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Purpose: To evaluate the relationship between angiotensin-converting 
enzyme (ACE; rs4340) gene variants and the retinal changes as evidenced by 
fundoscopy in patients with various clinical courses of COVID-19.
Material and Methods: Ninety-four COVID-19-positive patients (188 eyes) 
were included in the study. They had an extremely severe course, severe 
course, or moderately severe course of the disease with decompensated 
or compensated comorbidity. We evaluated the distribution of ACE ACE 
genotypes among patients and determined the retinal changes in COVID-19 
patients with different ACE genotypes. Fundus images were obtained with 
a handheld fundus camera to identify clinically significant and insignificant 
retinal changes. A molecular and genetic study of ACE gene (rs4340) variants 
was carried out using allele-specific polymerase chain reaction (PCR). 
Statistical analysis of correlations between the course of COVID-19 and the 
presence of retinal changes as well as between the ACE gene variant and the 
presence of retinal changes was conducted.
Results: Among the analyzed individuals, 28 (29.6%), 47 (50.5%) and 19 
(19.9%) were found to have the II genotype, ID genotype, and DD genotype, 
respectively. We found no significant correlation between metabolic status, 
severity of COVID-19 course and the ACE gene variant. No significant 
difference was found among groups of COVID-19 patients of different ACE 
genotypes with respect to the distribution of particular retinal changes. There 
was an increase (p < 0.001) in the risk of clinically significant retinal changes 
in patients with the DD genotype compared to patients with the II genotype 
and those with the ID genotype (p < 0.05).
Conclusion: The risk of clinically significant retinal changes is higher in 
COVID-19 patients with ACE genotype DD than in those with genotype II or 
ID (p < 0.001).
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Introduction
Recently, increasing attention has been drawn to 

the relationships between gene polymorphisms and the 
course of a disease (e.g. COVID-19). Kim and Jeong [1] 
evaluated the correlation between the case fatality rate 
of COVID-19 and the genetic polymorphisms of several 
genes, e.g., interferon-induced transmembrane protein 
3 (IFITM3). Aladawy and colleagues [2] investigated 
the role of a polymorphism in the promoter region of 
IL6 gene as a predictor of disease severity in COVID-19 
patients. It has been concluded that gene polymorphism 
of methylenetetrahydrofolate reductase (MTHFR) C677T 
may modulate the incidence and severity of COVID-19 [3]. 
Interestingly, a genetic link has been reported between risk 
for Alzheimer’s disease and severe COVID-19 outcomes 
via the OAS1 gene [4]. Genetic polymorphisms of HLA 
genes [5, 6, 7] and vitamin K epoxide reductase complex 
subunit 1 (VKORC1) gene [8] are associated with severe 

acute respiratory syndrome coronavirus (SARS-CoV) 
susceptibility, severity and mortality.

From a pathogenetic point of view, studies on the 
genetic variants of angiotensin converting enzyme (ACE) 
seems promising for further research on the topic, because 
the SARS-CoV gains entry into human host cells via 
an interaction with the ACE2 transmembrane receptor 
[9]. Accumulating evidence suggests that a subgroup of 
patients with severe COVID-19 might have a cytokine 
storm syndrome [10], which is caused by endothelial 
dysfunction in systemic inflammation, resulting in 
uncontrolled hyperthermia, tachypnea, tachycardia and 
hypotony [11]. It is vascular endothelial lesions and 
coagulopathy abnormalities that are the cause of frequent 
thromboembolic complications in COVID-19.
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Given that the endothelium is present in all 
macrocirculatory and microcirculatory vessels, 
thromboembolic complications may develop in any vessel 
of any human organ. The ophthalmic manifestations 
of COVID-19 include narrowed retinal vessels, dilated 
retinal veins and proper coagulopathy and thromboembolic 
complications like cotton wool spots, vitreous hemorrhage, 
intraretinal hemorrhage, central retinal vein (CRV) 
prethrombosis, and CRV thrombosis [12]. To the best of 
our knowledge, however, there has been no report on the 
correlation between the retinal vascular changes, ACE 
gene variants and the severity of COVID-19 course. These 
data would allow predicting the course of the disease and 
development of extrapulmonary vascular complications, 
and preventing or managing these complications early.

The purpose of the study was to evaluate the 
relationship between ACE gene variants and the retinal 
changes as evidenced by fundoscopy in patients with 
various clinical courses of COVID-19.

Material and Methods
This was a prospected crossover non-controlled 

study. The study was conducted at the Infection Unit and 
Regional Eye Center of Volyn Regional Clinical Hospital 

from October 2020 to December 2021. Ninety-four 
polymerase chain reaction (PCR) COVID-19-positive 
patients (188 eyes; age range, 42 to 82 years) admitted to 
the infection unit were included in the study. Patients with 
a prior history of retinal disease were excluded. Informed 
consent was obtained from all study subjects. The study 
was approved by the Bioethics Committee of Volyn 
Regional Clinical Hospital (Committee meeting minutes 
of October 29, 2020).

At the first phase of the study, we evaluated the 
distribution of ACE (rs4340) gene variants among patients. 
Thereafter, we investigated the features of the clinical 
course of COVID-19 in patients with different ACE gene 
variants. 

Patients underwent general clinical examination of 
body systems (Table 1), and their vital signs and blood 
oxygen saturation levels were monitored from admission 
until discharge or death.

They were divided into 4 groups on the basis of the 
severity of the clinical course of COVID-19 (Table 1). 
Group 1 (n = 33) included patients with an extremely 
severe course of COVID-19 and signs of severe pneumonia 
and acute respiratory distress syndrome (ARDS) whose 
treatment included the use of artificial respiration. Group 

Table 1. Clinical characteristics of groups of patients

Characteristic Group 1
(n=33)

Group 2
(n=21)

Group 3
(n=25)

Group 4
(n=15) P

Age (years) 64 
(60–70.25)

68 
(56.75–70.25)

61 
(55.5–64.75)

57 
(48–69.5) 0.172

Women (n, %) 17 (51.5) 14 (66.7) 13 (52) 8 (53.3)
0.700

Men (n, %) 16 (48.5) 7 (33.3) 12 (48) 7 (46.7)

Pulmonary parenchymal lesions, М±SD 
(%) 68.3±4.92,3,4 51.2±5.81,3,4 40.7±4.51,2,4 30.3±3.51,2,3 <0.001

Blood oxygen saturation level (IQR), (%), 
N – 97–100%

87 
(78–93)3

94 
(90.25–96.25)

96 
(92–98)1

94 
(87.25–96) <0.001

Oxygen flow speed (IQR), l/min, used to 
maintain normal blood saturation

16 
(11.5–20)3,4

12 
(10–15)

8 
(6–10)1

10 
(8–14.25)1 <0.001

D-dimer level (IQR), N, up to 0.5 µg/ml 2,47 
(0.91–2.987)3,4

1,1 
(0.855–1.2)4

0,53 
(0.375–0.685)1

0,27 
(0.17–0.345)1,2 <0.001

SBP (IQR), mmHg 130 
(125–140)

130 
(130–140)

130 
(128.7–136.2)

130 
(126.2–140) 0.695

DBP (IQR), mmHg 80 
(80–90)

80 
(80–90)

80 
(80–81.25)

90 
(80–90) 0.232

Heart rate (М±SD), beats/min 95.5±19.4 92.2±13.5 85.7±14.6 93.2±12.2 0.146

Respiratory rate (IQR), breaths/min 26 
(23,5–32)3

24 
(24–26)

22 
(19.5–24)1

24 
(22–26) 0.001

Comorbidity: hypertensive heart disease 
(n, %)

10 
(30.3)

4 
(19)

10 
(40)

5 
(33.3) 0.494

Comorbidity: type1 or type 2 diabetes 
mellitus (n, %) 7 (21.2) 3 (14.3) 1 (4) 0 (0) 0.092

Note: P, significance of difference; n, number; SAT, systolic blood pressure; DAT, diastolic blood pressure; N, norm; 
1, significant difference from group 1; 2, significant difference from group 2; 3, significant difference from group 3; 4, 
significant difference from group 4
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2 (n = 21) included patients with a severe course of 
COVID-19 and signs of severe pneumonia, plus one of 
the following: respiratory rate ≥ 30 breaths/min, severe 
respiratory distress or SpO2 <90% on room air. Group 
3 (n = 25) included patients with a moderate course of 
COVID-19 without signs of severe pneumonia, SpO2 
≥90%, and decompensated comorbidity. Group 4 (n = 15) 
included patients with a moderate course of COVID-19 
without signs of severe pneumonia, SpO2 ≥90%, and well-
compensated comorbidity [13, 14].

Fundus images were obtained with a handheld fundus 
camera (Pictor Plus Fundus Camera or VistaView, Volk 
Optical, Mentor, OH). A photograph of the central retina 
of each eye was taken. In addition, a detailed photograph 
of retinal changes, if any, was taken. Thromboembolic 
complications (e.g., CRV thrombosis) were classified as 
per the 1990 Katznelson classification which includes, 
e.g., prethrombosis (an initial stage of CRV thrombosis 
with stasis of retinal venal circulation, tortuous retinal 
veins, and sometimes with papilledema).

A molecular and genetic study of ACE gene (rs4340) 
variants was carried out using allele-specific PCR at the 
Reference Centre for Molecular Diagnostic of Public 
Health Ministry of Ukraine [15]. Blood samples were 
collected and transported to the above facility as per the 
guidelines on the transportation of biological materials 
(Decree of the Health Ministry of Ukraine No.662 of July 
30, 2013).

The normal distribution of quantitative data was 
tested with the Shapiro-Wilk test. Quantitative data are 
reported as mean plus or minus standard deviation (SD) 
when normally distributed and median (interquartile 
range (IQR)) when not. When comparing results between 
groups, analysis of variance or non-parametric Kruskal-
Wallis tests were used. Dunn’s test was used as a post hoc 
test. The chi square test was used for group comparison in 
the presence of comorbidity.

Qualitative data are reported as frequency (percentage) 
and 95% confidence interval (95% CI), if required. When 
comparing results between groups, analysis of variance 
was used for normally distributed quantitative variables, 
Kruskal-Wallis tests, for non-normally distributed 
quantitative variables, and chi square test, for qualitative 
variables. Dunn’s test was used as a post hoc test after 
Kruskal-Wallis test. Bonferroni correction was applied to 
account for multiple comparisons.

To assess quantitatively the effects of independent 
variables on the risk of clinically significant retinal 
changes, logistic regression models were developed and 
analyzed. A receiver operating characteristic (ROC) curve 
was generated using the best fit model. Area under ROC 
curve (AUC) and 95% CI were calculated. Odds ratio 
(OR) and 95% CI were used to assess the relationships 
between the risk of clinically significant retinal changes 
and independent variables. The level of significance p ≤ 
0.05 was assumed.

Results
Among the analyzed individuals, 28 (29.6%) were found 

to have the II genotype, 47 (50.5%) had the ID genotype, 
and 19 (19.9%) had the DD genotype of the ACE. At the 
next phase of the study, we evaluated the clinical course 
of COVID-19 in patients with different ACE genotypes. 
No significant difference was found among groups of 
patients with the II, ID and DD genotypes with respect to 
respiratory system characteristics. In addition, there was 
no significant difference with respect to D-dimer level. It is 
important that no significant difference was found among 
groups of patients with the II, ID and DD genotypes with 
respect to the distribution of comorbidities (Table 2).

There was, however, a statistically significant 
difference among these groups with respect to the retinal 
changes in COVID-19. Generally, the following changes 
in the retina and other portions of the eye were found 
during eye examination in these patients: cotton wool 
spots, narrowed retinal vessels, vitreous hemorrhage, 
retinal hemorrhage, and petechial hemorrhage, central 
or branch retinal vein prethrombosis, central or branch 
retinal vein thrombosis, and tortuous and dilated retinal 
venules. Vitreous hemorrhage, central or branch retinal 
vein prethrombosis and central or branch retinal vein 
thrombosis were considered clinically significant changes 
(i.e., changes accompanied by significantly reduced 
vision). Cotton wool spots, narrowed retinal vessels, 
vitreous hemorrhage, retinal hemorrhage, and petechial 
hemorrhage, and tortuous and dilated retinal venules were 
considered clinically insignificant changes.

There were significant differences among groups of 
patients of different ACE genotypes with respect to the 
structure and frequency of the retinal changes as evidenced 
by fundoscopy (Table 3).

Particularly, there was a significant difference (p = 
0.008) among these groups with respect to the frequency 
distribution of the retinal changes. There was an increase 
(p < 0.001) in the risk of clinically significant retinal 
changes in patients with the DD genotype (36.8%) 
compared to patients with the II genotype (0%) and those 
with the ID genotype (2.1%) (p < 0.05, as assessed by 
pairwise comparison with Bonferroni correction). No 
significant difference was, however, found among groups 
of COVID-19 patients of different ACE genotypes with 
respect to the distribution of particular retinal changes. 
There was no significant difference (p = 0.960) among 
these groups with respect to the severity of disease course.

We also assessed the risk of developing clinically 
significant retinal changes depending on the ACE genotype 
(Table 4). There was a reduction in the risk of clinically 
significant retinal changes in patients with the II of ID 
genotype compared to the DD genotype (OR = 0.023, 95% 
CI 0.003–0.21).

ROC curve of the model for predicting the risk 
of clinically significant retinal changes in COVID-19 
patients depending on the ACE genotype is presented in 
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Table 2. Clinical characteristics of groups of patients depending on the ACE gene variant

Characteristic
Group 1 with ACE 

genotype II
(n=28)

Group 2 with ACE 
genotype ID

(n=47)

Group 3 with ACE 
genotype DD

(n=19)
P

Age (years) 63.5 (55–70) 64 (57.75–70) 61 (56.25–70.75) 0.831

Pulmonary parenchymal lesions, М±SD 
(%) 50.6±15.5 50.9±14.3 52.2±17 0.934

Blood oxygen saturation level (%)(IQR) 92.5 (84–96.5) 92 (88.25–96) 93 (88.25–96.75) 0.851

Oxygen flow speed, l/min, used to 
maintain normal blood saturation (IQR) 11 (8–14.5) 12 (8–17.75) 10 (8.5–16) 0.726

SBP (IQR), mmHg 130 (125–140) 130 (125–140) 130 (130–140) 0.396
DBP (IQR), mmHg 80 (80–90) 80 (80–90) 80 (80–90) 0.695
Heart rate (М±SD), beats/min 91±17.5 92.7±16.2 90.7±14.6 0.873
Respiratory rate, breaths/min М±SD 24.2±4.4 24.3±4.1 25.1±4.7 0.765
D-dimer level (IQR), N, up to 0.5 µg/ml 0.66 (0.34–1.18) 0.79 (0.31–2.22) 1.09 (0.43–2.28) 0.380
Women (n, %) 16 (57.1) 25 (53.2) 11 (57.9)

0.916
Men (n, %) 12 (42.9) 22 (46.8) 8 (42.1)
Comorbidity: type1 or type 2 diabetes 
mellitus (n, %) 5 (17.9) 4 (8.5) 2 (10.5) 0.469

Comorbidity: hypertensive heart disease 
(n, %) 9 (32.1) 15 (31.9) 5 (26.3) 0.891

Note: DAT, diastolic blood pressure; N, norm; P, significance of difference; n, number; SAT, systolic blood pressure

Table 3. Characteristics of retinal changes in patients with COVID-19 depending on the ACE gene variant

Characteristic

Count (%)

PGroup 1(ACE 
genotype ІІ), 

(n=28)

Group 2 (ACE 
genotype ID), 

(n=47)

Group 3 (ACE 
genotype DD), 

(n=19)

Retinal 
changes

No retinal changes 18 (64.3)3 30 (63.8) 8 (42.1)1

0.008

cotton wool spots 3 (10.7) 5 (10.6) 1 (5.3)

narrowed retinal vessels 3 (10.7) 2 (4.3) 0 (0.0)

vitreous hemorrhage 0 (0.0) 0 (0.0) 2 (10.5)
petechial and retinal 
hemorrhage 2 (7.1) 5 (10.6) 3 (15.8)

CRV prethrombosis 0 (0.0) 0 (0.0) 1 (5.3)

CRV thrombosis 0 (0.0) 1 (2.1) 4 (21.1)
dilated and tortuous retinal 
vessels 2 (7.1) 4 (8.5) 0 (0.0)

Clinically 
significant 
retinal 
changes

ні 28 (100.0)3 46 (97.9)3 12 (63.2)1,2

<0.001
так 0 (0.0) 1 (2.1) 7 (36.8)

Severity 
group

1 9 (32.1) 16 (34.0) 8 (42.1)

0.960
2 7 (25.0) 11 (23.4) 3 (15.8)

3 7 (25.0) 12 (25.5) 6 (31.6)

4 5 (17.9) 8 (17.0) 2 (10.5)
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Fig. 1. An AUC of 0.87 (95% CI, 0.78–0.93) indicates 
a strong correlation between the ACE genotype and the 
development of clinically significant retinal changes 
in COVID-19 patients (a sensitivity of 87.5% (95% CI, 
47.3%–99.7% and specificity of 86.0% (95% CI, 76.9%–
92.6%)).

Discussion
Under conditions of the COVID-19 pandemic, the 

management of chronic retinal disorders has some specific 
considerations [16]. It has been demonstrated that (1) the 
course of COVID-19 and the presence of complications in 
COVID-19 patients very much depend on expressions of 
variants of multiple genes and (2) molecular and genetic 
studies may contribute to the alleviation and prevention of 
COVID-19 complications (e.g., ophthalmic complications 
of the disease). To the best of our knowledge, the current 
study is the first to consider ACE gene variants not only 
in the context of their relationships with the severity of 
COVID-19, but in the context of their relationships 
with the risk of vascular complications. We believe that 
these correlations seem reasonable given that the ACE2 
receptors are prevalent in the parenchyma of lungs and 
kidneys and vascular endothelium [10, 11]. Previously, we 
have found a statistically significant association between 
the severity of COVID-19 and the severity and diversity 
of retinal changes [13]. This prompted us to search for 
the relationships between the ACE gene variants and 
the presence of retinal changes (as a manifestation of 
extrapulmonary vascular complications) in patients with 
COVID-19, and the search was successful. 

From a pathogenetic point of view, the ACE facilitates 
the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor which increases blood pressure [17]. 
ACE2 acts as the host cell receptor for SARS-CoV [9] and 
can be found in multiple cells and tissues (e.g., retinal cells 
[18, 19] and the vascular endothelium [10, 11]).

Woods and colleagues [20] considered the effects 
of the ACE gene variants on the vasoconstriction and 
elevated blood pressure. They reported that the D allele 
of the ACE I/D polymorphism is associated with elevated 
levels of serum and tissue ACE, increased production 
of the vasopressor angiotensin II and a reduction in the 
half-life of the vasolidator bradykinin. The insertion/
deletion polymorphism accounted for 47% of the total 
phenotypic variance of serum ACE, showing that the 
ACE gene locus is the major locus that determines serum 

ACE concentration [21]. While the highest ACE serum 
concentration was seen in the DD group (nearly 1.5 times 
of that of ID and II genotypes, respectively), it was the 
lowest in the II group [22]. The frequency of the genotype 
DD was higher that the frequencies of genotypes ID and 
II in patients with essential hypertension (EH), but not in 
the controls [23]. ACE gene D allele was associated with 
an overall higher EH susceptibility [24, 25]. DD genotype 
was significantly associated with the risk of acute ischemic 
stroke as a consequence of high blood pressure [26]. 
The progression of cerebral microbleeds over 2 years 
was greater in the ACE DD carriers compared with the 
combined II/ID carriers [27]. While considering the above 
data in the context of the detection of clinically significant 
retinal changes in COVID-19, the possible mechanism 
of these changes consists in the action of the ACE DD 
genotype as a direct vasoconstrictor via activation of 
angiotensin II. As a result, the conditions are created for 
the maximal narrowing of vessels, an increase in systemic 
blood pressure and maximal tissue hypoxia throughout 
the body (e.g., in the retina). It should be noted that 
vasoconstriction causes retinal tissue hypoxia and edema. 
Retinal edema, in its turn, is a factor of retinal tissue 
lesions, thus leading to functional impairment [28]. The 

Table 4. Association between the ACE gene variant and risk of clinically significant retinal changes in patients with COVID-19

Independent variable Model 
coefficient, b±m

Significance of odds ratio (OR) 
difference from 1, p Odds ratio (OR) (95% CI)

ACE
DD Reference

II+ID -3.76±1.11 0.001 0.023 (0.003–0.21)

Note: ACE, angiotensin-converting enzyme; CI, confidence interval

Fig. 1. ROC curve of the model for predicting the risk of 
clinically significant retinal changes in COVID-19 patients 
with the ACE DD genotype
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above mechanism is believed to promote the development 
of CRV prethrombosis, CRV thrombosis and vitreous 
hemorrhage.

As it is mentioned above, ACE2 acts as the host cell 
receptor for SARS-CoV [9], and SARS-CoV-2 infects 
the human host by attaching to the ACE2 and CD147 
(basigin) receptors in some human cells (e.g., retinal cells) 
[18]. It has been reported that retinal cells (e.g., Müller 
cells, ganglion cells, retinal pigment epithelial (RPE) 
cells, retinal vascular cells) have cell receptors (ACE, 
ACE2 receptors, prorenin receptors and renin-angiotensin 
receptors) for binding to various components of the renin-
angiotensin system [18]. Particularly, it has been reported 
on the presence of ACE/ACE2 receptors in organelles 
of RPE cells and retinal ganglion cells (human induced 
pluripotent stem cell-derived retinal organoids) which 
were found to be susceptible to infection in vitro with 
SARS-CoV-2 pseudovirus [29]. Interestingly, АСЕ/АСЕ2 
expression was found to increase along the pathway from 
the cornea to the retina, and today this is considered as 
another potential route of virus spread to the deep structures 
of the retina, optic nerve and visual pathway [19]. Both 
ACE-2 and protein transmembrane serine protease 2 
(TMPRSS2) are highly expressed in the human retina, 
and a recent case series of 3 patients discovered S and 
N proteins by immunofluorescence miscroscopy within 
retinal vasculae endothelial cells, presumably tconaining 
viral particles [30]. It is likely that such tropism of the 
virus to retinal cells explains the presence of statistically 
significant difference in the distribution of retinal changes 
among groups of patients with different ACE gene variants.

Therefore, we believe that all the above data may 
explain this diversity in retinal changes in COVID-19. An 
additional factor that facilitates significant retinal changes 
is increased activity of ACE in patients with ACE genotype 
DD, which increases vasospasm, leading to tissue hypoxia.

Conclusion
The risk of clinically significant retinal changes is 

higher in COVID-19 patients with ACE genotype DD than 
in those with genotype II or ID (p < 0.001).
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