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Abstract
Background/objectives The choroid, mostly composed of vascular structures, can be directly affected by systemic hemo-
dynamic changes. Blood pressure variability (BPV) may factor into choroidal dysfunction, which can be associated with the
pathogenesis of central serous chorioretinopathy (CSCR). The aim of our study was to investigate short-term BPV over 24 h
in patients with acute CSCR versus healthy controls.
Subjects/methods Our cross-sectional comparative study included 50 patients with CSCR (i.e., patient group) and 60
healthy individuals (i.e., control group). In all participants, 24-h ambulatory blood pressure was monitored every 15 min
during the day and every 30 min at night. Mean variability index (VI), systolic blood pressure (SBP), and diastolic blood
pressure (DBP) during the day, at night, and across the 24-h period were subjected to statistical analyses.
Results Mean 24-h, daytime, and night-time SBP and DBP did not significantly differ between the groups. The mean 24-h
and daytime VI values for SBP and DBP were significantly higher in the patient group than in the control group, whereas the
mean night-time VI values for SBP and DBP between the groups were similar. Multivariate logistic regression models
revealed that the VI values for 24-h and daytime SBP and DBP emerged as independent risk factors for developing CSCR.
Conclusion Our study revealed that variabilities in 24-h, daytime SBP and DBP were significantly higher in patients with
CSCR than in controls. Our results thus suggest that increased BPV may be a new risk factor for the development of CSCR.

Introduction

An idiopathic chorioretinal disease, central serous chorior-
etinopathy (CSCR) is characterized by the spontaneous serous
detachment of the neurosensory retina and is often associated
with focal detachments of retinal pigment epithelium [1, 2].
Even though its initial episode usually suggests a benign,
self-limited disease, CSCR becomes chronic or recurrent in
30–45% of patients and can result in permanent visual loss
due to foveal atrophy [3–6]. CSCR typically occurs in men in
their fourth and fifth decades of life [7].

Although the exact pathogenetic mechanism of CSCR
remains unclear, different but not mutually exclusive
models have been proposed to explain how serous sub-
retinal fluid accumulates at the posterior pole [8, 9].

Increased choroidal vascular permeability and the dilatation
of choroidal vessels suggest that changes in the choroid play
a key role in the leakage of fluid into the interstitial or
stromal space [10, 11]. All imaging methods used in diag-
nosing CSCR also indicate that the primary source of serous
subretinal fluid is the choroid [12–14].

The choroid, in being mostly composed of vascular
structures, can be directly affected by systemic hemody-
namic changes [15, 16]. Indeed, a close relationship
between hypertension and CSCR has been detected [17].
Recent studies have also suggested that blood pressure
variability (BPV) is an independent risk factor for vascular
disorders [18–20]. Abnormal BPV causes hemodynamic
changes in the eye’s vascular structures and increases the
risk of various ocular diseases, including branch retinal vein
occlusion, primary open-angle glaucoma, and normal-
tension glaucoma [21, 22].

Considering those findings, we hypothesized that BPV is
involved in choroidal vascular dysfunction, which can be
associated with the pathogenesis of CSCR. To test that
hypothesis, we investigated short-term BPV over 24 h in
patients with CSCR versus controls. To the best our
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knowledge, no study to date has involved evaluating BPV
in patients with CSCR.

Materials and methods

Design and participants

We conducted our cross-sectional comparative study in the
Department of Ophthalmology at Dünya Eye Hospital in
Gaziantep, Turkey, after obtaining approval from the institu-
tional review board and ethics committee. In compliance with
the tenets of the Declaration of Helsinki, all participants
provided their oral and written informed consent to participate
prior to the outset of the study.

Our sample consisted of 50 patients with CSCR (i.e.,
patient group) and 60 healthy individuals (i.e., control
group). Between the groups, participants were matched in
terms of age and sex. For the patient group, only patients
newly diagnosed with acute CSCR and without any prior
ocular or systemic treatment were included, whereas parti-
cipants in the control group were selected from among
healthy individuals who requested a routine ocular exam-
ination at the ophthalmology clinic where the study was
conducted.

An experienced ophthalmologist diagnosed each patient
for acute CSCR according to the findings of a retinal fundus
examination, fundus fluorescein angiography (FFA), and
optical coherence tomography (OCT). Acute CSCR was
diagnosed in patients exhibiting the loss of visual acuity and
visual symptoms (e.g., micropsia, metamorphopsia, chro-
matopsia, and central scotomata) within 3 months and who
demonstrated serous subretinal fluid in spectral domain
OCT images. To confirm the diagnosis, FFA and OCT
imaging using the Spectralis HRA+OCT Spectral Domain
OCT and Fluorescein Angiography system (Heidelberg
Engineering, Heidelberg, Germany) were performed by a
retina specialist in each patient.

Exclusion criteria for participants were the presence of
glaucoma, retinal disease other than CSCR (e.g., diabetic
retinopathy, retinal vein occlusion, and macular degenera-
tion), systemic disease other than hypertension (e.g., dia-
betes mellitus, chronic inflammatory disease, renal disease,
and endocrinological impairment), arterial hypotension,
or the current use of systemic medication other than anti-
hypertensive drugs. Hypertension was defined as systolic
blood pressure (SBP) of at least 140 mmHg or diastolic
blood pressure (DBP) of at least 90 mmHg at the time of
the examination at the clinic. Patients currently taking
antihypertensive medication were also considered to have
hypertension.

Each participant received a comprehensive ophthalmic
evaluation involving an assessment of visual acuity, slit

lamp biomicroscopy, intraocular pressure measurement with
Goldmann applanation tonometry, and SD-OCT imaging.
FFA was not performed in the controls. Each participant’s
medical history, history of smoking, body mass index (BMI),
and history of systemic diseases (e.g., diabetes mellitus and
hypertension) were recorded.

Evaluation of blood pressure variability

In all participants, 24-h ambulatory blood pressure was
monitored using a Mobil-O-Graph NG (IEM GmbH, Stol-
berg, Germany), a device approved by the European Society
of Hypertension [23]. First, the appropriate cuff size was
determined for each participant, and the cuff was placed on
the nondominant arm. The device was programmed to take
measurements every 15 min during the day and every
30 min during the night. Daytime and night-time were
defined according to each participant’s self-reported sleep-
ing and waking hours. Participants were instructed to con-
tinue performing their daily activities during the daytime
but to refrain from any physically demanding tasks. During
the measurement period, each participant kept a diary of his
or her sleep and wake periods as well as any activities that
could influence blood pressure. Following the 24-h mon-
itoring of ambulatory blood pressure, the data of partici-
pants who subsequently modified their reported night-time
interval were corrected during data transfer. All records
of measurements were transferred to HMS Client-Server
version 5.1 (IEM GmbH, Stolberg, Germany) data man-
agement software.

BPV was evaluated in terms of a variability index (VI)
automatically calculated by the HMS Client-Server soft-
ware. VI was defined as the standard deviation (SD) of each
blood pressure measurement taken during the day and night
[24]. In addition to VI, data gathered from the HMS Client-
Server software were mean SBP and DBP during the day, at
night, and across the 24-h period. Ambulatory blood pres-
sure measurements (ABPM) with a total valid number of
<90% were not included in the analyzes and measurements
were repeated.

Statistical analyses

Data analysis was performed using the Statistical Package
for the Social Sciences version 25.0 (IBM, Armonk, NY,
USA). Values were recorded as n (%) M ± SD. A post-
power analysis was conducted with VI values obtained for
24-h SBP and DBP between the groups. When Cronbach’s
α equalled 0.05, the observed power was 100%, meaning
that the sample size was adequate for our study. The nor-
mality of data was gauged with the Shapiro–Wilk test,
categorical data between the groups were analyzed using the
chi-squared test, and the independent samples t test was
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used to compare variables for normally distributed data
between the groups. Multiple logistic regression analyses
were performed to evaluate significant independent factors.
Any p value < 0.05 was considered to indicate statistical
significance.

Results

The demographics and other characteristics of the partici-
pants are summarized in Table 1. The mean age and sex
distribution between the groups did not differ significantly
(p= 0.408 and p= 0.709, respectively), nor did the number
of participants with hypertension and who reported smoking
(p= 0.235 and p= 0.156, respectively). Mean BMI was
also similar between the groups (p= 0.214).

Mean ABPMs are summarized in Table 2. Mean 24-h,
daytime, and night-time SBP and DBP values did not sig-
nificantly differ between the groups. By contrast, as shown
in Table 3, the mean VI values for 24-h, daytime, and night-
time SBP and DBP did vary somewhat. Whereas the mean
24-h and daytime VI values for SBP and DBP were sig-
nificantly higher in the patient group than in the control

group, the mean night-time VI for SBP and DBP were
similar between the groups. A comparison of the VI values
of patients with and without hypertension appears is pre-
sented in Table 4, which shows that no statistically sig-
nificant difference was detected.

Multivariate logistic regression models were created
using VI values to determine independent variables that
predict CSCR (Table 5). In Model 1, the VI values for 24-h
SBP and DBP emerged as independent risk factors for
developing CSCR, OR= 1.12, 95% CI [1.02, 1.23] and
OR= 1.48, 95% CI [1.07, 2.04], respectively. In Model 2,
the VI values for daytime SBP and DBP remained inde-
pendently associated with CSCR, OR= 1.76 95% CI [1.05,
2.58] and OR= 1.82, 95% CI [1.23, 2.64], respectively.

Discussion

Although ample research has identified that CSCR originates
in a disorder of the choroidal vascular system, its relationship

Table 1 Characteristics of the participants.

Patient group,
(n= 50)

Control group,
(n= 60)

p

Gender, Male/
Female

39/11 44/16 0.709a

Age, years 39.72 ± 11.76 41.65 ± 12.44 0.408b

BMI, kg/m2 24.82 ± 2.61 25.93 ± 3.43 0.214b

Smoking 14 (28) 11 (18.3) 0.156a

Hypertension 7 (14) 4 (6.7) 0.235a

Values are expressed as a n (%) or mean ± standard deviation.
aChi-Square test.
bIndependent sample t-test.

Table 2 Mean blood pressure measurements.

Patient group,
(n= 50)

Control group,
(n= 60)

p*

24-h SBP, mmHg 114.4 ± 17.2 113.5 ± 15.9 0.783

24-h DBP, mmHg 72.9 ± 7.8 71.8 ± 7.5 0.468

Daytime SBP, mmHg 118.8 ± 9.0 117.5 ± 8.8 0.458

Daytime DBP, mmHg 74.9 ± 8.4 73.7 ± 8.1 0.483

Night-time,
SBP, mmHg

108.5 ± 15.4 107.6 ± 10.2 0.652

Night-time,
DBP, mmHg

66.6 ± 8.3 65.8 ± 7.7 0.603

SBP systolic blood pressure, DBP diastolic blood pressure.

*Independent sample t-test.

Table 3 Mean variability indices between the groups.

Variability indices Patient group,
(n= 50)

Control group,
(n= 60)

p*

24-h SBP, mmHg 13.5 ± 2.6 12.2 ± 2.4 0.007

24-h DBP, mmHg 10.8 ± 2.4 9.4 ± 2.2 0.003

Daytime SBP, mmHg 13.0 ± 3.1 11.6 ± 3.0 0.017

Daytime DBP, mmHg 10.0 ± 2.2 8.6 ± 2.1 0.001

Night-time,
SBP, mmHg

10.4 ± 2.6 9.8 ± 3.2 0.066

Night-time,
DBP, mmHg

8.9 ± 2.4 8.0 ± 2.5 0.063

SBP systolic blood pressure, DBP diastolic blood pressure.

*Independent sample t-test.

Statistically significant p-values are in bold.

Table 4 Mean variability indices between central serous
chorioretinopathy patients with hypertension and without hypertension.

Variability indices Patient group, (n= 50) p*

HT (+) (n:7) HT (−) (n:43)

24-h SBP, mmHg 13.8 ± 3.7 13.4 ± 2.4 0.785

24-h DBP, mmHg 9.9 ± 2.5 10.9 ± 2.5 0.059

Daytime SBP, mmHg 13.2 ± 4.2 12.9 ± 3.0 0.766

Daytime DBP, mmHg 10.3 ± 2.4 9.9 ± 2.6 0.801

Night-time, SBP, mmHg 10.8 ± 3.2 10.3 ± 2.1 0.652

Night-time, DBP, mmHg 8.1 ± 2.1 9.0 ± 2.3 0.152

HT hypertension, SBP systolic blood pressure, DBP diastolic blood
pressure.

*Independent sample t-test.
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with BPV has not been investigated. The study reported here
is the first to examine short-term BPV using 24-h ambulatory
blood pressure monitoring in patients with CSCR. Among the
results, the VI values for 24-h and daytime SBP and DBP
were impaired in patients with CSCR, which indicates an
association between CSCR and BPV.

Blood pressure measurement values show marked varia-
tions over time in response to various physical and emotional
stimuli. Such variation can be evaluated as both long- and
short-term BPV. In long-term BPV, blood pressure fluctuates
over days, weeks, months, or even years, whereas it fluctuates
from beat to beat, minute to minute, hour to hour, or day to
night in short-term BPV. In our study, short-term BPV was
investigated over the course of 24 h [25].

BPV has recently been identified as a risk factor for many
vascular diseases, including stroke, hypertension, carotid
artery damage, and atherosclerosis [18, 26, 27]. Sander et al.
have reported that high systolic BPV during the day is a
strong risk factor for the development and early progression
of atherosclerosis [28]. According to other research, increased
BPV may occur due to abnormal arterial stiffness, renal dis-
turbances, and autonomic or hormonal dysfunction. However,
because the exact mechanisms of BPV remain unknown,
further investigations into its relationships with those condi-
tions are necessary [29, 30].

High BPV has been associated with not only systemic
vascular diseases but some ocular disorders as well
[21, 31, 32]. Veloudi et al. reported that retinal arteriolar
diameter was positively associated with daytime SBP
variability among patients with type 2 diabetes [33]. In
another study, long-term SBP variability was significantly
associated with moderate diabetic retinopathy [34].
Meanwhile, Gulmez et al., who examined short-term BPV
in patients with branch retinal vein occlusion, observed
that daytime, night-time, and 24-h BPV in SBP and DBP
were independent predictors of BRVO [20]. Such findings
suggest that BPV-related mechanisms underlying retinal
vascular diseases may be critical for the development and

progression of retinal diseases. In our study, the VI values
for 24-h and daytime SBP and DBP were significantly
higher in patients with CSCR than in healthy controls,
as well as significantly associated with CSCR in our
regression models.

BPV may be decisive in CSCR’s development due to
certain pathophysiological mechanisms. Because the arterial
wall of blood vessels is more susceptible to intermittent
stress than to continuous stress, it is conceivable that wide
oscillations in blood pressure contribute to the development
of choroidal vascular damage and, in turn, cause CSCR
[35]. Changes in the tension of vessel walls may prompt
chronic strain on the vessels, such that consequent vascular
damage results in pronounced hyperpermeability. Indocya-
nine green angiography of patients with CSCR has revealed
hyperpermeability with evidence of ischemia and the con-
gestion of choroidal lobules [8]. Those findings indicate that
BPV may affect choroidal circulation and contribute to the
development of CSCR.

CSCR has also been reported to be associated with several
systemic vascular diseases, including cardiovascular diseases,
hypertension, ischemic stroke, and coronary heart disease
[36, 37]. By extension, patients with CSCR were found to be
more likely to have hypertension [37]. In previous studies,
BPV has also been reported to be associated with those
diseases [18, 26, 27]. Thus, increased BPV as a common risk
factor may explain the relationship between CSCR and the
systemic diseases mentioned above.

Although potential sources of error were minimized in
our study, a few limitations merit attention. For one, though
patients were instructed to continue living their normal lives
during the measurement period, they may have engaged in
unrecorded activities that affected the measurements. Sec-
ond, all participants submitted to blood pressure monitoring
for a 24-h period. Had we monitored participants for a
longer period, then we could have obtained more reliable
results.

Practical difficulties of conducting the study included
monitoring ABPMs for 24 h. Because no reliable results
(e.g., total valid number of blood pressure measurements
less than 90% in 24 h) were obtained in the first measure-
ments of ABPM in 14 participants, the measurements were
repeated.

In sum, our study demonstrated that variability in 24-h and
daytime SBP and DBP were significantly higher in patients
with CSCR than in controls. Our results thus suggest that
increased BPV may be another risk factor for the develop-
ment of CSCR. Patients with CSCR should therefore be
warned about their increased risk of other manifestations of
vascular disorders associated with BPV. Further prospective
investigations with larger samples and longer follow-up
periods are necessary to clarify the association between BPV
and CSCR.

Table 5 Multivariate logistic regression analysis with variability
indices.

Variability indices Odds ratio (95% confidence
interval)

p*

Model 1 24-hSBP 1.12 (1.02–1.23) 0.036

24-h DBP 1.48 (1.07–2.04) 0.021

Model 2 Daytime SBP 1.76 (1.05–2.58) 0.002

Daytime DBP 1.82 (1.23–2.64) <0.001

Night-time SBP 1.03 (0.98–1.06) 0.235

Night-time DBP 1.40 (0.52–7.05) 0.856

SBP systolic blood pressure, DBP diastolic blood pressure.

*Multivariate logistic regression analysis.

Statistically significant p-values are in bold.
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Summary

What was known before

● Abnormal blood pressure variability causes hemody-
namic changes in the eye’s vascular structures and raises
the risk of various ocular diseases, including branch
retinal vein occlusion, primary open-angle glaucoma,
and normal-tension glaucoma.

What this study adds

● The variability in 24-h and daytime systolic blood
pressure and diastolic blood pressure were significantly
higher in patients with central serous chorioretinopathy
than in controls.

● Increased blood pressure variability may be a new
risk factor for the development of central serous
chorioretinopathy.
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