorts described in literature), a male-only sensitivity 

analysis was performed. Mean and SD scores for each question-
naire were calculated.

Normality of data was tested using the Shapiro–Wilk test. All 
normally distributed data were analyzed using independent sam-
ple t-tests. Data with a non-normal distribution were analyzed 
by means of nonparametric independent sample tests. The two 
groups were compared using a general linear model, correcting 
for potential confounders such as age, waist–hip ratio, and waist 
circumference. Associations were assessed using linear regression 
analyzes. The level of significance was set at P  =  0.05. For the 
analysis of the questionnaires, the level of significance was set at 
P = 0.01 to correct for multiple testing.

After reassessment of the retinal imaging by two  independent 
ophthalmologists, five patients considered to have less typical 
cCSC findings on imaging were excluded from analysis. Moreover, 
an analysis excluding outliers (n = 1) was performed. All results 
are described below.

resUlTs

Baseline characteristics
Eighty-six cCSC patients (77 males) and 24 healthy controls (19 
males) were included (Table 1). The gender distribution was in 
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TaBle 2 | Biochemical characteristics of participants.

ccsc patients controls P value

Urinary free cortisol, nmol/24 ha 83.99 (49.04) 51.55 (28.49) 0.000
Detectable midnight salivary 
cortisol,a,b %

24.4 60.9 0.002

Serum cortisol after 1 mg Dexa, 
μmol/La

0.032 (0.047) – –

ccsc patients 
with active 
disease

ccsc patients 
with inactive 
disease

Urinary free cortisol, nmol/24 ha 78.44 (38.63) 95.30 (64.76) 0.524
Detectable midnight salivary 
cortisol,a %

27.3 18.5 0.428

Serum cortisol after 1 mg Dexa, 
μmol/La

0.028 (0.045) 0.031 (0.041) 0.855

Data are presented as mean (SD) or as numbers, unless specified otherwise.
aNumber of participants.
Urinary free cortisol: 82 cCSC patients (55 active cCSC patients, 27 inactive CSC 
patients) and 24 controls.
Midnight salivary cortisol: 82 cCSC patients (55 active cCSC patients, 27 inactive CSC 
patients) and 23 controls.
Serum cortisol after 1 mg dexamethasone: 55 active cCSC patients, 26 inactive CSC 
patients.
b>1.5 nmol/L.
cCSC, chronic central serous chorioretinopathy; Dexa, dexamethasone.

FigUre 2 | UFC levels in active cCSC patients and inactive cCSC patients. 
Data presented as individual values and mean. Active cCSC patients n = 55; 
inactive cCSC patients n = 27. Abbreviations: UFC, urinary free cortisol; 
cCSC, chronic central serous chorioretinopathy.

FigUre 1 | UFC levels in cCSC patients and healthy controls. Notes: Data 
presented as individual values and mean. Patients n = 82; controls n = 24. 
Abbreviations: UFC, urinary free cortisol; cCSC, chronic central serous 
chorioretinopathy.
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line with available literature (5, 15). The mean duration of disease 
at the time of evaluation was 3.86 years (range 0.17–37.06). Fifty-
eight patients had active CSC (presence of subretinal fluid) at the 
moment of screening.

There was no difference in gender distribution or body mass 
index between the two groups. Patients were 7.5 years older than 
controls.

clinical evaluation
None of the cCSC patients presented with a combination of 
clinical signs and symptoms typical for Cushing’s syndrome. 
Hypertension was reported by 27% of patients and one control 
(4%, P = 0.023). In addition, cCSC patients had a higher preva-
lence of other comorbidities, e.g., dyslipidemia and psychiatric 
disorders (see Table  1). Waist circumference, waist–hip ratio, 
and diastolic blood pressure were higher in patients compared to 
controls, despite a higher prevalence of ongoing antihypertensive 
medication use in the patient group. These differences remained 
significant after adjustment for age. Characteristic Cushing fea-
tures were rare among cCSC patients.

hormonal evaluation
Clinical Evaluation of Patients
None of the cCSC patients had Cushing’s syndrome, but several 
patients demonstrated an abnormally high cortisol value in 
one or more of the screening tests (Table  2). Increased UFC 
(>150 nmol/24 h, average of two portions) was present in seven 
patients, in whom repeated testing revealed normal values. 
Increased mSC levels (>5.7 nmol/L, average of two portions) was 
observed in three patients, which normalized upon retesting in 
two and persisted to be slightly elevated in one patient. Insufficient 
suppression after dexamethasone was observed in four patients. 

Retesting revealed normal test results in one patient. In the absence 
of other biochemical and clinical features of Cushing’s syndrome, 
we concluded that the abnormal test results in the other patients 
were likely due to intervening medication (antidepressants, 
gonadotropin-releasing hormone analogs, covert stimulant use). 
Furthermore, normal lipid profiles, no elevated inflammation 
parameters, and no hypokalemia were detected (data not shown).

Comparison with Healthy Controls
Mean UFC levels were higher in cCSC patients, compared to 
controls (Figure  1). This difference remained after correction 
for age (P  =  0.001), age, and waist–hip ratio (P  =  0.002), age 
and comorbidities (e.g., psychiatric disorders, diabetes mellitus, 
hypertension, obesity; P = 0.011), and when males were evaluated 
solely (P = 0.001).

Nonparametric analysis revealed that non-detectable mSC 
was present in 76% of cCSC patients compared to 39% of healthy 
controls (P  =  0.002), with a similar difference in a male-only 
analysis (72 versus 33%, P = 0.001). Three patients (4%) showed 
abnormally elevated mSC, compared to two controls (9%). The 
other participants’ mSC levels were between 1.5 and 5.7 nmol/L.
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HPA Axis at Different cCSC Disease Stages
Hypothalamic–pituitary–adrenal axis activity was not different 
between patients with active and inactive cCSC. Mean UFC 
levels were 78.44 (SD 38.63) versus 95.30 (SD 64.76), respectively 
(P = 0.524, Figure 2), and mSC was detectable in 27% of patients 
with active disease versus 19% of patients with inactive disease 
(P = 0.386).

The exclusion of five atypical cCSC patients or the exclusion 
of one outlier in UFC did not affect any of the described results. 
Clustered analysis did also not significantly change the aforemen-
tioned results (data not shown).

Questionnaire analysis
Perceived Stress Scale
Chronic CSC patients (n = 81, 94%) reported a mean total score of 
12.95 (SD 5.82, range 0–30). After correction for multiple testing, 
no significant difference in PSS score was found between cCSC 
patients with active disease compared to inactive patients (mean 
11.89 versus 15.07, P = 0.019). Furthermore, no association was 
found between UFC level and the total score in patients (β = 2.04, 
P = 0.032, R2 = 0.06).

Stress Thermometer
Eighty-three cCSC patients (96%) scored their amount of expe-
rienced stress in the week prior to evaluation, reporting a mean 
score of 4.4 (range 0–10). In addition, no differences were found 
when active patients were compared to patients with inactive 
disease, and no association between UFC level and score on this 
scale was found (β = 0.71, P = 0.742, R2 = 0.001).

Insomnia Severity Index
Total scores were calculated for 83 cCSC patients (mean 6.54, range 
0–24). The mean score was categorized as “no clinical significant 
insomnia.” When insomnia was scored as a “yes or no” variable, 
11% of patients scored either moderate or severe insomnia. There 
was no difference in presumed insomnia between active patients 
and inactive patients, and no association between UFC levels and 
Insomnia Severity Index scores was found (β = −0.97, P = 0.378, 
R2 = 0.010).

Brugha Questionnaire on Life Events
Thirty out of 83 patients (36%) reported serious life events in 
the past year. Twenty-four hour UFCs were not higher in these 
patients compared to the patients with no serious life event in 
the preceding year. Disease activity did not affect the report of 
serious life events in the past year (P = 1.000). The type of life 
events experienced, however, was different, with active patients 
reporting more experiences with serious illness or violence of a 
near relative, whereas inactive patients more often reported the 
same experiences earlier in live.

Associations of Questionnaire Outcomes and 
Cortisol
Analyses performed with exclusion of the five atypical cCSC 
patients and analyses with exclusion of the UFC outlier did not 
significantly change the aforementioned results.

DiscUssiOn

This is the first study that systematically evaluated various aspects 
of the activity of the HPA axis in a large cohort of cCSC patients. 
Whereas we did not find any case of Cushing’s syndrome, the 
activity of the HPA axis appeared to be increased in cCSC patients, 
without disruption of circadian rhythm. This was reflected by 
significantly higher 24  h UFCs, increased waist circumference, 
and diastolic blood pressure, but normal mSC levels. Our study 
demonstrates that systematic screening of all cCSC patients for 
the presence of Cushing’s syndrome is not indicated.

In the present study, we have screened a large patient cohort 
in detail, combining all currently available biochemical screening 
tests with a detailed clinical phenotyping. We found significantly 
higher 24 h UFC levels in cCSC patients, albeit within the normal 
reference range, with preservation of normal diurnal  rhythmicity. 
Elevated UFC levels have been reported previously in a small 
cohort of acute CSC patients during hospital admission, when 
compared to patients with acute retinal detachment (8), and in 
a small cohort of cCSC patients that were compared to age- and 
sex-matched controls (9), though data on demographics of these 
participants were lacking.

In contrast to earlier studies suggesting an association between 
cCSC and psychosocial stress, we did not find a clear relation-
ship between cCSC activity and stress, based on the results of 
four stress questionnaires. In addition, no association was found 
between HPA axis activity and psychosocial stress. A critical 
evaluation of the available literature does not support a clear 
association between cCSC and stress: Conrad et al. demonstrated 
no increased exposure to critical life events in 30 CSC patients 
and reported other findings suggestive of difficulties in emotional 
regulation (23). Other studies reported an association between 
stress, severe stressful events, and CSC, especially in patients 
with poor coping mechanisms (10, 24, 25), but the provided 
information on how stress was measured was very limited, cir-
cumstantial, or even absent. Our patients scores (on the PSS) did 
not differ from reported average scores and were not comparable 
with scores reported by high stress groups (19). In addition, our 
patients with active cCSC reported no difference in experienced 
life events, insomnia (as an expression of stress) or perceived 
stress on two different scales, indicating that cCSC activity is not 
associated with psychosocial stress.

Both endogenous hypercortisolism and exogenous administra-
tion of corticosteroids are related to CSC (2, 5, 6, 9). Occurrence of 
one or more episodes of CSC has previously been described in 5% 
of 60 patients with active endogenous hypercortisolism. All these 
CSC patients had been diagnosed with pituitary adenoma (26). 
Fundus characteristics resembling CSC have also been reported 
in patients with Cushing’s disease (27). Moreover, in a patient 
with hypercortisolism due to adrenocortical carcinoma, bilateral 
CSC has been found (28). Several underlying mechanisms have 
been hypothesized. Endogenous hypercortisolism increases 
platelet aggregation leading to microthrombi and increased blood 
viscosity, which could be of importance in the pathogenesis of 
CSC (29). Hypercortisolism has also been associated with cho-
roidal fragility and hyperpermeability (30). Moreover, increased 
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transcription of adrenergic receptors has been correlated with 
CSC (31). In addition, a role for the mineralocorticoid pathway 
has been suggested by recent studies in rats and by findings in 
CSC patients treated with mineralocorticoid receptor antagonists 
(eplerenone or spironolactone) (15, 32). Both glucocorticoids 
and mineralocorticoids activate the mineralocorticoid recep-
tor expressed on choroidal endothelial cells. Activation of the 
mineralocorticoid receptor, via upregulation of the endothelial 
vasodilatory calcium-dependent potassium channel KCa2.3 by 
hyperpolarization of these endothelial cells and of smooth muscle 
cells, has been suggested to lead to vasodilation (15).

Our study also has limitations. The cross-sectional character 
does not allow drawing conclusions on any causal relationship. 
Furthermore, a reversed causation (cCSC as a trigger for activa-
tion of the HPA axis) seems to be less likely in light of the cur-
rently available literature, yet is not ruled out. Also, the number of 
healthy control subjects recruited via advertisements was limited, 
and because our study was not powered for the questionnaire 
outcomes, we did not compare patient and control data. Only one 
24 h urine sample was collected by healthy controls. Volume and 
creatinine level analyses confirmed adequate collection of these 
single samples. The fact that 24 h UFC is higher in the presence of 
equal results of mSC can very well be explained by an increased 
activity of the HPA axis with preservation of normal diurnal 
rhythmicity (in contrast to the “autonomous” cortisol secretion 
that is characterized by loss of diurnal rhythmicity). The absence 
of associations between UFC level and either cCSC activity or 
outcomes of stress questionnaires in our study may appear to be 
contradictory to the conclusion that the HPA axis is more acti-
vated in cCSC patients. Nonetheless, one should keep in mind 
that there is a wide individual variation in normal cortisol levels 
and in cortisol receptor activation thresholds, leading to different 
thresholds for the development of cortisol-related symptoms and 
pathology. Together, this may explain why the HPA axis could still 
be activated in cCSC patients despite the absence of an associa-
tion between UFC and cCSC activity or questionnaire outcomes 
in our patient population.

Although CSC has been described to be a presenting symp-
tom of Cushing’s syndrome and these diseases are known to 
sporadically co-exist (2), our results argue against screening 
for endogenous hypercortisolism in all cCSC patients. Since 
the interpretation of the available biochemical screening tests 
in light of the clinical features is challenging and in order to 
minimize the risk of false positive test results, screening should 

be reserved for those cCSC patients in whom clinical signs or 
symptoms raise suspicion of Cushing’s syndrome. Only then 
patients should be referred to an endocrinologist for evaluation 
of the HPA axis. In dealing with Cushing’s syndrome patients, 
endocrinologists also need to be aware of the potential coexist-
ence of CSC.

In conclusion, systematic screening of all patients with cCSC 
for Cushing’s syndrome is not indicated. However, the activity 
of the HPA axis appears to be increased, with preservation of 
circadian rhythm. Finally, in contrast to earlier ideas, we did 
not find obvious associations between cCSC, cCSC activity, and 
psychosocial stress. The observed hyperactivity of the HPA axis 
confirms the previously reported association between cortisol 
and CSC and merits further studies to unravel the underlying 
pathophysiological mechanisms.

eThics sTaTeMenT

All subjects gave written informed consent in accordance with the 
Declaration of Helsinki. The protocol was approved by the institu-
tional review board and the ethics committee (NL50816.058.14).

aUThOr cOnTriBUTiOns

All authors listed have made a substantial, direct, and intellectual 
contribution to the work and approved it for publication. FH and 
MB collected the data. FH and ED wrote the paper and designed 
the figures. AP, CB, NB, OD, and GD evaluated the paper.

acKnOWleDgMenTs

The authors would like to thank B. E. P. B. Ballieux, D. Mohabati, 
and I. C. M. Pelsma for their help conducting this research.

FUnDing

This research was supported by the following foundations: 
MaculaFonds, Retina Netherlands, BlindenPenning, and 
Landelijke Stichting voor Blinden en Slechtzienden, which 
contributed through UitZicht, as well as Rotterdamse Stichting 
Blindenbelangen, Stichting Blindenhulp, ZonMw VENI Grant, 
and Gisela Thier Fellowship of Leiden University (CJFB). The 
funding organizations had no role in the design or conduct of 
this research. They provided unrestricted grants.

reFerences

1. Lacroix A, Feelders RA, Stratakis CA, Nieman LK. Cushing’s syndrome. 
Lancet (2015) 386(9996):913–27. doi:10.1016/S0140-6736(14)61375-1 

2. van Dijk EH, Dijkman G, Biermasz NR, van Haalen FM, Pereira AM, Boon CJ.  
Chronic central serous chorioretinopathy as a presenting symptom of Cushing 
syndrome. Eur J Ophthalmol (2016) 26(5):442–8. doi:10.5301/ejo.5000790 

3. Loo RH, Scott IU, Flynn HW Jr, Gass JD, Murray TG, Lewis ML, et al. Factors 
associated with reduced visual acuity during long-term follow-up of patients 
with idiopathic central serous chorioretinopathy. Retina (2002) 22(1):19–24. 
doi:10.1097/00006982-200202000-00004 

4. Breukink MB, Dingemans AJ, den Hollander AI, Keunen JE, MacLaren RE,  
Fauser S, et  al. Chronic central serous chorioretinopathy: long-term fol-
low-up and vision-related quality of life. Clin Ophthalmol (2017) 11:39–46. 
doi:10.2147/OPTH.S115685 

5. Liew G, Quin G, Gillies M, Fraser-Bell S. Central serous chorioretinopathy: 
a review of epidemiology and pathophysiology. Clin Experiment Ophthalmol 
(2013) 41(2):201–14. doi:10.1111/j.1442-9071.2012.02848.x 

6. Carvalho-Recchia CA, Yannuzzi LA, Negrao S, Spaide RF, Freund KB,  
Rodriguez-Coleman H, et  al. Corticosteroids and central serous cho-
rioretinopathy. Ophthalmology (2002) 109(10):1834–7. doi:10.1016/
S0161-6420(02)01117-X 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1016/S0140-6736(14)61375-1
https://doi.org/10.5301/ejo.5000790
https://doi.org/10.1097/00006982-200202000-00004
https://doi.org/10.2147/OPTH.S115685
https://doi.org/10.1111/j.1442-9071.2012.02848.x
https://doi.org/10.1016/S0161-6420(02)01117-X
https://doi.org/10.1016/S0161-6420(02)01117-X


7

van Haalen et al. HPA Axis Activity in Chronic CSC

Frontiers in Endocrinology | www.frontiersin.org February 2018 | Volume 9 | Article 39

7. Wakakura M, Song E, Ishikawa S. Corticosteroid-induced central serous 
chorioretinopathy. Jpn J Ophthalmol (1997) 41(3):180–5. doi:10.1016/
S0021-5155(97)00027-0 

8. Garg SP, Dada T, Talwar D, Biswas NR. Endogenous cortisol profile in patients 
with central serous chorioretinopathy. Br J Ophthalmol (1997) 81(11):962–4. 
doi:10.1136/bjo.81.11.962 

9. Kapetanios AD, Donati G, Bouzas E, Mastorakos G, Pournaras CJ. Serous 
central chorioretinopathy and endogenous hypercortisolemia. Klin Monbl 
Augenheilkd (1998) 212(5):343–4. doi:10.1055/s-2008-1034901 

10. Conrad R, Bodeewes I, Schilling G, Geiser F, Imbierowicz K, Liedtke R. 
[Central serous chorioretinopathy and psychological stress]. Ophthalmologe 
(2000) 97(8):527–31. doi:10.1007/s003470070059 

11. Yannuzzi LA. Type A behavior and central serous chorioretinopathy. Trans 
Am Ophthalmol Soc (1986) 84:799–845. 

12. Wang M, Munch IC, Hasler PW, Prunte C, Larsen M. Central serous 
chorioretinopathy. Acta Ophthalmol (2008) 86(2):126–45. doi:10.1111/j. 
1600-0420.2007.00889.x 

13. Yannuzzi LA. Central serous chorioretinopathy: a personal perspective. Am 
J Ophthalmol (2010) 149(3):361–3. doi:10.1016/j.ajo.2009.11.017 

14. Nicholson B, Noble J, Forooghian F, Meyerle C. Central serous chorioreti-
nopathy: update on pathophysiology and treatment. Surv Ophthalmol (2013) 
58(2):103–26. doi:10.1016/j.survophthal.2012.07.004 

15. Daruich A, Matet A, Dirani A, Bousquet E, Zhao M, Farman N, et  al. 
Central serous chorioretinopathy: recent findings and new physiopathology 
hypothesis. Prog Retin Eye Res (2015) 48:82–118. doi:10.1016/j.preteyeres. 
2015.05.003 

16. Gemenetzi M, De Salvo G, Lotery AJ. Central serous chorioretinopathy: an 
update on pathogenesis and treatment. Eye (Lond) (2010) 24(12):1743–56. 
doi:10.1038/eye.2010.130 

17. Hempen C, Elfering S, Mulder AH, van den Bergh FA, Maatman RG. 
Dexamethasone suppression test: development of a method for simultaneous 
determination of cortisol and dexamethasone in human plasma by liquid 
chromatography/tandem mass spectrometry. Ann Clin Biochem (2012) 49(Pt 
2):170–6. doi:10.1258/acb.2011.011004 

18. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. 
J Health Soc Behav (1983) 24(4):385–96. doi:10.2307/2136404 

19. Cohen S, Williamson GM. The Social Psychology of Health. Newbury Park, 
CA: Sage (1988), 31–67.

20. Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index 
as an outcome measure for insomnia research. Sleep Med (2001) 2(4):297–307. 
doi:10.1016/S1389-9457(00)00065-4 

21. Brugha T, Bebbington P, Tennant C, Hurry J. The list of threatening experiences: 
a subset of 12 life event categories with considerable long-term contextual 
threat. Psychol Med (1985) 15(1):189–94. doi:10.1017/S003329170002105X 

22. Aranda G, Careaga M, Hanzu FA, Patrascioiu I, Rios P, Mora M, et  al. 
Accuracy of immunoassay and mass spectrometry urinary free cortisol in the 

diagnosis of Cushing’s syndrome. Pituitary (2016) 19(5):496–502. doi:10.1007/
s11102-016-0730-5 

23. Conrad R, Weber NF, Lehnert M, Holz FG, Liedtke R, Eter N. Alexithymia 
and emotional distress in patients with central serous chorioretinop-
athy. Psychosomatics (2007) 48(6):489–95. doi:10.1176/appi.psy.48. 
6.489 

24. Chatziralli I, Kabanarou SA, Parikakis E, Chatzirallis A, Xirou T, Mitropoulos 
P. Risk factors for central serous chorioretinopathy: multivariate approach in 
a case-control study. Curr Eye Res (2017) 42(7):1069–73. doi:10.1080/027136
83.2016.1276196 

25. Lahousen T, Painold A, Luxenberger W, Schienle A, Kapfhammer HP, Ille 
R. Psychological factors associated with acute and chronic central serous 
chorioretinopathy. Nord J Psychiatry (2016) 70(1):24–30. doi:10.3109/08039
488.2015.1041156 

26. Bouzas EA, Scott MH, Mastorakos G, Chrousos GP, Kaiser-Kupfer MI. Central 
serous chorioretinopathy in endogenous hypercortisolism. Arch Ophthalmol 
(1993) 111(9):1229–33. doi:10.1001/archopht.1993.01090090081024 

27. Daniele S, Schepens CL, Daniele C, Angeletti G. Fundus abnormalities in 
Cushing’s disease: a preliminary report. Ophthalmologica (1995) 209(2):88–91. 
doi:10.1159/000310587 

28. Thoelen AM, Bernasconi PP, Schmid C, Messmer EP. Central serous chorio-
retinopathy associated with a carcinoma of the adrenal cortex. Retina (2000) 
20(1):98–9. doi:10.1097/00006982-200001000-00020 

29. Caccavale A, Romanazzi F, Imparato M, Negri A, Morano A, Ferentini F. 
Central serous chorioretinopathy: a pathogenetic model. Clin Ophthalmol 
(2011) 5:239–43. doi:10.2147/OPTH.S17182 

30. Gill GN. The adrenal gland. 12th ed. In: West JB, editor. Best and Taylor’s 
Physiological Basis of Medical Practice. Baltimore: Williams and Wilkins (1990).

31. Barnes PJ. Corticosteroid effects on cell signalling. Eur Respir J (2006) 
27(2):413–26. doi:10.1183/09031936.06.00125404 

32. Zhao M, Celerier I, Bousquet E, Jeanny JC, Jonet L, Savoldelli M, et  al. 
Mineralocorticoid receptor is involved in rat and human ocular chorioreti-
nopathy. J Clin Invest (2012) 122(7):2672–9. doi:10.1172/JCI61427 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2018 van Haalen, van Dijk, Dekkers, Bizino, Dijkman, Biermasz, Boon 
and Pereira. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License (CC BY). The use, distribution or reproduction in 
other forums is permitted, provided the original author(s) and the copyright owner 
are credited and that the original publication in this journal is cited, in accordance 
with accepted academic practice. No use, distribution or reproduction is permitted 
which does not comply with these terms.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1016/S0021-5155(97)00027-0
https://doi.org/10.1016/S0021-5155(97)00027-0
https://doi.org/10.1136/bjo.81.11.962
https://doi.org/10.1055/s-2008-1034901
https://doi.org/10.1007/s003470070059
https://doi.org/10.1111/j.
1600-0420.2007.00889.x
https://doi.org/10.1111/j.
1600-0420.2007.00889.x
https://doi.org/10.1016/j.ajo.2009.11.017
https://doi.org/10.1016/j.survophthal.2012.07.004
https://doi.org/10.1016/j.preteyeres.
2015.05.003
https://doi.org/10.1016/j.preteyeres.
2015.05.003
https://doi.org/10.1038/eye.2010.130
https://doi.org/10.1258/acb.2011.011004
https://doi.org/10.2307/2136404
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1017/S003329170002105X
https://doi.org/10.1007/s11102-016-0730-5
https://doi.org/10.1007/s11102-016-0730-5
https://doi.org/10.1176/appi.psy.48.6.489
https://doi.org/10.1176/appi.psy.48.6.489
https://doi.org/10.1080/02713683.2016.1276196
https://doi.org/10.1080/02713683.2016.1276196
https://doi.org/10.3109/08039488.2015.1041156
https://doi.org/10.3109/08039488.2015.1041156
https://doi.org/10.1001/archopht.1993.01090090081024
https://doi.org/10.1159/000310587
https://doi.org/10.1097/00006982-200001000-00020
https://doi.org/10.2147/OPTH.S17182
https://doi.org/10.1183/09031936.06.00125404
https://doi.org/10.1172/JCI61427
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Cushing’s Syndrome and Hypothalamic–Pituitary–Adrenal Axis Hyperactivity in Chronic Central Serous Chorioretinopathy
	Introduction
	Materials and Methods
	Study Design
	Study Population
	Endocrinological Evaluation
	Questionnaires
	Perceived Stress Scale (PSS)
	Stress Thermometer
	Insomnia Severity Index
	Brugha Questionnaire on Life Events

	Statistical Analysis

	Results
	Baseline Characteristics
	Clinical Evaluation
	Hormonal Evaluation
	Clinical Evaluation of Patients
	Comparison with Healthy Controls
	HPA Axis at Different cCSC Disease Stages

	Questionnaire Analysis
	Perceived Stress Scale
	Stress Thermometer
	Insomnia Severity Index
	Brugha Questionnaire on Life Events
	Associations of Questionnaire Outcomes and Cortisol


	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


