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Abstract
Objectives To investigate the association of two different single nucleotide polymorphisms (SNPs) in the complement factor
H (CFH) gene with central serous chorioretinopathy (CSCR) in the Iranian population.
Methods This is a case-control study with 95 participants in each group who were stratified according to their various
ethnical variations. Primers for rs1329428 and rs3753394 polymorphisms were synthesized. DNA was extracted from
peripheral blood leukocytes and underwent PCR and high-resolution melt analysis.
Results The frequency of tt, ct, and cc genotypes for rs1329428 polymorphism was 22 (26.5%), 46 (55.4%), and 15 (18.1%)
in acute CSCR and 5 (41.7%), 5 (41.7%), and 2 (16.7%) in chronic CSCR respectively with no significant difference
between case and control groups. The frequency of tt, ct, and cc genotypes for rs3753394 polymorphism was 31 (37.3%), 14
(16.9%), and 38 (45.8%) in acute CSCR and 4 (33.3%), 3 (25%), and 5 (41.7%) in chronic CSCR respectively. There was a
significant difference between patients of Persian descent and controls in rs3753394 polymorphism (P= 0.00, chi-square
test). There was no statistical difference in the frequency of polymorphism between acute and chronic patients (P= 0.64 and
P= 0.79 respectively, chi-square test).
Conclusions The rs3753394 polymorphism is probably associated with CSCR in Persian ethnicity. Further studies are
required to validate the implications of this finding in clinical practice.

Introduction

Central serous chorioretinopathy (CSCR) is characterized
by sensory retinal detachment in the macular area. It causes
vision loss or distortion which may remain after resolution
of the detachment. It is the fourth most common retinal
disease that mainly affects the adult population [1]. Men are

affected 6–10 times more than women [2]. The chorioretinal
pathology can be demonstrated in both eyes, though the
clinical presentation is unilateral in two-thirds of patients
[3]. It may be acute, with spontaneous resolution of sub-
retinal fluid, or chronic with retinal pigment epithelium
(RPE) atrophy and photoreceptor damage [4].

The etiology of CSCR is unknown. A number of factors
including personality type A, increased steroid levels
(endogenous or iatrogenic), obstructive sleep apnea, preg-
nancy, organ transplantation, connective tissue diseases,
alcohol consumption, systemic hypertension, and infections
(H. Pylori) have been proposed to play part in the patho-
genesis of CSCR [5, 6].

In recent years, genetic associations of CSCR have been
contemplated [7–9]. It was known from before that CSCR
may have familial predisposition [10, 11]. In patients with
chronic CSCR, associations have been found between
complement factor H gene (CFH) mutations and the
pathophysiology of the disease [7, 9]. These mutations
create single nucleotide polymorphisms (SNPs) which may
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affect the promoter of specific genes so as to increase or
decrease transcription.

The goal of this study was to investigate the association
of two SNPs (including rs3753394 and rs1329428) in the
CFH gene (1q31.3) with CSCR in an otherwise healthy
Iranian population.

Materials and methods

This is a case-control study performed in Farabi Eye Hos-
pital, Tehran, Iran. The study was conducted from Sep-
tember 2016 to February 2018. The design of the study was
approved by the Tehran University of Medical Sciences’
Ethics Committee in accordance with the tenets of the
Declaration of Helsinki.

Participants included a non-randomized sample of 95
adult patients diagnosed with acute or chronic CSCR, based
on the combination of clinical examinations, optical
coherence tomography (OCT), fluorescein angiography
(FA), and/or indocyanine green angiography (ICGA). Acute
CSCR was defined as the resolution of subretinal fluid
within 6 months from the onset of symptoms. Chronic
CSCR was defined as the persistence of subretinal fluid
beyond 6 months after the diagnosis has been first made by
an ophthalmologist. Patients demonstrating recurrent
CSCR, or those whose documents for the first presentation
were missing, were excluded. We also excluded patients
with concomitant ocular or systemic diseases such as dia-
betes mellitus (DM), connective tissue disease, kidney
disease, blood dyskrasias, bleeding diathesis, liver disease,
and history of systemic infection in the last three months
were excluded. Patients with significant cataracts that
interfered with the acquisition of high-quality images were
excluded as well.

The control group was selected from otherwise healthy
subjects presented to the optometry clinic for assessment of
visual acuity. This group was consulted by an ophthal-
mologist for the history of visual symptoms and confirma-
tion of normal retinal examination and OCT images. In the
presence of subretinal fluid or pigment epithelial detach-
ments (PED), participants were excluded from the control
group. All patients were presented with detailed information
about the scientific nature of the study and, after doc-
umentation of the informed consent, were registered for
evaluations.

The population of the study was stratified into one of the
following five ethnic variations according to their own
statement of having at least three maternal and paternal
ancestors within the same ethnicity: Turkish, Kurdish, Lor,
Persian, and mix.

In order to extract DNA, 5ml of peripheral blood was
obtained and preserved at −80 °C. DNA was extracted by a

genomic extraction kit (Pishgaman Inc., Tehran, Iran) according
to the manufacturer’s protocol. The quality and quantity of the
extracted DNA were evaluated by matrix-assisted laser mass
spectrometry. Primer design and synthesis were accomplished
with the help of Primer 3 software, OligoAnalyzer tool, and
UCSC website by Takapouzist company (Takapouzist Inc.,
Tehran, Iran). The forward and reverse primers for rs1329428
were 5′TCAGTGGTCTAGATAGAGACTCTGGAT3′ and 5′
TCACTCTTAGAACAAGTTTGTCCAC3′ respectively. The
forward and reverse primers for rs3753394 were 5′TGAGGT
TTATACACAATAGACCCGA3′ and 5′AGGGAAATTCTC
CGTTGGAAA3′ respectively. Polymerase chain reaction
(PCR) was performed using an automated machine (Analytik
Jena, Jena, Germany). The PCR products underwent agarose
gel electrophoresis. Finally, the high-resolution melt (HRM)
analysis was performed (Corbett Rotor Gene 6000, QIAGEN,
Hilden, Germany) to detect specific polymorphisms.

The statistical analysis was performed with SPSS version
22 for windows. P values below 0.05 were considered
significant.

Results

The total number of 190 subjects divided into two equal
groups was analyzed. The CSCR group included 60 (63%)
males and 35 (37%) females. The control group included 54
(57%) males and 41 (43%) females. There was no statistical
difference in the gender between the two groups. The mean
age of the CSCR and control groups were 41.15 ± 8.08
(range: 28–58 years) and 69.73 ± 8.44 (range: 38–85 years)
respectively (P < 0.001; Mann–Whitney U test). The mean
best-corrected visual acuity (BCVA) was significantly more
in the control group (0.09 ± 0.02 vs. 0.42 ± 0.12 logMAR;
P= 0.02; Mann–Whitney U test). Yet, there was no dif-
ference in the BCVA between patients with rs1329428 and
rs3753394 polymorphisms (0.43 ± 0.09 vs. 0.41 ± 0.11
logMAR respectively; P= 0.91; Mann–Whitney U test).
The mean subfoveal choroidal thickness was significantly
more in the CSCR group (348 ± 26 µm vs. 271 ± 17 µm
respectively; P= 0.03; Mann–Whitney U test).

The most prevalent ethnicities in the CSCR group were
Persian (71 [75%]), followed by Turkish (10 [10.5%]),
Kurdish (8 [8.5%]), Lor (3 [3%]), and mix (3 [3%]) des-
cendants. In the control group Persians accounted for 38
(40%), followed by Turkish (32 [33%]), Kurdish (9
[9.5%]), Lor (3 [3%]), and mix (13 [13.5%]) descendants.
We found a significant difference in various ethnicities
between the two groups (P < 0.001, Chi-2 test).

The frequency of tt, ct, and cc genotypes for rs1329428
polymorphism was 22 (26.5%), 46 (55.4%), and 15 (18.1%)
in acute CSCR and 5 (41.7%), 5 (41.7%), and 2 (16.7%) in
chronic CSCR respectively. The frequency of tt, ct, and cc
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genotypes for rs3753394 polymorphism was 31 (37.3%), 14
(16.9%), and 38 (45.8%) in acute CSCR and 4 (33.3%), 3
(25%), and 5 (41.7%) in chronic CSCR respectively. There
was no statistical difference in the prevalence of either
polymorphism between acute and chronic patients (P=
0.54 and P= 0.79 respectively, chi-square test).

Patients of Persian descent showed a significant differ-
ence in the frequency of rs3753394 polymorphism in
comparison to the control group. None of our subpopula-
tions showed a significant difference in the frequency of
rs1329428 with the control group (see Table 1).

Discussion

We performed this study to investigate the association of
SNPs in the CFH gene with CSCR and we found that
rs3753394 was significantly more common in patients with
CSCR in comparison to the control group and the rs1329428
was not associated with CSCR. To the best of our knowl-
edge, this is the first study with the Iranian population.

CSCR is considered an idiopathic entity with numerous
environmental associations [5, 6]. However, in recent years
much interest has been paid to investigating genetic associa-
tions of CSCR [7–9]. For a number of reasons, the CFH gene
is a good candidate for association studies. First, the product
of the CFH gene is a protein with 20 domains that are secreted
into the bloodstream and binds to a calcitonin-related protein
(adrenomedullin) which finally results in dilatation of chor-
oidal vasculature, and presumably, increased permeability
[12, 13]. Second, proteomic and metabolomic studies on the
subretinal fluid in CSCR patients have shown that CFH may
have been upregulated [14]. Breukink and colleagues have
shown that those with an absent genomic copy of the C4b
factor have a greater risk of chronic CSCR while those with
three copies have a lower risk [15]. Third, the rs3753394 is

located upstream of the CFH gene and its polymorphisms
may theoretically affect the downstream gene’s product.
Although it is proposed that SNPs may affect the regulatory
functions of CFH gene products, it has not been proved
whether this influence is exerted through qualitative or
quantitative changes [16]. Fourth, the CFH gene has been
shown to be associated with age-related macular degeneration
(AMD), another retinal disease that shares many common
features with CSCR [9, 17–20]. It has been suggested that the
same CFH alleles may confer risk for AMD while protecting
against CSCR [7, 9, 21].

In a study with Japanese participants, five CSCR-
associated SNPs have been determined, including rs800292,
rs3753394, rs2284664, rs1329428, and rs1065489 [9]. In our
study, we only searched for rs1329428 and rs3753394. The
former was not associated with CSCR, while, the latter was
more common in the CSCR group. Another study in a Greek
population demonstrated three SNPs associated with CSCR:
rs3753394, rs1329428, and rs1065489 [8]. We only found the
first polymorphism as a risk factor. Other investigators also
reported CSCR-associated SNPs in the European population,
including rs800292, rs1329428, and rs1065489 [7]. In the
largest-scale study of this kind, six CSCR-associated SNPs
have been evaluated in the Chinese population comprising the
following polymorphisms: rs800292, rs1061170, rs3753396,
rs2284664, rs1329428, and rs1065489 [16].

It is noteworthy that not all SNPs are essentially risk
factors for disease development. Indeed, some of them may
offer protection. For example, rs1065489 was found to
protect against CSCR in Japanese, Chinese, as well as West
European populations [7, 9, 16], while it was found as a
predisposing association among Greek patients [8]. The
rs800292 has been shown to be a risk factor for CSCR in
the Chinese population, however, it was not associated with
CSCR in Greek patients [8, 16]. Likewise, we found that
rs3753394 has associated with CSCR especially in the

Table 1 The frequency of various SNP genotypes in CSCR and control groups.

rs1329428 rs3753394

CSCR N (%) Control N (%) P value* CSCR N (%) Control N (%) P value*

tt ct cc tt ct cc tt ct cc tt ct cc

Sex

Males 16 30 14 16 25 13 0.91 23 12 28 9 25 20 0.00

Females 11 21 3 8 23 10 0.14 12 5 15 4 22 15 0.00

Ethnicity

Turkish 2 (20) 8 (80) – 9 (28) 13 (40) 10 (31) 0.05 2 (20) 3 (30) 5 (50) 5 (16) 12 (37) 15 (47) 0.89

Lor – 3 (100) – 1 (33) 1 (33) 1 (33) 0.22 1 (33) – 2 (67) – 2 (67) 1 (33) 0.18

Kurdish 3 (37) 4 (50) 1 (13) 2 (22) 5 (57) 2 (22) 0.74 3 (37) 2 (25) 3 (35) 3 (33) 3 (33) 3 (33) 0.93

Persian 22 (31) 34 (48) 15 (21) 10 (26) 22 (58) 6 (16) 0.59 28 (40) 12 (17) 31 (44) 4 (10) 20 (52) 14 (37) 0.00

Mix – 2 (67) 1 (33) 2 (15) 7 (53) 4 (31) 0.76 1 (33) – 2 (67) 2 (12) 10 (62) 2 (15) 0.04

*Based on chi-square test.
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Persian descent subpopulation. It appears that these con-
troversies stem from racial differences [22]. Hence, large-
scale studies with independent cohorts and replication stu-
dies are required to reach definitive conclusions. Further-
more, it is not known whether any of these polymorphisms
influence the response to treatment [23].

The sample size is a very important issue if association
studies are to be reliable. For example, Linglu and collea-
gues reported no association of rs1329428 and rs2284664
with CSCR in their Chinese population. Nevertheless, their
meta-analysis demonstrated that these two SNPs are asso-
ciated with CSCR [16]. Furthermore, looking for associa-
tions in the CFH gene locus is due to the current recognition
of this area as a possible candidate for CSCR development.
Nonetheless, there may be important, yet unrecognized, loci
that affect the susceptibility. In fact, there are only three
published genome-wide association studies (GWAS) that
have linked the CFH gene to CSCR [21, 24, 25]. Unfor-
tunately, most of these studies lack enough large sample
sizes and independent cohorts that can provide reliable
replication studies, thus limiting their conclusions.
Recently, Hosoda and colleagues have published the results
of their large-scale GWAS in Japanese and European
populations. They have identified rs6061548 and
rs13278062 polymorphisms which have not been identified
as risk factors for CSCR in previous studies. The former is
not in the CFH gene territory, while the latter, is located in
the CFH locus and previously has been mapped as a risk
factor for AMD [26]. This new polymorphism should be
studied further to see whether it increases the risk for sec-
ondary choroidal neovascularization (CNV) in CSCR
patients, or another similar entity that shares features of both
AMD and CSCR, the so-called pachychoroidal neovascu-
lopathy (PCNV) [21].

The main limitation of our study is its small sample size.
Although we subdivided the population into different Ira-
nian ethnical variations, the total number of each subgroup
was relatively small for firm conclusions to be made.

Finally, it seems that the association of various SNPs in the
CFH gene locus with CSCR merit further evaluation. Under-
standing these polymorphisms helps determine the pathologic
basis of CSCR accurately and may also have implications in
the treatment modalities that develop in the future.

Summary

What is known about this topic

● Complement factor H gene polymorphisms have been
associated with an increased risk of central serous
chorioretinopathy (CSCR).

● There have been contradicting reports of polymorphisms
in different races that could predispose or protect
against CSCR.

● There have been no reported polymorphisms in Iranian
populations with CSCR.

What this study adds

● The rs3753394 polymorphism is more common in
patients of Persian descent in comparison to the
control group.

● The frequency of rs1329428 polymorphism is not
different between patients and control groups.
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